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Aims and Scope of the Series

The importance of agriculture cannot be overstated. It helps sustain life, as it gives
us the food we need to survive and provides opportunities for economic well-be-
ing. Agriculture helps people prosper around the world and combines the cre-
ativity, imagination, and skill involved in planting crops and raising animals with
modern production methods and new technologies. This series includes two main
topics: Agronomy and Horticulture, and Animal Farming. This series will help
readers better understand the intricacies of production agriculture and provide the
new knowledge that is required to be successful. The success of a farmer in modern
agriculture requires knowledge of events happening locally as well as globally that
impact input decisions and ultimately determine net profit.
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development and use of herbicides that are effective against major weed problems in
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Preface

Organic fertilizers have become increasingly popular due to their ability to improve soil
health, enhance plant growth, and reduce environmental impact. Organic Fertilizers — New
Advances and Applications explores the latest research and development in organic fertil-
izers, along with their use, production, and advantages for crop growth.

It is crucial to find sustainable and environmentally friendly methods to boost productiv-
ity without endangering the environment because agriculture is an essential component of
the world economy and the well-being of the population. In this book, experts in the field
of agricultural science examine the effects of various organic fertilizers on plant growth,
nutrient uptake, and soil health. These organic fertilizers include compost, animal dung,
and biofertilizers. The book also discusses recent advances in the manufacture of organic
fertilizers, including bioreactor technology and microbial inoculants.

I am highly grateful to all our contributors for sharing their knowledge, research, and
expertise in composing the chapters of this book. I also thank the team at IntechOpen,
particularly Ivana Barac and Filip Lovricevic for their generous cooperation at every stage
of the book’s production.

I am hopeful that this book will be a valuable resource for agricultural scientists, research-
ers, farmers, and policymakers who are interested in the latest advances and applications
of organic fertilizers.

Lastly, thanks are also due to our well-wishers, research students, and family members for
their moral support, blessings, and inspiration. I dedicate this book to my beloved mother
Hajrah Begum, who left so early from this world. May Allah rest her soul in peace and
grant her Jannah-tul-Firdous (Aameen).

Khalid Hakeem

Faculty of Science,

Department of Biological Sciences,
King Abdulaziz University,
Jeddah, Saudi Arabia
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Chapter1

Investigation of Growth

and Biomass Response of Five
Tree Species under Irrigation with
Compost Leachate

Tooba Abedi and Hadi Modaberi

Abstract

In this study, the growth and biomass of Populus deltoides Marshall., Alnus
glutinosa (L.) Gaertn., Populus euramericana Guinier., Salix alba L. and Taxodium
distichum (L.) Rich. were analyzed with compost leachate irrigation. Cuttings were
collected at the beginning of the growing season and planted in pots with 40 cm
depth in Safrabasteh Poplar Research Centre in Guilan Province, Iran. Three treat-
ments were used consist of: tap pure compost leachate (P), water (control), and
water to compost ratio of 1:1 (50% water + 50% compost leachate) treatments.
Biomass and growth parameters including height, diameter, aboveground and
underground biomass were calculated at the end of growing season. The results
show that highest diameter growth was observed in T. distichum and A. glutinosa with
compost leachate treatment and also showed the highest amount of height growth in
tap water and 1:1 treatment. The highest absorption of elements in aboveground and
root biomass was observed in T. distichum, A. glutinosa and P. euramericana with 1:1
treatment. According to results of this study, it is concluded that plants absorption of
leachate elements can be used as an attractive method to reduce damages to the soil
and ecosystem and in consequence increase the quality of life.

Keywords: leachate, nutrient, salinity, seedlings growth, solid waste

1. Introduction

Various pollutants such as ammonia, nitrogen, heavy metals, inorganic salts and
chlorinated organic materials have been exposed to leachates [1]. The increase in solid
waste in cities has encouraged resource managers to use plant/soil systems to treat
landfill leachates before discharge [2]. Untreated leachate discharge, such as leachate
components, hazardous contamination or water eutrophication, can be harmful to the
environment [3]. Due to the high amount of contaminants, leachate treatment dem-
onstrates an enormous cost in solid waste management to reach prescribed emission
standards [4]. Traditional intensive forestry and waste management provide several
goals such as bioenergy production, soil/water remediation and carbon sequestration [5].
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One of the technology to landfill rededications is phytoremediation, and it can
both stabilize soil and remediate landfill leachate by using plants abilities to accumu-
late toxic contaminants [6]. The phytoremediation principle is to match the suitable
species to the contaminated sites regarding the soil and microclimate conditions [7].
Phytoremediation is accepted as an alternative solution to conventional engineering
methods due to its several advantages such as cost-effective, environmentally friendly
and less damaging to the soil and ecosystem [6].

Phytoremediation has long been employed for leachate treatment around the
world [2, 4, 5, 8-10]. For example, Guidi Nissim et al. [11] report the results of a two-
year project where poplar and willow grown in mesocosm were tested for their ability
to withstand and remove specific pollutants from different (Low: 7% and High 15%)
amounts of landfill leachate. Poplar showed, on average, significantly higher extrac-
tion rates for Cd, Cu, P and N than willow. Moreover, under high landfill leachate
treatment, poplar also seemed more efficient than willow in decreasing the concen-
tration of specific pollutants (BOD and COD) in output effluent. Lucero-Sobarzo
et al. [4] performed a field trial on a real scale by landfill leachate used as a source of
nutrients for the growth of maize by precipitation of struvite. Marginal higher maize
yield was achieved in two sites (6.36% and 2.16%) compared to the commercial fertil-
izer. Struvite did not cause the presence of pathogens or heavy metals in the crops.
The aim of Koda et al. [12] work was to find the relationship between the composi-
tion and leachate seepage points and determine the possibilities of their practical
utilization for the assessment of the applied mineral sealing of landfill surfaces. The
results indicate that the presence of leachates alters the plant species composition.
The composition shows increasing representation of species tolerant to salinization.
Shabir et al. [13] introduced Acacia nilotica as a phytoremediation potential species
in cadmium-contaminated soil with saline and non-saline conditions in Pakistan.
Askary et al. [14] also showed the potential effect of petroleum pollution of soil
(0%, 1%, 2%, 3% and 4% V/W) on the proline, total protein, lead, cadmium and zinc
contents in Robinia pseudoacacia L. leaves. Based upon these results, R. pseudoacacia
L. can be used as bioaccumulation in petroleum pollution and was selected for further
investigation of the phytoremediation of pb-contaminated soil. Alizadeh et al. [15]
investigated the influence of soil amendment on cadmium accumulation responses
in one-year-old Populus alba L. seedling. The results indicated that higher biomass
productions in amended substrates compared to control led to an increase of total
cadmium uptake two times more than that in the control substrate at 150 mg kg-1
cadmium supply. In some cases, there was no significant difference in cadmium
accumulations among substrates. Sammons and Struve [5] investigated the effects of
near-zero leachate irrigation on growth and water-use efficiency and nutrient uptake
of container-grown baldcypress (Taxodium distichum (L.) Rich.) plants. Results
show root dry mass ratios and fertilizer and irrigation interaction did not affect
water-use efficiency. The higher fertilizer rate increased the whole plant N and K
concentrations. Plant tissue mineral nutrient concentrations and water-use efficiency
increased.

Zalesny et al. [9] mentioned Populus as an ideal species for phytoremediation
because of their extensive root systems, fast growth and high-water usage rate.
Several approaches have been developed to improve the tolerance and/or accumula-
tion of Potentially Toxic Elements (PTEs) in the plant.

This study aims to compare the growth and biomass of different species with
regard to different concentrations of compost leachate from green and municipal
organic waste. The study objectives were to:
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* Assessing the growth in diameter and height of species using leachate irrigation

* Determining the amount of aboveground and root biomass under compost
leachate irrigation treatments

2. Materials and methods

The study was conducted in Poplar Research Centre of Safrabasteh in the eastern
part of Gilan Province at Northern part of Iran (37° 19°N, 49° 57'E). In this research,
five different species namely, P. deltoides 69/55, Populus euramericana 1-sieres, S. alba,
A. glutinosa and T. distichum were selected. The cuttings were collected from the
nursery in the middle of March with the length of 20 cm from 1-year old saplings and
planted in pots with 40 cm depth in sandy-loam soil.

The compost leachates were collected from the collection reservoir, which con-
tains organic municipal waste, gardening and plant waste. The collection reservoir is
located in the Compost Plant of Municipal Waste Management of Rasht (37° 10°N,
49° 34'E), Northern part of Iran. The leachate color was dark brown and had a
putrid odour. The leachate was analyzed in the Laboratory of Guilan Department of
Environment (Rasht, Iran) using approved Standard Methods for the Examination of
Water and Wastewater (Table 1) [16].

Parameter Unit Amount
pH — 5.22
EC mS cm-1 1.26
N total mgL-1 21.384
NO, mgL-1 0.08
NO3 mgL-1 21.3
SO4 mgL-1 7101
PO4-P mgL-1 2211
Na mgL-1 310
K mgL-1 250
Ca mgL-1 152
Mg mgL-1 1103
Pb mgL-1 0.27
Ni mgL-1 0.342
Cd mgL-1 0.0047
Cr mgL-1 Trace
COD mgL-1 260,500
BOD mgL-1 130,000
TSS mgL-1 3060.6
Turbidity mgL-1 12,500
Table 1.

Composition of pure compost leachate.
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Three different treatments of irrigation were applied on each species, with five
replicates for plant growth and three replicates for biomass and elements (the number
of replicates for biomass and elements was limited due to the high costs of laboratory
analysis). Three treatments consist of:

P (Pure compost leachate).

1:1 ratio (50% water +50% compost leachate).

Tap water (Control).

Water (control) from the study area was applied to all cuttings via hand irriga-
tion for a settlement period of eight weeks. After the settlement, experiments were
started in the middle of May with either leachate, water or 1:1 (50% water +50%
compost leachate) treatment and lasted till December. The plants were irrigated
with the respective water mixtures to the water holding capacity of the substrate
in the pot (0.5 L per pot) in the first weeks of the experiment. With the growth of
the plants, the amount of water added in a daily irrigation event was adjusted to
the plant’s demands. Pure leachate was the leachate without dilution. The tap water
for treatment (C) and for the preparation of the water mixtures was used from the
public drinking water supply.

The sapling growth (diameter and height) was monitored bimonthly and
recorded. The diameter growth was measured from the sprout-out of the principal
shoot, and the height growth was measured from ground level to the base of the api-
cal bud on the terminal shoot of 125 seedlings.

All seedlings were harvested in December at the end of the growing season. The
harvested saplings were divided into two portions as, aboveground (leaf + stem)
and underground (root section). Root systems were washed carefully to remove soil
particles, and then all the plant sections were dried at 70°C.

Root and groundmass fractions were calculated as the ratio between below-
ground dry mass, aboveground dry mass and total tree dry mass [10]. The amount
of elements such as N, P, K and Ca at both aboveground and underground sections
were measured with three replicates. Total N analyses with Kjeldahl method, P
with Olsen and Sommers [17] for details on the Na2CO3 fusion method and K with
flame photometric method. Soil experiments were performed according to the
instructions for laboratory analysis of soil samples of the Soil and Water Research
Institute.

The experiments were arranged in randomized complete design with five spe-
cies and five replicates of each treatment for plant growth parameters and three
replicates for biomass and elements. The data were analyzed using SAS and Analysis
of Variance (ANOVA) to analyze the differences between treatments of each plant
species and between the plant species for each treatment. Tukey HSD test was car-
ried out for differences between means that were considered at different probability
values of P < 0.05.

3. Results

The leachate characteristics are shown in Table 1.

A one-way ANOVA was conducted to compare the effect of irrigation treatments
on plant height in pure compost leachate (P), 1:1 (50% leachate and 50% water) and
tap water (Control) conditions. The results showed that there was a significant effect
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of irrigation treatments on plant height (P < 0.0001), and there was a significant
effect on plant height (P < 0.000) (Table 2).

Tukey test results between five species illustrate in Table 3.
3.1 Seedlings growth

All pairwise mean comparisons were performed using the Tukey test between five
species with a degree of significance of 0.05. Results showed that the highest average
of seedlings height was 112.8 cm in A. glutinosa in tap water followed by 101 cmin T.
distichum in 50% leachate +50% water treatment and the lowest average was 27.9 cm
in Peuramericana (Table 3).

Diameter growth data were subjected to one-way ANOVA to test for differences
among the five species. The ANOVA results showed that there was a significant
difference between irrigation treatments (P < 0.0001) and species (P < 0.0001) on
diameter growth (Table 3).

Tukey results explained the highest amount of diameter growth in tap water
treatment was 2.05 cm (with no significant difference with 50% leachate +50% water
treatment) for A. glutinosa, and the lowest amount was 0 in compost leachate treat-
ment (P < 0.0001) for P, deltoides and S. alba in P treatment (Table 3).

3.2 Aboveground dry mass

ANOVA and Tukey procedures results showed a significant difference between
species and treatment on aboveground dry mass (P < 0.0001) (Table 4). Comparing
the mean aboveground dry mass between five plant species in treatments. A. glutinosa
exhibited the maximum dry mass in all of the treatments (with the exception of 50%
leachate +50% water treatment for T, distichum with 47.47 + 11.85). S. alba exhibited
the minimum dry mass with the exception of the 50% leachate +50% water treat-
ment. 50% leachate +50% water treatment indicates the highest mean of N, P, K and
Ca among the treatments (Table 4).

Trait Source of variations
Treatment Species Treatment xSpecies

Height (cm) <0.0001 <0.0001 <0.0001
Diameter (cm) <0.0001 <0.0001 <0.0001
Aboveground biomass (gr) <0.0001 <0.0001 0.0054
Root biomass (gr) 0.0007 <0.0001 0.0208
Aboveground elements <0.0001 <0.0001 <0.0001
Root elements 0.0011 <0.0001 <0.0001

Insignificant value is in bold.

Table 2.

Probability values from analysis of variance testing of the main effects of species, treatment and species
xtreatment intevaction on tree growth (height and diameter), biomass (aboveground and root biomass) and
elements (aboveground and root) of five species irrigated with pure composite leachate, 1:1 (50% leachate and 50%
water) and tap water.
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Species Treatment Aboveground elements(mg/kg)
N P K Ca
P, deltoides P 0x0d 0+ 0b 0+0g 0+0d
11 5.16 + 0.33a 0.36 + 0.05a 5.85+0.51a 5.95 + 0.63abc
C 3.69 + abc 0.29 + 0.01a 4.21 + 0.36abc 6.1 + labc
A. glutinosa P 4.69 + 1.14abc 0.27 + 0.06a 24 + 0.43def 533 + 0.18bc
11 5.38 + 0.26a 0.25+0a 113+ 0.16 fg 4.62 +1.24c
C 4.98 + 0.31ab 0.25+0.03a 146 + 0.32efg 5.72 + 0.58abc
Populus P 4.77 + Oab 0.28 + 0a 532+ 0ab 6.52 + Oabc
curamericana 11 382 + Oabe 0.23+0a 485+ 0ab 752 + 0ab
C 3.08 + 0.77bc 0.28 + 0.06a 2.88 + 0.67cde 71+ 1.71abc
S. alba p 0+0d 0+ 0b 0:0g 0+0d
11 5.36 +1.27a 0.29 +0.02a 3.71 £ 1bed 8.35+1.08a
C 371+ 0.7c 0.29 + 0.02a 4.02 £ 0.95bcd 6.92 + 1.62abc
Taxodium P 3.96 + 0.2abc 0.29 + 0.06a 5.14 + 0.63ab 768 +1.27ab
distichum 11 448+05%bc  034:0.04a 534 + 0.82ab 6.67 + 0.31abc
C 2.88 £ 0.74c 0.27 + 0.06a 1.23 + 0.65efg 6.97 + 1.08abc

Different letters were significant at P < 0.05.
Zero number of mean show P. deltoides and S. alba seedlings have died in leachate treatment.

Table 4.
Mean of aboveground elements absorption of five species under irrigation treatments.

The amount of four elements, for example, N, P, K and Ca was analyzed in the
aboveground section of seedlings after the growing period, and differences between
treatments were tested by ANOVA followed by Tukey test using the SPSS with the
effect of species, treatment and species x treatment on the elements. The results
indicated that the effect of species (P < 0.0001), treatment (<0.0001), and species x
treatment were significant on aboveground element absorption.

Tukey test determines that the mean score for the aboveground N element was
significantly different between treatments, with the highest amount for 50% leachate
+50% water treatment (M = 5.38). Comparing the mean N element between the five
seedlings species in all treatments, A. glutinosa exhibited the greatest N (5.38) and
followed by s. alba (5.36). P. deltoides and s. alba exhibited the lowest N (0).

The results of the aboveground mean P element showed a significant differ-
ence between treatments, with the highest amount for 50% leachate +50% water
treatment (M = 0.36) and the lowest amount was achieved in compost leachate
(M =0) (P <0.0001). Comparing the mean P element between the five plant spe-
cies in all treatments, P. deltoides exhibited the greatest P (M = 0.36) and T. distichum
(M = 0.34). S. alba exhibited the lowest it is (M = 0).

The mean score for the aboveground K element indicated a significant difference
between treatments, with the highest amount for 50% leachate +50% water treat-
ment (M = 5.85) and the lowest amount was achieved in compost leachate (M = 1.13)
(P < 0.0001). Comparing the mean K element between the five plant species in all
treatments, P, deltoides exhibited the greatest P (5.85), and A. glutinosa exhibited the
lowest K (1.13).
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Post hoc comparisons using Tukey test showed that the mean score for the
aboveground Ca element was significantly different between treatments, with the
highest amount for 50% leachate +50% treatment (M = 8.35) and the lowest amount
was achieved in compost leachate (M = 4.62) (P < 0.0001). Comparing the mean Ca
element between the five plant species in all treatments, s.alba exhibited the greatest
Ca (8.35), and A. glutinosa exhibited the lowest Ca (4.62).

3.3 Root dry mass

Root dry mass results expressed there was a significant effect of irrigation treat-
ment (P = 0.0007) and species (p < 0.0001). (Table5).

Post hoc comparisons using Tukey test showed that the mean score for the root dry mass
was significantly different between treatments with the highest amount of 50% leachate
+50% water treatment (M = 7.78 gr) followed by water treatment with 5.5 gr (P < 0.0001),
and the lowest amount was achieved 0 in compost leachate (Table 5). Comparing the mean
root dry mass between the five plant species in all treatments, A. glutinosa and P eurameri-
cana exhibited the greatest and lowest dry mass, respectively (Figure1).

Mean of root elements absorption of five species under irrigation treatments
demonstrate in Table 5. The amount of four elements, for example, K, N, P and Ca
was analyzed in the root of plant species after the growing seasons, and the results
analyzed with ANOVA with the effect of species, treatment, and species x treatment
on the elements. ANOVA results showed that the effect of species (P < 0.0001) and
treatment (<0.0001) was significant on root elements.

Species Treatment Root elements (mg/kg)
N P K Ca
P, deltoides P 0+0g 0+0d 0+0d 0+0d
11 1.62 + 0.1cde 0.23+0a 0.23+0a 3.32+0.29¢
C 115+ 0.1ef 0.19 + 0.02abc 0.19 + 0.02abc 4.08 + 0.73bc
A. glutinosa p 2.24 + 0.1abed 0.12 + 0.03¢ 113+ 0.11b 4.26 + 1.24bc
11 2.53 + 0.45ab 0.18 + 0.05abc 0.28 + 0.01c 598 + 0.27a
C 241 + 0.17abc 0.16 + 0.03abc 0.29 + 0.01c 4.78 + 0.78abc
Populus P 1.58 + Ocde 0.24 + 0a 245+ 0a 4.99 + 0ab
curamericana 11 1.02 £ Oef 0.22 + 0ab 214+ 0a 381+ 0.71bc
C 1.17 + 0.19ef 0.24 + 0.05a 235+ 0a 391+ 0.2bc
S. alba p 0:0g 0+0d 0+ 0c 0+0d
11 1.82 + 0.13bcde 0.24 + 0.01a 2.36 + 0.19a 3.81 + 0.71bc
C 143 + 0.67def 0.29 + 0.03a 255+ 0.12a 392 + 0.2bc
Taxodium P 293+ 044a 0.22 + 0.04ab 2.67 + 0.49a 3.86 + 0.82bc
distichum 11 177 + 0.52bcde 0.23 + 0.03a 236+ 0.22a 456 + 0.91abc
C 0.68 + 0.16 fg 0.14 + 0.02bc 0.24 + 0.02c 517 + 0.22ab

Different letters were significant at P < 0.05.
Zero number of mean show P. deltoides and S. alba seedlings have died in leachate treatment.

Table 5.

Mean of root elements absorption of five species under irrigation treatments.
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Figure 1.
Seedlings growth after irrigation treatments.

The highest average of N and Ca in the root system was found in A. glutinosa. P.

euramericana root system showed the highest mean of P and K.

4. Discussion

In our study, seedlings height was negatively affected by leachate irrigation,
and plant species showed higher plant height in irrigation treatments of tap water
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and 50% leachate +50% water. Diameter growth showed a better response to
compost leachate than tap water. The 50% leachate +50% water treatment in this
study showed a positive effect on dry root mass for aboveground than to leachate
irrigation (P).

4.1 Seedlings growth

Regarding the plant species, the maximum amount of seedlings growth and
biomass was shown in A. glutinosa and Taxodium distichum, whereas the maximum
diameter and height growth occurred in (P) and (C) treatments for A. glutinosa
followed by T distichum. These two species also showed the maximum average of
biomass compared to other species.

Many researchers around the world indicated the positive and negative effects
of leachate irrigation on plant growth and biomass. For example, Rosenkranz [18]
and Guidi Nissim et al. [11] found that the Salix sp. growth in controlled water was
much better than plants irrigated with leachate. Zalesny and Bauer [1] also indicated
that Populus clone NM6 had a better response to water treatment than leachate. The
result is the same in this study about P. deltoides, all seedlings of P. deltoids died in pure
leachate treatment.

In contrast, Justin et al. [19] found that landfill leachate positively affected
Salix and Populus growth with increased biomass production. Zalesny et al. [20]
and Zalesny et al. [21] also found a positive effect of compost leachate irrigation on
Populus growth. Zalesny and Bauer [1] concluded that Salix clones S287 and S566
showed better growth rate with leachate irrigation. Alizadeh et al. [15] indicated the
high biomass growth of Populus alba in cadmium treatments.

Dimitriou et al. [19] investigated the growth rate of five Salix clones after irriga-
tion with three different landfill leachate (1:2, 1:3, 1:4, 1 unit of leachate and 2, 3, and
4 units of tap water) and found that plants irrigated with tap water has higher growth
rate compared to plants irrigated with landfill leachate. Their study showed a signifi-
cant difference between control plants and leachate irrigation and found insignificant
difference between the other leachate concentrations. They concluded that the degree
of dilution had a minor importance on plant growth.

The same result occurred in our study where plant diameter had developed in tap
water with no significant difference in dilution degree. Therefore, the dilution degree
showed a minor influence on plant diameter growth. However, the dilution degree
showed a significant difference between tap water and 50% leachate +50% water con-
centration at the height of seedlings. Aboveground biomass responds the same trend
as the diameter to different dilutions. In contrast, root mass positively responded
to 50% leachate +50% water concentration more than other treatments. Therefore,
the dilution degree showed a positive effect on root biomass. Therefore, small and
non-significant differences between tap water plant growth parameters and dilution
degree growth parameters showed that dilution of compost leachate could not be
considered as a conventional means of fertilizer for mentioned species except for root
biomass [21]. The plant roots in this study may have contributed to the greater avail-
ability of elements concentrated in leachate irrigation treatment resulting in higher
root dry mass in leachate treatment compared to controlled water. Under a leachate
irrigation that leachate volume would be decreased, leachate electrical conductivity
values and water-use efficiency would be increased, and at recommended fertilizer
rates plant growth would be decreased.
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Plant growth predictions in leachate treatments are difficult to make. Biomass
production and plant growth rate are suitable indicators of imposed stress [19]. In our
study, significant differences between controlled water and leachate treatments (P) of
seedlings growth and biomass (except for root biomass) indicate stress on plants treated
with compost leachate. Plant growth processes are strongly related to the salt effects;
therefore, plant growth rate indicates a suitable way to understand salt stress [22]. The
measurement of chemical components of leachate in this study showed the highest
amount of salt concentration, leading to less growth rate than other treatments.

4.2 Above ground and root dry mass

The differences between the concentration of leachate treatments in this study
and other [23-25] and their effects on plant growth and biomass can be taken into
account that the concentration of wastewater can be used in irrigation that depend
on wastewater and soil, and the nutrient demand of plants [20]. Dimitriou et al. [19]
mentioned that in Sweden, the leachate treated to Salix irrigation, the plants have
either died or suffered. Therefore, designing leachate irrigation treatments on plant
vitality and growth must be considered.

In this study, there was a significant difference between plant growth and biomass
for leachate and tap water (control) in all species with the exception of root mass
biomass (Table 4). Therefore, the higher amount of toxic concentrations in leachate
treatment prevents the development of the species. P. deltoides and S. alba seedlings
have died in leachate treatment (P), which can be considered a visual sign of stress in
leachate treatment, leading to damage and destruction of species. This can be attrib-
uted to an imbalance of nutrients, low pH and high salinity in leachate treatment
[7, 10, 24].

The amount of four elements, for example, N, P, K and Ca was analyzed in
aboveground and root of plant species in different treatments. The highest absorption
of elements was carried out by A. glutinosa, T. distichum and Populus euramericana in
50% leachate +50% water treatment, and the lowest amount was exhibited in leach-
ate treatment (P). The lowest amount of element absorption by plant sections in
leachate treatment (P) is due to the fact that increasing the salinity concentration in
component leads to decreased concentrations of K, P and Ca [4]. Zalesny et al. [20]
mentioned that landfill leachate could be used as fertilizer as some of the essential
elements available in the components. Zalesny and Bauer [1] conducted that the con-
centration of wastewater which could be used as fertilizer depending on soil, waste-
water and nutrient demand of plants. Therefore, in this study, 50% leachate +50%
water treatment can be considered a conventional fertilizer. Licht and Isebrands [26]
mentioned that plants grow better when irrigated with leachate containing all the
essential plant nutrients, petrochemical organic compounds, and salts below toxicity
thresholds.

In conclusion, A. glutinosa and T distichum species show higher diameter growth
in leachate treatment compared with other species, making them suitable plants
for contaminated areas. It can be concluded that hydrophilic species have shown a
better growth response to different leachate treatments. Due to the higher content
of nutrients in compost leachate, it is necessary to investigate the appropriate ratio
of compost leachate and water in irrigation treatment. It is, therefore, important to
consider different compost leachate concentrations on plant growth and biomass,
which can be suggested in future research.
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Abstract

To achieve high production in the current agricultural environment and increase soil
quality for the plants, new technologies must be developed. It is becoming more and
more important to adopt systems that can deliver higher production along with effi-
ciency in the provision of nutrients in order to achieve sustainable agriculture. Despite
improvements and novel techniques in modern agricultural practices, most of the
global agriculture sectors still use conventional methods; as a result, it has sustainability
and fertility issues. Since many yield-limiting problems are seriously hampering global
agriculture, urgent action is needed to rehabilitate these soils; hence, the use of both
organic and synthetic fertilizers was decreased by the usage of organomineral fertil-
izers (OMFs), which worked in concert with one another. When compared to inorganic
fertilizers, the OMF improved soil physical qualities, as evidenced by a decrease in
bulk density, high temperature, and preservation of soil moisture. The OMF increased
soil organic matter, nutrient content, and cation availability compared to inorganic
fertilizer. To increase the soil’s nutrient content, pH, and crop nutrient uptake, organic
wastes like poultry manure, oil palm bunch ash, cocoa pod ash, kola pod husk, and saw-
dust ash were successfully blended with inorganic fertilizers for efficient productivity.

Keywords: organic, organominerals, soil fertility, sustainability, agricultural
production, fertilizers

1. Introduction

In Africa, where population growth is growing at a pace of 3% annually, this prob-
lem of the adequate food supply is especially critical. Additionally, more than 50% of
Africans live in rural areas and are totally reliant on locally cultivated food crops that
are taken from their immediate surroundings [1]. The traditional bush fallow period
for preserving soil productivity under shifting cultivation is no longer practical due
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to the growing strain of population on the land, causing a shift toward marginal lands
and an intensification of cultivation on productive fields [2]. The quest for agricul-
tural production has increased as a result of the growing world population. This

has caused a shift into marginal lands and an intensification of cultivation on fertile
lands [2] and resulting in an increase in the reliance on added nutrients. In the years
2016-2021, it is predicted that the global demand for N, P, and K will rise by 1.4%,
2.2%, and 2.6% annually, respectively [3].

Utilizing organic waste to create organomineral fertilizers (OMFs) is one promising
alternative. OMF is the result of physically combining organic and mineral sources of
nutrients. The proportion of the primary macronutrients (N, P, and K) or their combina-
tion with other nutrients such (NP, NK, PK, or NPK) should be at least 10% in these
fertilizers. OMFs may be supplemented with supplies of P, N, or K in order to comply
with the law [4]. The Food Agricultural Organization recently promoted integrated plant
nutrition (IPN), often known as integrated nutrient delivery or integrated nutrient man-
agement system. In order to supply crops with nutrients, a system of soil conservation
farming and both organic and inorganic fertilizers is used. The idea is mostly supported
in the tropics, especially in the wet tropics, where chemical or inorganic fertilizers have
not revolutionized agricultural productivity as expected [1]. Chemical fertilizer (CF) has
continually increased crop productivity over the world, notably in temperate agriculture,
with an average yield gain of 50% being attributed to it (CF). In addition to driving up
production costs, excessive use of CFs jeopardizes food safety and exacerbates problems
like energy depletion, resource scarcity, and environmental damage. These issues, which
have become more pressing in recent years, pose significant challenges. The significance
of organic matter (OM) returning to the field and the development of organic fertilizers
(OFs) on this basis in agricultural output have attracted new attention in the modern
context of ecological agriculture's rapid development and environmental protection [5].

In comparison to inorganic fertilizer, OMFs, a new fertilizer that combines the
benefits of organic and synthetic fertilizers, have an effect on nutrient release that
coincides with the crop's growth phase [6]. When compared to CFs, OMFs can lessen
the loss of some nutrients like potassium leaching, nitrogen volatilization, and phos-
phorus fixation. When compared to typical OFs, OMFs are abundant in the minerals
needed for agricultural growth [7]. A successful soil fertility management method
has been demonstrated to involve complementary fertilizers usage [8]. To replenish
the soil and enhance plant fertilization, OF may be produced with inorganic minerals
added. It disperses nutrients into the soil in a way that makes them simple for plants to
absorb. It may also encourage soil microorganisms and boost their population, which
will speed up the breakdown of organic compounds. Increased plant growth, health-
ier crops, and improved fruit production will result from this. It lowers the demand
for CF, resulting in cheaper production costs and indirect income growth [9].

An important fertilizer technology is an ability to combine organic and mineral
sources into a single formulation because it increases the effectiveness of the nutrient
sources, offers better protection from the elements, and encourages the monitoring of
the physical, chemical, and microbiological properties of the soil [10]. Applications of
OMF are essential steps in the growth of organic agriculture in karst mountain areas.
Yet it is still unclear how OMF impacts soil microbial diversity's organization and
functioning, as well as how these elements connect to crop output and quality [2]. It is
known that CFs have not had an essential influence on tropical agriculture, particularly
in Nigeria, where it is impossible to produce crops sustainably using only CFs [11-13].

CF use efficiency and effectiveness issues are widely known. They include soil
acidity caused by the repeated use of acid-forming substances, applications that are
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frequently made without considering the results of soil tests, an imbalance in the supply
of nutrients, physical degradation of the soil, scarcity, high cost, and insufficient use as
well as losses from volatilization, erosion, and leaching [13-15]. There are benefits and
cons to both conventional and organic farming. Combining organic and mineral inputs
is one interesting strategy that could be used [16]. This may be the ideal alternative to
increase agronomic effectiveness and crop output while maintaining the long-term fer-
tility and health of the soil, according to several research studies [17-20]. Theoretically,
both resources are compatible. While interest in this concept has grown recently, a
brand-new category of fertilizer product known as OMF has been developed.

Although modern biofertilizers like azolla and mycorrhiza as well as organic
manures including sewage water, green manure, animal wastes, fallow fields, human
excreta, and crop residues (e.g., in Ghana and China) has been essential to crop
production for centuries, total dependence on OFs is hindered by issues like insuf-
ficient availability, heavy metal pollution, unsuitable or low quality, high C:N ratio,
bulkiness, and gradual nutrients release [21, 22].

However, the only source utilized in small-scale cropping is organic wastes, which
led to the accumulation of OM and nutrients, biological buildup, and significant
advancements in the soil's physical characteristics, as shown by a fall in bulk density
and a rise in porosity, a decrease in runoff and erosion due to an increase in infiltra-
tion, the stabilization of the soil structure, and an increase in soil pH, etc. High
levels of macro- and micronutrients can be found in crop and animal waste. OMFs
are frequently noted for their many advantageous effects on agrosystems, including
their capacity to increase plant physiological features and soil physico-chemical and
biological functions [23-29].

Combining organic and inorganic fertilizers is essential for maintaining soil fertility.
A long-term increase in soil productivity and quality will result from efforts in this direc-
tion. It is believed that these elements will increase crop growth, yield, and quality while
reducing the price of production and fertilizing and making sure that plants receive
adequate nutrients [30, 31]. Utilizing agricultural, human, and municipal wastes, among
other things, IPN will also help with environmental cleanliness. It is a program to turn
waste into wealth. As compared to CFs, the physical, chemical, and biological properties
of the soil will be improved overall using IPN [23]. The IPN improves crop performance
by integrating the benefits of both organic and inorganic fertilizers.

Studies on soil fertility have recently concentrated on IPN in developing and
tropical nations. Since the 1960s, India has been setting the bar higher in this area.
IPN research is still very new in Nigeria. State governments in Nigeria started produc-
ing organic and OMFs after realizing the value of OM in sustaining soil production
and the need to enhance its quality and nutrient release. Utilizing agricultural and
municipal trash at their facilities is another goal to promote environmental sanitation.
Nutrient cycling and conservation in farm systems are ensured by using agricultural
wastes to create organic and OMFs. Additionally, nutrients that have already been
taken away by towns can at least partially be recovered. The organic and OMF com-
panies already functioning in Nigeria include those of Oyo and Ondo States, which,
respectively, are named Pacesetter and Sunshine fertilizer companies.

2. Current fertilizer trends

In order to address these nutrient deficits, it has been recommended for crop
production in the tropics to utilize CFs intensively at the recommended rate (NPK
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15:15:15) [18]. Currently, employing CFs as soil amendment has grown expensive and
is frequently associated with adverse environmental repercussions (causing residual
effects on the soil). Given these issues, several alternatives to CFs include crop
rotation, organic manure, agricultural waste, legumes, and green manure [21]. The
bulk of the world's agriculture industry continues to use conventional ways despite
advancements and contemporary approaches in current agricultural practices; as a
result, it suffers sustainability and fertility problems. Additionally, the usage of CFs
improperly to improve agricultural yields and the expansion of various cropping
methods are both contributing to the continued reduction in soil fertility [32]. The
application of abundant refuse in our community is an outcome of the capability

of biological substances to boost output, enhance soil richness, and stimulate crop
proliferation [33]. According to [34], the use of cow dung in combination with NPK
manure was more potent in enriching soil chemical properties, nutrient uptake,
growth, and yield of crops than using either biological (cow dung) or artificial (NPK)
manure alone

Since many yield-limiting problems are seriously hampering global agriculture,
urgent action is needed to rehabilitate these soils (a rise in disease outbreaks, an
invasion of pests and insects, and unpredictable weather). Therefore, it is debatably
believed that agricultural operations constitute a significant source of CO, that dam-
ages the climate and contributes to global warming. The amount of residues thrown
away rose due to the huge agricultural expansion in the twenty-first century. Farmers
started recycling or reusing materials in greater quantities as a result, discovering the
synergistic benefits of organic and mineral fertilizers [16]. However, it is currently
not economically feasible to spread significant amounts of OFs across a wide area.
Mineral components are added to the biofertilizer to enrich it, which results in higher
yields and lower costs. Farmers and businesses in the sector must deal with genuine
challenges such as logistics, infrastructure for manufacturing, and the availability
of raw materials suitable for enriching mineral sources. The method is hampered by
constraints related to composition knowledge and residue treatment [16].

Natural organic elements are used to create OFs without being significantly
altered. Depending on the source of the OM, they have varying levels of nitrogen,
phosphorous, potassium, and other nutrients. In addition to providing the plants
with nutrients, these fertilizers improve the physical, chemical, and biological
properties of the soil, assisting in the growth of the plants. Organic fertilizers come
in a wide range of varieties. The primary sources of OFs are farmyard manure,
which includes animal excrement and litter, domestic organic wastes, wastes from
the food and agriculture industries, wastes from wood processing and harvesting,
compost, mosses, vermicomposts, treatment sludge, and waste from the production
of biogas [35, 36].

CFs can quickly and considerably boost agricultural yield and soil fertility. CFs
impair soil microbial populations and biological activities when they are applied
in excess over an extended period of time, which lowers soil quality, increases crop
growth's reliance on fertilizer nutrients, and exacerbates agricultural surface source
pollution [37, 38]. More than 200 million tons of fertilizer (N, P, and K) will be used
annually around the world by the year 2020 [39]. This is concerning since fertilizers
have detrimental effects on nearby ecosystems and soils. Additionally, the use of
insecticides to stop and manage plant diseases is expanding at a riskier rate. A new
breakthrough is the creation of smart fertilizers based on nanotechnology, with a
focus on controlled-release and/or carrier/delivery systems to synchronize nutrient
availability with plant demands and minimize environmental losses (Figure 1) [41].
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Effects of smart fertilizers on the soil-plant system are shown schematically [40].

When CFs are irresponsibly used to boost production, it seriously jeopardizes
the long-term soil fertility, the soil environment, and each of its constituent parts.
However, the soil microbial community performs a significant and crucial func-
tion in promoting soil health and plant growth [4]. While CFs, especially N and P
fertilizers, have a significant negative impact on the microbial community, they also
have a profound negative impact on plant growth. Sustainable agricultural methods
can preserve soil fertility and productivity while reducing the depletion of natural
resources. Moreover, they safeguard against soil degradation, facilitate the develop-
ment of beneficial soil particles, and can loosen the ground when applied as a natural
fertilizer [42, 43].

Given that it is predicted that there will be 9.3 billion people on the planet by the
year 2050, there will likely be a 60% rise in the need for food during that time [44].
The production of agriculture and food is one of the primary factors in the depletion
of natural resources. The era of affordable feedstock has ended. Because demand
grows more quickly than available production capacity, resource scarcity drives up
input and production costs and tightens the market. Food security may be achieved
through the efficient and sustainable utilization of natural resources [45].

In the current situation, the decline in fertility brought on by intensive agri-
cultural methods is of enormous significance. Increased productivity might
be achieved by raising fertility in intensive farms or on non-arable land, which
would increase food output without further taxing the environment. The secret
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to balancing crop production on a commercial basis is fertile soil. Only a small
percentage of agricultural soils contain enough nutrients to meet crop productivity
requirements. Most of them start to rely increasingly heavily on fertilizer applica-
tions that are made often. By the end of 2018, it is anticipated that the overall
fertilizer use (N + P,0s + K,0), which was expected to be 183,200,000 t in 2013,
will reach 200,500,000 t [3]. Figure 2 shows the projected global demand for all
nutrients in fertilizers from 2016 to 2021.

China produced 33% of the world's fertilizer in 2021, according to FAOSTAT
[40], making it the world's top producer. The Russian Federation (9%), India
(9%), and the United States (which contributed 10% each to global fertilizer
production) were other nations with large contributions. Prices for fertilizer
are anticipated to be high [45]. Commercial fertilizer manufacturing uses a lot
of energy. Around 74% of the energy used to produce fertilizer is provided by
natural gas [46]. The key element in the manufacture of nitrogen fertilizer is
natural gas. The cost of ammonia will rise when natural gas prices rise [47]. On
the other hand, fertilizer prices are substantially impacted by transportation
expenses. In contrast to the year 2010, the fertilizer price index will rise by 15% in
2014 (Figure 3) [3].
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Annual food price index.
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3. Case studies with processed organic and organomineral fertilizers

Natural infertility, a lack of soil OM, and the rapid rate at which fertility dimin-
ishes during intensive farming make Sub-Saharan African soils unsuitable for cultiva-
tion [48]. These issues have been solved by using different fertilizers [49, 50]. It has
been discovered that using inorganic fertilizer to boost yield is efficient in the near
term but requires regular application over time.

Sugarcane output is increased when organic and mineral fertilizer are applied
together [51] and larger residual advantages are encouraged, which have an impact on
how each fertilizer is used differently. In this respect, OMF displays a comparatively
lower reactive chemical potential than mineral fertilizer. Its solubilization happens
gradually throughout the course of the culture's development although its agronomic
effectiveness might be higher than that of sources of soluble minerals [16].

Subsistence farmers, who dominate Nigeria’s agricultural sector, cannot afford
inorganic fertilizers because they are not only unsightly but also expensive [52]. Using
minerals that naturally contain fertilizer ingredients is a very effective way to reduce
emissions from processing chemical companies. During mineral weathering, organic
materials from natural sources such as animal manure, agricultural biomass, and a
source of microbial culture and a catalyst for the release of nutrients into the soil can
be other organic materials [5]. OFs frequently completely or partially replace CFs to
safeguard soil biodiversity and maintain the ecological balance of the soil [53, 54].
Intensifying the use of OFs has the potential to increase soil biological activity, plant
nutrients, and soil carbon storage, all of which are essential for decreasing global
warming and promoting sustainable agricultural output [55, 56].

Due to scarcity and high prices, peasant farmers have recently drastically
decreased their use of mineral fertilizers [57, 58]. Also, their use has been discour-
aged due to the negative side effects on the soil, such as acidity and aluminum
toxicity [59, 60]. Numerous research employing the OMFs Pacesetter and Sunshine
have been conducted on various crops [11, 13, 59, 61-63].

Moreover, excessive use of CFs interferes with the rhizosphere's regular microbial
population functioning (nutrient cycling, OM creation, and soil nutrient improve-
ment). Large tracts of fertile soils, however, were either degraded or converted into
non-agricultural activities as a result of the rapid development of industry, agricul-
ture, and population growth [64], and numerous areas of recently reclaimed soil—the
majority of which are poor soils—have been modified for plant cultivation. Many
regenerated soils, like soil properties, have adequate nutrient quantities (K, Ca, and
Mg), yet as these nutrients are distinct chemical phases and are not utilized by plants,
they often exist as plant nutrients. Furthermore, the problem of heavy metal pollu-
tion in agricultural soil is made worse by continuing to utilize CFs [5].

The Department of Agronomy University of Ibadan also developed a poultry-
based urea-fortified OMF [63, 65]. The yield, nutrient content, and nutritional
quality of maize and vegetables were all observed to increase with the use of OMFs
[66]. As part of a field study at the University of Ibadan, the agronomic and finan-
cial evaluation of five OMFs that combined poultry manure (PM), sorted trash,
phosphate rock, and urea was evaluated. When using the formulations, maize yield
improved to roughly 3.17 t/ha as opposed to 3.46 t/ha when using 300 kg/ha of NPK
fertilizer.

In contrast to synthetic fertilizers, the chemical properties of OMFs are not prede-
termined or fixed; they vary based on the method of production [67]. For example,
urea contains 46% nitrogen, while fertilizers such as monoammonium phosphate
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(MAP) and diammonium phosphate (DAP) have unique chemical compositions of 11%
nitrogen and 52% P,0Os and 18% nitrogen and 46% P,0s, respectively. Each OMF prod-
uct may differ since different nutrient ratios are utilized during production [35, 68].

Using organic manures in addition to mineral fertilizers has been shown to be a
successful method for controlling soil fertility in many countries across the world
[69]. When organic manures and inorganic fertilizer were applied combined,
improvements to the soil's organic content, structure, water-holding capacity, nutri-
ent availability, maintenance of soil nutritional status, cation exchange capacity
(CEC), and soil organisms were seen [70]. This procedure enhances nutrient density,
enabling the utilization of reduced dosages and yielding exceptional, immensely
durable, and upgraded merchandise [71, 72]. The soil’s contents of organic carbon,
nitrogen, phosphorous, and potassium increased when both organic and inorganic
manure were applied together. Examining the benefits of all the various integrated
nutrition management techniques is crucial rather than concentrating simply on the
short-term benefits. As a result, the combined use of organic and inorganic fertilizer
is a sustainable strategy for nutrient management that increases the effectiveness of
CF while minimizing nutrient losses (Table 1) [73].

OMF is a low-input method that can help tropical soils’ poor nutritional condi-
tions for sustained crop production. It combines both sources' positive qualities to
increase yield. The emphasis is increasingly moving away from the straightforward
use of either organic or inorganic fertilizers toward combinations used in many places
of the world. As a result of the recent flooding that wreaked havoc in some areas of
the nation and the rapidly diminishing productivity of our soils, Nigeria is currently
confronting its worst challenges with regard to food insecurity. In order for our many
farmers to meet their yield expectations and get the greatest benefits from their
introduction, it is crucial to encourage and introduce the combined use of organic and
inorganic fertilizers (OMFs). Recent studies on OMFs have revealed improved yield
results compared to their single-use (Table 2) [26, 62, 74].

In conclusion, BOMFs are fertilizers made from little processed materials (chemi-
cal agents such as urea, phosphates, etc.). When compared to traditional OFs or
bio-fertilizers, BOMFs are mostly made up of bio-organic components like animal
excreta (cow dung, chicken feces, etc.) and mineral sources. Table 3 lists the elements
and key distinctions between organic and conventional CFs.

Recent and current research suggest that OM, OF, dust, mineral powder (MP),
and pasture legume cultivation as green manure can all improve soil quality [75-77].
This is in response to the numerous obstacles.

Treatment Soil moisture (%) Soil temperature (°C) Soil bulk density (mg/m3)
Control 71 33.0 1.05

SOF 83 316 0.92

SOMF 74 31.8 0.98

NPK 71 32.0 0.04

LSD (0.05) 0.1 0.25 0.004

SOF = sunshine organic fertilizer; SOMF = sunshine organomineral fertilizer; and NPK = nitrogen, phosphorus, and
potassium.

Table 1.
Soil physical properties as influenced by sunshine organic and OMFs.
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Treatment pH N Avail. P K Ca (cmol/kg) Mg (cmol/kg)
Control 6.7 0.04 2.9 0.22 322 2.87
SOF 71 0.07 4.5 0.32 3.68 4.53
SOMF 7.0 0.09 6.4 0.39 3.70 6.37
NPK 6.8 0.05 4.2 0.23 293 4.16
LSD (0.05) 0.004 NS NS NS NS NS

SOF = sunshine organic fertilizer; SOMF = sunshine ovganomineral fertilizer; and NPK = nitrogen, phosphorus, and
potassium.

Table 2.
Soil chemical characteristics as affected by sunshine ovganic and OMFs [15].

Different distinguishing components Organomineral fertilizer Conventional fertilizer
Mineral source (P, K, Ca, B, Mg, etc.) Natural Chemical
Mineral (dust or powder) Available Not available
Microbial agents Available Not available
Growth-promoting microorganisms for plants Available Not available
Plant-defense microorganisms Available Not available
Organic carbon Natural (agri. waste) Not available
Nitrogen source Natural (animal waste) Chemical (urea)
synthetic additives Not available Chemical additives (P, K,
etc.)

Environmentally harmful conditions Not available available
Potential to sequester carbon dioxide Available Not available
Positively impacts soil properties Available Not available

Table 3.

Variations between standard synthetic fertilizers and OMFs in terms of composition and functionality [5].

Two soil types that were gathered from Ikorodu and Ojoo in Lagos State were used
in a greenhouse experiment by [78] along with amaranthus. The treatments included
ground kola pod husk (GPH), pacesetter organic fertilizer (POF), and NPK fertil-
izer (NPK) mixed at 50:50 or 75:25. OF and inorganic fertilizers are applied together
for the greatest yield and longest-lasting results; organic and OMFs greatly boosted
amaranthus growth as compared to control. Additionally, combined applications
significantly increased the nutrient content and nutritional quality (proximate study)
[55, 68]. According to research by [65], when applied at 3t/ha to slightly acidic soil
that is poor in OM, N, and P, sunlight organic (SOF) and organomineral fertilizers
(SOM) significantly enhanced soil moisture, decreased temperature and bulk density,
and elevated pH compared to NPK fertilizer and control. The percentages of N and
Mg in garden eggplant leaves also dramatically rose. The application of OF and OMF
increased the yield and nutritional value of garden eggplants while also enhancing the
soil's fertility and physical qualities [79].

The effects of pacesetter OMF on soil and maize were examined in two locations in
Ilesa. The soil was treated with 200 kg/ha of NPK fertilizer (NPK) and 0, 2.5, 5.0, 7.5,
and 10.0 t/ha of OMF, respectively. OMF and NPK increased plant height, leaf area,
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grain production, cob and ear weight, soil, and plant N, P, and K, with 10.0 t/ha OMF
producing the highest output. The soil's pH was at its ideal level, and the 7.5 and 10 t/
ha rates provided adequate amounts of N, P, and K in the soil and on the leaves. The
2.5,5.0, 75, and 10.0 t/ha OMF and NPK, respectively, increased the grain yield by
20%, 29%, 35%, 94%, and 46% [58, 60].

4. Studies with raw organic fertilizers
4.1 Sawdust ash

In order to produce an adequate and high-quality output, plants in organic agri-
culture need to absorb plant nutrients at their optimal level or be provided to the soil.
However, in organic farming, the soil must be amended with organic forms of both
macro and micronutrients. Important macro elements like potassium, nitrogen, and
phosphorus must be available in their micro and macro forms. For optimum plant
development and high production, plant nutrients alone are insufficient.

In addition to research using synthetic or produced OME, studies using raw organic
waste and CFs were also carried out. [11, 59] studied the integrated application of
sawdust ash (SDA) with urea and compared different combinations of their reduced
levels with urea or SDA alone. Tomato was the test crop. The co-application of urea,
SDA (4.5 t/ha), and SDA increased the soil's OM levels of N, P, K, Ca, and Mg. The
SDA offered the highest soil pH, OM, accessible P, exchangeable K, Ca, and Mg. Using
urea, soil pH was decreased. The simultaneous application of urea and SDA, as well
as the reduced amounts of each, improved leaf N, P, K, Ca, and Mg. The highest leaf
N was delivered by urea, while SDA produced the highest amounts of leaf P, Ca, and
Mg. When compared to controls, SDA, urea, and their mixtures all significantly raised
growth metrics and the number of fruits, while combinations of 3.0 t/ha SDA + 120 kg/
ha Uand 1.5 t/ha SDA + 80 kg/ha U significantly increased fruit weight. It is ascertained
that SDA is an effective source base element and can be integrated with urea at reduced
levels to maximize yield, soil, and plant N, P, K, Ca, and Mg content (Table 4) [18].

Results show that adding urea and SDA alone enhanced soil pH although the
increases were not statistically significant. In 2013, its growing OM and impact were
tremendous. In 2012 and 2013, urea alone, along with 1.5 t/ha SDA + 180 kg/ha U,

3.0 t/ha SDA + 150, 1.5 t/ha SDA + 180 kg/ha U, 3.0 t/ha SDA + 120 kg/ha U, 4.5t/
ha SDA + 60 kg/ha U, and 6.0 t/ha SDA, significantly increased N. Urea significantly
increased P in 2013 as well [59].

4.2 Poultry manure

Because animal dung, regardless of form, has a favorable effect on soil and crops,
its usage cannot be overstated. A major goal of modern agriculture is to increase soil
fertility and improve environmental quality. There is a global trend toward creating
agricultural production systems that use inputs more effectively and produce less
waste in an effort to create a more environmentally friendly, ecologically sound, and
economically viable agricultural system. An innovative idea for managing animal
waste includes mixing animal feces with fertilizers that are mineral-based to produce
fertilizers that are organomineral [80]. In Akure, Nigeria, researchers compared the
effects of 300 kg/ha of NPK 15-15-15 fertilizer, 7 t/ha of PM, six combinations of
lower amounts of N-P-K 15-15-15 and PM, and control (no fertilizer) over the course
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Treatment Soil pH OM (%) N (%) P (%) Ca Mg
(cmol/kg) (cmol/kg)

Control 5.7a 0.46b 0.11c 11.0d 0.42c 0.47b

240 kg/ha-1U 5.7a 0.64ab 0.15b 10.6d 2.10b 1.03b

1.5 t/ha SDA + 180 kg/ 6.1a 123a 0.24a 18.9a 3.47ab 1.27ab

haU

3.0 t/ha SDA + 120 k/ 5.9a 0.79ab 0.17b 15.6b 4.93ab 1.20ab

haU

4.5t/ha SDA + 60 kg/ 5.8a 0.89ab 0.12¢ 20.5a 4.80ab 2.00ab

haU

6.0 t/ha SDA 5.9a 0.67b 0.11c 13.5¢ 5.47a 3.63a

SDA = sawdust ash; U = urea.
According to the findings of the Duncan’s Multiple Range Test, the means within each column that ave sepavated by the
same letter ave not significantly different (P = 0.05).

Table 4.
Effects of urea (U) and SDA on soil nutrients contents at 12 weeks after application [59].

Experiment pH OM (%) N (%) P K Ca Mg
(mg/kg) (cmol/kg) (cmol/kg) (cmol/kg)
Control 5.85 291 0.09 912 0.21 2.55 2.53
5t/ha CDM 6.13 6.72 0.24 12.61 0.39 4.40 3.09
10.0 t/ha CDM 6.11 6.48 0.20 12.66 0.33 4.50 317
200 kg/ha NPK 5.94 4.74 0.23 11.69 0.31 3.27 2.63

CDM = cow dung manure; NPK = nitrogen phosphorus and potassium.

Tables.
Effects of NPK Fertilizer and Cow Dung on Soil Nutrient Contents [18].

of two years [30, 72]. The soil's chemical characteristics, the yield of dry matter from
maize, the yield of grain, plant height, leaf area, and nutrient uptake were all consid-
erably improved by the PM, lower levels of PM and NPK, and NPK alone. The highest
values were given by 3 t/ha PM + 260 kg/ha NPK fertilizer with regard to dry matter
yield and nutrient uptake, resulting in the highest grain yields.

Cow dung applications of 5 and 10 t/acre considerably improved soil OM compared
to other approaches (Table 5). The increase in soil OM brought on by the application
of cow dung may be attributable to organic waste's capacity to enrich soil OM [18].

4.3 Oil palm bunch ash

Synthetic fertilizers frequently release nutrients inequitably and insufficiently into
the soil, which tends to exacerbate soil acidity. These deficiencies can be compensated
for by the synergistic effect of using organic ingredients such as oil palm bunch ash
along with synthetic fertilizer. The application of both organic and inorganic nutri-
ent sources together is anticipated to have positive effects, as opposed to complete
reliance on any one source, which will result in lower costs for CFs, better-balanced
plant nutrition, and soil acidity control [23]. Integrated application of NPK and oil
palm bunch ash (OPBA) together. The study looked into the effects of applying OBA
and NPK fertilizer together (NPK). Six treatments: NPK, OBA 4 t/ha, and control
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Experiment pH OM (%) N (%) P K Ca Mg
(mg/kg) (cmol/kg) (cmol/kg) (cmol/kg)
Control 5.66b 1.43f 0.14f 9.70j 0.14h 1.06g 0.88e
100% U 5.60b 1.60f 0.68a 20.00i 0.17gh 3.37% 1.20cd
75% U + 25% OPBA 5.85b 2.20d 0.64ab 21.60h 0.23fgh 4.80d 1.30c
50% U + 50%O0PBA 5.93b 2.73ab 0.58abc 22.00h 0.26f 5.25cd 2.08b
25% U + 75% OPBA 5.98ab 2.25d 0.50c 24.90¢g 0.30f 4.90d 2.05b
100% OPBA 6.06a 2.41bcd 0.47cd 36.70d 0.64d 3.90e 2.63a
100% NPK 5.68b 1.90f 0.59abc 4740a 0.75¢ 2.60fe 1.00cd
75% NPK + 25% 5.83b 2.40cd 0.53bc 44.20b 0.85b 6.20a 1.25¢
OPBA
50% 5.96b 2.79 0.50c 41.60c 0.96a 6.00ab 2.07b
NPK + 50%0PBA
25% NPK + 75% 5.99ab 2.78a 0.48cd 35.80cd 0.92ab 5.50bc 2.03b
OPBA
100% OPBA 6.07a 2.40bcd 0.48cd 36.70d 0.64d 3.90e 2.62a
75% OPBA 6.03ab 2.37bcd 0.37% 30.10e 0.62d 3.45e 2.50a
50% OPBA 6.00ab 2.30cd 0.30e 26.30f 0.60d 3.20f 2.5%
25% OPBA 5.93b 2.10e 0.28e 23.70g 0.41e 311f 2.23ab

According to Duncan’s Multiple Range Test, means in the same columns that are not sepavated by the same letters are
substantially different at the 5% level of significance.
OPBA = oil palm bunch ash; U = urea; NPK = nitrogen phosphorus and potassium.

Table 6.
Effect of OPBA and its combined use with urea and NPK fertilizer on soil nutrient composition [22, 47, 65].

(15-15-15) At NIFOR and Ekiadolor, 300 kg/ha of maize received applications of 25%
NPK + 75% OBA, 50% NPK + 50% OBA, and 75% NPK + 25% OBA. Other treatments
boosted SOM, N, P, K, Ca, Mg, and pH plant nutrients, growth, and yield in compari-
son to controls (Table 6) [65, 81].

The use of OPBA alone or in combination with urea or NPK generally led to
higher soil K, Ca, and Mg concentrations, which in turn raised pH. Using OPBA had
a liming impact and decreased soil acidity in this manner. Usman et al. [82] states
that OPBA is alkaline and has relatively high quantities of K, Ca, and Mg but low
levels of OM, N, and P.

4.4 Kola pod husk

Eight fertilization methods were applied to amaranthus, including control,
pacesetter grade B organic fertilizer (PGB) applied at a rate of 3 t/ha (100%), 300 kg/
ha NPK fertilizer (NPK), PGB + NPK applied at a rate of 75:25, PGB + NPK applied at
arate of 50:50, kola pod husk (KPH) applied at a rate of 3 t/ha (100%), and KPH + N
(50:50). Study was done on the residual impact on the second and third crops. A close
analysis was conducted. Crude protein (CP) and EE (ether extract) were consider-
ably increased both immediately and subsequently by the PGB, KPH alone, or in
combination with lowered NPK. Reduced crude fiber from organic materials alone
or in combination with NPK (CF). NPK produced the least CP, ash, CF, and EE in
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Plant No.ofleaves  Leafarea Stoveryield  Grainyield Root Matter  Increasein
height (cm?) (t/ha) (t/ha) (t/ha) dry (%) grain
(cm)

Control 72.60e 8.00c 14d 3.23c 2.84c 0.67b —
25t/ha 89.70e 9.33bc 20c 3.59¢ 3.00b 0.93a 5.63
oG

5t/haOG 107.90d 9.23c 19¢ 3.97bc 3.11b 0.97a 9.51
10 t/ha 149.40c 12.0b 32b 4.99b 4.252 0.99a 49.65
oG

2.5t/ha 129.40c 12.20b 44a 5.34a 4.55a 1.10a 60.21
OMF

5t/ha 169.20b 14.59a 31b 5.36a 4.78a 1.00a 68.31
OMF

10 t/ha 164.10b 12.4b 30b 4.63b 3.94a 0.97a 3872
OMF

300 kg/ha 194.00a 12.3b 24c 4.23b 3.44ab 0.93a 1213
NPK

Means with the same letter in the same column ave not significantly different at 5% using Duncan Multiple Range Test.

Table 7.
Effect of OG, OME, and NPK fertilizers on growth and yield of maize [83].

comparison to organic materials. In contrast to NPK, which failed to sustain appropri-
ate CP and EE in the second crop, OFs and OMF did so in both the first and second
crops [58, 60]. All amounts of OG, OMF, and NPK fertilizers significantly increased
(P0.05) the height, number of leaves, leaf area, stover, dry matter, and grain yields of
maize when compared to the control (Table 3).

The highest plant height was achieved with the application of 300 kg/ha NPK
fertilizer, followed by 5 t/ha OMF for the highest number of leaves, stover yield,
and grain production; 2.5 t/ha OMF for the highest leaf area; and the lowest results
with the control experiment (Table 7) [56, 83]. [56] To produce African eggplant,
cocoa pod husk that has been treated with urea is used (Solanum macrocarpon).
Aleshinloye grade A and Sunshine grade A fertilizers were employed by [81] to
improve the fluted pumpkin’s growth, yield, and nutritional makeup. In Ilorin,
North-central Nigeria, little to no research has been done on how these fertilizers
affect the soil and amaranth plants.

The yield data at the Ikorodu and Ojo sites in Lagos State showed that other
treatments significantly increased plant height, number of leaves, and girth in
comparison to the control. In comparison to KPHT, PGB, and NPK alone, soil treated
with KPH + NPK (50:50) primarily boosted growth parameters, while PGB + NPK
(50:50) also had a better residual effect on yield parameters in Ikorodu. The combined
treatments had the highest yields and were recommended [84].

5. Conclusions

From an economic and environmental perspective, using organic waste as fertil-
izer is a tempting option. Recycling the nutrients found in the farmer-accessible
organic materials can replace the application of expensive conventional fertilizers
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while reducing the likelihood of environmental damage due to improper waste
disposal from agricultural activities. Furthermore, it is debatably believed that
agricultural operations constitute a significant source of CO, that damages the climate
and contributes to global warming. As a result, this chapter reviews recent modifica-
tions to Nigeria's usage of organic and OMFs. So it may be concluded that a variety
of organic wastes could be utilized either independently of or in combination with
mineral fertilizers. More lasting effects, balanced nutrition, and an increase in the
physicochemical qualities of the soil are all guaranteed by the inclusion of organic
manures in OMFs. Utilizing the two resources together has a synergistic impact and
lowers spending on rare and pricey mineral fertilizers. It is a sustainable strategy for
assuring high agricultural output and soil productivity.

Acknowledgements

Special appreciation to the Henan Agricultural University, Zhengzhou, China. The
authors are also thankful to the National Natural Science Foundation of China (No.
32071890) and supported by Henan Center for Outstanding Overseas Scientists (No.
GZS2021007).

Conflict of interest

The authors declare no conflict of interest.

Author details

Mukhtar Iderawumi Abdulraheem™*?, Jiandong Hu"**, Shakeel Ahmed"*?,
Linze Li"** and Syed Muhammad Zaigham Abbas Naqvil’z’3

1 Department of Electrical Engineering, Henan Agricultural University, Zhengzhou,
China

2 Henan International Joint Laboratory of Laser Technology in Agriculture Science,
Zhengzhou, China

3 State Key Laboratory of Wheat and Maize Crop Science, Zhengzhou, China
*Address all correspondence to: jdhu@henau.edu.cn

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

30



Advances in the Use of Organic and Organomineral Fertilizers in Sustainable Agricultural...

DOI: http://dx.doi.org/10.5772/intechopen.1001465

References

[1] Iderawumi AM, Kamal TO. Green
manure for agricultural sustainability
and improvement of soil fertility.
Farming and Management. 2022;7(1):1-8

[2] LiY et al. Organomineral fertilizer
application enhances Perilla frutescens
nutritional quality and rhizosphere
microbial community stability in

karst mountain soils. Frontiers in
Microbiology. 2022;13:1-19

[3] FAO. World fertilizer trends and
outlook to 2018. Rome: FAO; 2015

[4] Martins DC et al. Organomineral
phosphorus fertilization in the
production of corn, soybean and bean
cultivated in succession. 2017

[5] Syed S et al. Bio-organic mineral
fertilizer for sustainable agriculture:
current trends and future perspectives.
Minerals. 2021;11(12):1336

[6] de Souza Magalhdes CA et al.
Eficiéncia de fertilizantes organominerais
fosfatados em mudas de eucalipto.
Scientia Agraria. 2017;18(4):80-85

[7] Aguilar AS et al. Influence of
organomineral fertilization in the
development of the potato crop cv. Cupid.
Bioscience Journal. 2019;35(1):199-210

[8] Law-Ogbomo KE, Remison SU,
Jombo EO. Effects of organic and
inorganic fertilizer on the productivity
of Amaranthus cruentus in an ultisol
environment. International Journal of
Plant Physiology and Biochemistry.
2011;3(14):247-252

[9] Worthington V. Nutritional quality

of organic versus conventional fruits,
vegetables, and grains. The Journal of
Alternative & Complementary Medicine.
2001;7(2):161-173

31

[10] Magela MLM et al. Efficacy of
organomineral fertilizers derived from
biosolid or filter cake on early maize

development. Australian Journal of Crop
Science. 2019;13(5):662-670

[11] Abdulraheem MI, Ojeniyi SO,
Charles EF. Integrated application of urea
and sawdust ash: Effect on soil chemical
properties, plant nutrients and sorghum
performance. International Organization
of Scientific Research-Journal of

Agriculture and Veterinary science
(IOSR-JAVS). 2012;1(4):38-41

[12] Abdulraheem MI et al. Comparative
performance of different varieties of
maize under organic, inorganic and
combined (organic and inorganic)
fertilization. Agricultural Studies
International Technology and Science
Publications. 2018;2(2):20-29

[13] Ojeniyi SO, Oyatoye A,
Abdulraheem MI. use of ash for soil
fertility improvement: effect on Cowpea.
Nigeria Journal of Soil Science.
2017;27:216-221

[14] Olutumise Al et al. Determinants of
health management practices’ utilization
and its effect on poultry farmers’ income
in Ondo State, Nigeria. Sustainability.
2023;15(3):2298

[15] Iderawumi AM et al. Innovative
techniques of operating school
farm. Farming and Management.
2021;6(1):21-28

[16] Moraes ER de, Mageste ]G,

Lana RMQ, Silva RV da, Camargo R de.
Sugarcane: Organo-Mineral Fertilizers
and Biostimulants. InTech; 2018.

DOI: 10.5772/intechopen.71493

[17] Laird DA et al. Impact of biochar
amendments on the quality of a typical



Organic Fertilizers — New Advances and Applications

Midwestern agricultural soil. Geoderma.
2010;158(3-4):443-449

(18] Abdulraheem MI, Omogoye AM,
Charles EF. Influence of NPK fertilizer
and cow dung manure application on
soil chemical properties, growth and
yield of sweet potato (Ipomoea batatas).
European Modern Studies Journal.
2018;2(5):1-7

[19] Ichami SM et al. Fertilizer response
and nitrogen use efficiency in African
smallholder maize farms. Nutrient
cycling in agroecosystems. 2019;113:1-19

[20] Liu L et al. Combined application of
organic and inorganic nitrogen fertilizers
affects soil prokaryotic communities
compositions. Agronomy. 2020;10(1):132

[21] Ayeni LS. Effect of combined cocoa
pod ash and NPK fertilizer on soil
properties, nutrient uptake and yield of
maize (Zea mays). Journal of American
Science. 2010;6(3):79-84

[22] Iderawumi AM. Growth and

yield responses of okra (Abelmoscus
esculentum L.) as influenced by sawdust
ash and ammonium nitrate. Sumerianz
Journal of Agriculture and Veterinary.
2018;1(1):8-13

[23] Ayeni LS, Adetunji MT. Integrated
application of poultry manure and
mineral fertilizer on soil chemical
properties, nutrient uptake, yield and
growth components of maize. Nature
and Science. 2010;8(1):60-67

[24] Carvalho RP et al. Organomineral
fertilization on the chemical
characteristics of Quartzarenic Neosol
cultivated with olive tree. Scientia
Horticulturae. 2014;176:120-126

[25] Pawlett M, Deeks LK, Sakrabani R.
Nutrient potential of biosolids and urea
derived organo-mineral fertilisers in a
field scale experiment using ryegrass

32

(Lolium perenne L.). Field Crops
Research. 2015;175:56-63

[26] Bouhia Y et al. Conversion of waste
into organo-mineral fertilizers: current
technological trends and prospects.
Reviews in Environmental Science and
Bio/Technology. 2022;21(2):425-446

[27] Zainab MA et al. Effects of organic
and inorganic fertilizers on the growth
of NH-Ae 47-4 variety of okra. Journal
of Applied Sciences and Environmental
Management. 2016;20(1):201-206

[28] Silva SM et al. Organo-mineral
fertilization effects on biomass and
essential oil of lavender (Lavandula
dentata L.). Industrial Crops and
Products. 2017;103:133-140

[29] Farrar MB et al. Short-term effects
of organo-mineral enriched biochar
fertiliser on ginger yield and nutrient
cycling. Journal of Soils and Sediments.
2019;19:668-682

[30] Adeniyan ON, Ojeniyi SO.
Comparative effectiveness of different
levels of poultry manure with NPK
fertilizer on residual soil fertility,
nutrient uptake and yield of maize.
Moor Journal of Agricultural Research.
2003;4(2):191-197

(31] Abdulraheem MI, Fudzagbo J,
Abdulazeez RA, Oyetoro BA. Rapid
advancement on integrated application
of sawdust ash manure and urea fertilizer
on soil chemical properties and sesame
(Sesamum Indicum L.) performance.
International Scientific Survey Journal.
2020;3(2):1-8

[32] Lin W et al. The effects of chemical
and organic fertilizer usage on
rhizosphere soil in tea orchards. PloS
One. 2019;14(5):e0217018

[33] Wahab A et al. Interactions of
metal-based engineered nanoparticles



Advances in the Use of Organic and Organomineral Fertilizers in Sustainable Agricultural...

DOI: http://dx.doi.org/10.5772/intechopen.1001465

with plants: An overview of the state of
current knowledge, research progress,
and prospects. Journal of Plant Growth
Regulation. 2023;42(4):1-21

[34] Oladapo A, Afolami CA. Assessment
of organic fertilizer usage by vegetable
farmers in Ondo State South West,
Nigeria. African Journal of Agricultural
Research. 2021;17(3):371-377

[35] Abdi G et al. Cyanobacteria

for marine-based biomolecules. In:
Biomanufacturing for Sustainable
Production of Biomolecules.
Springer; 2023. pp. 189-209.

DOI: 10.1007/978-981-19-7911-8_10

[36] Fudzagbo J, Abdulraheem MI.
Vermicompost technology: impact on
the environment and food security.
Agriculture and Environment.

2020;1(1):87-93

[37] Gomiero T, Paoletti MG, Pimentel D.
Energy and environmental issues in
organic and conventional agriculture.
Critical Reviews in Plant Sciences.

2008;27(4):239-254

[38] Jinal NH, Amaresan N. Evaluation
of biocontrol Bacillus species on plant
growth promotion and systemic-induced
resistant potential against bacterial and
fungal wilt-causing pathogens. Archives
of Microbiology. 2020;202(7):1785-1794

[39] Han Y et al. Global and regional
estimation of net anthropogenic
nitrogen inputs (NANI). Geoderma.
2020;361:114066

[40] Calabi-Floody M et al. Smart
fertilizers as a strategy for sustainable
agriculture. Advances in Agronomy.
2018;147:119-157

[41] Bley H et al. Nutrient release, plant
nutrition, and potassium leaching

from polymer-coated fertilizer. Revista
Brasileira de Ciéncia do Solo. 2017;41:1-11

33

[42] SuR et al. Minimalizing non-point
source pollution using a cooperative ion-
selective electrode system for estimating
nitrate nitrogen in soil. Frontiers in Plant
Science. 2022;12:810214

[43] Himics M et al. Does the current
trade liberalization agenda contribute to
greenhouse gas emission mitigation in
agriculture? Food Policy. 2018;76:120-129

[44] Lee R. The outlook for population
growth. Science. 2011;333(6042):569-573

[45] Visser W. Sustainable Frontiers:
Unlocking Change through Business,
Leadership and Innovation.

1st ed. London: Routledge; 2015.
DOI: 10.4324/9781351284080

[46] Blanco M. Supply of and access to
key nutrients NPK for fertilizers for
teeding the world in 2050. Madrit: UPM;
2011

[47] Omogoye AM, Abdulraheem MI. Soil
properties and performance of Sorghum
(Sorghum bicolor L. Moench) in response
to sole and combined applications of
NPK, cocoa pod husk and cocoa pod

ash manures. In: Proceedings of the

40™ Annual Conference of Soil Science
Society of Nigeria, Calabar. pp. 341-346

[48] Shiyam JO, Binang WB. Effect of
poultry manure and plant population
on productivity of fluted pumpkin
(Telfaiaria occidentalis Hook F.) in
Calabar, Nigeria. Journal of Organic
Systems. 2013;8(2):29-35

[49] Ojetayo AE et al. Effect of fertilizer
types on nutritional quality of two
cabbage varieties before and after
storage. Journal of Applied Biosciences.
2011;48(5):3322-3330

[50] Senjobi BA, Ande OT, Akindolie MS.
Performance of Abelmoschus Esculentus
(L Moech) as influenced by different



Organic Fertilizers — New Advances and Applications

organic manure amendment in
Yelwa enclave of Ogun State Nigeria.
Envirotropica: International Environ
Tropical Journal. 2012;8:60-72

[51] Ramos LA et al. Effect of organo-
mineral fertilizer and poultry litter
waste on sugarcane yield and some

plant and soil chemical properties.
African Journal of Agricultural Research.
2017;12(1):20-27

[52] Oyedeji S et al. Effect of NPK and
poultry manure on growth, yield,

and proximate composition of three
Amaranths. Journal of Botany. 2014;6:1-6

[53] Megali L, Glauser G, Rasmann S.
Fertilization with beneficial
microorganisms decreases tomato
defenses against insect pests. Agronomy
for Sustainable Development.
2014;34:649-656

[54] Pant LP, Adhikari B, Bhattarai KK.
Adaptive transition for transformations
to sustainability in developing countries.
Current Opinion in Environmental
Sustainability. 2015;14:206-212

[55] Gattinger A et al. Enhanced top soil
carbon stocks under organic farming.
Proceedings of the National Academy of
Sciences. 2012;109(44):18226-18231

[56] Seufert V, Ramankutty N, Foley JA.
Comparing the yields of organic and
conventional agriculture. Nature.
2012;485(7397):229-232

[57] Akinrinde EA, Okeleye KA. Short-
and long-term effects of sparingly
soluble phosphates on crop production in
two contrasting Nigerian Alfisols. West
African. Journal of Applied Ecology.
2005;8(1)

[58] Atere CT, Olayinka A. Effect of
organo-mineral fertilizer on soil chemical
properties, growth and yield of soybean.

34

African Journal of Agricultural Research.
2012;7(37):5208-5216

[59] Abdulraheem MI, Ojeniyi SO.
Combined application of urea and
sawdust ash in okra production effects on
yield and nutrients availability. Nigerian
Journal of Soil Science. 2015;25:146-154

[60] Naqvi SMZA et al. Green synthesis
of silver nanoparticles and anti-oxidant
activity in plants under semiarid
condition - a review. Pakistan Journal of
Weed Science Research. 2022;28(3)

[61] Ojeniyi SO et al. Field study of
effect of organomineral fertilizer on
maize growth, yield soil and plant
nutrient composition in Ilesa, Southwest
Nigeria. Nigerian Journal of Soil Science.
2009;19(1):11-16

[62] Ojeniyi S et al. Effect of organic,
organomineral and NPK fertilizer on
nutritional quality of Amaranthus in
Lagos, Nigeria. Nigerian Journal of Soil
Science. 2009;19(2):129-134

[63] Olowokere FA. Respond of pepper
and tomato intercrop to different rates
and methods of application of poultry
based organomineral fertilizer. In: Proc.
29™ Annual Conf. of Soil Sci. Soc. of
Nigeria. 6-10 Dec 2004. Abeokuta:
UNAAB; 2004. pp. 186-191

[64] Osman KT. Soil Degradation,
Conservation and Remediation. Vol. 820.
Switzerland: Springer; 2014

[65] Abdulraheem MI, Lawal SA.
Combined application of ammonium
nitrate and goat manure: effects on soil
nutrients availability, okra performance
and sustainable food security. Open
Access Research Journal of Life Sciences.
2021;1:021-028

[66] Fagbola O, Ogunbe PW. Growth and
yield response of some maize cultivars
to organomineral fertilizer application



Advances in the Use of Organic and Organomineral Fertilizers in Sustainable Agricultural...

DOI: http://dx.doi.org/10.5772/intechopen.1001465

in simulated degraged soil under
greenhouse conditions. Nigerian Journal
of Soil Science. 2007;17:87-93

[67] Crusciol CAC et al. Organomineral
fertilizer as source of P and K for sugarcane.
Scientific Reports. 2020;10(1):5398

[68] Shaji H, Chandran V, Mathew L.
Organic fertilizers as a route to controlled
release of nutrients. In: Controlled Release
Fertilizers for Sustainable Agriculture. US:
Elsevier; 2021. pp. 231-245

[69] Okhumata S, Uzezi E, Idowu R.
Effects of integrated application of
inorganic and organic fertilizer on
properties of soil planted with rice.
World Journal of Advanced Research and
Reviews. 2021;11(2):117-123

[70] Sharma S et al. Effect of organic
manures on growth, yield, leaf nutrient
uptake and soil properties of kiwifruit
(Actinidia deliciosa Chev.) cv. Allison.
Plants. 2022;11(23):3354

[71] Ahmed S et al. Molecular
communication network and its

applications in crop sciences. Planta.
2022;255(6):128

[72] Jakhar AM et al. Nano-fertilizers: a
sustainable technology for improving

crop nutrition and food security.
Nanolmpact. 2022:100411

[73] Udo EJ et al. Manual of Soil, Plant
and Water Analysis. Lagos: Sibon Books,
Publishers Ltd., Nigeria; 2009. p. 183

[74] Matveeva VA, Smirnov YD,
Suchkov DV. Industrial processing of
phosphogypsum into organomineral
fertilizer. Environmental Geochemistry
and Health. 2022;44(5):1605-1618

[75] Egodawatta WCP, Sangakkara UR,
Stamp P. Impact of green manure and
mineral fertilizer inputs on soil organic

35

matter and crop productivity in a sloping
landscape of Sri Lanka. Field Crops
Research. 2012;129:21-27

[76] Du NXT. Effects of green manures
during fallow on moisture and nutrients
of soil and winter wheat yield on the Loss
Plateau of China. Emirates Journal of
Food and Agriculture. 2017:978-987

[77] Flores-Felix JD et al. Future
perspective in organic farming
fertilization: Management and product.
In: Organic Farming. Elsevier; 2019.
pp- 269-315

[78] Makinde EA, Ayeni LS,

Ojeniyi SO. Morphological characteristics
of amaranthus cruentus L. as influenced
by kola pod husk, organomineral

and NPK fertilizers in Southwestern
Nigeria. New York Science Journal.

2010;3(5):130-134

[79] Olowoake AA et al. The Effect of
farmyard manure and urea on grain
yield and agronomic characteristics of
maize (Zea mays). Ghana Journal of
Agricultural Science. 2022;57(1):83-96

[80] Buam I, Hussain N. Chapter

5. Generation and Management of
Agricultural Waste-Worldwide View.
Chief Editor. 2021. p. 63. DOI: 10.13140/
RG.2.27269.47847

[81] Ojeniyi SO, Awanlemhen BE,
Adejoro SA. Soil plant nutrients and
maize performance as influenced

by oil palm bunch ash plus NPK
fertilizer. Journal of American Science.
2010;6(12):456-460

[82] Usman M, Madu VU, Alkali G. The
combined use of organic and inorganic
tertilizers for improving maize crop
productivity in Nigeria. International
Journal of Scientific and Research
Publications. 2015;5(10):1-7



Organic Fertilizers — New Advances and Applications

[83] Ayeni LS, Adeleye EO,

Adejumo JO. Comparative effect of
organic, organomineral and mineral
fertilizers on soil properties, nutrient
uptake, growth and yield of maize (Zea
mays). International Research Journal
of Agricultural Science and Soil Science.
2012;2(11):493-497

[84] Oyekunle OJ, Abosede OT. Growth,
yield and nutritional compositions of
fluted pumpkin (Telfairia occidentalis
Hook. f.) as affected by fertilizer types
in Ogbomoso, south west Nigeria.

Journal of Applied Biosciences.
2012;56:4080-4088

36



Chapter 3

Organic Agriculture: Global
Challenges and Environmental
Impacts
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Abstract

Agriculture has been intensified for years to provide food and nutrition security
for the growing world population in emerging nations. Conventional methods,
especially the widespread and ineffective use of N fertilizer, increase the cost of
agricultural production and contribute to environmental degradation, including the
production of greenhouse gases, ammonium volatilization, groundwater pollution,
etc. In long term, intensive agricultural practices cause depletion of soil productivity
by limiting its functions such as biomass production, carbon sequestration, etc. which
may threaten our sustenance. In this crisis scenario, for sustainable intensification,
organic agriculture has been proposed as a one-stop solution with enormous ben-
efits. Many researchers have proved that organic fertilizer application in agriculture
improves soil health by enhancing biogeochemical properties. Moreover, organic
agriculture has been claimed as climate-smart agriculture. Contrarily, it is clear that
organic fertilizer (as compost, manure, etc.) may cause heavy metal pollution and
that organic particles may pollute the atmosphere. There is controversy on how OA
affects biodiversity. Although just 1.5% of all land is organically grown (excluding
organic non-agricultural land), the world has recently seen a surge in interest in
OA. This chapter will concentrate on the present incarnation of organic agriculture
worldwide, including advancements, benefits, and environmental consequences.

Keywords: organic agriculture, environment, GHG emission, global aspects,
scientific debates

1. Introduction

In the twenty-first century, one of the biggest challenges that have been addressed
globally is “food security” The Food and Agricultural Organization has reported that food
production will have to increase by 70% for a 2.1 billion additional global population by
2050 [1]. Between 1970 and 2010, the world’s grain production double to 2.5 billion tons,
with an increase in the average yield of 1600 to 3030 kg per hectare [2]. However, this
agricultural intensification is practiced worldwide mainly through the increase in global
fertilizer usage from 32 to 106 Mt yr~" [3]. In addition, Synthetic N fertilizer widely used
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for high-yield production contributes 38.8% of N,O emission, a GHG with 265 times
more global warming potential than CO, over a 100 years period [4]. Traditional farming
methods for increasing agricultural productivity increase environmental problems such
biodiversity loss, rapid soil erosion and deterioration, eutrophication, groundwater pol-
lution, adverse effects of pesticides on wildlife and humans, etc. It is already abundantly
evident that current “non-organic” agricultural methods, which mainly rely on intensive
synthetic fertilizer input and pesticide application, cannot meet the task of providing
enough food while maintaining a sustainable ecology [5]. Hence, ecological methods to
sustainable intensification are the all-in-one solution for the production of food in the
future. Nowadays, “organic agriculture” is recognized as a method of ecological intensifi-
cation on a global scale [6].

Contrary to traditional farming, organic agriculture (OA) produces food in quanti-
ties insufficient for mass consumption, but it is environmentally benign and produces as
nutritious or more nutrient-dense foods with less (or no) pesticide residues. Generally,
when a natural ecosystem converts to farming practices, the topsoil losses about
20-40% of SOC following cultivation in the first few years [7]. OA helps to sequestrate
SOC in soil and improves soil health by enhancing soil biological activities, nutrient
dynamics, and availability [8]. It has been scientifically demonstrated that organic soils
have 44% more long-term carbon storage than conventionally managed soils by evalu-
ating over a thousand soil samples from farms maintained organically and convention-
ally in 48 states of the USA [9]. According to a recent research, organic farming reduces
soil erosion by delivering less mean sediment than conventional farming [10]. OA helps
to mitigate GHG emissions by reducing nitrous oxide by 50% and methane emissions
by 70% [11]. OA may be viewed as a climate-smart agricultural strategy for reducing
the consequences of climate change and enhancing soil health and quality, including
nutrient and water retention, as well as boosting agricultural output.

Organic farming is a fast-growing sector. Since people are becoming health-con-
scious day by day, the demand for organic food is skyrocketing in the local market.
The fact is, OA currently occupies only 1.5% of the global total agricultural land [12].
There is a concern that it is difficult to predict the impacts of widespread OA adop-
tion due to mounting evidence that organic fertilizers can include significant levels
of trace metals including Cu, Ni, Cr, Zn, As, Pb, and Cd [13]. Application of organic
manure above 6.25 t ha™ per season may contribute to greater CH, and N,O emissions
in the rice ecosystem [14]. Yet, the use of animal manures, the use of natural pesti-
cides and fertilizers, the management of postharvest residues, irrigation, and tillage
activities may all have a detrimental influence on the environment [15]. Further
research is undergoing globally to understand the environmental impacts of long-
term adaptation of OA on a large scale. This review will discuss the present scenario
of OA worldwide and the current reports in the literature regarding its environmental
impacts under the long-term adaptation in different management systems.

2. Organic agriculture (OA)

Considering ecological principles as the base for crop production, the concept of
organic agriculture is analogous worldwide. The General Assembly of IFOAM defines
“organic Agriculture as a production system that sustains the health of soils, ecosys-
tems, and people. It relies on ecological processes, biodiversity and cycles adapted
to local conditions, rather than the use of inputs with adverse effects. OA combines
tradition, innovation, and science to benefit the shared environment and promote fair
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relationships and good quality of life for all involved”. Although there are many meanings
and interpretations of OA, common techniques to maintain soil fertility and produce
high-quality products in OA include: (1) implementing suitable rotation programs;

(2) adding composts; (3) using physical, mechanical, and biological mechanisms to
control diseases, pests, and weeds; and (4) implementing organic practices in the feed
and livestock production [16]. Cover crops and green manures, however, are crucial to
the success of OA because they perform a variety of vital tasks such as fixing nitrogen
(N), contributing organic matter (OM), and offering home for beneficial species [17].
Efficiency, environmental impact, economic feasibility, and social well-being are the
four main sustainability criteria that Reganold and Wachter [18] have used to analyze
the success of organic farming. They came to the conclusion that, although having lower
yields, OA provides more environmental services and societal benefits. In order to create
sustainable farming systems, which probably would include a combination of organic
and non-organic methods, organic farming techniques must be taken into account.

2.1 Global scenario of OA

According to a study on “The World of Organic Agriculture — Statistics and
Emerging Trends 2021”, approximately 72.3 million hectares were under organic
agricultural management worldwide in 2019. This is over 1.1 million hectares or 1.6%
more than the previous year. 2019 saw a more than six-fold rise in the proportion
of agricultural land that was organic compared to 1999. Half of the world’s organic
farming acreage is in Oceania. Around 23% of the world’s organic agricultural land is
in Europe, a region that has seen steady expansion in this area over the years, followed
by South America with 12% (Figure 1). Organic farming is not growing as much in
certain continents, including Asia and Africa, due to larger populations and more
food demand, as organic farmers do not receive as much produce as conventional
farmers do. In 2019 the agricultural land has significantly decreased in Asia (-7.1%)
due to the drop in organic farmland in China. And Oceania (—0.3%) respectively.

At 35.69 million hectares, Australia has the most organic land worldwide. Argentina
comes in second place with 3.67 million hectares, while Spain comes in at more over two
million hectares. Yet, grazing land makes up 97% of Australia’s agriculture, according
to estimates. Almost 80% of all agricultural area used for organic production is found
in the top 10 nations (Figure 2). In terms of percentage, 1.5% of all organic land in the

Distribution of organic agricultural
land by region 2019

m Ocenia

= Europe

m Latin America
Asia

m North America

m Africa

Figure 1.
2019 global organic agricultuval land distribution by region (Source: FiBL survey 2021).
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Figure 2.
The 10 countries with the largest area of organic agricultural land in 2019 (Source: FiBL survey 2021).

globe is organic. Liechtenstein has the greatest percentage of its agricultural land man-
aged organically, at 41%. More than 10% of the organic share is held by the majority of
European nations. Organic land expansion has accelerated in numerous nations, includ-
ing India (18.6%) and Ukraine (54.6%) A total of 35 Mha of non-agricultural land—
including land used for forestry, aquaculture, wild collecting, and grazing regions

on non-agricultural land—is organic [12]. This data posits that there may be a good
probability of increasing the popularity of organic farming among farmers in areas with
lower population densities, strain on the land, overall food demand and shortfall.

Further, there are more than 3 million organic producers worldwide. Asia, Africa,
and Europe together account for more than 91% of global producers. The country
with the greatest number of organic producers is India (1.36 million), followed by
Uganda and Ethiopia. 1-2% of all food sales globally are organic. According to the
nation, future growth is anticipated to range from 10 to 50% yearly [19]. Almost 106
billion euros worth of organic food was sold at retail in total. The United States is the
nation with the biggest market for organic food.

When compared to conventional agriculture, the adoption of OA is economically
competitive. For instance, OA is more lucrative (22-35%) than conventional agriculture
due to the higher cost of organic goods compared to their non-organic equivalents
(20-24%). Though with lower organic yields of 10-18%, breakeven premiums for
organic earnings must still be at least 5-7% to meet conventional profits. Reduced
environmental costs (negative externalities) and improved ecosystem services brought
about by the use of appropriate farming methods may also support OA financially [20].

In conclusion, while being modest globally, agricultural land is expected to grow.
Organic agricultural practices have several advantages for sustainability and can help
ensure global food security [20]. Moreover, it is becoming increasingly evident that
OA can be crucial in tackling issues including land and soil erosion, climate variabil-
ity, hunger relief, poverty reduction, health, and biodiversity management [21].

3. Environmental aspects of OA

3.1 Organic agriculture and soil health

One of the keystones of organic agriculture is to ameliorate and maintain soil
health. Soil organic carbon (SOC) strongly affects soil health and functionality. From
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an agronomic and ecological perspective, proper SOC stock management is crucial
for crop productivity in organic farming [22]. The main practices of OA including
returning plant residues and manure application, and/or integrating cover crops into
the system reduce SOC losses from topsoil, and either maintain SOC or increase SOC
stocks [23]. For example, a meta-analysis contrasting conventional and organic farm-
ing methods under Mediterranean croplands revealed that the rate of SOC sequestra-
tion in topsoil (average soil depth 19.4 cm) rose by 0.97 Mg C ha™ yr™' under OA in
comparison to those under conventional management [24]. According to a recent
study, decreased tillage in organic farming raised cumulative SOC stocks by 1.7%, or
1.5Mg ha™! (0-50 cm), and 3.6%, or 4.0 Mg ha™! (0-100 cm), compared to traditional
tillage, with estimated mean C sequestration levels of 0.09 and 0.27 Mg ha™' yr',
respectively [25]. An optimized conventional system with some “organic” tactics, like
cover crops, crop rotation, and mulches, but without using mineral fertilizers,
demonstrated higher sequestration in one research [26]. Yet, in a different study, only
the biodynamic system with a high livestock density showed a noticeable advantage
[27]. Using basic default values for carbon sequestration in forests, Table 1 compares
the sequestration rates in organic and conventional agriculture systems and demon-
strates the efficiency of the organic system in the USA. These results show that in the
studied locations, organic systems consistently retain more carbon than conventional
systems. Yet, compared to organic farming, conventional farming paired with forests
sequesters more carbon. Also, the relative production in organic farming is satisfac-
tory, but more acreage is required for the profound respect.

Higher SOM concentrations in the topsoil layer on arable land under organic farm-
ing can positively influence soil stability, according to a number of studies [9, 29].
According to the findings of William et al. [30], organic farming reduces bulk density
by 3% more than the conventional farming system. Additionally, it enhances water
infiltration capacity and increases aggregate stability by 50% under green manure
application than conventional farming. Seitz et al. [10] demonstrated that organic
agricultural practices decline soil erosion by decreasing mean sediment delivery by
30% more than modern agricultural practices. It is revealed that conservation tillage
may decrease soil erosion and improve soil structure [31]. In contrast, organic farm-
ing with minimum tillage may increase soil compaction in long term and decreases
the earthworm population in the soil [32].

The incorporation of manure or compost in organic agriculture helps to avoid
exceeding soluble nutrients release such as nitrogen and phosphorus, at the same time,
contributing an essential source of carbon for the growth and activity of soil organ-
isms. Organic N fertilizers significantly increase the potential for nitrification, nitrite
oxidation, and denitrification [33]. Moreover, with particular management practices,
seasonal variation affects soil N mineralization and potentially synchronizes soil avail-
able N supply with demand for cash crops, productivity, nutrient (N and P) loading,
risk of losses, and nutrient use efficiency from organic manufacturing systems can
vary [34]. The best strategy to increase microbial biomass and its activity is by amend-
ing the soil with organic materials [35, 36]. Organic fertilizer increases the microbial
exoenzymatic activities involved in the mineralization of C, N, and P [37]. Certain
microbial communities engaged in symbiotic nitrogen fixation and microbial stimula-
tion of nutrient absorption at root surfaces are made more effective by OA [38].

OA ensures soil sustainability by improving soil bio-physiochemical activities.
Though, caution is required for soil health-related issues in organic agriculture, as the
on-farm management efficiency differs. Nevertheless, for eco-friendly agricultural pro-
duction organic agriculture in the standard way can be considered a large potent system.
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3.2 Greenhouse gas fluxes under OA

It is assumed that agriculture is a major contributor to GHG emissions and is
vulnerable to climate change. OA is suggested as a one-stop solution to mitigate emis-
sions. Some past studies have produced controversial results regarding the potential
of OA for mitigation [39]. For example, The amount of greenhouse gases (GHGs)
emitted from agricultural output as a whole and the intensity of GHGs emitted per
hectare of agricultural land are both rising in the USA, according to McGee [40].
According to Williams et al. [41] lower yields and higher rates of nitrate leaching
counteract the reduced input consumption in most organic cropping systems in
England, which create equivalent or higher GHG emissions per ton of crop than
conventional processes.

By using meta-analysis, structural factors impacting GHG emissions for tra-
ditional and open architecture systems have been studied [42]. As compared to
traditional farming, OA had fewer GHG emissions in nearly two-thirds of the 195
observations. In terms of GHG emissions for farms growing field crops, dairy
products, and mixed crops, OA outperformed conventional farming. On farms that
raised animals, grew vegetables, or produced fruit, OA was less likely to be more
effective in terms of GHG emissions. Yet, the unit or foundation of measurement
had a significant impact on how well OA reduced GHG emissions. Due to yield
variations, output-based (ratio/Mg) metrics greatly lessened the superiority of
GHG emissions impacts for OA compared to area-based (ratio/ha) measures. The
fact that most studies were from Europe and did not take into account nutritional
spillover effects in conventional-organic conversions was one of the drawbacks of
this meta-analysis [42].

Using a life-cycle analysis, Smith et al. [39] evaluated the effects on net GHG
emissions of a 100% switch to organic food production in England and Wales. He
came to the conclusion that organic farming reduces direct GHG emissions, but when
increased overseas land usage to make up for local supply shortages is taken into
account, net emissions are higher (Figure 3).

3.2.1 CO, emission

Under irrigated conventional and irrigated OA management of common beans
in the Mediterranean climate, Kontopoulou et al. [44] measured CO, emissions. In
comparison to conventional management, OA had higher cumulative CO, emissions
over the 84-day cropping period (2.5 and 2.8 Mg CO, ha™* for high and low salinity
irrigation water, respectively) (2.1and 2.3 Mg CO, ha™* for high and low-salinity irri-
gation water, respectively). Compost and other organic manures can improve soil C
stocks [45] but may also result in higher CO, emissions [46]. Also, the use of compost
may have improved the following factors: (1) soil structure and pore space continuity;
(2) root penetration and gas and water movement; (3) root exudation and, therefore,
a microbial activity that may have increased microbial respiration in the rhizosphere
[44]. The global warming potential (GWP) per 1 m? of land in organic farming was
determined to be 0.12 kg CO; eq., which was three times lower than in the conven-
tional system, according to an environmental impact evaluation of organic and
conventional leek production methods in Belgium (0.36 kg CO, eq.) [47]. The GWP
in organic and conventional herbaceous farming systems was also studied in Spain.
The organic system greatly reduced GHG emissions (between 35.9 and 64.7% and
16.3 and 41.9%, respectively) [24].
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Figure 3.

Total greenhouse gas emissions (GHG) from farming in conventional and ovganic systems in England and Wales
(E & W). (a) For food crops for human consumption both from home and overseas production. (b) Additional
net emissions due to soil C sequestration (CS) and overseas land use changes (LUC) to compensate for shortfalls
in home production: high = all LUC by conversion from grassland, no CS; medium = 50% of LUC by conversion
from grassland, moderate CS; low = 25% of LUC by conversion from grassland, high CS; COC = carbon
opportunity cost of Searchinger et al. [43] (Methods).

3.2.2 CH, emission

Based on the activity of certain CH,” and ammonium oxidizing bacteria and
site-specific circumstances, well-aerated soils have the ability to behave as CH, sinks.
A meta-study was carried out to compare area-scaled CH, emissions from organic and
non-organic farming, however no appreciable differences between the two cultiva-
tion methods were discovered [2]. It has been shown that soils managed organically
assimilate more CH, than soils managed conventionally (—0.61 versus —0.54 kg CH,4
ha™! yr'l; mitigating 20.2 and 18.0 kg CO, eq. ha™, respectively) [5]. The cause is that
consistent treatment of piled cow dung boosts methanogenic archaea biomass and
enzymatic activity [23]. Contrarily, rice paddies are a significant source of CH4 emis-
sions under both types of management, contributing 6023 kg CO, eq. ha™' yr™! under
organic management and 4857 CO, eq. ha™ yr™' under conventional management. In
the rice environment, emissions of CHy are caused by anaerobic microbial degrada-
tion of OM and organic fertilizer [48].

3.2.3 N,O emission

The anticipation of decreased soil N,O emissions is supported by the usually lower
N input level for soils under OA compared to those under conventional management
approaches [48]. In addition, Skinner et al. [3] observed that organic systems reduced
N,O emissions per hectare by 40.2% when compared to non-organic systems. It is
expected that a significant portion of the ensuing N,0O emissions may begin to be
effective beyond the vegetative period under investigation because of the delayed
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release of mineral N from organic sources [3]. As opposed to unamended and
conventionally managed plots (0.64 kg N,O ha™), manure-amended organic plots
had greater cumulative N,O emissions over the winter in plots that were grown with
soybeans (1.63 kg N,O ha™) [49]. Yet, under OA, denitrification efficiency improves
most likely as a result of the following factors: (1) higher C inputs from grassland and
fertilizer; (2) higher SOC and N contents; (3) bigger, more active microbial commu-
nities; and (4) variations in how the denitrifier communities work [50].

3.3 Organic fertilizer and heavy metal contamination

While if other activities (such air deposition or mining) might potentially result in
soil buildup, organic fertilizer, such as manure and compost, can be the main source
releasing heavy metals into the ecosystem [51]. There is a lot of data to support the claim
that organic fertilizers (such manure, compost, and sludge) may contain significant
amounts of trace metals including Cr, Ni, Cu, Zn, As, Cd, and Pb as well as have a high
bio transfer potential [13]. Various trace metals have lower thresholds for non-agricul-
tural usage and higher threshold limits for conventional and organic agriculture. For
instance, 212 samples of Chinese organic fertilizers including cattle dung had Cr, As, Cd,
and Pb contents that were 4.2%, 13.7%, 2.4%, and 1.4% higher than the recommended
range, respectively [52]. According to some authors, organic amendments increase the
mobility of Cd in soil, and copper follows a similar pattern in the soil horizon [53].

3.4 Water quality

Water is essential for both human and ecological wellbeing, as well as the long-
term ecological and socioeconomic resilience of our food and agricultural systems.
Water use and pollution are mostly the responsibility of the agriculture sector. Water
usage and outflow in both plant and animal farms are major contributors to water
pollution. The pesticides, fertilizers, and feed put to the ponds cause a multitude of
contaminants to be carried in the wastewater [54]. Synthetic fertilizers cause numer-
ous contaminants to combine with freshwater, but because they are not allowed in
organic agriculture, the water quality is finally improved.

Organic farming employs a variety of methods to prevent soil erosion, water
runoff, and nutrient leakage. Organic farming practices maintain nitrogen in crop
plants used in rotation and stop nitrate leaching [55]. N leaching per area appears
to be lessened in organic agriculture on average [56, 57]. When organic matter is
added to the soil, soil organisms develop and reproduce more quickly and hold onto
soil nitrogen in a more stable form [58]. Lower N inputs are often linked to lower N
losses from organic systems [59]. In addition to that, higher levels of organic matter
in organically maintained soils can increase their ability to store nitrogen [60, 61].
Non-leguminous plants are frequently used in organic farming as cover crops. It was
observed that in cover-cropped areas with high levels of biological activity, the soil’s
capacity to retain nitrogen against leaching was also higher [62].

Effective remarks on phosphorus (P) leaching from organic versus conventional
systems cannot be made due to the dearth of research [57, 63]. Because many organic
inputs have poor N:P ratios, organic farmers frequently overfertilize for P while
attempting to meet crop N requirements [64]. P surpluses in agricultural areas do not
necessarily translate into P shortages since many soils depend on erosion rates and
the absorption of P in organic inputs as well as having strong P buffering capacities
(or P deficit in crop P restriction) [64].
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Critics contend that some organic pesticides are more dangerous than synthetic
pesticides [65], despite the common belief that organic management reduces pesticide
burdens [18]. Despite having lower toxicity quotients, several organic pesticides, like
sulfur and rotenone, can cause toxicity if they are used more often [66]. In contrast
to that, organic farming generally uses integrated pest management [67] or less toxic
pesticides [68]. It’s probable that organic agriculture has less pesticide leaching than
conventional agriculture does.

Utilizing methods that recycle and store nutrients within the farming system,
organic farmers may prevent water pollution. When these procedures are carried out
as a component of an integrated, systems-based strategy, they are both most efficient
and long-lasting. In places where pollution is a real problem, organic agriculture is
highly anticipated as a positive solution [69].

3.5 Air quality

By discharging nutrients, pathogens, heavy metals (including Cu), particulate
matter, and toxic gases into the air, OA may contribute to air pollution [15]. For
instance, the common practice of OA farming with traditional tillage may degrade air
quality by dispersing fine dust and debris in the atmosphere. However, compared to
conventionally managed farms, organically managed farms may have lower airborne
particle concentrations due to usually less soil erosion [35]. Moreover, the processing
and surface application of animal manures, as well as emissions from feedlots, have
all been linked to air pollutants such particulate matter, oxides of N, C, and S, as well
as NH;, CHy, and H,S, volatile organic compounds, and pathogens [15]. Moreover,
OA may degrade the air quality as a result of N losses from organic compost or green
manures due to the volatilization of excess N that does not meet crop needs [35].

3.6 Impacts of OA on biodiversity

Comparing organic agriculture practices to traditional systems, several species
and organism groupings may be found in greater numbers. According to certain stud-
ies, organic farming practices often boost biodiversity [70]. Most research comparing
biodiversity in organic and conventional farming showed that organic farming has
less of an impact on the ecosystem [56]. Organic farming raises agricultural landscape
diversity, for instance by attracting carabid beetles [71, 72] vascular vegetation [73],
or birds [74]. By utilizing toxic herbicides and pesticides that build up in ground and
surface waterways, conventional agriculture contributes to the loss of biodiversity.
This contaminates fisheries, pollinator habitats, and wildlife’s natural habitats. Yet,
organic farming preserves the health of ecosystems, soils, and people. Given that
organic food is grown in accordance with nature, organic farmers are guardians of
biodiversity on all scales, from seeds and worms to birds and bees. In research, it was
found that predator abundances and predator-prey ratios were 20 times greater in
organic fields than in conventional fields, the abundance of cereal aphids was five
times lower in organic fields. This suggests that organic fields have a much better
potential for biological pest management [75].

Organic agriculture ensures greater variety and abundance of floral species in the
crop, crop perimeter, and uncultivated areas [76, 77]. In contrast with conventional
farms, Shepherd et al. [78] discovered six times more species in the crop on organic
agriculture. Hole et al. [79] found that rare agricultural species are more com-
mon on organic farms. Higher bee diversity [80], higher butterfly abundance [81],
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microbiological activity and biomass in soil [82] was found in organic farming com-
pared to traditional one. Forfeiting the use of herbicides, using very little and fresher
organic fertilizer, varying crop rotations with a higher proportion of clover grass,
conservation tillage, and a more diverse farming structure are typical organic farm-
ing practices that most noticeably boost biodiversity. Nevertheless, organic farming
seems to perform superior to traditional farming and offers significant environmental
benefits like reducing water consumption, reducing carbon and ecological footprints,
and stopping the use of dangerous chemicals and their spread across the environment
and up the food system.

3.7 Controversial scientific debate on OA

In the scientific community, the effects of organic farming on the environment
have been hotly debated for many years. Regarding how much organic farming can
do to help with resource issues and if its promotion is a sensible course of action for
addressing current socio-ecological issues, there are still divergent opinions. Two
major objections have been made in the last 20 years or so that suggest organic agricul-
ture is not superior to conventional agriculture in terms of its effects on the environ-
ment. As discussed further in detail below and illustrated schematically in Figure 4.

The yield gap between organic and conventional systems is therefore an impor-
tant topic in these discussions, and it is mostly examined in light of a few important
meta-studies [84-86]. Moreover, it has been stated that the idea of yield stability,
which refers to the temporal unpredictability and dependability of output, is crucial
when contrasting organic and conventional agriculture in terms of food security [87].
In general, it is becoming more and more apparent that the sustainability evaluation
of various agricultural systems must take into account a wide range of complicated
monetary and environmental interrelationships in addition to output [88, 89].

On the other hand, tradeoff assessments predominate in the debates of OA’s
environmental benefits. For instance, the common logic that local biodiversity
benefits of OA are negated or even turn into disadvantages owing to larger land
needs when extended dominates when it comes to the consequences on biodiver-
sity. More comprehensive OA may result in other areas of land use intensification,
which would have a net negative impact on the environment, such as increased
greenhouse gas (GHG) emissions from LU change or biodiversity loss through
habitat conversion [43, 90]. The assumption is that large-scale conversion would
result in an increase in arable land to fulfill the unaltered (or rising) demand
for agricultural goods because of yield gaps, which is why OA is condemned for
increased nutrient leaching [91]. Several researchers also point out that a paucity
of data, especially on water conservation, prevents drawing firm general conclu-
sions. This is true even if studies have found decreased eutrophication potential in
OA [92] and more efficient nutrient use on a specific region [93] owing to system
boundaries [94]. Furthermore, it is claimed that evaluating the consequences of
widespread OA adoption on biodiversity and GHG emissions is difficult since it
is unclear how yield levels relate to land that is used for production or to convert
natural habitat [18, 95, 96]. Besides which, there are arguments suggesting that
comparison studies done to date may not account for OA’s as-yet-unmeasured and
perhaps beneficial benefits [97], such as the advantages of OA’s broad continuous
regions for biodiversity [98]. Hence, some writers contend that, in terms of inte-
grated policy actions that concurrently address improvements in various environ-
mental parameters, extending OA may be the most cost-effective method [99].
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Figure 4.

There are two main discussion lines that can be traced back to two significant objections against the environmental
advantages of organic farming (OA) [83].

4, Conclusion

Presently global agriculture is at a new threshold. It has become the leading source
of environmental pollution in many countries. Nonetheless, OA systems are thought
to be less harmful than typical conventional agriculture methods. Nevertheless, there
is conflicting scientific data supporting these environmental benefits, and there have
long been debates over OA. There is some evidence that the soils under OA reduce GHG
emissions, although direct data are few and subject to bias due to geography. It enhances
SOC stock and improves soil biogeochemical activities. In contrary, it is evident that
organic fertilizer (such as compost, manure etc) may lead heavy metal contamination
and air can be polluted by organic particulates. The effects of OA on biodiversity are
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debatable. Though global organic agricultural land occupies only 1.5% organic share
(except, organic nonagricultural land), switching to OA has gained new global momen-
tum now a days. Since consumer demand for organic food continues to rise, more
agricultural land will be used for organic farming in the future. Nevertheless, in order

to more thoroughly evaluate the environmental effects of OA, long-term field studies in
significant global agricultural regions using LCA are required.
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Chapter 4

Review of the Relationship between
Soil Health, Climate Change

Mitigation, and Crop Production
When Soils Are Enhanced with
Organic Sources of Nutrients

Habtamu Tadele Belay and Birtukan Amare Kebede

Abstract

When soils are not properly maintained, the agriculture sector contributes
significantly to global warming by raising greenhouse gases like CO, and N,O. This
review describes the relationship between organic fertilizers in improving soil health,
crop production and mitigating climate change. Organic fertilizers are produced by
the quick artificial decomposition from biological wastes. The synergy of using both
poultry manure and nitrogen has proven to enhance the production of crops. The
utilization of 4 t t ha™' of poultry manure resulted in the most significant develop-
ment and production of maize. Likewise, utilization of bio-slurry in both liquid
and composted forms, either alone at a rate of 20 t ha™ or in combination with the
complete dose of chemical fertilizer at a rate of 10 t ha™, results in varying increases
in crop yield of maize, soybean, wheat, sunflower, cotton, ground nut, cabbage, and
potato compared to the control group. By utilizing organic sources of nutrients, the
emissions of N,O can be diminished through the enhancement of nitrogen utilization
effectiveness. Organic source of nutrients possesses numerous characteristics that not
only enhance crop yield but also serve as options for safeguarding the environment by
enhancing soil organic carbon and reducing N,O emission.

Keywords: food, fertility, plant nutrition, emission, sustainable agriculture

1. Introduction

By 2050, the world populace is assessed to be 9.2 billion. Horticulture may be
essential for feasible advancement, destitution decrease, and nourishment security
in developing countries. During this period, they have to increment rural generation
by 70% to meet the expanded request for food [1]. The food supply in sub-Saharan
Africa faces difficulties as the human population grows and the opportunities to
expand arable land are limited. There is a constant decrease in soil fertility, which
results in declining yields. The cultivation of essential crops such as rice and wheat
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is anticipated to be detrimentally affected by climate change, projected to affecta
minimum of 22% of these areas by the year 2050 [2] and Exacerbate the phenomenon
of worldwide climate change. The escalation in the amount of greenhouse gases
(GHGs), primarily carbon dioxide (CO,), methane (CH,), and nitrous oxide (N,0),
in the atmosphere, is the leading cause of global warming. The majority of developing
nations rely on the agricultural industry as their main source of economic stabil-

ity [3]. Among the challenges hampering agricultural productivity in sub-Saharan
Africa, the inadequacy of soil nutrients and ineffective land management techniques
have been recognized as major obstacles [4].

The agricultural sector accounts for a substantial portion of greenhouse gas
emissions, particularly from livestock through processes such as intestinal fermenta-
tion and the management of manure, as well as from agricultural soils due to the
application of excessive nitrogen fertilizers and the decomposition of organic matter.
Roughly 14% of the total worldwide emissions of greenhouse gases can be attributed
to agriculture [5]. The solution to the impacts of climate change is partially found
within the problem itself. With proper management of cultivated soil and implemen-
tation of efficient policies, significant amounts of carbon can be absorbed from the
atmosphere and stored in the soil, which would subsequently lead to a decrease in
CH, and CO; emissions [6]. Prolonged utilization of mineral fertilizers deteriorates
the chemical, physical, and biological properties of soil along with its overall health
[7]. The usage of organic fertilizers as a source of nutrients is gaining popularity
due to the escalating costs and detrimental impacts of chemical fertilizers [7, 8]. The
inadequate utilization of organic fertilizers by rural Ethiopian farmers is negatively
affecting crop production in the area and the general food safety situation.

One solution suggested for the soil fertility crisis in sub-Saharan Africa is the
use of organic resources, considered the most practical choice [9]. Several types of
organic resources can be utilized, namely farm manure (FYM), poultry litter (PL),
poultry manure (PM), as well as manure and vermicompost [9] and by up to 50%
[10]. For example, organic materials such as FYM are traditionally used by rice
farmers [8]. FYM provides essential nutrients, including N, P, K, Ca, Mg, and S, that
are crucial for the growth of plants. It also contains micronutrients such as Fe, Mn,
Cu, and Zn. Therefore, it serves as a combination of nourishment for plants [11]. It
improves soil’s physical, chemical, and biological properties [5]. The structure can
be improved by employing organic FYM on soil, leading to better growth conditions
for roots [12]. Farmyard manure enhances the ability of the soil to retain water [13].
The utilization of organic fertilizers to enhance soil texture and nutrient transfer
and sustain soil well-being has generated curiosity regarding organic cultivation
[5]. Chicken manure is the primary organic fertilizer of substantial importance due
to its high levels of essential nutrients like nitrogen, phosphorus, and potassium.
According to [14], the utilization of chicken manure led to a rise in exchangeable soil
cations and nitrogen levels, elevating it from 0.09 to 0.14%. The excrement produced
by chickens on farms, commonly known as chicken manure, undergoes a gradual
process of decomposition and displays a considerably elevated level of phosphorus
in comparison to other organic materials used for nutritional purposes. It comprises
approximately 3.03% nitrogen, 2.63% phosphorus, and 1.4% potash [15].

Having a comprehensive knowledge of the impact of carbon, nitrogen, and
essential soil characteristics on soil gas emissions is crucial in order to minimize
the long-lasting negative consequences that may arise even after discontinuation of
the use of fertilizers and composts. This is an important step toward mitigating the
residual effects. This paper aims to determine how organic fertilizers can enhance
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soil productivity, secure food supply, and safeguard the environment against climate
change. The primary aim of the review is to examine the role of organic fertilizers in
enhancing the yield of crops. Examine the significance of using organic fertilizers in
relation to enhancing soil fertility, promoting crop yields, mitigating climate change,
and analyzing their effects on ensuring sustainable agricultural practices.

2. Concepts of organic fertilizers

Organic fertilizers refer to naturally occurring substances that possess a well-
defined chemical composition and offer plant nutrients in a readily available form,
thereby possessing a high analytical worth [16]. Organic fertilizers comprise fertiliz-
ers obtained from animal waste, human waste, or plant material (such as vegetables),
organic matter such as compost and manure. The use of organic fertilizers involves
using raw materials derived from nature, typically referring to our biodegradable
apparel. Normally, compost is created through the process of breaking down materi-
als that can be naturally broken down. These waste materials encompass paper,
foliage, peels from fruits, uneaten food items, and also fruit juices. The incorporation
of organic fertilizers is a beneficial supplement to enhance the quality of the soil. This
facilitates the soil to attain an optimum condition for cultivation.

2.1 Organic fertilizer on crop production and soil nutrients

According to [17] the report, the most successful results in terms of grain yield
and test weight were obtained through the utilization of 10 tons per hectare of PM,
paired with 125 kilograms per hectare of nitrogen in the form of urea. The utilization
of various levels of N, PM, and their combination did not significantly impact the
concentrations of P and K in both the plant stover and grain. According to research,
the utilization of poultry manure resulted in a significant enhancement of crop
growth and maize yield by up to 40%. The implementation of four tons of PM per
hectare led to the most substantial development and productivity of maize [18].
Indeed [19] reported the utilization of organic fertilizers may result in a substantial
productivity boost of 15.2% for kiwifruit, as opposed to using mineral fertilizers. The
nutrient levels in kiwifruits may be increased by using organic fertilizers. The out-
comes indicated that organic fertilizers that have abundant quantities of diminutive
organic matter could be more effective in stimulating crop yield.

The active small molecular organic matter in the produced organic fertilizer led to
more noticeable effects compared to the conventional organic fertilizer derived from
fermented pig manure. One reason for the ease of mineralization and subsequent
release of mineral nutrients into the soil is the smaller size of organic molecules.

Low molecular weight organic acids, which belong to the group of small organic
molecules, have been extensively demonstrated to aid in the mobilization of soil P by
means of dissolution and complex formation [19, 20]. The increased accessibility of
metallic elements can be achieved through the creation of organic-metal complexes
using low molecular weight organic acids [21]. Additionally, the employment of the
AF application resulted in improved fruit characteristics such as increased firmness
and higher levels of soluble solid, soluble sugar, titratable acid, and vitamin C. Other
investigations had reported comparable findings. Ma et al. [19] it has been discovered
that the organic matter present in soil had a direct association with the weight per
fruit, levels of soluble solids, soluble sugar, and vermicompost (VC) content in jujuba

59



Organic Fertilizers — New Advances and Applications

fruits. Hence, organic fertilizer appears to be a valuable and environmentally friendly
way to improve the mineral availability in the soil and improve fruit quality of
tomato [22]. Despite the utilization of fermented pig manure containing equal levels
of organic matter, the utilization of mineral fertilizer with OF (organic fertilizer)
intervention did not lead to any enhancement in the yield or caliber of kiwifruits.
According to Fallahi and Seyedbagheri [23] suggestion that humic substances do

not have an impact on the quality of apples implies that organic matters with high
molecular weights that are resistant to degradation are not significantly conducive to
the growth of crops.

2.1.1 Roles of small molecular organic matters for crops

The introduction of the mineral plant nutrition theory has substantially ensured
our food security since its inception [24]. It must be acknowledged that the accumula-
tion of organic matter is an integral part of the growth of crops. Carbon is, without a
doubt, the crucial factor determining the growth of crops. The crops are experiencing
alack of carbon absorption to a certain extent. As an illustration, augmenting the
CO; levels within the greenhouse has the potential to boost crop yield by providing
an ample amount of CO, for the process of photosynthesis [25, 26]. Moreover, plants
have the ability to absorb nutrients from both their roots and leaves, including minute
organic substances, in order to foster their development. Sulmon et al. [27] reported
that, the utilization of external carbohydrates was employed to enhance the process of
phytoremediation, given that the plants were capable of incorporating the exogenous
carbohydrates.

Apart from carbon, it is possible for plants to inherently obtain nitrogen directly
from organic sources without the need for microbial mineralization [28]. Hirner
etal. [29] discovered a transporter in the root epidermis with a strong affinity for
taking in amino acids at the cellular level. Ge et al. [30] also noted that glycine N
uptake accounted for 21% of nitrogen uptake in tomatoes, following that of KNO;-N
and NH,CI-N. Crops can directly absorb other types of small N-molecules like urea,
polyamines, and polypeptides resulting from enzymatic cleavage [29].

Utilizing small organic molecules such as amino acids, peptides, and carbohy-
drates directly provides a more effective means of enhancing crop growth without
the need for numerous assimilation processes compared to the absorption of CO,.
Furthermore, vegetation would redistribute their natural substances in order to
combat environmental stress [30, 31]. Adding live natural substances to the soil could
help protect crops and safeguard their investment of carbon against environmental
challenges. Utilizing organic fertilizers that contain high levels of active small molecu-
lar organic agents can enhance both the yield and quality of crops, as compared to
traditional organic fertilizers.

2.1.2 Effect of compost on yield of cereals

The study conducted adaa district Eastern Shewa Oromia region by Bhattacharyya
et al. [32] indicated that the combination of dry matter compost and inorganic
fertilizers resulted in a grain yield value of 0.67 t ha™' for bread wheat. The untreated
region or area had the lowest crop output, quantified at 260 grams per square meter
or2.6tha™. Previous studies conducted have confirmed similar results. On the other
hand, a study conducted by [33] in the Tigray area, it has been observed that the
cultivation of teff and barley in plots treated with mineral fertilizer and 6.4 t ha™ yr™
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compost results in a substantial increase in grain yield compared to plots treated with
3.2tha™ yr compost and control plots. The plots treated with 6.4 t ha™ compost and
mineral fertilizer displayed no noticeable disparity.

2.1.3 Effects of crop residue

The utilization of crop residues as a soil enhancer is frequently restricted because
it poses difficulties for both mechanical and manual cultivation, as well as causing
harmful impacts on crop output due to the presence and continuation of pests and
diseases [34] allelopathy and short-term nutrient deficiency [35].

A large proportion of crop residues are either utilized as cattle feed or incinerated due
to these factors. Ocio et al. [36] evaluated that edit residue contain on normal 40, 10, and
80% of the N, P, and K right now connected as fertilizer. A ton of maize buildup con-
tains 4-8 kg N, 1.5-1.8 kg P, 13-16 kg K, 3.8-6.6 kg Ca, and 1.5-3.4 kg Mg. Buildups of
cereal crops include 60 to 75% of the whole biomass generation and have lower supple-
ment concentrations than the grain [37]. In this manner, returning them to the soil
frameworks especially, where no or moo inputs are utilized, is fundamental in abating
supplement misfortunes. Be that as it may, edit buildups by themselves are not sufficient
to balanced supplement mining in sub-Saharan Africa. Edit buildup administration
impacts the accessibility of supplements, particularly N. Agreeing with the consideration
conducted by Dejene [37] in Gozamen Woreda Eastern Gojam Ambhara Local, crop resi-
due is commonly utilized for keeping up soil richness and crop production in two ways.

2.1.4 Effects of farm yard manure on soil fertility and yield

As Tolessa and Friesen [38] detailed natural fertilizers, particularly FYM, have
a noteworthy part in keeping up and moving forward the chemical, physical, and
organic properties of soils and in supporting maize abdicate in the western portion
of Ethiopia. They moreover detailed that 10 t ha™ of FYM are measurably at propor-
tionality with the current agronomic suggestion of inorganic fertilizers N and P for
maize. Another study by Zelalem [39, 40] at Haraghe Zone Oromia Locale Eastern
Ethiopia showed that 10 t ha™ of FYM and 100 kg ha™" N + 100 kg ha™' P appeared no
noteworthy distinction on maize grain abdicate but altogether vary from the control
treatment. Moreover, Negassa, et al. [40] demonstrated that the direness of utilizing
natural excrement has been picking up ground within the wake of expanding, taken a
toll on fertilizer with each passing year, and certain other characteristic impediments
with the utilization of chemical fertilizers.

2.1.5 Effects of green manuve on soil fertility

The study conducted by Getu and Teshager [41] on the impact of green excre-
ment plants on sorghum surrender and soil ripeness in eastern Amhara of Ethiopia
uncovered that there was factually noteworthy (P < 0.05) distinction within the grain
surrender of sorghum due to the impact of intercropping with the green fertilizers.

2.1.6 Effects of biogas slurry on yield

Using bio-slurry as a liquid or composted application, either on its own at 20 t ha™
or combined with a full dose of chemical fertilizer at 10 t ha %, resulted in improved
percentages of yield for a variety of crops (maize, soybean, wheat, sunflower, cot-
ton, groundnut, cabbage, and potato) when compared to controls [42]. According to
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Krishna [43] by utilizing bio-slurry, the crop production of rice and maize observed
arise of 34 percent while wheat saw an increase of 25 percent. The application of bio-
slurry in various forms elevated both the amount and caliber of the harvest, includ-
ing crops, vegetables, and fruits, in addition to enhancing the plants’ resistance to
diseases [42]. Indeed [44], a study was conducted that compared the impact of biogas
slurry and inorganic fertilizer on soil characteristics, as well as the growth and yield
of white cabbage (Brassica oleracea var. capitata f. alba). At Sebeta Hawas Woreda,
South West Shewa zone Oromia Region, it was found that using a combination of
slurry compost and a complete dose of fertilizer resulted in a 38.4% increase in crop
yield compared to using a full dose of inorganic fertilizer alone. Five tons of slurry
compost when it came to crop yield. Slurry compost quantity of 8 tons per hectare.

2.1.7 Effects of poultry manure on soil fertility and yield and yield-related
parameters

An exceptional natural fertilizer, poultry manure is rich in essential nutrients like
nitrogen, phosphorus, potassium, and others. Unlike chemical fertilizer, it contrib-
utes organic matter to the soil that enhances soil quality, increases nutrient retention,
promotes aeration, boosts soil moisture retention, and improves water infiltration
[45]. According to the findings, poultry waste offers a more easily accessible source
of phosphorus for plants compared to other forms of organic manure [46]. Poultry
waste proves to be a useful fertilizer and can potentially replace the use of synthetic
fertilizers.

The utilization of poultry manure resulted in a significant rise of 53% in soil
nitrogen levels, increasing from 0.09 to 0.14%. In addition, the application of
manure enhanced the presence of exchangeable cations in the soil [47]. The primary
motives for utilizing PM in agriculture are to improve soil quality through organic
amendment and to supply crops with essential nutrients [48]. Likewise, [49]
reported that the use of PM significantly impacted various aspects of maize growth
and yield, including plant height, row count per cob, number of grains per row, the
weight of 1000 grains, grain yield, biological yield, and harvest index. The highest
possible values for each parameter were observed when 12 tonnes per hectare of PM
were utilized. The author previously stated that the composition of PM includes
approximately 2.04% nitrogen, 2.06% phosphorus, and 1.86% potassium). Indeed
[48], according to the data, PM comprises approximately 3.03% nitrogen, 2.63%
phosphorus, and 1.4% potash. The data presented indicates that the plot where
12 t ha™! of poultry manure was utilized had the highest grain yield with a signifi-
cant value of 5.11 t ha™". The next highest yield was recorded from the plot using
10 t ha™! PM, which was statistically equivalent to the setup that used 8 t ha™' PM,
and produced grain yields of 4.16 and 3.60 t ha™", respectively. The plots treated
with 6 t ha™ poultry manure had a statistically identical grain yield to that of the
control treatment. According to [47] reported that poultry manure significantly
increased grain yield.

According to findings [50], it is suggested that utilizing poultry manure to replace
50% of inorganic fertilizer can effectively minimize the need for chemical fertil-
izers while maintaining crop productivity. The utilization of fertilizers containing
50% NPK and 100% PM and fertilizers containing pure 100% NPK resulted in the
most bountiful pod and seed yields per plant. The control and 100% PM treatments
exhibited the minimum amount of pods per plant and seed yield per plant. The finest
origin of crop nutrients is poultry waste (Table 1).
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Nutrient element Values (%)
N 4.50
P,0s 2.50
K,Os 2.00
CaO 2.00
MgO 1.00
S 0.50
Fe 0.04
Mn 0.09
Zn 0.09
Other characteristics 0.50
Table 1.

Chemical composition of poultry manure [50].

2.2 Organic fertilizer on quality improvement

The primary physical reason for the decrease in food production per person in
Ethiopia is acknowledged as the result of land deterioration and the resulting reduc-
tion in soil productivity [15]. The depletion of land’s ability to support crops and
livestock caused by the use of man-made chemicals has a direct negative impact on
the production of food and animal feed. The use of chemical substances leads to a
decrease in land productivity, which is worsened by inadequate land administration
[51]. Nevertheless, it is possible to reduce it by utilizing organic fertilizers that are
derived from excrement and urine [52].

The fertility of soil can be enhanced through the use of organic fertilizers that have
an impact on its physical, chemical, and biological qualities. It enhances the movement
of water and air through the soil, thereby boosting its capacity to retain moisture [53].
According to [54] According to the report, the usage of organic fertilizers also has a
positive impact on the soil as it generates clay humic complexes that boost the soil’s abil-
ity to adsorb vital nutrients like calcium, magnesium, and potassium. Furthermore, it
enhances the activity of microorganisms that participate in the mineralization process. A
study conducted by [55] stated that the soil pH incorporating organic matter into the soil
could substantially elevate the pH level, as well. The elevated presence of fundamental
nutrients in organic supplements and the reduction of hydrous oxides in soil with the aid
of poultry manure are the reasons assigned for this outcome [56].

According to [57] findings, animal manure is the prime source of soil fertility
management to improve the way for many farmers in Ethiopia. It is used as fertilizer
to ameliorate soil fertility depletion in many parts of Ethiopia. Indeed [58], accord-
ing to findings, approximately 87% of farmers in Kindo Koisha, a region in Southern
Ethiopia, use animal manure. The reason for this is that the utilization of animal excre-
ment leaves a lasting impact on the land [59]. The impact may differ depending on the
quantities administered. The feasibility of this is reliant on the presence of domestic
animals and the assistance of family workers for transportation to their farming lands
[60]. Currently, biomass is widely utilized as a primary source of energy in households
[51]. The utilization of PM significantly raised the levels of exchangeable cations
and soil nitrogen content, elevating them from 0.09 to 0.14% [47]. The physical and
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chemical condition, specifically nitrogen content, of the soil was enhanced by the
utilization of 10 tons per hectare of PM in conjunction with 125 kg of N [16].

2.3 Organic fertilizer on climate change mitigation

Soil microbes and the atmosphere benefit from the ecosystemic role of soils. If
appropriately managed, soil can function as a significant tool for reducing the impact
of climate change by sequestering carbon and reducing the discharge of greenhouse
gases into the atmosphere. On the contrary, soil carbon can emanate in the form of
carbon dioxide (CO,) and add to climate change if the soil is not managed effectively
or farmed using unsustainable agricultural methods. The gradual transformation
of grassy and wooded areas into cultivation and pasturage lands throughout many
centuries has caused extensive depletion of soil carbon on a global scale. Revitalizing
depleted soil and embracing methods to conserve soil can significantly reduce green-
house gas emissions from farming, promote carbon storage, and reinforce the ability
to cope with climate change [57].

The earth’s soil contains the most significant carbon reservoir on land, and the
biogeochemical reactions happening in the soil regulate the release and absorption of
greenhouse gases into the atmosphere [58]. When implementing sustainable meth-
ods to improve soil organic matter, it is important to also address the causes of soil
deterioration and protect the current levels of soil carbon, especially in soils that have
a high amount of organic carbon [61].

Soil-based carbon sequestration will aid in both adapting to and mitigating the
effects of climate change. This will enhance the sustainability of agricultural produc-
tion systems, improve the resilience of agricultural ecosystems as a whole, and uphold
the ecosystem services that rely on soils [62].

The world’s agricultural soils span across approximately 1.5 billion hectares and
possess a significant ability to sequester carbon [63]. Efficiently controlling the pool
of organic carbon within the soil is a crucial objective toward attaining both adapta-
tion and mitigation of the worldwide environmental impact [64], while advancing
global food security [65]. Cropland soils are significant carbon sinks that can be
utilized to alleviate and adjust to worldwide climate change. The amount and speed at
which soil organic carbon is stored (typically approximately 0.55 x 10 Pg Cha™'y ")
depend on factors such as how residues are managed, and organic material is recycled,
the climate, nitrogen application, and properties of the soil [64]. Like cropland soil,
forest and grassland soil also have the potential to play a vital role in carbon sequestra-
tion. Soil enriched with organic fertilizer can enhance its capacity to absorb carbon,
boosting soil fertility management. Effective nutrient management plays a crucial
role in the sequestration of soil organic carbon (SOC), which in turn emphasizes the
significance of enhancing soil fertility [66]; the levels of organic carbon and nitrogen
in soil are crucial factors that determine soil productivity and quality by enhancing
physical, chemical, and biological processes such as nutrient cycling, water preserva-
tion, growth of root and shoot, and upkeep of ecological health [67].

2.4 Organic fertilization for sustainable agriculture

The incorporation of organic substances into the soil can enhance soil characteris-
tics and maintain an enduring agricultural output. Furthermore, organic substances
that are of low molecular weight have the potential to participate in the regulation of
both soil nutrient dynamics and agricultural productivity. According to [66] study
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in Nigeria reported, when 10 metric tons per hectare of PM along with urea and
muriate of potash fertilizer were utilized, a sustainability index (SI) of 72.5% was
observed. According to the study, using 10 tons of PM alongside NK that has a 72.5%
SI is a more efficient and ecologically sound approach than utilizing NK, with the
highest agronomic efficiency and partial factor productivity. Using a combination of
synthetic and poultry manure as a source of P can result in higher profitability and
sustainability in the long run [68]. Similarly to Sainju & Good (1993), the utilization
of P60SSP + 60 PM enables the easy accessibility of phosphorus nutrients present in
fertilizers and manure, thereby enhancing the quality of soil constituents. As a result,
it can be inferred that farmers residing in semi-moist regions ought to utilize a com-
bined approach of adding P into the soil, with an equal division of 60 kg ha™" from
both single super phosphate (SSP) and poultry manure. This will not only enhance
the applied fertilizer phosphorus uptake efficiency (AFPU), fertilizer phosphorus use
efficiency (FPUE), and phosphorus index ratio (PIR), but also generate greater and
consistent wheat yields. Furthermore, by adopting this method, there will be reduced
dependence on chemical fertilizers, which in turn will lower the potential dangers
connected to continuous and excessive use of synthetic fertilizers on the soil and
atmosphere.

2.5 Determinant factors for organic fertilizers

According to [69], several factors significantly influenced the adoption of organic
fertilizers in Ethiopia, including the age and marital status of the household head,
educational level, labor availability, farming experience, farm, and livestock size,
access to information and extension services, labor costs, household income, soil
fertility, and distance between the farm and home.

3. Conclusions

Based on an analysis of various literary sources, it has been determined that the
following points are evident. Based on the review, one can infer or deduce.

* The usage of organic fertilizer enhances the production of a variety of agricultural
crops.

* Because of its residuals that contribute to crop production beyond a single sea-
son, as well as its eco-friendliness, organic fertilizer surpasses other soil fertility
management tactics in benefits.

* The utilization of organic fertilizer not only enhances the quality of soil but also
plays a pivotal role in reducing the impact of climate change by boosting carbon
sequestration and enhancing the nutrient usage efficiency of crops.

* Moreover, the usage of organic fertilizers plays a crucial part in promoting
sustainability in agriculture by enhancing the overall physical, chemical, and
biological properties of the soil.

* The utilization of organic fertilizer was greatly impacted by the determinant
aspects.
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A Bioaugmentation Strategy for
Promoting the Humification
Process during Composting by
Microbial Inoculants: A Review

Xiao-Lin Lu, Kai Ding, Xiao-Xia Dong, Gang Li and Jun Ma

Abstract

Stimulating compost humification is an important method to facilitate carbon
sequestration, especially against the background of carbon neutrality. However, the
disadvantages of traditional composting, including long humification cycles and high
environmental risks, restrict its application. Microbial inoculants markedly increase
the humus content of compost, and their performance is considerably influenced
by the nature of the material, the microbial species, the inoculation dosages, and
the inoculation methods. So far, the effects of microbial inoculants on compost
maturity and microbial diversity have been widely studied, whereas an overview of
their regulatory role in humus formation is still lacking. This review summarizes the
promotional effects of microbial inoculants on humification and related biological
mechanisms during composting. Further research on the development of microbial
inoculants and the optimization of inoculation methods will promote humification
and facilitate the production of high-quality compost.

Keywords: carbon sequestration, microbial inoculants, compost humification,
biological mechanisms, high-quality compost

1. Introduction

The problem of solid organic waste is becoming increasingly serious due to the
worldwide expansion of different industries [1]. Until some years ago, landfill was
still the most commonly used disposition of solid organic waste in many countries
[2]. This not only causes bad odors but also creates greenhouse gas emissions and soil
pollution [3]. Composting is a more useful way of converting various solid organic
wastes into humus-like stable products by microorganisms [4].

The composting process is mainly a result of microbial metabolism [5]. Different
microorganisms have different functions during composting. However, traditional
composting is characterized by a long humification cycle, which is related to the poor
activity of indigenous microbes. Thus, regulating microorganisms is a feasible way to
facilitate nutrient transformation and humus enhancement in the composting process.
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As a biological regulating method, inoculation is an effective way to improve the
composting microenvironment and increase microbial activity, which can accelerate
compost maturation [6]. The addition of microbial inoculants is also a main bioaug-
mentation strategy and can markedly increase the levels of humic substances (HS)
during composting [3]. However, the efficiency of this approach is sometimes uncer-
tain because of the differences in inoculation methods and the quantity and types

of the microbial inoculant [7-12]. Therefore, the improvement of the humification
process with microbial inoculants during composting is an important research field.

Given that stimulating compost humification is an important method to facilitate
carbon sequestration, especially in the context of carbon neutrality [13], studies
identifying the driving mechanisms of humus formation and searching for ways to
improve the HS amounts during composting have been performed.

Generally, HS formation is the result of polymerization or condensation of
humus precursors, such as phenols, amino acids, and reducing sugars, derived from
macromolecule degradation and microbial synthesis under the actions of different
metabolic pathways (Figure 1) [14, 15]. As one of important components of HS,
humic acids (HA) are heterogeneous complexes with various molecular weights
and functional groups. A higher HA content indicates a higher degree of humifica-
tion, facilitating carbon sequestration and soil remediation [16]. Additionally, HA
formation might be influenced by various factors, including the precursors, envi-
ronmental factors, and functional microbial activities [17]. According to a previous
study, thermophilic microbes play a key role in humification [18]. However, few
reviews have summarized the mechanisms for improving compost humification by
bioaugmentation.

The use of microbial inoculants as a bioaugmentation strategy for the green
disposal of solid organic waste is widely recommended. Numerous studies reported
the considerable promotion of humification by applying microbial inoculants [19].
At the same time, the mechanisms behind these phenomena have attracted increased
attention. Nowadays, with the development of novel analytical techniques, we have
gained a deeper understanding of how the addition of functional microorganisms

[

Polyphenol humification Maillard humification
pathway pathway

Reducing sugars

Humus (humic acids+fulvic acids)

Figure 1.
Formation pathway of humus during the aerobic composting process.
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affects humification during composting. In this review, the biological mechanisms of
microbial inoculants in promoting compost humification are systematically sum-
marized based on recent studies, with the aim to provide scientific guidance for the
efficient application of functional microorganisms to promote the conversion of
organic components into humus.

2. Development of microbial inoculants used in composting

According to the principles of classical electromagnetism, charged ions move in a
closed-loop circular motion within a uniform magnetic field. Herein, we cite a similar
concept (“where it comes from, go there”), namely the “golden closed-loop rule.” It
implies that microorganisms are to be selected and domesticated to obtain excellent
strains for adapting to the native composting environment as well as facilitating the
composting process [20, 21]. Accordingly, composting samples are used as the main
sources of microbial inoculants. Specially, composting samples taken during the
thermophilic period, as a potential microbial mine, have been favored so far [17, 22].
These samples are subjected to a series of microbiological experiments, such as
dilution separation, colony purification, molecular identification, high-temperature
tolerance tests, inter-strain antagonism tests, and degradative enzyme activity assays
[23], to obtain candidates for developing compound microbial inoculants to promote
the composting process (Figure 2). In high-temperature tolerance tests, temperatures
of 45-55°C are frequently selected to identify thermophile microbes [24, 25]. In terms
of degradative enzyme activity, cellulase, amylase, laccase, and FPase were investi-
gated [21]. To improve the ability of the microbial inoculants to degrade the compost-
ing matrix, enrichment cultures can be adopted for selecting specialized functional
strains, following the sole carbon source method. Suitable carbon sources contain
wheat straw [26], coffee husk [27], pectin, or sodium carboxy-methylcellulose [28],
but the screening and cultivating of microbes from compost are time consuming and
laborious [29]. In this context, the efforts needed to develop microbial inoculants can

Store at 4°C ‘

\

‘ /Microbiological
Sterile operation experiments
| w—) | : Gradient dilution

ii: Colony purification

iii: Molecular identification|

Refrigerator K - j
/ \

Physiological and

The actural efficiency of microbial inoculants

. . biochemical
Identlfy.candldates for measurements for
developing compound X

isolates

inoculants

- /

"“'““' IEETERISin Summarized as “Golden Rule”

Figure 2.
Illustration of the “golden closed-loop rule” for the development of microbial inoculants used in composting.
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be reduced via appropriate methods. In addition, since composting needs to be car-
ried out throughout the year, in regions at high latitudes or during winter, the lower
ambient temperature limits the composting process [30]. To overcome the adverse
effects of low temperatures, it is equally necessary to develop psychrophilic functional
strains to initiate composting. Based on previous studies, composting samples derived
during a warm period (10°C) are ideal [31-33]. Considering the simple enzymatic
performance and high environmental sensitivity of single strains, composite micro-
bial inoculants need to be constructed to accelerate the biodegradation of organic
matter in a synergistic manner [3].

According to previous studies, while microbial inoculants facilitate fermentation
processes, there are drawbacks of unidirectional nutrient conversion and insignifi-
cant compost humification [34]. Above all, the development of microbial inoculants
for the directional promotion of compost humification has largely been neglected.
However, humification is not only critical for product quality but also facilitates the
remediation of polluted soil [4]. In recent years, substantial efforts have been made to
develop microbial inoculants for enhancing the humification process in composting.
According to various publications, the functional microbial inoculants which could
significantly promote the humification process have unique nutritional metabolic
properties (Table 1). These functional strains were derived from bacteria, fungi, and
actinomycetes and show similar enzymatic features, such as high cellulase and oxi-
dase activities [3, 17, 21, 34-38]. Additionally, they can also grow at high temperatures
(45-60°C) and under adverse environmental conditions. It is therefore expected that
these functional microbial inoculants can considerably promote humification during
large-scale composting comparison trials. The next step is therefore the development
of commercial products using these microbes [39], which represent an innovation in
the field of microbial inoculant technology.

3. Inoculation of microbial inoculants: types, amounts, and time

The inherent recalcitrant nature of raw materials hinders the degradation and
transformation of organic fractions, leading to a lower composting efficiency [36].
The addition of microbial inoculants can increase microbial activity, accelerate
organic matter degradation, release more precursors, and increase the humification
degree of compost products [34, 35, 40]. The type, amount, and inoculation time of
microbial inoculants [9, 10, 35, 38, 41, 42] have significant effects on the formation of
HS during composting. Thus, it is essential to fully explore the correct use of micro-
bial inoculants to improve the HA levels.

The types of microorganisms used for promoting compost humification are bacte-
ria, fungi, and actinomycetes (Table 1). Of these, Bacillus sp [34, 38]., Phanerochaete
chrysosporium [3], and Streptomyces sp. [17, 35, 36], can considerably accelerate HS
formation. In this regard, actinomycetes have more desirable features than bacteria
and fungi, such as thermo-tolerance, adaptability to harsh environments, higher
amounts of hydrolytic enzymes that degrade lignocellulose, and a more pronounced
response to genetic modification [35, 43]. The formation of HS mainly occurs during
the curing period [37], during which actinomycetes are extremely abundant, making
them ideal candidates for compost humification bioaugmentation.

The inoculum amount is also a significant factor affecting the humification process
during composting [44]. Based on previous findings, inoculation at the level of 4% (in
dry weight) is more conducive to the enhancement of HA than that at the level of 2% [9].
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Given that various multifunctional microbe populations at different periods
drive the composting process [3], it may be justified to inoculate specific microbial
inoculants during different periods to reduce competition among microbes [12] and
therefore accelerate the humification process. Some studies showed that composting
can be considerably promoted by inoculation during the cooling period [35-43]. The
multistage inoculation of composite microbial inoculants during the entire compost-
ing process also significantly increased the HA level [10, 38, 42]. Accordingly, the
addition of microbial inoculants during the cooling period may be a feasible way for
improving humification, especially the inoculation of actinomycetes at the level of
4% or higher.

4. Increasing the compost HA levels by adding microbial inoculants

The increase in the HA level indicates the increase in compost humification.
As shown in Table 2, the addition of microbial inoculants can considerably pro-
mote compost humification and increases the content of HA. Different microbial
inoculants have different effects on the HA content at the same inoculum level. For
example, at a level of 1%, the inoculation of protein-, starch-, oil-, and lignocellulose-
degrading microbes as well as ammonia-oxidating bacteria resulted in a more signifi-
cant increase in the HA content, with levels being 216.88% higher compared to those

Composting Main inoculant types Inoculation Dosage Effects Reference
materials time onHA
content

Chicken manure Phanerochacte Day 0 5% Increase [3]
biogas residue, chrysosporium (wiw, by 23.6%
spent mushroom and Trichoderma in fresh
straw, and rice longibrachiatum weight)
straw
Medicinal herbal B. subtilis, Aspergillus Days 0, 0.1% Increase [10]
residues niger, Myceliophthora 25, and 55, (w/w, by

thermophila, respectively indry 12.44%

Saccharomyces weight)

cerevisiae, Streptomyces
pratensis, and S.

violascens
Wheat straw B. clarkii and B. Day 0 5% (v/w, Increase [34]
and fresh cattle halmapalus in fresh by 27.58%
manure weight)
Pig manure and Gloeophyllum trabeum Prior to — Increase [37]
wheat straw composting by 17.2%
Biogas residue, Lactobacillus Days 0, 0.5% Increase [38]
sawdust, and amylophilus, Geobacillus 2, and 14, (w/w, by 77.78%
food waste thermoleovorans, and B. respectively in fresh in humus
subtilis weight) index
Food waste and Protein-, starch-, oil-, Day 0 1% Increase [40]
sawdust and lignocellulose- (w/w, by
degrading microbes, in fresh 216.88%
ammonia-oxidating weight)
bacteria
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Composting Main inoculant types Inoculation Dosage Effects Reference
materials time onHA
content

Corn straw dairy Streptomyces sp. and Day 6 2% Increase [43]
manure Actinobacteria (w/w, by 18.75%

indry

weight)
Fresh swine Acinetobacter pittii, B. Day 0 1% (v/w, Increase [45]
manure and subtilis subsp. stercoris, in fresh by 5.92%
naturally dried and Bacillus altitudinis weight)
corn straw
Fresh cattle B. subtilis, Bacillus Day 0 5% (v/w, Increase [46]
manure and dry licheniformis, B. cereus, in fresh by 46.12%
corn straw and Streptomyces weight)

nogalater
“_”: Not given.
Table 2.

Overview of the promotion effects of microbial inoculants on compost humification.

of the control [40]. At an inoculation level of 5%, Bacillus clarkii and B. halmapalus
significantly increased the compost HA content by 27.58% compared to the control in
the composting of wheat straw and cattle manure [34]. As a lower inoculation amount
generally results in a greater potential increase in HAs, the development of specific
microbial inoculants is more important than the optimization of inoculation amounts
in the improvement of the HA content. In the following section, the promotion of
biotic processes by microbial inoculants is discussed.

5. Bioaugmentation mechanisms and factors related to an increase in
compost HA by adding microbial inoculants

The formation of HS is a complex process [21]. Many hypotheses regarding the
information of HS include the lignin-protein, phenol-protein, and sugar-amine con-
densation theories [47]. The core of these theories is that precursors are polymerized
to form HS via biotic and abiotic ways [15]. In addition to regulating environmental
factors and improving the native microbial community in compost, inoculating
exogenous microbial inoculants to increase the humification degree of compost
products is the main biological method [34]. Due to the complex interactions among
microorganisms, advanced mathematical statistics are needed to accurately reflect the
ecological interactions of the humification-associated community in the composting
environment. Recent studies revealed the bioaugmentation mechanisms and influ-
encing factors of compost humification, which are summarized in Figure 3.

The variations in precursor types and concentrations during composting are
related to the efficiency of humus synthesis. In addition, the humification process
includes the production of precursors and the polymerization of HS, both of which
occur sequentially during the whole composting process [17, 36, 47]. Therefore,
the deep resolution of bioaugmentation mechanisms about microbial inoculants to
composting relies on elucidating the dynamic changes in the precursors, microbial
activity, and community structure during different composting periods [48]. Many
studies have shown that the inoculation of exogenous microbial inoculants can
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Microbial
Inoculant

Bioaugmentation
treatment

Stimulate
precursors
production
RS, AAs, PP..

Agro-industrial wastes
composting

Figure 3.

Conceptual framework summarizging the bioaugmentation mechanisms for the application of microbial
inoculants to composting systems. RS, reducing sugars; AAs, amino acids; PP, polyphenol; TCA, tricarboxylic
acid.

significantly facilitate the enhancement of functional microbial activity during the
warming and thermophilic periods of the composting process, accelerate the degrada-
tion of cellulose, proteins, and carbohydrates, and release large amounts of precursors
[3, 18, 34, 37, 40, 46]. During these periods, the richness and diversity of the micro-
bial community are markedly increased by the addition of microbial inoculants [21].
Moreover, Firmicutes, involved in the degradation of available organic components,
are enriched [45]. The higher relative abundances of lignocellulose-degrading
microbes (laccase producing microbes, Chloroflexi, Actinomycetes, fungi, and
Luteimonas) go along with a decline in pile temperature during the cooling and matu-
ration periods [3, 37, 38, 43], with the synergistic decomposition of lignin [17, 49].
The effective degradation of lignin can provide more carbon skeletons for humus
formation [48]. Additionally, microbial inoculants can also considerably reduce the
level of carbon metabolism, which is linked to the tricarboxylic acid cycle [44], and
stimulate the microbial assimilation of precursors (polyphenols and quinones) [16,
50]. These processes facilitate HA formation and improve carbon sequestration,
resulting in a high-value compost.

Generally, HA and HS formation is affected by environmental factors [46].
Specifically, the suitable C/N ratio and the total organic carbon (TOC) level can
increase the richness and activity of microbes, resulting in the accumulation of
soluble sugar and amino acids in the early period of composting [36]. The increase in
the pH and the decline in the TOC results in the enhanced microbial synthesis of HA
at the later period of the composting process [17, 34, 36, 40]. Thus, controlling the
environmental factors and functional microbes can accelerate the formation of HAs
based on the addition of microbial inoculants.

6. Future perspectives

As described above, the addition of microbial inoculants promotes solid organic
waste decomposition, stimulates precursor production, increases the HA content, and
alleviates several drawbacks of noninoculated composting systems. However, there
are still some uncertainties. We highlight some perspectives for the further explora-
tion of the use of functional microbial inoculants:
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1. The instability effect is one of the main restrictions in the promotion of micro-
bial inoculant use. Some investigations have confirmed the positive effects of
microbial inoculants on humification only at a suitable inoculation level [44].
Further works will have to focus on the inoculation levels for functional mi-
crobes used to promote humus formation and related mechanisms, especially
regarding the interactions among microbial inoculants, humification, and com-
post microbiota during composting.

2. Bioaugmentation using multistage inoculation has been well estimated in small-
scale composting systems [10]. However, to guide real production, the effective-
ness of multistage inoculation remains to be explored, especially regarding the
effects of multistage inoculation on humus formation in large-scale composting
systems [51]. Efforts will also be made to identify the carbon and nitrogen cycle
functional genes related to HA production pathways, using novel analytical
methods.

3. Microbial inoculants are generally cheaper than other compost additives. How-
ever, the acquisition of high-efficiency functional strains requires more time. In
the near future, iz situ selection and omics methods should be used to rapidly
develop simple and stable compositive microbial inoculants (including yeast)
that can not only adapt to the native compost environment but also degrade
novel pollutants.

7. Conclusions

The addition of microbial inoculants to various solid wastes is a potential
method for improving the humification process and increasing carbon sequestra-
tion. However, further research is needed to gain a deeper understanding of the
biotic mechanisms underlying the microbial inoculants’ effect on composting and
to explore the relationships among functional microbes, the humification process,
and the compost microbiota in large-scale composting systems. A comparison of the
influences of different inoculation methods on composting processes and compost
quality is also needed. Moreover, the development of multifunctional strains and
the optimization of inoculation amounts would further justify the use of microbial
inoculants in the compost industry.
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Abstract

Horticultural crops take into account fruits, vegetables, medicinal, aromatic, and
ornamental plants. These crops play a vital role in dietary nutritional components
and sources of medicines and aroma along with extensive aesthetic values for human
beings. Horticulture is also becoming essential to meet the demand for fruits, veg-
etables, and other horticultural products for the fast-growing global population. With
the rise of population, industrialization, and globalization, the arable soil resource is
abated rapidly. Again, as a result of green revolution in the post-independence age,
the “resource degrading” chemical or inorganic agriculture has given way to “resource
protective” biological or organic farming as a means of preserving agricultural
production against the demands placed on the earth’s limited natural resources in
the many developing nations. Organic farming is a holistic approach that promotes
environmentally, socially, and economically sound production of food. During the
last two decades, there has also been a significant sensitization of the global com-
munity toward environmental preservation and assuring food quality. This chapter
aims to provide an updated knowledge of organic agriculture and its potential uses
for enhancing productivity and quality of horticultural crops, saving the soil from
chemical contamination and environmental preservation to ensure safe food for
human beings.

Keywords: organic agriculture, holistic approach, productivity, quality, horticultural
crops

1. Introduction

Holistic Management is a whole farm planning system that helps farmers,
ranchers, and land stewards better manage agricultural resources in order to reap
sustainable environmental, economic, and social benefits [1]. A holistic approach
encompasses food security and environmental and social goals. It helps restore the
health of agricultural ecosystems and increases the resilience of farms to future
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challenges. Roger M. Savory [2] is originally credited with the development of the
term Holistic Management in agriculture that is designed to restore degraded grass-
lands using a method that integrates economic, social, and environmental variables
(particularly movements of grazing livestock) into land management. Again,
agriculture is facing difficulty feeding the vast population that is expanding quickly
while still having enough food to spare for future generations. But sustainable human
agricultural activities directly or indirectly responsibly cause climate change, the
depletion of nonrenewable resources, and water contamination, which altogether has
been putting the future food supply in danger.

Holistic agricultural systems that ascertain enhanced productivity by making
the best utilization of natural resources and ecological processes are better suited to
tackle these difficulties rather than using the reductionist approaches that prioritize
output maximization only [3]. Organic agriculture is a holistic system considered
to sustain and enhance the profitability of organic yield [4]. Organic farming isa
sustainable approach that positively impacts the environment and health of human
beings and wildlife because no agrochemicals such as pesticides, insecticides, her-
bicides, and synthetic fertilizers are used compared to conventional farming [5].
Sustainable agricultural systems also rely on the traditional knowledge and entrepre-
neurial skills of farmers and include both organic farming and agroecological meth-
ods. Organic farming (OF), also known as ecological farming or biological farming,
can be defined as an integrative farming technology that is ecologically, economically,
and socially acceptable and that ensures sustainable supply of safe and healthy foods
and fibers with the least possible amount of resource use and the least amount of
ecological harm.

The IFOAM General Assembly organized in June 2008 in Italy defined organic
agriculture as “a production system that sustains the health of soils, ecosystems, and
people through depending on ecological processes, biodiversity, and cycles adapted
to local conditions, rather than the use of inputs with adverse effects.” United States
Department of Agriculture (USDA) and UN-Food and Agriculture Organization
(FAO) also termed organic farming as a method that, to the greatest possible extent,
relies on crop rotation, crop residues, animal manures, off-farm organic waste, min-
eral grade rock additives and biological systems of nutrient mobilization and plant
protection instead of avoiding or largely excluding the use of synthetic inputs (such
as fertilizers, pesticides, hormones, feed additives). Environmental preservation,
livestock production, and animal care are prioritized in organic farming [6] and dis-
courage the application of chemical fertilizers, pesticides, and herbicides [7]. Organic
farming also forbids the creation of genetically modified organisms (GMOs) and their
usage in animal feed. It is distinguished by the use of regulated standards (production
regulations), compelled control programs, and particular labeling strategies com-
pared to other agricultural production techniques [8]. Organic farming is, therefore,
economic, environmentally safe and produces hygienic foods with no or less pesticide
residue than those made by conventional agriculture [9, 10]. The concepts of organic
farming are based on the idea that everything in a living system—soil, plants, farm
animals, insects, the farmer, etc.—is interconnected. Therefore, it must be based on a
thorough understanding and clever management of these interactions and processes.
Dependence on extraneous inputs, whether synthetic or natural, is lessened as far as
possible. Organic farming is promoted as one of the sustainable agricultural systems
augmenting human nutrition by producing a variety of crops including fruits,
vegetables, and livestock in addition to reducing the negative effects of high-input-
based agriculture [11]. More recently, organic agriculture production has been rapidly
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increasing in all parts of the universe [9, 12] because of people’s enhanced willingness
to consume organic products even at a premium price.

Moreover, healthy soils are essential for biodiversity, ecological safety, and food
security, which combat climate change issues. By encouraging the switch to organic
farming, we are helping to repair our planet’s soil by preventing chemically induced
deterioration and enhancing their potential as carbon sinks. Therefore, there needs to
be a permanent shift toward ecologically sound land use, which incorporates holistic
techniques like organic farming and agroecology together with the preservation and
restoration of natural ecosystems like peatlands and forests. But in order to ensure
mitigation and adaptation in the face of the current climate crisis, soil preservation is
essential. Organic farming is, therefore, a holistic system for quality crop production,
not even endangering the soil as well as the climate.

2. Global history, status, and economics
2.1 Background

The origin of the concept of organic farming is actually primitive. Organic
farming first became popular at the turn of the twentieth century (Table 1). It began
as a response to opposition to the industrialization of agriculture and worries regard-
ing the use of chemical and mineral pesticides [14]. The “Life Reform Movement”
(Lebensreform Bewegung) in Germany in the 1920s, which opposed modernization
and industrialization and idealized vegetarian food, self-sufficiency, natural medi-
cine, allotment gardens, outdoor physical work, and all types of nature conservation,
was one of the early pioneers of organic agriculture [15]. But the first distinct form
of organic agriculture was introduced by the Austrian Rudolf Steiner, who delivered
a series of lectures in 1924 and later published the series as “Spirituals Foundations
for Renewal of Agriculture” coining the term—biodynamic agriculture [16, 17].
However, in the late twentieth century, the use of chemicals in agriculture began to be
widespread. Since 1990, the market for organic products has been growing rapidly.
Today, organic agriculture is a mainstream interest in Western societies, although it
has been criticized for not considering contradictory evidence regarding some of its
claims [18, 19]. As the demand for organic produce increases, so does the area under
organic cultivation.

2.2 Global organic agriculture status

Almost 38% of global land area is covered by agricultural production [20].
Even though just 1.6% of all agricultural land in the world is employed in organic
agriculture [21], the proportion of organic farms and agricultural land is steadily
increasing. According to the Research Institute of Organic Agriculture (FiBL) and
IFOAM’s (2022) latest survey, in 2020, about 74.9 million hectares of agriculture
land, which was merely 11 Mha in 1999, are managed organically on a continental
basis involving more than 190 countries of the world. Oceania accounts for almost
half of the total organic agriculture land worldwide with a land area of 35.9 million
hectares (Mha), followed by Europe (171 Mha), Latin America (9.9 Mha), Asia (6.1
Mha), North America (3.7 Mha), and Africa (2.1 Mha), as shown in Table 2 and
Figure 1, as reported by Willer et al. [21]. About one-third of the world’s organically
managed land is located in the developing countries [22], involving around 65%
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Year Country Historical focuses

1911 USA Franklints King’s “Farmers for Fourties Centuries” acknowledged the Asian soil
management practices, and recommended other agriculturists.

1924 Germany Rudolf Steiner’s lecture series, later published as “Spiritual Foundations for the
Renewal of Agriculture” coined—biodynamic agriculture.

1927 Germany “The Natural Farming” and “Back-to-back Land Association” movement.

1931 Germany/UK Germany: Eward Konemann “Biological Soil Culture and Manure Economy,”
Vol 1
UK: Sir Albert Howard “The Waste Product of Agriculture”; often refereed as
“Father of modern organic agriculture.”

1932 Germany Eward Konemann “Biological Soil Culture and Manure Economy,” Vol 2.

1937 Germany Eward Konemann “Biological Soil Culture and Manure Economy,” Vol 3.

1938 Germany/UK Germany: Ehrenfried Pfeiffer “Biodynamic Farming and Gardening”

UK: Sir Robert McCarrison inspired GT Wrench’s “The Wheel of Health.”

1940 USA/UK USA: Rodale Organic Gardening and Experimental Farm (Rodale Institute
today), 2nd longest experimental farm on organic vs. conventional;

UK: [a] Sir Albert Howard’s “An Agricultural Testament,” [b] Lord Walter
Northbourne: “Look to the Land”—first spell out “organic farming”

1942 USA Jerome Rodale’s “Organic Farming and Gardening.”

1943 UK [a] Lady Eva Balfour, founder and the first president of Soil Association in
Britain, “The Living Soil” and started [b] “Haughley Experiment”—the first
longest experimental farm on organic versus nonorganic.

1945 USA Jerome Rodale “Pay Dirt.”

1947 UK Sir Albert Howard “The Soil and Health: A Study of Organic Agriculture.”

1962 USA Rachel Carson “Silent Spring” brought about an environmental and social
movement. She is often referred as “mother of environmental movement.”

1970 France Claude Aubert “L’Agriculture Biologique”—a popular book, helped to form the
Frenche association Nature et Progres.

1972 France Formed the International Federation of Organic Agriculture Movement
(IFOAM).

1973 Germany Formed Research Institute of Organic Agriculture (FiBL).

1978 Germany FiBL started the DOK trial—the longest experimental trial among biodynamic
(B), organic (0), and conventional (K).

1984 USA First spell out “organic agriculture” in the policy document.

1989 USA The National Research Council report entitled “Alternative Agriculture.”

1990 USA [a] Endorsed “Organic Food Production Act” that established USDA National

Organic Program; [b] Nicolas Lampkin “Organic Farming,” a very popular
publication.

Source: [13].

Table 1.

Global organic agriculture history in the twentieth century.

of the developing countries. According to the FiBL-IFOAM report [21], organic
farmland increased by 3.0 million hectares (4.1 percent) in 2020 since 2019, while in
the past 10 years (from 2011 to 2020), world organic farmland increased by 104.3%
(Figure 2). Compared with 1999, when 15 million hectares were organic, organic
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Region Producers (no.) Retail sales Per capita consumption
Africa 833,986 16 0.01
Asia 1,808,464 12,540 2.7
Europe 417,977 52,000 63.2
Latin America 270,472 778 12
North America 22,448 53,717 1475
Oceania 15,930 1594 384
World 3,368,254 120,647 15.8

Source: [21].

Table 2.
Organic producers, retail sales, and consumption (million €) by region in 2020.
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Figure 1.
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Figure 2.

Growth of the organic agricultural land and ovganic share in past 10 years (during 2011—-2020) (source: [21]).

agricultural land has increased fivefold by 2020. The highest absolute growth was in
Latin America (+19.9 percent, +1.7 million hectares), followed by Europe (+3.7 per-
cent, +0.60 million hectares) and Asia (+7.6 percent, +0.43 million hectares). Many
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countries reported a significant increase; Chile and Papua New Guinea showed 650
percent and 322 percent more organic farmland, respectively. Argentina, Uruguay,
and India saw the largest gains in terms of absolute hectares: in Argentina, organic
farmland expanded by 781,000 (+21.3%), in Uruguay by more than 589,000
(+27.9%), and in India by over 359,000 (+15.6%). The latest FiBL survey on organic
agriculture revealed that Australia occupies the largest individual land shares hav-
ing 35.7 Mha of organic farmland followed by Argentina (4.5 Mha) and Uruguay
(2.7 Mha). In terms of countries organic land shares to its total agricultural land,
Liechtenstein has 41.6% of its agricultural land that is cultivated organically, fol-
lowed by Austria (26.5%) and Estonia (22.4%). The survey also showed that 88
countries (54%) have less than 1% organic land, while another 46 countries (28%)
have 1-5% organic share, and among the rest, 18 countries have 5-10% and 11 coun-
tries have more than 10% organic land (Figure 3). Australia had the largest organic
land area in the Oceania region as well as the country became the top of the world,
having had the largest individual organic area of 35,687,799 hectares representing
47.63% of the global organic farmland, whereas USA, Argentina, India, France,
and Tunisia were the toppers in North America, Latin America & the Caribbean,
Asia, Europe, and Africa, respectively, regarding organic agricultural land shares
[21]. Again, the leading 10 countries constitute about 78.86% of the world’s organic
agricultural land: Australia, Argentina, Uruguay, India, France, Spain, China, USA,
Italy, and Germany [21].

2.3 Economics

Over the last 20 years, the global market for organic products has grown
dramatically, notably in developing nations. Organic food sales increased steadily,
especially from the late twentieth century. According to the FiBL-IFOAM survey
[21], at least 3.4 million organic producers existed globally in 2020. Asia accounts for
56% of the world’s organic producers, followed by Africa (24%), Europe (12%), and
Latin America (8%). India had the majority of the producers (1,599,010), followed
by Ethiopia (219,566) and Tanzania (148,607) (Table 2). From 2019 to 2020, a 7.6%
increment in the number of organic producers was noted. According to the survey,
revenues from organic foods and beverages exceeded 120 billion euros in 2020. The
United States (49.5 billion euros), Germany (15.0 billion euros), and France (12.7 bil-
lion euros) had the largest organic markets in 2020. The United States accounted for
41% of the global market, followed by the European Union and China. Switzerland
had the highest per capita organic food expenditure (418 euros) in 2020. The coun-
tries with the biggest market shares for organic products were Denmark (13.1%),
Austria (11.3%), and Switzerland (10.8 percent) (Figure 4). The market for organic
agri-food goods in the EU kept expanding; however, between 2019 and 2020, imports
of these products marginally dropped. The Netherlands, Germany, and Belgium were
the top three EU member states for imports in 2020.

3. Basic concepts and principles followed in organic farming

As aresult of various analyses of financial, environmental, and sociocultural
goals, organic farming may improve conventional agriculture to the point where it
may seem unnecessary to strictly forbid pesticides and mineral fertilizers as required
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Top 10 countries with the largest areas of organic agricultural land in 2020 (source: [21]).
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The top 10 countries with the largest markets for organic food in 2020 (source: [21]).

by the organic standard (Figure 5). Organic farming encourages the following basic
issues [23]:

To utilize available resources and operate as much as feasible within a closed
system.

* To keep soils fertile for the long run.

* To avoid all forms of pollution that may result from agricultural techniques.
* To generate sufficient amounts of food that are high in nutrients.

* To utilize as little fossil energy as possible in agricultural practices.

* To provide animals with living conditions consistent with their physiologic
requirements.

* To help farmers achieve financial security through their job and realize their full
potential as people.
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Generalized input and output features of organic farming system.

Thus, organic farming methods accord with the four ethical principles [24-26].
a. Principle of health.

“Organic agriculture should sustain and enhance the health of soil, plant, animal,
humans and planet as one and indivisible”.

b.Principle of ecology.

“Organic agriculture should be based on living ecological systems and cycles, work with
them, emulate them and help sustain them”.

c. Principle of fairness.

“Organic agriculture should build on velationships that ensure fairness with regard to
the common environment and life opportunities”.

d. Principle of care.

“Organic agriculture should be managed in a precautionary and responsible manner to
protect the health and well-being of curvent and future generations and the environment”.

4. Strengths/blessings of organic farming

The most important benefits of organic farming are the preservation of the
environment and increased resistance to ecological change, as well as the improve-
ment of social capacity and the expansion of employment prospects. It is an ecologi-
cally safe and environmentally friendly production system spreading worldwide as
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the demand for sustainability increases [21, 27]. Although farm yield is less in organic
system compared to conventional systems [28, 29], they are more profitable, pollina-
tor friendly, environmentally safe and produce equally or even more healthy foods
with fewer pesticide residues (Figure 6) [9, 31, 32]. Therefore, the benefits or overall
gains from organic farming can be summarized as follows:

4.1 Profitable

In many cases, organic agriculture is significantly more profitable than conventional
agriculture when premium prices are considered. Crowder and Reganold [33] stated
after investigating 55 crops grown on five continents that organic agriculture was
significantly more profitable (22-35%) and had higher benefit/cost ratios (20-24%)
than conventional agriculture. But when organic premiums were taken away,
net present values (—27 to —23%) and benefit/cost ratios (—8 to —7%) of organic
agriculture were significantly lower than conventional agriculture. According to
arecent global comparison research, organic farming is 13% more profitable than
conventional farming on average [30]. Generally, organically produced goods fetch
10 to 50% premium price over conventional production and also possess a faster
marketing rate [34, 35].

4.2 Multifunctional use and resilience

Organic food and farming practices typically increase the resilience of
agroecosystems in addition to generating food by supplying a variety of ecosystem
goods and services, some of which are listed below. By doing so, they might achieve
social and environmental policy objectives. For instance, they cover both animal wel-
fare and the means of subsistence for farmers and farmworkers. Grazing animals are a
crucial component of the utilization of the land [6, 36]. Organic agriculture produces

FOOD QUALITY

Organic farming shows positive role Organic farming shows umiformity
over conventional farming ‘with conventional farming

Organic farming shows negative role
over conventional farming

Figure 6.
Key variable indicators deferring the impacts of organic and inorganic farming for agricultural sustainability
(source: [30]).
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both commodity and noncommodity outputs and addresses ethical concerns such as
animal welfare and the livelihoods of farmers (fair trade). According to a decades-
long study on organic farming, in years of drought, organic yields can be up to 40%
greater than nonorganic farms [37]. Organic farmers are more resilient and adaptable
to stresses connected to climate change as well as other disruptive global stressors
since they avoid the majority of fossil fuel-based inputs.

4.3 Ecosystem balance and biodiversity conservation

In most cases, organic food and farming systems increase overall biomass
abundance and conserve biodiversity both within and between species, which in turn
may enhance the pollination of crops and natural pest regulation [6, 36]. Comparative
biodiversity assessments on organic and conventional farms reveal a 30% higher
species diversity and a 50% greater abundance of flora and fauna in organic fields
[38, 39]. The diversity and richness of bees significantly increased in places where
the number of organic farms increased, which helped pollinate crops and wild plants
over wider areas [40]. Organic farming has beneficial effects on species abundance/
richness for a wide variety of taxa. Of the 99 studies reviewed by Hole et al. [39], only
8 found negative effects of organic farming on diverse individual taxon.

4.4 Soil health conservation and carbon sequestration

Organic agriculture preserves healthy soils by enhancing soil fertility, maintaining
and creating a fertile living soil through the use of organic inputs in the form of green
manures, farm yard manures, and compost, as well as by adopting cover crops, crop
rotations, and intercropping and also by practicing minimum or no soil disturbance
tillage. Crops and animals are integrated, which reduces overgrazing and makes
nutrient recycling on farms easier. According to a review report, organic farming uses
more organic fertilizers (such as manure, compost, and fertility-building/green manure
crops) than conventional farming, with the median soil organic matter being 7%
greater than conventional farming. The soil organic carbon concentrations and stocks
of C per hectare are higher in top soils managed organically [30]. As a result, organic
food and farming practices typically retain soil fertility in a sustainable manner, which
may also lessen soil erosion and allow for the storage of carbon in organic matter.

4.5 Environmental protection

Traditional farming’s heavy reliance on chemical pesticides, herbicides, and fertil-
izers has had a negative impact on the environment. Almost 35-65% less nitrogen
leaks from arable fields into soil zones where it could harm the quality of the ground
and drinking water as a result of the ban on chemical fertilizers on organic farms
[41]. Leaching and run-off impacts are probably not a problem in organic farms
because synthetic pesticides and herbicides are avoided. EU organic research places
high emphasis on replacing copper fungicides with the breeding of disease-resistant
cultivars and with easily biodegradable botanicals [6]. Nitrate leaching and green-
house gas emissions per ha are up to 60% lower in organic farming. However, when
assessed by the unit of product, the impacts of both organic and conventional farm-
ing on greenhouse gas emissions are very similar [30]. As per a meta-analysis, the
area-scaled nitrous oxide emissions from organically managed soils were 492 kg CO,
equivalents/ha lower per year than those from nonorganically managed soils [42].
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4.6 Climate change adaptation

Organic food and farming systems emit fewer greenhouse gases under best farm
practices, show higher yield stability in climatically extreme years, and reduce the risk
of floods. Organic agriculture improves the capacity of agroecosystem to function in
the face of unanticipated occurrences like climate change by boosting ecosystem resil-
ience [43]. Organic agricultural practices reduce the need for fossil fuels, as well as
their emissions of carbon dioxide and nitrous oxide, soil erosion, and carbon stocks.
In comparison with high-input systems, energy consumption in organic systems
has been reported to be lowered by 10 to 70% in EU nations and by 28 to 32% in the
United States. Compared to conventional soils, organic systems in temperate regions
almost double the effectiveness of carbon sequestration (575-700 kg carbon per ha/
year) [44]. Thus, organic farming can potentially contribute to mitigating threats
from climate change on crop production.

4.7 Safe and quality production

In some cases, organic food contains higher concentrations of secondary plant
metabolites, antioxidants, and vitamins, as well as polyunsaturated fatty acids.
Furthermore, organic food is often less contaminated with cadmium, nitrate, nitrite,
and other residues. Organic food is considered healthier as compared to the food
obtained by conventional farming [45, 46]. According to Baranski et al. [47], phenolic
acids, flavanones, stilbenes, flavones, flavonols, and anthocyanins were significantly
more concentrated in organic crops and crop-based foods.

5. Management approaches in organic farming

Effective management of nutrients, weeds, insect pests, and diseases is the
major challenge for successful organic farming. Integrated management comprising
cultural, mechanical, and biological practices is warranted for managing nutrients,
weeds, pests, and diseases in an eco-friendly way in organic farms.

5.1 Nutrient management

Soils are a nonrenewable resource on which 95% of our food supply depends.
Short-sighted chemical fertilizer applications in industrial farming are depleting soils
at an alarming rate. Organic farming systems require effective nutrient management.
Recycling, controlling biologically related processes like nitrogen fixation, and the
sparing use of unprocessed, slowly soluble off-farm items that disintegrate in the
same way as soil minerals or organic matter all promote the provision of nutrients to
crop plants.

5.1.1 Green manure

Many fast-growing crops such as dhaincha (Sesbania sp.), sunhemp, and cowpea
can fix atmospheric nitrogen at the rate of 60-100 kg/ha and can be utilized as green
manure to the land. Dhaincha (Sesbania esculenta and S. rostrata) and sunhemp
(Crotalaria juncia) are often plowed into the soil 6 to 8 weeks after being sown once
sufficient vegetative development has been achieved. The use of green manure is very
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advantageous for organic production and preserving the health of the soil. Green
manures enhance the physical and microbiological qualities of the soil in addition to
adding nutrients.

5.1.2 Farm yard manure

The manure prepared using cow urine, dung, and farm waste in the backyard
is called farm yard manure (FYM). This method has been followed since old times.
The preparation of FYM can be by the use of any one of the methods including the
sealed pit method, open pit method, and Japanese method. The soil physical property,
microbial activity, and yield have been increased considerably using FYM. It is pos-
sible to recover between 70 and 80 percent of the energy provided to cattle as agricul-
tural leftovers if the manure and urine from the animals are correctly collected.

5.1.3 Enviched compost

One of the traditional crop nutrient sources is composting organic residues.
Though nutrient concentration is less, apart from NPK, it also provides the required
micronutrients to the areas cultivated. Micronutrient supply satisfies the hidden
hunger in the plants particularly and safeguards them against injury and toxicity. It
also improves chemical, physical, and biological properties of the soil. In addition,
compost is enriched externally through microbial inoculants, biofertilizers, etc. It is
found that in cucumbers, the application of compost increases the yield [48].

5.1.4 Vermicompost

The technology uses earthworms as natural bioreactors for recycling nontoxic
organic waste into soil. Vermicompost refers to the manure generated through rearing
earthworms on a large scale in natural or artificial pits. This method is generally
adopted when there is a huge quantity of undecomposed organic matter [49, 50].
Many forms of organic material can be used to prepare vermicompost; it includes
manure of animals, wastes of manufacturing industries like paper waste, sugar waste
of cane or cotton residues, kitchen waste, agricultural wastes, and municipal wastes
having an organic origin. Higher concentrations of vermicast and vermitea improve
the health of the plant, provide protection, improve growth, and also provide opti-
mum production of crops.

5.1.5 Concentrated ovganic manure (oil cakes)

The oil cakes are applied in the granular form before the fertilizer use, so that nutri-
ents that are contained in them are available for the crops. This enriches the soil organic
carbon to soil, which in turn increases microbial activity. Castor cake, neem cake, and
linseed cakes are few examples of nonedible cakes. As most of the edible cakes are fed to
cattle as concentrates, the use of it as a nutrient source is limited in the Indian scenario.

5.1.6 Biofertilizers

Biofertilizers are the cultures of the appropriate microbial species that can fix the
atmospheric nitrogen such as Azospirillum and Azotobacter in nonleguminous and
Rhizobium species in the leguminous crops. The phosphate-mobilizing fungi (VAM)
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and phosphate-solubilizing bacteria are found to be more efficient in making the
unavailable soil phosphorous available for the plants. It is found that the legume-rhizo-
bium association could fix 40-120 kg/ha of nitrogen under optimum conditions. The
crops inoculated with Mycorrhizal fungi are found resistant to Fusarium oxysporum,
Rhizoctonia solani, Phythium, and nematode. It has been discovered that biofertilizers,
such as Rhizobium, Azotobacter, Azospirillum, PSB Azolla, VAM, and Pseudomonas, are
particularly powerful tools for managing fertility and biological nutrient mobilization.
Use of such inputs must be ensured in all cropping scenarios because the efficacy of
such microbial formulations is significantly better in no-chemical use situations.

5.2 Weed Management

The main objective of the organic system’s weed management technique is to
lower weed competition and reproduction to a level the farmer can tolerate. In many
instances, not all weeds will be totally removed. By inhibiting the generation of weed
seeds and perennial propagules, the portions of a plant that can produce a new plant,
weed management should lessen competition. Regular weed control can lower weed
control expenditures and help create a crop production system that is less expensive.
Weeds in organic farming systems are controlled in the following ways.

5.2.1 Cultural practices

Cultural weed control includes nonchemical crop management practices ranging
from variety selection to land preparation to harvesting and postharvest level. The
management practices that are included in cultural weed control are (a) crop rotation,
(b) cover crops, (c) intercropping, (d) mulching, (e) stale seedbed preparation,

(f) soil solarization.

5.2.2 Mechanical control

The best way to manage weeds, especially on an organic farm, is through
mechanical eradication, which takes time and effort intensively. One of the earliest
weed management techniques is mechanical weed control, which calls for the actual
removal of weeds by mechanical equipment either prior to the main crop planting or
during the crop growth season. Mechanical weeders include cutting and cultivating
instruments like mowers and stimmers, as well as multifunctional implements like
hoes, harrows, tines, and brush weeders.

5.2.3 Biological control

Using live creatures to eradicate weeds or to stop their growth and capacity to
compete with crops is known as biocontrol of weeds. The introduction of traditional
biocontrol agents, frequently insects, and the expansion and widespread usage of
organisms, frequently disease agents, are two categories into which biocontrol is often
divided - (i) allelopathy and (ii) beneficial organisms.

5.3 Pest and disease management

The pest control strategies in organic farming aim to reduce and prevent the insect
population’s aggregation. The risks of pest outbreaks are minimized by enriching
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the soil with compost, crop rotation, intercropping, and conservation tillage [51].
Strategy for pest control in organic farming limits the use of chemical pesticides and
promotes the use of organically derived pesticides. The effective control of pest popu-
lation is achieved through field scouting, trap crops, insect trapping, and application
of some biological control methods like introducing beneficial insects and using natu-
ral enemies to reduce the pest population. Onion thrips incidence was similar between
the mineral fertilized and organic fertilized fields. Simmons et al. [52] suggested that
the combination of host plant resistance and the reflective mulch could suppress the
white-fly infestation that mainly affects organic vegetable production.

6. Organic farming in vegetable crop improvement
6.1 Productivity

Application of commercial organic fertilizer at recommended level results in
higher vegetable yield than application of inorganic fertilizer. Alimi et al. [53] opined
that the higher yield in organically managed fields might be the inclusion of Ca and
Mg from organic fertilizer, which are missing from chemical fertilizer. Comparing
organic treatments to conventional ones, the output of carrot roots increased [54].

In comparison with a supply of mineral nutrients, organic fertilization dramatically
increased lettuce yield [55]. The organic method produced greater yields of tomatoes
and cabbage than the conventional system did [56]. The use of compost resulted in

a high yield of marketable cucumbers [48]. A study on organic farming in vegetable
crops at IIVR, Varanasi, found that while yields under organic production gradually
engrossed to yields under conventional inorganic farming in 4-5 years, the productiv-
ity of vegetable crops in organic farming was lower in the early years [57, 58]. Okra
and cowpeas were produced during the summer, and tomatoes and cabbage were
grown during the winter. By the fourth year, the yields from organic cultivation and
conventional cultivation were equivalent (Table 3). However, the equivalent yield
for cowpea and pea during the winter wet season was finally discovered after 3 years
of continuous organic farming. In another study, Rembialkowska [60] noted that

the average yield of carrots was higher by 33% on organic than conventional farms
with a nonsignificant statistical variation. The average yield of the organic potatoes
was significantly lower than the conventional ones [60]. Maggio et al. [61] registered
lower yield in cauliflower, broad-leaved endive, and zucchini in organic cultivation

Items Cabbage Tomato Okra Cowpea (S) Cowpea (K) Pea
Conventional yield (t/ha) 41.00 3740 9.26 8.00 10.26 7.30
Organic farming

First-year yield (t/ha) 25.42 23.63 5.27 4.64 750 4.96
Second-year yield (t/ha) 29.54 2775 6.57 5.76 8.97 6.28
Third-year yield (t/ha) 34.75 33.00 83.23 7.04 940 715
Fourth-year yield (t/ha) 38.83 36.84 9.16 7.84 — —

Source: [59].

Table 3.
Average yield of different vegetables under organic farming against conventional yield.
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Treatment Yield increase over control (%)

Control/no organic matter —

100% Cowdung 140.61
100% Farm yard manure 138.46
50% Soil +50% Recommended dose 126.49
50% Soil +50% Water hyacinth 144.03
50% Soil +50% Cowdung 164.68
50% Soil +50% Farm yard manure 169.02
50% Water hyacinth +50% Cowdung 133.33
50% Water hyacinth +50% Farm yard manure 152.28
50% Farm yard manure +50% Cowdung 155.84

Source: [62].

Table 4.
Effect of organic amendments on yield increase over control in eggplant.

Year Status Yield (q/ha)
Conventional 10.00

2 year Year of conversion 575

4th year Organic 750

5th year Organic 8.75

6th year Organic 10.00

Source: [64].

Tables.
Yields of organic farming Vis-a-Vis conventional farming.

compared to conventional. Sultana et al. [62] noted a more than 150% yield increase
in eggplant after organic amendments (Table 4).

Though for one or few years organic transition from the conventional system
might give lower yield, long-term organic culture produces significantly higher
yield in vegetables. According to Singh et al. [59], the yield of vegetables produced
by organic farming is either equal to or greater than that produced by conventional
farming after 5-6 years of organic farming practices, with the soil fertility sufficiently
recovered. According to Ramesh et al. [63], organic farming has the potential to
boost productivity in irrigated areas. Rajendran et al. [64] too observed that although
organic farming may have lower productivity in the first few years, by the 6th year,
yields were comparable to those from inorganic farming (Table 5).

6.2 Organic sources and vegetable productivity

Organic nutrient sources greatly influence vegetable yield. Soil amendment
treatments consisted of combination of poultry compost, poultry litter, dairy com-
post, dairy manure, blood meal, feather meal, and Fertrell™ 5-5-3; poultry litter
resulted in the highest yield in all the trials [65]. Thamburaj [66] found that applying
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oil cakes of margosa, castor, and groundnut (@0.2% W/W) reduces the intensity

of root gall development in tomatoes. Studies showed that organically cultivation
yielded 28.18 t/ha tomato, consonance with the recommended application of FYM
and NPK (120:100:100 kg/ha). Reports also expressed that poultry manure and FYM
in 50 kg N/ha produced maximum brinjal yield [67]. Combined manuring with
FYM @ 25 t/ha + Biofertilizer (PSB + Azotobacter/Rhizobium) enhanced the yield

of okra, cowpea, and bottle gourd by 27.5, 40.1, and 8.33%, respectively, in summer
season compared to conventional system [59]. Okra responded with a greater yield to
poultry manure @ 20 kg N/ha [68]. Singh et al. [59] noticed that the use of 20-30 t/
ha FYM/NADEP compost, 7.5-10 t/ha vermicompost, or 7.5-10 t/ha chicken manure
combined with bioinoculation of Azatobacter and PSB could guarantee a yield that is
20-35% higher than that of a conventional system. Even a combination of different
biological fertilizers such as FYM @ 10 t/ha + vermicompost @ 3.5 t/ha or Farm yard
manure @ 10 t/ha + chicken manure @ 2.5 t/ha or NADEP compost@ 10 t/ha + ver-
micompost @3.5 t/ha in addition to phyto-inoculation of Azatobacter and PSB was
extremely efficient and generated yield comparable to the traditional inorganic method
in cabbage, brinjal, broccoli, cauliflower, pea, bottle gourd, tomato, cowpea, okra
crop, etc. It was noted, nonetheless, that various organic inputs behaved differently on
various vegetable crops over various seasons. Howlader et al. [69] opined that poultry
manure or cowdung at 5 t/ha contributed to superior yield in tomatoes (Table 6).

6.3 Soil fertility status

Accelerated accumulation of organic-C in organically manured fields is evident.
Persistent application of organic manure enhances soil health and texture. During
just 3 years, organic carbon and soil carbon stock in organic fields increased by 39
and 22.3%, respectively, compared to traditional systems [58]. With organic farming,
301.1 kg/ha/year of carbon was sequestered annually, compared to 42.6 kg/ha/year
with conventional farming for cabbage. Because it enhances the physical and biologi-
cal characteristics of the soil and serves as a nutrient store, organic carbon is a useful
indication of soil quality. Singh and Upadhyay [70] opined that organic fertilization
resulted in higher stock of organic-C as well as C sequestration rate in potato-based
cropping systems. In addition, the available soil P and K levels markedly improved
after organic fertilization [71]. Manjunath et al. [72] and Amanalluah [73] noted higher

Treatment Fruits plant™ Fruityield (t ha™)
2016- 2017~ 2016- 2017-2018
2017 2018 2017
100% Recommended dose 417 34.27 54.3 89.75
75% Recommended dose 389 31.98 51.9 86.30
100% Recommended dose + Cowdung @ 5t ha™ 45.0 35.54 65.2 94.93
100% Recommended dose + Poultry manure @ 5tha™ 42.8 36.38 62.5 89.65
75% Recommended dose + Cowdung @ 5t ha™ 435 36.58 60.9 95.46
75% Recommended dose + Poultry manure @ 5tha™ 43.2 3491 571 91.02

Source: [69].

Table 6.

Influence of organic amendments on tomato productivity.
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organic carbon accumulation and better uptake of nutrients under FYM-applied fields
under the organic production system. Pulleman et al. [74] stated that soil organic mat-
ter content, C:N ratio, soil carbonates, N mineralization, etc., are positively influenced
by organic farming along with other soil characters in the Netherlands (Table 7).

6.4 Soil health and microbial population

The elevated proportion of organic matter in organic farms transforms the soil into
a living substrate by sustaining the micro-, meso-, and macro-fauna. Microbial perfor-
mance such as dehydrogenase activity, alkaline phosphatase, and microbial biomass
carbon was noted to be higher in organic matter-applied soils by 32, 26.8, and 22.4%,
respectively, compared to inorganic farms [59]. Organically treated plots have more
microbial populations, which aids in nutrient breakdown and boosts the availability of
these nutrients to the vegetation. However, a direct impact from the microorganisms
added through the manure is also feasible. In general, the increase in microbial biomass
carbon in soils with organic manure addition was caused by an increase in the presence
of carbon substrate that drives microbial development [75]. Likely, Manjunath et al.
[72] recorded a higher growth of bacterial and actinomycetes in organic farm. In addi-
tion, Kumari et al. [76] found that the administration of organic manures increased the
microbial community more than the recommended chemical fertilization. According
to Singh et al. [77], an organic source of nutrients enhanced microbial activity and
significantly improved dehydrogenase function. Hence, reintroducing useful microbes
into the soil through organic farming enhances soil quality and vitality.

6.5 Quality characteristics of organic vegetables

Organically cultivated crops are well accepted for their higher content of vitamins,
minerals, and phytochemicals (Table 8). Organically grown vegetables have
improved quality, taste, and flavor mostly because of elevated dry matter, vitamin
C, protein content, and quality, decreased free nitrates in vegetables, and reduced
disease and storage losses. According to studies, the vitamin C content of organically
grown cabbage, tomatoes, and cowpea grew by 17, 35, and 36%, respectively [59].
Vegetables grown organically also have superior physical characteristics. In compari-
son with an inorganic approach, the ascorbic acid, total phenol, and antioxidant con-
tent of peasimproved by 31.8, 48.8, and 4.96%, respectively, under biological farming
[70, 78]. Furthermore, organically produced vegetables have higher vitamin C, total
carotenoids, flavonoids, phenolics, and higher nutrient concentrations, boosting

Vegetables Vit-C Fe Mg P
Spinach +52 +25 -13 +14
Carrot -6 +12 +69 +13
Lettuce +17 +17 +29 +14
Cabbage +43 +41 +40 +22
Potato +22 +21 +5 0

Here, (+) and (=) indicate pevcent increase and decrease in nutrients in ovganic over conventional, respectively.

Table 8.
Vitamin and mineral nutrient contents of some organically produced vegetables.
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human immune health [79]. Organically grown cucumbers had higher dry matter,
sugar, and vitamin C [56]. Regarding vegetables (carrot, beetroot, lettuce, kale, leek,
turnip, celeriac, and tomato), a trend has been observed for higher levels of iron

and magnesium expressed in the nutritional quality and safety of organic food [80].
Additionally, p-carotene levels in organic and conventional foodstuffs have no notice-
able differences [81]. Organically grown crops possess higher antioxidant properties,
with individual antioxidant activity ranging between 18 and 69% higher in organic
vegetables than in conventional ones [82]. Vegetables cultivated under compost fertil-
izing had higher Ca, Zn, and Fe contents on a fresh mass basis than plants produced
using inorganic fertilizers and, finally, chicken manure [55, 83]. Hadayat et al. [84]
found that potato, lettuce, tomato, carrot, and onion metal contents in conventional
produce were slightly greater than in organic produce, especially for Cd and Pb.

7. Organic farming in fruit crop improvement
71 Fruit yield and productivity

All living beings have the natural tendency to produce their off-springs. With the go
of nature, plants send and preserve their formulated and uptaken nutrients to fruits as
sink after use for normal growth. Organic nutrient supply significantly improves yield
over control, but the organic yield is to some extent lower than conventional yield in
most cases. The relative yield of fruit crops is about 72% (28% lower than) of con-
ventional yield [85], and this phenomenon is comparatively worse than other crops.
Among the temperate fruit crops, organically grown apples and strawberries yielded
69 and 59% of the synthetic chemical used on a farm, while the other fruit crops,
namely grapes, melons, apricot, blackcurrant, cherry, kiwi, peach, and pear from
Europe and Turkey, had 78% productivity in organic cultivation than that of conven-
tional farming [85]. In mango, application of FYM (50 kg/plant) + Azospirillum culture
(250 g/tree) + PSB @ 250 g/tree produced superior yield (52.00 fruits/tree, 14.70 kg/
tree, 1.47 t/ha) over other organic treatment along with control [86], while Sau et al.
[87] reported that different treatments of biofertilizer showed maximum fruit weight
(23712 g) and yield (42.14 kg plant™') (Figure 7). Again, a combination of FYM
(10 kg), neem cake (1.25 kg), vermicompost (5 kg), wood ash (1.75 kg), triple green
manuring with cowpea, and biofertilizers (AMF @ 25 g + Trichoderma harzianum @
50 g + PSB @ 50 g + Azospirillum @ 50 g plant™) recorded the highest bunch weight
(9.60 kg) and yield (23.99 t/ha) in banana [88]. In guava, among recommended fertil-
ization (600 g urea, 2000 g superphosphate, and 1000 g muriate of potash), Jeevamrit
@ 10 liter/tree, Azotobacter, and Azospirillum @ 100 g/tree treatments, the best yield
was noted from trees fertilized with recommended dose of NPK (222.43 g/fruit,

62.73 kg/plant). In another experiment, 90% RDF + 10% FYM/Tree was recorded as
the best treatment in terms of better growth and yield of guava among eight organic—
inorganic combinations [89]. Raghavan et al. [90] observed the highest number of
fruits (1281/tree), yield (30.01 kg/tree) having extended levels of total, and reducing
sugar content (26.14 and 14.51%, respectively) after organic treatment in litchi.

7.2 Fruit mineral content

Organic fertilizers largely add a complex combination of nutrient elements in soil,
so as in fruits of organically treated plants. Mineral contents of fruits were found
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Effect of organic package on fruit yield of mango cv. Alphanso. Here, MC1: FYM @ 50 kg/plant, MC2: FYM
@ 50 kg/plant + Azospirillum (250 g/tree) + PSB @ 250 g/tree, MC3: FYM @ 50 kg/plant + Azatobacter
(250 g/tree) + PSB @ 250 g/tree, MCyq: Vermicompost @ 50 kg/plant, MCs: Vermicompost @ 50 kg/plant +
Azospirillum culture (250 g/tree) + PSB @ 250 g/tree, MC6: Vermicompost @ 50 kg/plant + Azatobacter

(250 g/tree) + PSB @ 250 g/tree and MC6: Vermicompost @ 50 kg/plant + Azospirillum (250 g/tree) + PSB @
250 g/tree + vermiwash.

to be higher in fruits produced under conventional systems in comparison with the
fruits produced under organic systems [91]. Harhash and Ahmed [92] analyzed that
the NPK content of mango fruits differed in different organic and chemical fertilizer
treatments (Table 9). Easmin et al. [93] observed an increased mineral content of
fruit with organic matter application in the papaya field.

7.3 Fruit biochemical attributes

In general, organically produced fruits possess significantly higher total soluble
solids (TSS) and lower titratable acidity (TA) in comparison with the convention-
ally produced fruits [94]. Compared to conventionally produced strawberries,
which had 6.6% TSS and 0.99% TA, strawberries cultivated organically had a much
higher TSS (7.1%) and lower TA level (0.93%) [95]. According to Leskinen et al.

[96], levels of ascorbic acid in organically produced fruits were consistently higher
than the levels in the conventionally grown ones. Nevertheless, Cayuela et al. [97]
found no appreciable difference between strawberry fruits cultivated conventionally
and organically in terms of ascorbic acid content. Again, organically grown fruits
developed a significantly stronger color than conventionally grown ones [97]. The

6 kg OM/m” treatment produced strawberry fruits with the highest anthocyanin
concentration (42.88 mg 100 g™ fruit fresh weight). Despite this, strawberry plants
receiving the control treatment still had anthocyanin contents that were between 17.8
and 41.8 mg 100 g ', and values lower or higher than that should not be considered
acceptable [98]. Azotobacter chorococcum + Azospirillum brasilense + AM (Glomus
musseae) + Panchagavya [3%] exhibited superiority in fruit biochemical qualities like
TSS (19.70° Brix) and total sugars (13.41%) along with prolonged shelf life of 10 days
in mango [87]. Easmin et al. [93]; Sharma and Negi [99], and Rahman et al. [100]
observed similar trends in fruit biochemical properties in papaya, strawberry, and
banana, respectively (Table 10).
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Treatment N (%) P (%) K (%)
100% mineral fertilizers (NPK) as control 1.93 0.26 1.63
50% NPK+ 100% plant compost (PC) 1.80 0.25 1.60
50% NPK+ 100% animal compost (AC) 193 0.28 1.70
100% plant compost (PC) 1.60 0.21 1.30
100% animal compost (PC) 1.70 0.22 1.50
50% plant compost +50% animal compost 1.60 0.20 1.40
50% (NPK+ plant compost+ animal compost) 2.50 0.34 2.05
100% (NPK+ plant compost+ animal compost) 2.88 0.39 2.50

Source: [92].

Tableg.
Effect of organic and mineral fertilization on NPK contents on fruits of Ewaise mango.

Treatment Total sugar Reducing Nonreducing TSS Titratable
(%) sugar (%) sugar (%) (°Brix) acidity (%)
FYM plus soil microbes 23.30 11.23 12.11 25.72 0.23
Improved compost 19.83 9.12 10.68 24.46 0.25
Vermicompost 21.25 10.36 10.92 25.15 0.22
Soil microbes 22.50 10.74 11.57 25.02 0.19

Source: [100].

Table 10.
Effect of organic fertilizers on fruit biochemical properties of banana.

7.4 Fruit organoleptic attributes

Organic production of fruit improves fruit quality, viz. fruit taste and color,
keeping the quality of the fruits than conventionally produced fruits. Crops grown
organically typically have higher sensory and long-term storage properties, accord-
ing to Rembialkowska [101]. Several studies have conclusively shown that produce
from organic farms tastes and smells better. More total sugars were present in organic
fruits, which likely contributed to customers’ perceptions of a better flavor [101].
According to studies, strawberries that are grown organically have superior overall
acceptance, flavor, sweetness, and appearance than those that are grown convention-
ally (Table 11) [103].

7.5 Soil health and microbial population

Organic manuring and composting have a significant and positive influence on
microbial community and activity in the soil. Increased population of bacteria, fungi,
actinomyecetes, and total diazotrophs were recorded by Reddy et al. [104] in organic
fields compared to the conventional soils. By comparing the organic treatment to the
synthetic fertilizer and control treatment, a significantly increased level of soil respi-
ration and mineralizable nitrogen content were also observed. Significantly extended
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Treatment Bacteria (cfu/g of soil)
Azotobacter chorococcum (AC) + Panchagavya 3% 2.6 x 10°
Azospirillum brasilense (AB) + Panchagavya 3% 2.7 x 10°
Glomus musseae (AM) + Panchagavya 3% 23x10°
AC + AB + Panchagavya 3% 2.9 x 10°
AC + AM + Panchagavya 3% 2.9 x 10°
AB + AM + Panchagavya 3% 3.0 x 10°
AB+ AM + Panchagavya 3% 31x10°
Panchagavya 3% 26 x 10°
N:P:K (1000:500:1000 g plant " year™) 2.0 x 10°

Source: [87].

Table 12.
Effect of biofertilizers on soil bacteria of mango orchard (cv. Himsagar).

amount of soil respiration and mineralizable nitrogen content were also noted in
organic treatment compared to synthetic fertilizer and control treatment. Similarly,
Sau et al. [87] noticed that the application of organic manures along with biofertil-
izers substantially increased soil microbial population, which improved soil health as
well as availability of other essential nutrient elements and thereby the growth and
productivity of the tree (Table 12).

8. Organic farming in spice crop improvement
8.1 Spices growth and productivity

Organic manures contain nutrients and small quantities of growth boosters. It
corresponds to the fundamental factor that revitalizes the growth cycle by reduc-
ing the physical, chemical, and physiological imbalances. Application of soil, mine
spoil, and coir pith vermicompost at the ratio of (1:1:1) and RDF as an integrated
approach enhances the height of the plant, yield, and number of leaves compared to
mine, spoil integrated with RDF. Integrated use of 50% N through vermicompost,
50% N, and 100% P and K through chemical fertilizers along with Azospirillum is
found effective in increasing the bulb yield of onion. When Azotobacter is added to
the various combinations, a marked rise in plant height and no. of leaves is observed
as compared to the treatments with organic manures alone [105]. According to
Somasundaram et al. [106], application of panchgavya at 3% improves yield in
comparison with the sole application of RDF. According to Somasundaram et al.
[106], panchgavya application at 3% increases yield compared to RDF’s single use.
It was recorded that higher plant height, number of leaves, leaf area, flowers per
plant, and flower weight were observed compared to cow dung extract, cow urine,
and vermicast extract when vermiwash was used as a spray [107]. This indicates a
major increase in the panchgavya spray on yield components @ 3 percent [108].
Vermicompost, when applied with vermiwash at 1:1, improves yield and plant height
of chili [109]. Howlader and Gomasta [110] noted that chili yield is largely governed
by applying cowdung and poultry manure as organic amendments besides chemical
inputs. Kamal and Yousuf [111] measured taller turmeric plants (79.30 cm) with a
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Treatment Mother Primary Fresh rhizome Cured
rhizomes rhizomes yield (t/ha) rhizome yield
plant™ plant™ (t/ha)
Cowdung (15 t/ha) 146 3.87 2117 4.636
Poultry manure (7.0 t/ha) 1.81 4.80 2730 518
Mustard cake (2.0 t/ha) 1.55 4.03 22.80 4.59
Neem cake (2.0 t/ha) 1.75 519 2948 5.59
Control 043 2.27 14.84 2.38

Source: [111].

Table 13.
Yield and quality of turmeric as influenced by different ovganic manures.

Treatment Essential oil content (%) Methyl chavicol (%)
Main crop Ratoon Main crop Ratoon

FYM (10 t ha™*) + 100% recommended N 042 0.32 60.07 50.23
through FYM

FYM (10 t ha'®) + 100% N through 0.45 0.41 63.78 5967
FYM + biofertilizer

FYM (10 t ha™) + 75% N through FYM 0.35 0.23 5757 50.15
FYM (10 t ha™®) + 75% N through 040 0.25 62.92 55.38
FYM + biofertilizer

FYM (10 t ha") + 50% N through FYM 0.35 0.22 56.08 43.28
FYM (10 t ha’l) +50% N through 0.34 0.21 59.67 51.22
FYM + biofertilizer

NPK (160:80:80 kg ha™") 0.46 043 49.52 53.90
FYM 10 t ha™ + NPK (160:80:80 kg ha™") 048 045 52.62 4417

Source: [114].

Table 14.
Effect of different levels FYM, inovganic fertilizer, and biofertilizers on the oil content of sweet basil.

maximum number of leaves (5.40), and leaf area (44.09) produced rhizomes which
had the highest fresh and dry weight (256.21 and 40.35 g, respectively) after neem
cake manuring in the field. Total yield (6.85 t ha™") was notably higher than control or
organic fertilization (Table 13).

8.2 Spices quality characters

Spices are largely used for their aroma and pungency present in them. These
quality parameters are the reflection of the growing environment of the crop. Poultry
manure followed by goat manure was significantly superior with regard to yield,
nutrient uptake, and enhanced piperine and oleoresin content of black pepper [112].
Soeparjono [113] reported that bokashi: charcoal husk: coco pea media composition
having the organic fertilizer concentration (4.5 cc/l) produced ginger with zingerone
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level (1.88%) and oleoresin level (1.57%). In sweet basil, recommended FYM (10
tha™) along with recommended NPK (160:80:80 kg ha™') recorded the highest essen-
tial oil content (0.48 and 0.45%) and essential oil yield (199.7 and 107.58 kg ha™) in
the main crop and ratoon, respectively [114]. The addition of recommended FYM
(10 tha™) and N through FYM together with biofertilizers in the main crop and in
the ratoon resulted in the highest proportion of methyl chavicol (63.78 and 59.67%,
respectively) in sweet basil (Table 14).

9. Organic farming and agricultural sustainability

A growing human population’s desire for food, increased environmental dangers
brought on by agriculture, and rising risks of food chain contamination and related
health issues due to excessive use of agrochemicals are just a few of the factors draw-
ing attention to modern agriculture worldwide. The fertility stability of the majority
of soils is decreased by ongoing, intensive cropping without an equivalent addition of
nutrients. Because of this, arable areas need increasingly more nutrients to produce the
same amount of crop. Sustainable agriculture is a system that can generate plenty of
food without diminishing the earth’s definite assets or contaminating its environment.
Sustainable agriculture maintains long-term ecological efficiency without depleting its
natural resource base or harming the health of its consumers. It includes management
techniques for raising crops and animals. Thus, sustainable agricultural management
includes preserving soil organic matter; choosing ecologically and locally suited crops;
increasing agricultural and biological diversity; preventing land degradation; strength-
ening biogeochemical cycles; and safeguarding environmental health. The objective of
sustainable development of agriculture is “to increase food and enhance food security

Economic
viability

Social
acceptance

Product quality
and quantity

Ecological
safeguard

Natural
resource base

Environmental
safety

Human and
animal wellbeing

Technological
appropriateness

Figure 8.
Organic farming approach meeting the aspects of sustainable agriculture system.
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in an environmentally sound way so as to contribute to sustainable natural resource
management.” Therefore, sustainable agriculture has few key indicators: (a) economic
viability, (b) social acceptance, (c) ecological safeguard, (d) environmental safety, (e)
human and animal well-being, (f) technological appropriateness, (g) natural resource
base, (h) product quality and quantity. Organic farming is a kind of composite culture
system that fulfills all aspects of a sustainable agriculture system (Figure 8).

10. Pathways and opportunities for future organic farming

The mounting environmental, economic, and social impacts of conventional
agriculture call for a transformation of agriculture to more innovative farming
systems. Transitioning to organics from conventional can be economically challeng-
ing and more information intensive. But once after transition, the net return per acre
for organic compared to conventional farms is generally higher because of good yields
and price premiums. Organic agriculture develops coinnovation among farmers,
farm advisors, and scientists [115, 116] and enhances collaboration and commu-
nication between farmers as well as between farmers and consumers. The greatest
way to manage waterways and create buffer zones between agriculture and nature
conservation areas is through organic agricultural systems [8, 117]. Organic farming
has room for growth: From 1% of the cropland today being organic to 10 to 20% by

Benefits Weakness

- Profitability -Yield gap

- Multi-functionality - Low and erratic supply

- Ecosystem safety - Lack of supply chain

- Animal welfare - Dearth of awareness

- Healthy ecosystem - Limiting infrastructures
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- Soil conservation policies

- Environmental protection - Weak processing industry
- Climate change adaptation - Shortage of funding

- Safe and quality production - Competition

- Employment opportunity

Organic Farming:
A Holistic Approach
Opportanities Threats
- Intermational trends reaching - Govermmental programmes that
local markets harm organic (e.g., DDT
-Ii ing a of spraying or subsidies of
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- Media interest competing scheme
- Existence of global supply of - Fraud in organic products i.e.,
organic products (i.e_, conventional products being sold
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Figure 9.

Benefits, limitations, future opportunities, and threats of organic farming as a holistic approach to crop
production.
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2050 [9]. According to research, organic farming can produce an abundance of food

at reasonable prices while also preserving the environment, boosting farm finances,

and improving the health of farmers and farm workers. Consumers are seeking out

organic and alternatively grown foods at grocery stores and farmers’ markets. Active

participation of farmers, along with sound organic regulation and more multi-actor

cooperation, will definitely help in achieving future organic sustainability.
Therefore, the holistic organic farming is summarized in Figure 9.

11. Conclusion

Organic farming is a holistic production management system that promotes
and enhances agroecosystem health, including biodiversity, biological cycles, and
soil biological activity, and consequently, it is an efficient and promising approach
for sustainable agriculture within a circular and green economy. Organic farming
responds positively to all sustainable agriculture and rural development objectives,
helps maintain soil fertility, and improves crop production and socioeconomic
conditions of the farmers. Global agriculture must minimize its negative impacts and
achieve productivity gains if it is to be sustainable, foster rural development, and
support peoples’ livelihoods. Besides the various benefits and strengths, organic food
and farming systems can contribute to solving these challenges.
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Abstract

Despite increasing crop yields, the indiscriminate use of chemical fertilizers in con-
ventional agriculture damages soil health, reduces crop productivity, and negatively
impacts agricultural sustainability. Therefore, restoring soil health and the environ-
ment is imperative. Higher crop productivity can be achieved with natural fertilizers
such as biofertilizers, vermicompost, green manures, farmyard manures, and crop
residues, which are a sustainable approach to nourishing the soil and the environment.
This chapter addresses the importance of healthy soils, how they can be influenced by
agricultural inputs and practices, and strategies for enhancing soil health.

Keywords: soil health, management interventions, fertilizers, organics, sustainable
agriculture

1. Introduction

Ensuring sustainability in agriculture and meeting the increasing demand for
food depend on maintaining water and soil quality, soil organic matter (SOM),
recycling and storing nutrients, efficient use of natural resources, and controlling
soil degradation [1]. In addition to air and water, the soil is also critical to life on
Earth [2]. As a materially and morphologically diverse ecosystem, the soil is criti-
cal for its ecosystem services, including nutrient supply, long-term soil and crop
productivity maintenance, and preservation of environmental quality, requiring
appropriate characterization of its physical, chemical, and biological properties. Soil
health plays a pivotal role in the sustainability of agriculture. Soil health is defined as
‘The continuing potential of a given type of soil to function as a vital living system
within managed or natural ecosystem limits, to sustain animal and plant productiv-
ity, to maintain or improve the quality of the air and water, and to support human
health and habitation’ [3]. The term soil health is not limited to increasing crop
productivity. It also includes other functions, such as maintaining an appropriate bal-
ance between different soil functions, plant and animal health, and environmental
interaction and regulation [4].
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World literature shows that the productivity of soils per hectare is very low and
constantly decreasing due to faulty agricultural practices. Current agricultural
practices rely heavily on inorganic fertilizers and pesticides; over the years, they
have impaired biological activities in the soil and processes such as nutrient trans-
formation, thus affecting nutrient availability in the soil [5, 6]. The introduction of
improved crop varieties with high yield potential, chemical fertilizers, pesticides,
weedicides, and farm equipment such as tractors, drills, harvesters etc. increased crop
productivity. However, their long-term effects on soil health are a serious concern.
Recent research reports indicate that the overuse of fertilizers and pesticides has
seriously affected soil health in many parts of the world, leading to a decline in crop
productivity [7]. This decline in crop productivity has been attributed to imbalanced
nutrient ratios, micronutrient deficiencies, reduced microbial activity, and disturbed
soil physical structure due to the heavy use of agricultural equipment [8].

2. Impact of current agricultural practices on soil health

A wide range of inefficient or faulty agricultural practices can be classified into
physical, chemical, and biological categories (Figure 1) that affect the productive
capacity of the soil, as briefly illustrated below.

2.1 Physical soil degradation

Physical soil degradation occurs when agricultural practices degrade the physi-
cal properties of the soil to such an extent that its critical functions are impaired. For
example, intensive tillage often results in soil compaction and hardening at the plowing
depth when heavy farm machinery is used repeatedly during tillage. Burning crop resi-
dues, repetitive tillage, little or no recycling of agricultural wastes, and other agricultural
practices that reduce SOM content make soils more susceptible to physical degradation.

CAUSE IMPACT
Heavy farm Structural deterioration
machinery Root growth limitation
Physical Repeated tillage Water, nutrient, gaseous
Soil erosion exchange
Inappropriate Water availability
use fertilizers Toxic salts effects
Soil s ici
d . Chemical and pesticides Structural deterioration
gradiation Water quality
a Environmental pollution
and management

Organic matter Carbon cycling
Biological depletion Nutrient transformation

Reduced Vulnerable to physical

biodiversity degradation

Figure 1.
Flowchart depicting the types, causes, and impacts of soil degrading processes on soil functioning.
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2.2 Chemical soil degradation

It refers to the adverse change in the chemical environment of soils and affects
their yield potential. Of the common agricultural practices, inappropriate chemical
fertilizers and pesticides contribute significantly. Evidence shows that heavy fertilizer
use over long periods can lead to increased soil acidification, which negatively impacts
soil productivity [9, 10]. The chemicals used in controlling pests (weeds, insects, etc.)
also harm soil organisms, which are crucial to soil health and productivity.

2.3 Biological soil degradation

A significant part of our biodiversity is found in the soil. Soil organic matter is
the basis of life, and living organisms are critical to maintaining soil productivity.
The range and diversity of microorganisms in soil have decreased due to the decline
in organic matter recycling. Agricultural practices that do not emphasize integrated
nutrient management (INM), involving the best use of crop residues in agriculture,
burning crop residues (CR), etc., deplete SOM, which in turn leads to a loss of soil
biology and thus contributes to soil degradation. Monocropping, i.e., continuous
cultivation of the same crop without crop rotation, also reduces soil biodiversity.

Therefore, researchers worldwide have implemented several research options that
could improve soil health in one or more ways. The proven agricultural practices to
improve soil health are described in the following sections.

3. Strategies to enhance soil health and sustain agricultural food
production

3.1Increase inputs of organic matter

Soil organic matter has several useful functions: It improves soil structure, is
a nutrient storehouse, increases the water holding capacity (WHC) and cation
exchange capacity (CEC) of the soil, chelates micronutrients and dissolves phos-
phates, etc. Therefore, its availability in the soil is paramount in improving soil health
and crop productivity. However, soils in tropical and subtropical climates are natu-
rally deficient in organic carbon; therefore, management practices to increase soil
organic carbon (SOC) are strongly emphasized. These practices include the addition
of CR, reduced tillage, compost and vermicompost (VC), biochar, and green manures
(GM). Apart from increasing SOM, these practices add significant amounts of plant-
available nutrients and reduce nutrient requirements from fertilizers [11].

3.2 Tillage practices

A brief comparison of conservation (CA) and conventional tillage and their
effects on soil is shown in Table 1. The summary of studies showing the effects of CA
or tillage with or without CR is given in Tables 2 and 3. Baker et al. [27] defined CA
as an umbrella term that generally refers to minimum tillage (MT), direct drilling,
no-tillage (NT), and/or ridge-tillage aimed at conserving some resources.

The core idea of classifying agricultural practice for CA is that at least 30% CR
should be left on the soil surface, with subsequent conservation of time, power,
fuel, soil, and soil properties. Thus leaving CR on the soil alone does not adequately
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Parameter Conventional tillage Conservation tillage

Soil physical health Very poor Comparatively good

Soil biological health Lowest due to frequent disturbance More diverse and
healthy

Soil fertility Low, heavily rely on inorganic fertilizers Medium, organics

supplement mineral
fertilizers

Soil disturbance Very high Minimal

Soil erosion Maximum Comparatively reduced

Soil Aggregates Breakdown Protection and
enhancement

Soil surface Bare Well protected with
crop residues

Soil organic matter losses Build-up

Water infiltration Lowest after clogging of soil pores Best

Overall soil health Poor Good

Table 1.

A comparison of the impact of conventional vs. conservation tillage practices on soil.

describe all CA practices. The overall goals of CA include improving and sustaining
agricultural production and conserving the environment, soil, and human health.
FAO states that CA practices should be resource efficient and include three essential
ideas: Crop rotation, minimal soil disturbance, and maintaining soil cover through

residues. Controlled traffic was recently added to this list by FAO.

Agricultural practices and modern tillage cause SOM to decrease over time due
to increased oxidation, leading to soil degradation, loss of biological fertility, and
long-term soil resilience [28]. Mineralization of SOM can improve yields in the short
term by releasing nitrogen (N), but there is always some leaching of nutrients into the
subsoil. This is particularly important in soils under tropical climates, where SOM is
rapidly degraded so that SOC levels are low after only one or two decades of intense

soil tillage.

In contrast, cropping under zero-tillage (ZT) has resulted in a build-up of SOC
in the surface layers [29] since permanent soil cover is maintained with crop residue.
By using NT, it is possible to minimize SOM losses and build soil C and N stocks
[30]. Though tillage is sometimes effective in reducing compaction, it is also one of
the significant causes of compaction, especially tillage breaks the soil aggregates,
disturbs the surface soil, and accentuates soil runoff and erosion. Repeated passes
with a tractor are used for seedbed preparation or to maintain a fallow pasture.
Tillage exposes the soil to the air, increasing evaporative loss of soil moisture and
thus affecting soil biotic activity, which is essential for healthy soil. The biological
properties of the soil are altered by this form of disturbance, which has numerous
negative implications on soil productivity. For instance, some microorganisms can
be severely damaged, negatively impacting soil biodiversity. Repeated plowing can
disrupt the extraradical hyphal network of fungi, resulting in poor nutrient supply
to plants. To address the problems described above, farmers in agricultural systems

that rely on tillage for good crop yields need to increase organic matter input through
compost, VC, or GM.
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Reference Location Soil type Treatments studied Results reported
[12] Delhi, Sandy loam Zero tillage (ZT), Adoption of PB/ZT resulted in
India Permanent beds ~22.5% higher SQI than CT. ZT
(PB), Conventional had 22, 18, 25, 28, 29, and 15%
tillage (CT) higher water-stable aggregates
(WSA), hydraulic conductivity
(HC), dehydrogenase enzyme
(DHA), B-glucosidase activity,
available phosphorus (Av. P), and
potassium (Av. K), respectively,
over CT.
[13] Pakistan Sandy clay Minimum tillage With MT, nitrate is less likely to
loam (MT), CT, Deep leach into the soil, and bulk density
tillage (DT) (BD) was about 10% lower than
with DT.

[14] Germany Silt loam CT and Reduced RT had greater air capacity,
tillage (RT) HC, macro porosity, and pore

connectivity but lower BD.

[15] China Clay loam CT,and NT Microbial biomass was 21% higher
after NT treatment than after CT
treatment. Additionally, a higher
fungus to bacterial ratio was seen
after NT treatment compared to CT
treatment.

[16] Ohio, Loam CTand NT The NT practice had 68, 18, 60, and

USA 53% higher mineralizable carbon,
basal soil respiration, total carbon
(TC), and total nitrogen (TN) than
the CT practices.

[17] Romania Clay loam NT, chisel tillage, NT systems were found to have
and CT higher TC, non-labile fraction,

very labile fraction than CT
treatments.

[18] Denmark Sandy loam Residue retention In plowed land, the residue
+ tillage (NT and retention had a significant effect
plowing) soil C while there was no discernible

effect in NT soils.

[19] South Alluvial CT, NT with crop NT treatment had 23% higher SOC,

Africa origin, rotation and residue over CT. NT increased PR, MWD
(Haplic removal, retention, and BD of soil compared to CT.
Cambisol) and biochar.
[20] Northern Vertisol Permanent bed SOM and aggregate stability
Ethiopia (PB), conventional followed order: PB > TERW>TRAD,
tillage (TRAD), and while reverse was true for runoff
terwah (a traditional and soil loss amounts.
water conservation
technique (TERW))

[21] USA Silt loam NT, disk (DP), chisel At 0-15 cm depth, MP exhibited
(CP), moldboard comparable BD to NT, NTW, and
plow (MP), and NT CP; however, the geometric mean
with winter wheat diameter (GMD) of aggregates was
cover crop (NTW) much greater under NT and NTW.

Table 2.

Summary of studies revealing the effect of tillage practices on soil health.
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Reference Location Soil Treatments studied Results reported
type
[22] Punjab Sandy Rice straw incorporation Incorporating rice straw (7.5 and
India clay at varying doses @ 0, 5, 10 t ha™") increased soil properties
loam 75,and 10 t ha™! such as aggregation, porosity, water
retention, and nutrient availability.
[23] USA Silt NT and chisel tillage When all crop residue was left in the
loam practices with no, field, the SOC stock under chisel tillage
partial, and complete was 13% lower than in NT plots.
residue removal In comparison to tilled plots, NT plots
showed 5% and 39% greater BD and
PR, respectively, while residue removal
considerably enhanced PR under NT.
[24] Punjab Sandy CT, NT withand NTR and DT had approximately 30 and
India loam without residue (R), 37% lower HC, respectively, and 7 and
and Deep tillage (DT) 22% lower PR than CT.
[25] China Silty CT with crop residues NT treatment had higher SOC while
clay incorporation (CRI), humic compounds were higher under
rotary tillage with RT and CT treatments.
(RT + CRI), NT with
CR retention; rotary
tillage with CR removed
(RTO)
[26] Central Sandy CT, NT with 0, 33, 66, Over CT, NT with crop residue increased
Mexico loam 100% residue cover and aggregate stability by around 22%,
planting of vetch (Vicia TOC by 48%, Av. P by 80%, and Av. K
sp.) and ayocote bean by 11%.
(Phaseolus vulgaris L.) in
different combinations
Table 3.

Summary of studies revealing the effect of tillage practices with crop residue (incorporation, retention, removal)

on soil health.

3.3 Organic source of nutrients

The mechanism of how long-term organic management improves soil health and
agricultural production is illustrated in Figure 2. The studies that demonstrate the
effect of organics (cover crops, crop rotations, manures, green manures, and vermicom-
post) on soil health are listed in Table 4. Cover crops (CC) (legumes or non-legumes)
are used in cropping systems as a nutrient management tool [43] that protects the soil
from raindrops and soil erosion and alters the temperature regime, thus improving
soils [44]. The type of CC to be included in the cropping system is goal-oriented. For
example, the legume CC is a source of nutrients, especially N, for the following crop
[45], while grasses are mainly used to reduce soil erosion and NO3-N leaching [46].
Initially, CC has a protective effect on the soil, and later, when they decompose, they
add significant amounts of SOM, which improves soil aggregate stability and micro-
bial activity. Incorporating legumes CC has several advantages, namely the supply of
essential nutrients when they decompose, biological N fixation, reducing the need for
N fertilizer [47], and the extensive root system of legumes, which explores nutrients in
the subsoil [48]. However, soil nutrient enrichment with legumes varies depending on
the type of CC, the amount of dry matter produced, the ability to assimilate nutrients,
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Figure 2.

Flowchart depicting the impact of long-term agricultural use of organics on soil health and crop production.

and the root system. Therefore, including CC between the rows of the main crops can
lead to improved soil health [49].

An adequate and balanced supply of plant nutrients is essential for improving
soil health. Improving the availability of less available nutrients in the soil is becom-
ing increasingly important. In this regard, crop rotation involving the cultivation of
different crops with different rooting habits, nutrient requirements, and leaf litter
deposition can be efficient, which helps to regulate soil nutrient supply [50]. For
example, the water requirements of rice and sugarcane are very high, which lowers
the water table. If a crop with lower water demand (millet) is grown instead, this
could help conserve water and nutrients in the soil. A meta-analysis conducted by
Venter et al. [51] found that crop rotation increased the diversity and richness of
microbial communities. Similarly, microbial diversity due to crop rotation resulted
in beneficial changes in soil physicochemical properties [52], improved water use
efficiency, and controlled temperature fluctuations [53]. Thus, crop rotation can
manage soil and soil fertility, improve soil workability, increase nutrient and water
availability, reduce soil losses due to erosion and crusting, and recycle nutrients in the
soil, ultimately improving soil health [54]. However, increasing crop diversity in crop
rotation is an effective strategy for long-term resilience [55].

SOC can be maintained or restored by the application of organic manure. In addition,
manure increases total N content, which is essential for plant growth. Manure provides
better soil structure by increasing SOC and keeping soil pH in an optimum range for
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Reference Location Soil type Treatments studied Results reported
[31] Indo- Typic Farmyard manure Continuous rice-wheat
Gangetic Ustocrept (FYM), RDF and their cultivation with RDF raised soil
plains combination (IPNS), BD, while incorporating fodder
(India) Inclusion of forage berseem or cowpea every third
cowpea or forage year helped reduce it.
berseem
[32] Meghalaya Control, RDN through In comparison to control, organics
(India) FYM, RDN through (FYM, PM, vermicompost)
poultry manure enhanced TOC and microbial
(PM), RDN through biomass carbon by 57 and 62%,
vermicompost (VC) respectively. There was an increase
as well as their varying in available N, P, and K inorganic
doses treatments over control.

[33] Central Coarse- cover crops + and N The addition of L. multiflorum

Chile textured fertilization improved soil organic pools and
soil microbial activity.

[34] Italy loam soil Two species of legume Cover cropping with legumes
cover crop and non- increased the SOC content of soil.
legume cover crop

[35] western Silty clay Continuous corn The 3-year CSW rotation and CCC

Illinois loam (CCCQ), corn- had higher total N and WSA than
soybean (CS) the CS or SSS rotations.
rotation for 2 years, In comparison to SSS, Av. K levels
corn-soybean—wheat were higher in CCC and CSW.
rotation for 3 years, In terms of storing nitrogen and
and continuous preserving soil aggregates, the two
soybean (SSS). crop rotations, CCC and CS, were

comparable.
[36] New York Silt loam Crop rotation with Soybean-wheat/clover-corn
soil Soybean, corn, wheat, rotation showed the increased
and clover. infiltration rates and highest
earthworm populations.

[37] Akola Vertisol RDF, FYM, Wheat Adopting minimum tillage with

(India) Straw, Gliricidia green 50% N through gliricidia GLM and
leaf manuring and compensation of RDF through
their combinations. chemical fertilizers helps improve

soil quality with higher yield and
maximum net returns.

[38] North China Silty control, fertilizers, and Continuous FYM application for

plain loam FYM 15 years significantly increased

soil N and organic matter
contents, and enzyme activities.

[39] Brazil Fluvisol Effect of four legume Crotalaria plots had the highest

species Cajanus,
Crotalaria, Canavalia,
and Mucuna used as
green manure

soil Pand K concentrations, while
Mucuna plots had the highest soil
Ca content. When compared to
other green manure species, the plot
containing Mucuna had a higher
level of soil microbial biomass.
Mucuna was more effective in
enhancing the biological properties
of the soil, but Crotalaria appeared
to be more effective at enhancing
the chemical characteristics.
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Reference Location Soil type Treatments studied Results reported
[40] Himalayan Loam Repeated application Organic amendments, either
region of of wheat straw residue alone or in combination with
Kashmir, and poultry manure UN, significantly enhanced soil
Pakistan alone or in combination physical properties by lowering
with urea BD and PR, while increased

aggregate stability and HC.

[41] Turkey i. sandy Vermicompost Vermicomposting considerably
loam, application enhanced organic matter content
ii. loam and wet aggregate stability in all
and three textural soils.
iii. clay
[42] Bangladesh Silt clay Control, cowdung, Different organic materials that
loam green manure, are applied over a long period of
compost, and rice time enhance soil SOC, total N, P,
straw and three levels and S, and lowered pH. Increased
of N. in SOC maximum under green
manure.
Table 4.

Summary of studies revealing the effect of organics on soil health.

crop growth [56]. Organic manure differs significantly in its influence on soil properties.
The nature and composition of manure primarily affect its residence time in the soil and
thus influence soil properties. Therefore, it is always advantageous to use a variety of
organic sources. For example, well-decomposed compost may not improve soil aggrega-
tion but can rapidly increase the soil’s biological activity and nutrient content, persisting
for a short period, while dairy cow manure may stimulate soil aggregation [57].

Vermicompost (VC) is a nutrient-rich organic amendment produced by earth-
worms [58]. A VC consists of earthworm casts, humic substances, seeds or cocoons,
and partially decomposed bedding materials. VC is usually added to soil as a source of
essential plant nutrients and to reduce fertilizer dose, but simultaneously, it improves
soil microbial composition, diversity, and thus nutrient transformation, structural
stability [59], and soil health. Adding VC to soil alone or with chemical fertilizers can
improve soil structural stability and WHC [60]. In VC-rich soils, earthworm popula-
tions proliferate, resulting in porous soil with good aeration, water absorption, and
drainage. The application of VC enhances soil microbial diversity. Numerous N-fixing
bacteria have been reported to reside in earthworm burrows [61].

Green manuring is the addition of undecomposed green plants to improve soil
nutrient content and supply to subsequent crops. It can also be considered a system
for incorporating green plants into the soil at a green stage before flowering in the
same or another field. GM technology improves nutrient supply and soil fertility,
structure, and WHC, curbs soil erosion, and increases soil microbial populations.
This practice is environmentally friendly and poses no threat to soil, water, and
air [62]. Like chemical fertilizers, they do not negatively affect soil properties and
food production. GM plants with high nutrient concentrations and low C/N ratio
are more valuable as organic fertilizers in crop production [63]. Using GM crops in
conjunction with proper residue management and crop rotation can help maintain
soil health, promote soil fertility, support nutrient cycling in deeper soil profiles
[64], limit weed growth, and eliminate the need for external fertilizers [65, 66]. GM
Plants are often referred to as soil-building plants because they are grown primarily
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for the benefit of the soil. In addition to improving the soil’s physical, chemical, and
biological properties, GM plants enrich the soil with organic matter and nutrients
[67-70]. They also facilitate soil and nutrient conservation, promote biological
activity, reduce soil compaction, increase soil porosity and water permeability,

and ultimately improve soil health [71-73] and crop productivity [74, 75]. GM
Intercropping plants pull nutrients and prevent leaching from the soil. Nutrients
contained in GM plants become plant-available upon decomposition and can feed
the following crop. This cycle of nutrient recycling contributes to a healthier soil
environment. GM Plants also increase phosphorus utilization by crops [76, 77],
reducing nitrate leaching and the need for nitrogen fertilizer for subsequent crops
[78]. By growing GM crops between main crops, soils are protected from erosion,
degraded soils become productive again, and chemical fertilizers can be replaced to
some extent [79, 80].

3.4 Biochar

The studies showing the effect of biochar on soil health are listed in Table 5.
Biochar is the carbon-rich byproduct of biomass pyrolysis formulated under oxygen-
limited conditions, intentionally applied to soils, and optimized for agronomic
and environmental benefits [89]. Biochar has many of the same characteristics as
charcoal, such as the presence of stable recalcitrant organic carbon [90], but differs
from similar materials in its intended use as a soil amendment [91] and as a long-term
carbon storage material [92]. It is possible to produce biochar from various materials,
including agricultural crop residues, municipal waste, forestry waste, and animal
manure [93]. There are several fundamental properties of biochar, including pH,

Reference Location Soil Char type Results reported
type
[81] China Clay Maize straw Increase in SOC by 28%, TN,
loam Available P, and K
[82] Korea clay Rice hull-derived Increase in WSA
biochar Reduced ESP
[83] Pakistan Aridisol Corn cob Increased C seq
Enhanced microbial C
[84] USA Entisol Switchgrass Increased soil moisture by 38%
Reduced BD by 15%
[85] Punjab Sandy Rice straw- Higher SOC, available P, and K
India loam derived biochar Increased Nutrient use efficiency
[86] Australia Sandy Acacia green About 23% increment in SOC was
loam waste observed for biochar.
[87] A meta-analysis Kenya In general, adding biochar to

soils alone or in combination
with fertilizer increases the soil’s
availability of P.

[88] Kenya Variables texture sites Biochar addition slightly
increased pH, Av. porosity, and N
mineralization from native SOM

Table 5.
Summary of studies revealing the effect of biochar type on soil health.
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specific surface area, CEC, and porosity, which are affected by the feedstock and
the production process [94]. These properties affect how biochar interacts with soil
constituents, especially physically, chemically, and biologically, and its fate within
an ecosystem [95]. As a soil amendment, biochar can maintain crop productivity by
improving the soil’s physical environment, nutrient availability [96], and nutrient
supply to plants, reducing leaching losses and the need for fertilizer [97, 98].

Biochar also stimulates microbial activity, diversity, and nutrient transformation
[99]. Biochar can improve soil WHC and reduce greenhouse gas emissions [100]. In
addition, biochar can control the contaminants in soil: toxicity, mobility, and bio-
availability [101]. It is well known that biochar has tremendous potential to mitigate
global climate change by sequestering carbon in the soil. For example, biochar appli-
cation has increased SOC by 4.9-6.3 g kg'1 [102], 4.3 kg'1 [103], and 0.52% [104].
However, after pyrolysis of organic plant material, the long-term potential of biochar
to sequester C depends on the composition of stable and resistant forms of organic C.

3.5 Inorganic fertilizers

Although inorganic or chemical fertilizers can improve crop growth and yield
relatively quickly, chemical fertilizers are associated with certain disadvantages.
Studies on long-term fertilization show that much of the increase in crop production
yields in recent decades can be attributed to mineral fertilizers [105]. Higher pro-
ductivity also results in more plant residues returning to the soil after harvest, which
boosts SOM in the long run. According to Kdrschens et al. [106], NPK fertilization
increased SOC by 10% compared to the control. One notable exception is when the
pH of a crop is subsided by ammonium or urea fertilizer applications. In such cases,
yield is significantly reduced and may fall below that of an unfertilized crop [107].
The acidic condition of the soil may decrease the soil aggregates, making the soil
susceptible to erosion.

It has been found that soil biotic activity is significantly affected by soil pH
[107]. Since chemical fertilizers are highly soluble, their continued use leads to
groundwater contamination. These chemicals subsequently combine with clay to
form hard pans in the soil that impede the growth of plant roots in the soil [108].
Chemical fertilizers also destroy soil structure, leaving highly compacted soils
with a restricted pore network and air circulation [99]. The life of beneficial soil
microorganisms, such as bacteria that fix N, is threatened by the repeated use of
inorganic fertilizers [109, 110]. Mineral fertilizers differ in their ability to alter
specific microbial communities over time. In general, fungi have demonstrated the
benefits of mineral fertilization even when soil pH had little effect on their growth
[23, 111-113].

Nevertheless, Kirchmann et al. [109] found lower fungal biomass in fertilized soils
in two long-term field studies in Sweden. They attributed this to N-rich residues with
areduced C/N ratio, which may have favored bacterial activity over that of fungi.
According to Melkamu and Alemayehu [10], applying N or sulfate fertilizers led to a
decrease in microbial C, accompanied by a decrease in soil pH.

3.6 Need-based input application

To prevent the inefficient use of external inputs, the golden rule is to use them
as needed and control their waste, such as tillage, water, fertilizers, etc. Fertilizers
are crucial in crop production, as nutrients determine more than 50% efficiency.
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Nitrogenous fertilizers need special treatment. In addition, research on the site-
specific application of N and P, the timing of the application, and placement
is essential for determining the exact amount of nutrients and calibrating the
amount of fertilizer needed to increase the efficiency of their use. For example, in
soils with a high P-fixing capacity, application of P near the root zone is generally
recommended, especially for water-soluble P fertilizers (SSP), while citric acid-
soluble P fertilizers (dicalcium phosphate) can be applied as such. Split application
is recommended in the case of N and K since a significant amount of these nutri-
ents is lost through leaching. Depending on soil conditions, rainfall intensity and
duration, and crop requirements, two to three splits are recommended for most
crops. This synchronizes nutrient supply with crop needs at critical growth stages.
In addition, using coated technologies such as sulfur-coated urea, neem-coated
urea, urea granules, nitrification inhibitors, and urease inhibitors is also very prom-
ising to reduce N losses from the agroecosystem. The coated materials provide a
controlled release of N in the soil, increasing its availability and accessibility to plant
roots. Nitrification inhibitors can reduce nitrate leaching and denitrification, espe-
cially in flooded soils.

3.7 Role of Nano fertilizers

The waste of nutrients in conventional fertilizers is alarming, leading to calls for
environmentally friendly fertilizers with high use efficiency. In this context, nano-
technology has emerged as a potential substitute for conventional fertilizers. As
nano-fertilizers, they contribute to nutritional management by improving nutrient
use efficiency. In response to various environmental factors, such as heat, moisture,
and other unfavorable circumstances, the nano-fertilizer distributes nutrients in
a controlled manner. Using nanoscale fertilizers, it may be possible to control the
release of nutrients and properly deliver the right amount of nutrients to plants.

3.8 Precision farming and agricultural sustainability

Precision farming, also known as site-specific agriculture, aims to identify how
external and controllable factors such as fertilizer, seeding rate, herbicide, pesticide
use, and available water affect crop response to personalize soil and crop management
practices to the unique circumstances of each field. The basic idea is to provide nutri-
ents precisely for a particular site. Because there is high soil variability, the concept of
precision agriculture measures these variations in soil properties to make the proper
adjustments in fertilizer inputs, rates, application method and timing, seed rates, and
pesticide doses in near “real-time.”

4, Conclusions

Since the advent of agriculture, people have used various chemicals to enrich the
soil to increase crop yields. This overuse of chemicals damages the environment and
the health of the soil. Although fertilizers and pesticides are used to meet the world’s
food needs, they are now a cause for concern; as a result, we have lost a large area of
fertile land worldwide. In this context, maintaining soil fertility and restoring the
health of stressed or degraded soils are paramount. The use of cost-effective natural
practices such as FYM, vermicompost, green manures, biofertilizers, and integrated

138



Perspective Chapter: Conservation and Enhancement of Soil Health for Sustainable Agriculture
DOI: http://dx.doi.org/10.5992/intechopen.1000869

nutrient management, as well as conservation farming practices such as reduced
tillage and no-till, have proven to be the best methods to improve and sustain agri-
cultural production, soil health, and the environment. Recent advances in the use of
nutrients, i.e. nano fertilizers, need-based nutrient management, and the concept
of precision agriculture, can also be explored to improve soil health and agricultural
sustainability.
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Chapter 8

Effect of Passive and Forced
Aeration on Composting of Market

Solid Waste
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Abstract

The book chapter discusses the influence of aeration on the decomposition of solid
wastes available on the market. The vegetable waste, paper waste, and sawdust as a
filler were mixed intensively in a ratio of 75:10:15. The temperature of composting
mass inside the reactors was recorded intermittently daily. The weights of total sample
and volatile solids were measured for both passive and forced aeration compost-
ing tests before and after composting the mixed waste. The temperature rose to a
maximum of 52°C with passive aeration and 54°C with forced aeration. The percent
decrease in the total sample was higher with forced aeration than with passive aera-
tion. The volatile solids reduced over time at the end of these tests. The degree of
volatile solids degradation of the mixed waste over time by the forced aeration was
determined for a series of the composting processes. The amount of volatile solids
and total sample were determined at 2- to 4-day intervals. The percent reduction in
volatile solids and total sample was found to be 4 to 55% and 3 to 68%, respectively.
The percent reduction in volatile solids increased with time. The chapter helps to
understand the recycling possibility of the mixed waste in the form of compost.

Keywords: composting, forced aeration, organic fertilizer, passive aeration, recycling,
volatile solids degradation

1. Introduction

The idea of integrated solid waste management has been developed due to the
increase in municipal waste, the decrease in landfill capacity, the increase in waste
management costs, communal disagreement to waste management conveniences,
and anxieties about the threats related to the solid waste management [1]. The huge
amount of organic solid wastes, both putrescible and non-putrescible, is one of the
major socio-environmental problems in many developing countries. A number of
health and environmental problems may arise due to the solid waste mismanagement.
The common problems associated with the improper disposal of solid waste include
esthetic nuisance, odor nuisance, water and air pollution, fire hazards, financial
losses, disease transmission, etc. [2]. Solid waste management is now becoming
an immense task owing to urbanization, explosion of population, fund deficiency,
poverty, etc. Landfilling, gasification, incineration, pyrolysis, etc., are some of the
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waste disposal methods that are effective and, however, have adverse influences on
the public health and environment as well. When managed properly, composting is a
workable way with numerous benefits, namely the bio-fertilizer production, compar-
atively low water and air pollution, income generation, low operating costs, etc. [3].
Ecological imbalance and environmental degradation happen constantly because of
the improper solid waste planning and management. Composting is an environmen-
tally friendly and sustainable technique to manage the putrescible content of organic
solid waste [4].

Composting is a biological conversion of the putrescible organic content of
municipal solid wastes to decrease the material weight and volume and produce a
humus-like material. Both aerobic and anaerobic practices have taken places in the
waste management [5]. Putrescible parts of the organic materials are biodegraded to
a stable end product, which can be used as an organic fertilizer [6]. The end product
residual after the microbial action in the composting process of organic waste is
known as humus or compost [7]. The most common practice in treating the solid
waste is aerobic composting due to its easiness and operative treatment and requires
the air diffusion through the waste [8]. Huge bacterial action quickens the breakdown
of the organic content in the thermophilic phase [9, 10]. A minimum oxygen level is
constantly continued to confirm high organic quality [11]. Moisture, pH, tempera-
ture, carbon to nitrogen ratio (C: N), etc., are the major factors, which have an effect
on the composting process and contribute to the effectiveness of this process [12].
High organic materials and macronutrients in the waste have a high potential in the
organic fertilizer production [13]. Organic fertilizers improve soil fertility, reduce soil
salinity, require less irrigation water, resist pests and insects, accelerate rapid plant
growth, and reduce dependency on expensive chemical fertilizers [14]. The applica-
tion of compost in agricultural soils significantly increases the water holding capacity
and thereby reduces the irrigation water demand of the land as described in several
literatures [15-17]. Compost is often stigmatized when it is made from organic waste.
Using compost is a great way to add nutrients to the soil and restore a healthy ecosys-
tem [18]. In developing countries, the high organic part in the municipal solid waste
is perfect for the composting process. Composting is well-suited with other forms of
recycling [19].

Composting, one of the simplest methods of organic waste stabilization, is
the most efficient method of treating organic waste and making a good organic
fertilizer. The market solid waste contains numerous nutrients, namely potassium,
phosphorus, nitrogen, etc., that contribute to the growth of various plants. In
view of this, the study was investigated with the market solid waste for determin-
ing the variation of temperature in passive and forced aeration composting tests,
for determining the degree of the volatile solids degradation of the mixed waste,
and for investigating the recycling possibility of the mixed waste in the form of
compost [20].

2. Materials and methods

The study was conducted to determine the influence of aeration, both passive
and forced, on the composting of market solid waste. The details of waste materials,
reactor and aerator type, measurement of temperature, determination of moisture
content and volatile solids, determination of variation of temperature, and determi-
nation of rate of volatile solids degradation are described in this section.
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2.1 Waste materials

The vegetable waste, paper waste, and sawdust were selected as the mixed waste and
collected at Khulna’s local market. The vegetable waste and paper waste were then cut into
small pieces less than 10 mm in size. The vegetable waste, paper waste, and sawdust as a
filler were intensively mixed in a ratio of 75:10:15. The different types of waste materials,
namely vegetable waste, paper waste, sawdust, and mixed waste, are shown in Figure 1.

2.2 Reactor and aerator type

Twenty thermo-fluxes, each with a capacity of one liter, were used as reactors
for the composting processes. The height and diameter of the reactors were 270 and
100 mm, respectively. The reactors are heat insulated to retain the self-heat inside the
reactor and to ensure the increase in temperature up to the thermophilic range of 50
to 60°C [21]. The wet mixed waste of 400 to 450 g is put in the reactor. Small pieces of
polyurethane sheeting were placed over the mixed waste to protect the whole system
from the leakage of self-generated heat of the mixed waste during composting and to
keep the system thermodynamically open [22]. Five aerators (Super Pump SP-780)
with an air flow of 500 ml/min were used for the purpose of aeration. The types of
reactors and aerators used for the composting processes of the mixed waste are shown
in Figure 2. Air tubes of 5 mm in diameter and 1000 mm in length were connected
with the aerator to the reactors. Four air tubes were used to connect each aerator to
four reactors.

Figure 1.
Different types of waste materials (a) vegetable waste, (b) paper waste, (c) sawdust, (d) mixed waste.
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Figure 2.
Types of reactors and aerators used for composting process of mixed waste: (a) reactor, (b) aerator.

2.3 Measurement of temperature

Two types of thermometers were used to record the temperature in the room
and the temperature generated in the mixed waste within the reactors during the
composting processes. The different types of thermometers used for recording the
temperature during composting processes are shown in Figure 3. Thermometers
were inserted up to midway into the reactors and temperature readings were recorded
several times a day.

2.4 Determination of moisture content and volatile solids

Using a precise digital balance, the weight of the pan (w;) was measured. A small
amount of the mixed waste was placed in the pan. The weight of the pan plus wet
sample (w,) was measured. The pan with wet sample was then placed in an oven for
24 hours at 105 + 5°C. The weight of the pan plus dry sample (w3) was measured. A
desiccator was used for controlling the moisture of the mixed waste. The measure-
ment of weight of the mixed waste for determining the moisture content and volatile
solids is shown in Figure 4. The quantity of moisture content was determined using

Eq. (1).

Figure 3.
Different types of thermometers used for vecording temperature during composting process.
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Figure 4.
Measurement of weight of mixed waste for determining moisture content and volatile solids.

Moisture Content (%) =(w, —w, )/(w, —w,) )

The pan with oven-dried sample was placed in a muffle furnace for 5 hours at
550 + 15°C. The weight of the pan plus fixed sample (w4) was measured. The quantity
of volatile solids was determined using Eq. (2).

Volatile Solids (%) =(w; —w, )/ (w; —w,) ()

2.5 Determination of variation of temperature

Three runs of composting tests were conducted according to the previous
study [22]. The first and second runs were conducted with 6 reactors (3 reactors for
passive aeration and 3 reactors for forced aeration) to determine the temperature
variation in the composting processes. The details of the first and second runs for
the determination of variation of temperature during the composting processes are
discussed below.

2.5.1 Variation of temperature in composting process with passive aeration

The first run was conducted with three reactors for the replication of the com-
posting process with passive aeration. After cutting into small pieces, the vegetable
waste (75% of wet weight) and paper waste (10% of wet weight) were intensively
mixed with 15% sawdust. The mixed waste of approximately 450 g was placed in
three reactors. These reactors were filled with the mixed waste and shaken gently.
The reactor openings were sealed with small pieces of polyurethane sheeting. The
thermometers were inserted midway into the reactors to record the temperature
generated inside the reactors. The test arrangement with temperature measure-
ment for passive aeration composting process is shown in Figure 5. The moisture
content, volatile solids, and total sample of the mixed waste were calculated before
and after the composting process. The temperature readings were recorded inter-
mittently daily for 30 days.
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Figures.
Test arrangement with temperature measurement for passive aeration composting process.

2.5.2 Variation of temperature in composting with forced aeration

The second run was conducted with three reactors for the replication of the com-
posting process with forced aeration. After cutting into small pieces, the vegetable
waste (75% of wet weight) and paper waste (10% of wet weight) were intensively
mixed with 15% sawdust. Air tubes of 5 mm in diameter and 1000 mm in length
were inserted midway into each reactor from the air pump before filling the reactors
with the mixed waste. These reactors were filled with the mixed waste and shaken
gently. The reactor openings were sealed with small pieces of polyurethane sheeting.
The thermometers were inserted midway into the reactors to record the temperature
generated inside the reactors. The test arrangement with temperature measurement
for forced aeration composting process is shown in Figure 6. Air was passed through
the mixed waste inside the reactor at the rate of 500 ml/min for 8 hours a day during
the day. The moisture content, volatile solids, and total sample of the mixed waste
were calculated before and after the composting process. The temperature readings
were recorded intermittently daily for 30 days.

Figure 6.
Test arrangement with temperature measuvement for forced aevation composting process.
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2.6 Determination of rate of volatile solids degradation

The third run was conducted with 20 reactors for composting the mixed waste
with forced aeration following the process as described in Section 2.5.2. The test
arrangement for determining the rate of volatile solids degradation is shown in
Figure 7. The temperature readings were recorded intermittently daily for 50 days.
The dry solids, volatile solids, moisture content, and total sample of the mixed waste
were calculated at 2- to 4-day intervals.

3. Results and discussion

The study was conducted for determining the variation of temperature over time
during the composting process of market solid waste with passive and forced aeration
conditions and for determining the rate of volatile solids degradation over time for a
series of composting processes with forced aeration conditions. The results obtained
from this study are discussed below.

3.1 Passive aeration composting

The variation of temperature during composting process with passive aeration is
shown in Figure 8. The temperature of composting mass inside reactor-1 increased
from 26 to 42°C within the first 7 days. The maximum temperature was 52°C. The
temperature slowly dropped to 32°C after 30 days of composting process. The tem-
perature of composting mass inside reactor-2 increased from 26 to 44°C within the
first 7 days. The maximum temperature was 49°C. The temperature dropped to 28°C
after 30 days of composting process, distant from the ambient temperature of 17°C.
A similar pattern was also observed for the composting mass inside reactor-3. The
temperature of composting mass increased from 26 to 40°C within the first 7 days.
The maximum temperature was 51°C. The temperature dropped to 30°C after 30 days
of composting process. Initially, the temperature of composting mass inside the reac-
tors rose rapidly for a few days and then fell slowly in all the reactors. The degradation
of the putrescible part of the mixed waste starts within a short period of the passive
aeration composting process, which leads to rise in temperature of composting mass

Figure7.
Test arrangement for determining rate of volatile solids degradation.
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Figure 8.
Variation of temperature during composting with passive aeration.

inside reactors for a few days. After that the amount of the putrescible part of the
mixed waste is reduced significantly, resulting a slight drop in temperature over time.
Since no air was blown into the reactors and small pieces of polyurethane sheeting
served as insulating materials, there was a slow cooling effect in the composting
mass, consequently a significant difference from the ambient temperature of 17°C
within 30-day period. The temperature follows a similar pattern for all the reactors as
indicated in Figure 8 confirming the replicability of the experiment as described in
the literature [23].

The initial weights of the mixed waste in reactor-1, reactor-2, and reactor-3 were
450, 455, and 435 g, respectively, and the final weights after 30 days of composting
process with passive aeration were 370, 380, and 355 g, respectively. The moisture
content of the mixed waste was initially 69.4% and increased to 77.9%. The volatile
solids of the mixed waste were initially 94.4% and reduced to 90.3%. The percent
reductions in dry solids, volatile solids, moisture, and total sample in reactor-1 were
found to be 40.60, 43.15, 7.72, and 17.78%, respectively. The percent reductions in dry
solids, volatile solids, moisture, and total sample in reactor-2 were found to be 35.06,
3752, 8.30, and 16.48%, respectively. The percent reductions in dry solids, volatile
solids, moisture, and total sample in reactor-3 were found to be 37.87, 40.57, 9.80, and
18.39%, respectively. The average percent reductions in dry solids, volatile solids,
moisture, and total sample in these three reactors after 30 days of composting process
with passive aeration were found to be 37.84, 40.41, 8.61, and 17.55%, respectively.

3.2 Forced aeration composting

The variation of temperature during composting process with forced aeration is
shown in Figure 9. The temperature of composting mass inside reactor-4 increased
from 26 to 42°C within the first 7 days. The maximum temperature was 50°C as
comparable with the literature [24]. The temperature dropped to 19°C after 30 days
of composting process, near to the ambient temperature of 17°C. The temperature of
composting mass inside reactor-5 increased from 26 to 39°C within the first 7 days.
The maximum temperature was 53°C. The temperature dropped to 20°C after 30 days
of composting process. Similarly, the temperature of composting mass inside reac-
tor-6 increased from 26 to 43°C within the first 7 days. The maximum temperature
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Figure 9.
Variation of temperature during composting with forced aeration.

was 54°C. The temperature dropped to 19°C after 30 days of composting process.
Initially, the temperature of composting mass inside the reactors rose rapidly for a
few days and fell rapidly over 20 days and then slowly decreased in all these three
reactors. The degradation of the putrescible part of the mixed waste starts within a
short period of the forced aeration composting process, which leads to a rapid rise
in temperature of composting mass inside the reactors for a few days. After that, the
amount of the putrescible part of the mixed waste is reduced significantly, resulting
a sharp drop in temperature within rest of the days. This is due to the air flow into the
reactors having ambient temperature and after that become hotter as in the reactor
temperature. Finally, it carries more moisture and heat from the reactor, since the
moisture carrying capacity of air increases exponentially with the temperature.

The initial weights of the mixed waste in reactor-4, reactor-5, and reactor-6 were
450, 455 and 465 g, respectively, and the final weights after 30 days of composting
process with forced aeration were 235, 265, and 270 g, respectively. The moisture
content of the mixed waste was initially 69.4% and reduced to 66.1%. The volatile
solids of the mixed waste were initially 94.4% and reduced to 88.2%. The percent
reductions in dry solids, volatile solids, moisture, and total sample in reactor-4 were
found to be 42.12, 45.15, 50.27, and 47.78%, respectively. The percent reductions in dry
solids, volatile solids, moisture, and total sample in reactor-5 were found to be 36.21,
3912, 44.21, and 41.76%, respectively. The percent reductions in dry solids, volatile
solids, moisture, and total sample in reactor-6 were found to be 37.60, 41.70, 43.85,
and 41.94%, respectively. The average percent reductions in dry solids, volatile solids,
moisture, and total sample in these three reactors after 30 days of composting process
with forced aeration were found to be 38.64, 41.99, 46.11, and 43.83%, respectively.

3.3 Volatile solids degradation

Composting is a self-heating biological transformation of organic waste, which
produces a stable end product, for example, organic fertilizer. Thermophilic phase is
a very dynamic phase where high bacterial action leads to enhance the organic matter
degradation [9]. The maximum temperature of composting mass in both passive and
forced aeration tests was within the range of composting process (below 60°C). The
percent reduction in total sample was higher with forced aeration than with passive
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aeration. The composting process with forced aeration was selected for determining
the rate of volatile solids degradation over time. The temperature increased from 30
to 52°C. The moisture content of the mixed waste was initially 68.9% and reduced

to 41.7%. The volatile solids of the mixed waste were initially 92.4% and reduced to
87.4%. The volatile solids reduced over time at the end of the composting. The percent
reductions in dry solids, volatile solids, moisture, and total sample in reactor-1 after

3 days of the composting were found to be 6.99, 7.23, 2.43, and 3.85%, respectively.
The percent reductions in dry solids, volatile solids, moisture, and total sample over
time are shown in Figure 10. The percent reductions in dry solids, volatile solids,
moisture, and total sample increased over time. The temperature of composting

mass inside the reactors rose significantly after a few days under the forced aera-

tion composting condition. The temperature was higher in composting mass inside
the reactors than the ambient, resulting in a rapid reduction in volatile solids and
moisture content of the mixed waste. The rate of volatile solid reduction increased
with temperature and was usually double in every 10°C temperature increase. The
moisture reduced in composting mass as the moisture carrying capacity of exhaust
air increased exponentially with the temperature. For this combined reduction effect,
that is volatile solids degradation and dryness, the amount of dry solids and total mass
also reduced significantly over time. The percent reduction rates in dry solids, volatile
solids, moisture, and total sample were not uniform in the biochemical reaction of the
mixed waste. The gradient or slope of the trend line of the reduction in volatile solids

(@) Time (days) (b) Time (days)
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Reduction in volatile solids (%)
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Figure 10.

Reductions of different parameters during forced aevation composting (a) dry solids, (b) volatile solids, (c)
moisture, and (d) total sample.
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with time curve was used to approximate the percent rate of reduction in biochemical
reaction of the mixed waste during the forced aeration composting process. The rate
of reduction or degradation of volatile solids was found to be 0.92% per day.

4. Conclusions

The first run with passive aeration and the second run with forced aeration were
conducted to determine the variation of temperature over time during the compost-
ing processes. The third run with forced aeration was conducted to determine the
rate of volatile solids degradation over time for a series of composting processes. For
the composting process with passive aeration, the temperature of composting mass
inside the reactors rose rapidly for a few days from 26 to 52°C and then fell slowly
to 28°C, distant from the ambient temperature of 17°C. For the composting process
with forced aeration, the temperature of composting mass inside the reactors rose
rapidly for a few days from 26 to 54°C and fell rapidly to 26°C for a few days and then
dropped slowly to 19°C, near to the ambient temperature of 17°C. During the com-
posting process, the biochemical reaction in the mixed waste produced heat, rising
the temperature inside the reactors. The percent reductions in volatile solids were
found to range from 4 to 55%. The percent reductions in total sample were found to
range from 3 to 68%. The percent reductions in dry solids, volatile solids, moisture,
and total sample increased with time. The reduction or degradation rate of volatile
solids was found to be 0.92% per day. The mixture of vegetable waste and paper waste
was well degraded during composting processes in both aeration conditions. There
is a possibility of recycling the putrescible part of organic solid waste in the form of
compost for its further beneficial usages.
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Chapter 9

Role of Entomopathogenic
Nematodes in Organic Farming
and Sustainable Development

Kajol Yadav, Lovely Bharti and Ashok Kumar Chaubey

Abstract

Chemical fertilizers and pesticides are presently accumulating in the environment
harming the ecosystem, causing pollution, and spreading some of the diseases.
Nematodes can be considered as entomopathogenic (EPN) if they fulfill criteria for
entomo-pathogenicity when they bearing a pathogenic bacterium within a dauer
juveniles juvenile, releasing the bacterium inside the host, actively seeking out and
penetrating the host, rapid insect death, nematode and bacterial reproduction,
reassociation of the pathogenic bacteria with new generations of dauer juveniles, and
emergence of IJs from the cadaver so that the cycle can be repeated. Synthetic chemi-
cal pesticides have various disadvantages which include crop and soil contamination;
killing of beneficial fauna and flora; resistance development in insects and adverse
effects due to contamination in food chain; and other environment-related issues. To
minimize pesticides contamination, EPN were identified as biological control agents
and most suitable natural enemies of problematic insects because they reduce risk to
humans and other related vertebrates.

Keywords: chemical fertilizers, entomopathogenic, pesticides, pathogenicity,
biological control

1. Introduction

Around the world, growing vegetables has become a significant source of revenue
for farmers. Vegetable fields make up about 7% of all croplands worldwide, and this
number is typically greater in richer nations [1]. Vegetable fields differ from crop fields
in that they apply more nitrogen, produce their crops more intensively, use more till-
age and irrigation, and have more planting-harvest cycles throughout the year [2]. For
instance, fertilizer inputs in vegetable cultivation reached 600 kg of nitrogen per hectare
per year [3], compared to 300 kg of nitrogen per hectare per year in cereal cropping
systems [4]. It has been demonstrated that intensive farming decreases soil biodiversity,
which is crucial for the health of ecosystems [5, 6]. Therefore, it is critical to look into
potential impacts of intensive agricultural methods on soil nematode communities.
According to [7, 8], organically managed farmlands have been increasing to about
107 ha globally and are anticipated to continue growing. Organic farming systems are
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generally thought to be more sustainable than conventional farming systems [9]. In
India, organic vegetable growing is likewise showing an upward trend. According to two
global meta-analyses, organic farming benefits the soil biota [10]; however, a thorough
understanding of whether and how organic management affects the community struc-
ture of soil nematodes and related functions is currently lacking. Although the effects

of organic farming on soil nematodes have been evaluated in grasslands [11], arable
fields [12]; orchards [13]; and vegetable fields [14]. Organic farming may have a negative
impact on soil nematodes. Change depends on the crop type, soil texture, and past land
use [15]. Because nematode abundance and community composition can be related to
edaphic and climatic fluctuations at different scales, the impacts of organic farming on
soil nematode community may depend on spatial scale [16]. Finally, the comparative
impact of organic farming on soil nematode communities across various vegetable types
is largely unknown because previous studies assessing the effect of organic farming on
soil nematodes frequently focused on single vegetable types such as tomato [14], green
peppers [17], and asparagus [18].

Insect-parasitic nematodes, known as entomopathogenic nematodes (EPNs), have
been described from 23 nematode families [19]. Among all nematodes that have been
studied for insect biocontrol, Steinernematidae, and Heterohabdichidae have received
the most attention because they possess many properties of effective biocontrol
agents [19]. It has been used as a classical antiseptic and as an adjunctive biological
control agent. Most of the applied research has focused on its potential as an adjunc-
tive biological control agent applied to floods [20]. Extensive research over the past
three decades has demonstrated both successes and failures in pest control of crops,
ornamental plants, lawns, and peat [21, 22].

Extensive studies have demonstrated both success and failure in controlling pests
on crops, trees, ornamental plants, lawns, and peat [23]. EPNs occur naturally in soil
and are divided into the Steinernematidae and Heterorhabditidae families [22]. EPNs
form a persistent or stress-tolerant stage known as infectious juvenile (IJ) [24]. This
developmentally retarded stage also plays an important role in nematode dispersal in
soil, as nematodes actively seek out and infect suitable insect hosts [25]. In addition, IJs
play a role in transferring entomopathogenic bacteria from one host to another. After
localizing and invading the insect host, IJs migrate to the hemolymph, where they
recover from their arrested developmental state and release their bacterial symbionts.
The bacteria multiply, release toxins, and kill the insect within 24-72 hours. EPNs
traverse the soil by following chemical signals (chemotaxis). Through chemotaxis,
they recognize hosts in their environment or areas where hosts are likely [26]. Several
studies have shown that migration of EPNs in soil is also affected by other factors such
as CO,, plant exudates, pH, temperature, electrical potential, and VOCs [27]. The
use of EPNs in biological control has traditionally been associated with the control of
soil-dwelling pests [23]. Studies over the past two decades indicate that they may also
control airborne pests, but only under certain circumstances [28]. The reduced effec-
tiveness of EPNs in controlling aerial pests is primarily due to exposure to ultraviolet
light [29], temperature extremes [30], and inadequate humidity [31]. These factors are
important for EPN survival. For this reason, outdoor EPNs are less efficient against
airborne pests, although previous laboratory tests have shown much higher efficiencies
[32]. The most common EPN formulation is an aqueous suspension [33]. Equipment
intended for the application of pesticides, fertilizers, or irrigation can be used for EPN
applications. Backpack, hand or tractor sprayers, and sprinklers are suitable for this. IJs
can pass through spray tubes of at least 500 pm diameters and withstand pressures up
t0 2000 kPa [34]. In addition, IJ withstands short-term exposure (2-24 hours) to many
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chemical and biological pesticides, fungicides, herbicides, fertilizers, and growth
regulators and can be mixed in a tank and treated as such. It can be applied together
with the product [35]. The combination of nematodes and insecticides in tank mixes
can provide a cost-effective alternative to foliar-integrated pest management (IPM)
systems. Because nematodes are sensitive to UV light, nematodes should be applied

to plants in the evening, early morning, or during cloudy weather when the radiation

is less intense [36]. Nematode survival and foliar efficacy are improved to varying
degrees by adding various adjuvant with anti-drying (e.g., glycerol and various
polymers) or UV-protective (brightener) effects to the spray mixture [37], but much
more needs to be done to improve survival after application. Arguably, the greatest
potential for the use of EPNs against foliar pests is in combination with other biological
control agents [38] or selective chemicals [39]. In the IPM program, EPNs are consid-
ered particularly safe biological agents [40]. Due to their specific effects, they pose no
environmental risks other than chemical pesticides [41]. Since EPN was first used in
the United States in his 1841 to control the Popyria japonica Newman beetle, no cases of
environmental damage by EPN have been documented [42]. Using nematodes is safe
for users. EPN and its associated bacteria do not harm animals or plants [43].

1.1 Impact of chemical pesticides
1.1.1 Impact on environment

Chemical pesticides can infect soil, water, lawn, and other undergrowth.
Insecticides not only kill insects and weeds, but can also be toxic to a wide variety of
organisms, including birds, fish, beneficial insects, and unwanted plants. Insecticides
are generally the most toxic class of pesticides, but herbicides can also pose risks to
non-target organisms.

1.1.2 Impact on humans

Application pesticideswill kill the disease causing insects thereby increasing the food
and fiber production. There is now irresistible evidence that some of these chemicals
pose potential risks to humans and other living organisms and have adverse effects on
the environment [44]. No population is completely resistant from exposure to pesticides,
and potentially severe health effects are disproportionately borne by people in develop-
ing countries and high-risk groups in each country [45]. Worldwide, pesticide poisoning
causes approximately 1 million deaths and chronic illnesses annually [46]. Groups at
high risk of exposure to pesticides include production workers, formulators, sprayers,
mixers, shippers, and farm workers. The processes involved are not without risk, and
the potential for hazards during manufacturing and formulation can increase. Industrial
environments pose increased risks to workers as they work with a wide variety of toxic
chemicals, including pesticides, raw materials, toxic solvents, and inert carriers.

Organochlorine pesticides can infect the tissues of virtually all life forms on
Earth, the air, lakes and seas, the fishes that live in them, and the birds that feed on
them [47]. The National Academy of Sciences in United States found that the DDT
metabolite DDE caused eggshell thinning and that the bald eagle population declined
primarily due to exposure to DDT and its metabolites [48]. Certain environmental
chemicals, including pesticides, called endocrine disruptors, are known to produce
adverse effects by mimicking or antagonizing natural hormones in the human body,
and their long-term low-dose exposure may have implications for human health,
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including immune suppression, hormone disruption, decreased intelligence, abnor-
malities in reproduction, and cancer etc. [49].

1.1.3 Impact on food materials

A program entitled “Monitoring of Pesticide Residues in Products of Plant Origin
in the European Union” has been set up in the European Union since 1996 to deter-
mine the extent of pesticide residues in food. In 1996, seven pesticides (acephate,
clopyrifos, clopyrifos-methyl, methamidophos, iprodione, procymidone, and chloro-
thalonil) and two groups (benomyl group and maneb group, i.e., dithiocarbamates)
were tested to apples, tomatoes, lettuce, strawberries, and grapes [50].

In India, the first report of pesticide poisoning was in Kerala in 1958, where the
pesticide caused mortality more than 100 people from eating wheat flour contami-
nated with parathion [51]. This led to the dedication of the special committee set up by
ICAR on the Harmful Effects of Pesticides (ICAR Task Force Report, 1972). In an inter-
disciplinary study evaluating pesticide residues in selected foods collected in different
states of the country (Surveillance of Food Contaminants in India, 1993), DDT residue
was detected approximately 82% of 2205 samples of milk collected from 12 states.
Approximately 37% of the samples contained DDT residues above the acceptable limit
of 0.05 mg/kg (whole milk basis). The maximum amount of DDT residue detected was
2.2 mg/kg. The proportion of samples containing residues above acceptable limits was
highest in Maharashtra (74%), followed by Gujarat (70%), Andhra Pradesh (57%),
Himachal Pradesh (56%), and Punjab (51%). In other federal states, this percentage
was less than 10%. Data from 186 samples from 20 brands of infant formula showed
that approximately 70 and 94% of the samples had DDT and HCH isomers at maxi-
mum levels of 4.3 and 5.7 mg/kg (fat basis), respectively. Measuring chemicals in the
entire diet provides the best estimate of human exposure and potential risk. Risk to
consumers can be assessed relative to toxicologically acceptable intake levels. The aver-
age total intake of DDT and BHC by adults was 19.24 and 77.15 mg/day, respectively
[52]. Fatty foods were the main source of these contaminants. Another study reported
that her average daily intake of HCH and DDT by an Indian was 115 and 48 mg per
person, respectively, which is the amount observed in most developed countries [53].

1.1.4 Impact on soil

Numerous transformation products (TPs) from a wide range of pesticides have
been documented [54]. Pesticides and TPs can be classified as follows: (i) Pesticides
that exhibit such behavior include organochlorine DDT, endosulfan, endrin, hep-
tachlor, lindane, and their TPs. Most of them are now banned from agriculture, but
their residues still exist. (ii) Polar insecticides are represented mainly by herbicides,
but also carbamates, fungicides, Phosphorus insecticide TP are also included. They
can be moved from soil by runoff and leaching, thereby constituting a problem for
the supply of drinking water to the population. Herbicide pesticide TPs are unques-
tionably the most studied pesticide TPs in soil. Numerous metabolic pathways that
involve transformation through hydrolysis, methylation, and ring cleavage and result
in the production of several toxic phenolic compounds. Pesticides and their TPs are
retained in soil to varying degrees, depending on the interaction of soil and pesticide
properties. The most influential soil property is organic matter content. The higher
the organic matter content, the greater the adsorption of pesticides and TPs. The
soil’s ability to retain positively charged ions in exchangeable form is important for
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paraquat and other positively charged pesticides. Strong mineral acids are required

to extract these chemicals, but no analytical improvements or studies have been
reported in recent years. Soil pH is also important. Adsorption increases with decreas-
ing soil pH for ionizable pesticides (2,4-D, 2,4,5-T, picloram, atrazine, etc.) [55].

1.1.5 Impact on soil fertility

Severe treatment of soil with pesticides can reduce the number of beneficial soil
microorganisms. Soil scientist Dr. Elaine Ingham said “Overuse of chemical fertil-
izers and pesticides has similar effects on soil organisms as overuse of antibiotics by
humans. The indiscriminate use of chemicals may be effective for a few years, but after
awhile there will not be enough beneficial soil organisms to hold the nutrients” [56].
Mycorrhizal fungi grow with the roots of many plants and aid in nutrient absorption.
These fungi can also be damaged by herbicides in the soil. One study found that both
oryzalin and trifluralin inhibited the growth of certain types of mycorrhizal fungi
[57]. Roundup has been shown to be toxic to mycorrhizal fungi in laboratory studies,
with some adverse effects observed at concentrations lower than those found in soil
after normal application [58]. Triclopyr was also found to be toxic to some mycorrhizal
fungi [58], and oxadiazon decreased mycorrhizal fungal spores numbers [59].

1.1.6 Impact on surface and groundwater

Pesticides can enter surface waters through runoff from treated crops and soil.
Pesticide infection of water is widespread. Results of a comprehensive series of
studies conducted by the United States Geological surveys (USGS) conducted in
major river basins across the country have returned surprising results. More than
90% of water and fish samples from all rivers contained one or more pesticides [60].
Pesticides were detected in all major river samples with mixed agricultural and urban
land use impacts and in 99% of urban stream samples [61]. According to the USGS,
more pesticides were found in municipal than agricultural waterways [62]. The herbi-
cides 2,4-D, diuron, and prometon, and the insecticides chlorpyrifos and diazinon, all
commonly used by urban homeowners and school districts, are among the most com-
mon in surface and groundwater sources nationwide. Was among the 21 pesticides
found in the United States [63]. Trifluralin and 2,4-D were detected in water samples
from 19 of the 20 river basins studied [64]. The USGS also found that pesticide levels
in urban waterways often exceed guidelines for protecting aquatic life [65].

Groundwater contamination by pesticides is a global problem. According to the
USGS, at least 143 different pesticides and 21 transformation products have been
detected in groundwater, including pesticides from all major chemical classes.
Evidence has been found in groundwater in more than 43 countries in the last
20 years [66]. A study in India found that 58% of drinking water samples collected
from various hand pumps and wells around Bhopal were contaminated with organo-
chlorine pesticides exceeding EPA standards [67]. When groundwater becomes con-
taminated with toxic chemicals, it can take years for the contaminants to dissipate or be
cleaned up. Cleaning can be very expensive and complicated, if not impossible [66].

1.1.7 Impact on non-target fauna and flova

Pesticides are common pollutants found in non-target organisms in soil, air, water,
and urban landscapes. Once there, it can cause plant and animal damage, ranging
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from beneficial soil microbes and insects to non-target plants, fish, birds and other
wildlife. Drift occurs, even from terrestrial instruments [68]. Drift can represent a
loss of 2-25% of the applied chemical and can extend over distances of a few meters
to hundreds of kilometers. Up to 80-90% of applied pesticides can volatilize within
days of application [69]. Research on this topic is limited, but research continues to
find pesticide residues in the air. According to the USGS, airborne pesticides were
detected in all US sample areas [56]. Herbicides are designed to kill plants, so it is
not surprising that direct application to such plants, or drifting or volatilizing, can
harm or kill desirable species. Formulated herbicides have been shown to volatilize
untreated plants with enough vapors to cause severe damage to other plants [70].

In addition to outright killing non-target plants, exposure to insecticides can have
sublethal effects on plants [71]. Exposure to the herbicide glyphosate can severely
affect seed quality [72]. It may also increase susceptibility to certain plant disease.
This poses a particular threat to endangered plant species.

Entomopathogenic nematodes (EPNs) are members of the soil biota and provide
biological control of arthropod pests, an important ecosystem service in agriculture.
Their infective juvenile (IJ) stage occurs naturally in soils where arthropods can
coexist and serve as hosts, ranging from marine areas to alpine areas, natural to
agroecosystems, and even heavily polluted. It is distributed in soils that have been
extensively treated [73]. Research on EPNs in the context of agroecology and applied
soil ecology has increased in recent decades [74]. Several studies have demonstrated
how changes in soil properties affect EPN communities and related organisms such
as nematophagous fungi (NFs) and free-living nematodes (FLNs), their natural
enemies, and potential competitor [75]. EPNs are considered particularly safe biologi-
cal agents [40]. Due to their specific effects, they pose no environmental risks other
than chemical pesticides [41]. Since EPN was first used to control the Popylia japonica
Newman beetle in the United States in 1841, no cases of environmental damage from
EPNs have been documented [42]. Using nematodes is safe for users. EPN and its
symbiont bacteria are harmless to mammals and plants [43].

1.2 Identification of entomopathogenic nematodes

The first species of entomopathogenic nematodes was described morpho-
logically in 1923. Adults of first and second generations and third stage IJs of
Steinernema and Heterorhabditis possess some distinctive morphological features
which are very important from the taxonomic point of view. However, it was
become a monotonous task to categorize the increasing number of species with
these taxonomic characteristics. Therefore, certain ratios and De Man Indices were
created in order to delineate the species more appropriately. These ratios are based
on the following characteristics, viz. tail length; position of excretory pore, nerve
ring, and pharynx length. Besides these, males acquire some prominent characters
such that spicule and gubernaculums. Analysis and measurement of these traits
are playing a key role for identifying species. The vulva, which is a well-known
feature of the females of entomopathogenic nematodes, its position, and associated
structure are also important traits, provided by taxonomists with a clear method for
identifying the species. The SEM investigations of first-generation males revealed
the complete structure of gubernaculums and spicules, the presence or absence
of caudal mucron, the position of the copulatory papillae, the morphology of
spermatozoons [76], and the presence or absence of small cuticular projections, or
epiptygmata, which protect the opening of the female vagina [77]. Head contour,
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cephalic horns, the lateral field, tail length and shape, and so forth are some of the
crucial traits of taxonomic significance for IJs [78].

Due to the increase in the number of species, morphological characterization
no longer provides accurate results and makes molecular characterization essential
for species identification. Morphology is completely determined by the external
characteristics of the specimen; however, some genes tend not to reveal themselves
in phenotypes despite it having conserved portions that are crucial from a taxonomic
perspective. In addition, morphology is a laborious task that needs for qualified tax-
onomists with the necessary knowledge. In order to confirm the taxonomic position
of a certain species and its validity, this creates a necessity for molecular identification
and characterization. Advancements in the molecular techniques help in the precise
identification and placement of the species in its appropriate position in the classifica-
tion. Moreover, the phylogenetic relationships of the species with the other species
of a genus and with other orders are also established by utilizing the modern and
advanced tools of molecular characterization. A number of molecular techniques are
being used for more precise identification of EPNs as immunological techniques [79];
isoenzyme patterns [80]; total protein patterns [81]; and RFLP detection within total
genomic DNA [82].

1.3 Life cycle of entomopathogenic nematodes

Steinernema and Heterorhabditis have comparable life cycles. Between a free-living
stage and a parasitic stage, both genera maintain stability. An outermost cuticle acts
like a barrier between the environment and the free-living form of EPNs. The invasive
EPN stage, also known as the infective juvenile (IJ) or J3 stage, is encapsulated and
unable to feed since its mouth and anus are sealed [83]. To be capable of surviving
without a host for several months, they actually have enormous lipid storage [84]. It
has been observed that IJs of Steinernema live much longer in the environment than
IJs of Heterorhabditis, while having similar lipid reserves, it may be explained by the
IJs’ motile behavior. According to findings, Heterorhabditis IJs nictate between 70 and
90% of their lives, compared to Steinernema IJs’ 50 to 80% [85], and as a result, lipid
reserves are depleted more quickly in Heterorhabditis IJs. Infective juveniles wait for
insect larvae up to 20 cm deep in soil [77]. In case of Steinernema, IJs invade the insect
larvae through natural openings such as the mouth, anus, spiracles, and wounds [86].
However, in case of Heterorhabditis, the IJs are also able to penetrate the insect body by
directly scratching their cuticle because of the presence of a large anterior tooth [87]. IJs
lose their cuticle and release the entomopathogenic bacteria (EPB) after fettling enter-
ing in the insect body. Together, they eventually kill the insect. On usually, 3 days after
an insect infestation, IJs begin feeding on the insect cadaver and eventually reach the
fourth stage juvenile (J4), which divides into males and females. First generation (G1)
females lay eggs after mating, either in the external medium or still inside the female’s
body and these eggs hatch into first-stage juveniles (J1). Depending on the quantity
of food is left in the insect cadaver at that point, types of situations are possible. In the
case of insufficient food, J1 immediately transformed into the second-stage juvenile
(J2) in 2 or 3 days. Before becoming an infective juvenile, J2 stopped feeding and had
a molt while still in the pre-infective stage. Then the newly generated IJ emerge from
the depleted insect cadaver to actively look for another susceptible insect prey. On the
other hand, if there is an abundance of food in the cadaver, both males and females can
reproduce numerous generations in the same cadaver. After hatching from the eggs of
the G1 females, J1 turns into J2, non-infectious J3, and J4 before becoming the second
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generation (G2) of adults. After mating, G2 females release eggs that develop into J1s,
starting a new cycle. EPNs typically reproduced for two to three generations before the
food sources in the insect cadaver are completely depleted, [86]. After insect inva-

sion by IJs, the entire reproductive cycle lasts 7 to 14 days and is mostly dependent on
temperature. After mating with male, both Steinernema and Heterorhabditis females lay
eggs in the dead insects cadaver. Eggs that have been hatched usually develop juveniles
that grow and develop to be amphimictic adults [88]. The reproductive life cycle of the
majority of Steinernema has sexually distinct partners, G1 males and females, while all
Heterorhabditis IJs after insect infection become self-fertilizing hermaphrodite females.
However, amphimictic Heterorhabditis adults are developed by the second generation.

It is interesting to note that IJs from the S. hermaphroditum species can mature into self-
fertilizing hermaphrodite females, rather like IJs from Heterorhabditis do. The unusual
characteristic of this Steinernema species has been proposed to support the independent
but converging evolution with Heterorhabditis described by Poinar and previously
described [89]. Heterorhabditis EPNs reproduce hermaphroditically, which greatly
reduces or impairs the genetic diversity of the offspring. Heterorhabditiss hermaphrodite
behavior makes it possible for a single IJ to infect a host and molt into a hermaphrodite
female [90], whereas at least two Steinernema IJs must penetrate an insect larva and
reach maturity into male and female to cause infection. This undoubtedly represents
Heterorhabditis species a survival edge over Steinernema species. The process of fertil-
izing the female’s eggs with sperm occurs during male and female mating. Male releases
spermatozoids into the female’s vulva along with its spicule, which it uses to develop
spermatozoids. In the uterus, the female’s eggs are fertilized by the male’s sperm. For
hermaphrodites female who are self-fertile, sperm is formed and stored in spermatic
vesicles, which are described as a distal enlargement of the uterus. When the female
initiates to lay eggs, the sperm in the spermatic vesicles automatically fertilizes them.
Since females are longer and bigger than males, males need to find a strategy of scan-
ning the full female body in order to find the vulva. The two ways that a male identified
the vulva on a female body. These two reproductive strategies highlight still another
difference between Steinernema and Heterorhabditis, namely that males stick to females
and slither all over their bodies until it finds the vulva, but both the female and male
heads of Heterorhabditis point in the opposite directions [91]. According to Steinernema,
the males behave like a ring around the female body. Until reaching the vulva, the male
coils entirely around and along the female body [26]. There are some safeguards that
have been adopted, to prevent multiple males from mating with the same female. In
Heterorhabditis species, after mating, a male releases a mating plug that closes the vulva,
preventing other males from mating with the same female [92]. In Steinernema species,
it has been proved that virgin females generate various chemicals that attract males and
that their production reduces off after mating [26]. Moreover, male of S. longicaudum
required virgin conspecific females to mature in their immediate surroundings [93].

1.4 Mode of action

After mating, most of the eggs are preserved inside the maternal body of the EPN.
Following that, the offspring grow and feed inside the maternal body. This process is
called endotokia matricida which is derived from the Greek word evdo (“endo”, inside)
and tokoo (“tocos”, birth), and from the Latin (“mater”, mother and “caedere”, kill).
This term was coined by Maupas, (2015) when he first characterized the Caenorhabditis
elegans. This phenomenon helps the progeny by protecting it and, in the case of EPN,
by giving it a high-lipid food source, particularly whenever the infected insect cadaver is
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about to be exhausted. When endotokia matricida is encouraged in cases where there is a
lack of food, this phenomenon takes place to the first generation of juveniles even when
there is still a plenty of food. It follows that it is clear that the size of the vulnerable insect
will have an impact on the growth and survival of EPNs. According to some authors,
Steinernema 1Js are ineffective at controlling micro-insect pests [94]. The infectivity of
four different Steinernema species in insects smaller than 5 mm in length was recently
demonstrated by Bastidas and coworkers [95], who also came to the conclusion that
Steinernema and Heterorhabditis nematodes cannot survive in the environment for very
long if there are no larger insects available for them to complete their life cycle.

2. Biological control

Biological control is an eco-friendly and effective means of reducing or mitigat-
ing pests through the use of natural enemies [96]. It relies on predation, parasitism,
herbivores, or other natural mechanisms, but involves an active human management
role [97]. According to Dreistadt (2007) “Biological control is the beneficial action of
predators, parasites, pathogens, and competitors in controlling pests and their damage’.
Biological control now becomes an interdisciplinary science combining entomology,
microbiology, plant pathology, weed science, and virology with the goal to reduce
and control pathogens, microorganisms, insects, and plants alike, which can cause
damage to crop plants [98]. The different biological control agents have been used
time to time, and their success and failures have been extensively reviewed. Their use
in bio-control has increased over recent decades.

Classical biological control involves usage of an exotic, usually co-evolved, biological
control agent for permanent establishment and long-term pest control [99]. Classical
biological control focuses on finding natural enemies, introduces them into the area of
the target pest, and permanently establishes them so that they will provide continuing
pest control with little or no additional human intervention. Augmentation on the other
hand involves deliberate discharge of natural agent that does not occur in good numbers
and thus are incapable of reducing pest below damaging level [100]. There are two
general approaches to augmentation: inundative releases and inoculative releases. The
former involves usage of large number of natural enemies for immediate pest control
by disseminating them on the crops fields multiple times, while later method involves
release of small natural enemies at given intervals in order to keep pest populations
below economic injury level. The last type, conservation biological control involves
measures of modifying existing practices to further enhance specific natural enemies of
other organisms to reduce the effect of pests.

Biological control agents include bacteria, fungi, viruses, nematodes, or protozoa
that can infect and kill the host. Some of these agents can kill and infect insects and are
referred to as entomopathogens. Among entomopathogens, there is class of nematodes
which parasitize insects only and are referred to as entomopathogenic nematodes
(EPN) which are associated with entomopathogenic bacteria. The entomopathogenic
nematodes, belonging to the families, Steinernematidae [101] and Heterorhabditidae
[102], are associated with bacteria which belong to the family Enterobacteriaceae
[103], Xenorhabdus [104] in case of steinernematids and Photorhabdus [105] in case of
Heterorhabditids which reside in their alimentary canal. At present two well-known
genera, Steinernema and Heterorhabditis of EPNs, are globally described and consisting
more than 100 species and 21 species, respectively [106]. They all are lethal duo, capable
of killing the host within short duration and hence are considered as good bio-control
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agents [107]. The bacteria mostly resides in the alimentary canal of third stage juveniles,
called infective juveniles (IJ) which is only free living stage in the life cycle of EPN. They
live freely in moist soils and move in search of their insects hosts. Once, they come in
contact with the insect host, they enter in their body either through natural openings or
by abrading the skin. After their entry in the insect host, they release their endosymbiont
bacteria and kill the host within 24 to 48 hours. They feed on the insect cadaver and
produce their adult generations, which mate inside the cadaver and released the eggs
which hatched into juvenile stages. Once the survival resources are depleted, they move
out the cadaver and search for the next host.

2.1 Entomopathogenic nematodes in insect pest management

Researchers focused on this area when Steinernema glaseri, the first EPN species
introduced as a biocontrol agent, was used in the United States against the Japanese
beetle, Popillia japonica [108]. These organisms reemerged as effective biocon-
trol agents in the 1960s and 1970s, with Steinernema carpocapsae (also known as
Neoaplectana carpocapsae) serving as the primary biocontrol agent [109]. With the
advancement of fermentation technology, several species of EPN (including S. carpo-
capsae, S. scapterisci, S. feltiae, S. glaseri, and Heterorhabditis megidis) have been mass
produced commercially and are sold in market for the use by growers in formulations
suitable for short term storage [110]. The mass production of IJs of EPNs is easy and
cost effective. The preferred method of application is inundative release [111].

S. carpocapsae, S. feltiae, S. kraussei, S. glaseri, S. riobvave, Hetevorhabditis bac-
teriophora, and H. megidis are some of the well-known most frequently used and
successfully deployed nematodes as biopesticides. This characteristic is attributed to
their simple and easy mass production in liquid culture [112]. Cultivation using live
insect hosts (in vivo) requires cheap start-up costs, low levels of technology, and high
nematode quality but cost-effective efficiency. In vitro solid or liquid culture is a cost-
effective method, with liquid culture requiring the largest start-up capital.

2.2 Bio-formulations using entomopathogenic nematodes

One of the traditional ways to prevent losses from insect pests has been to use
chemicals; although, nowadays days, due to several unjustified side effects, pest con-
trol relies on many other solutions in addition to pesticides. The term “Integrated Pest
Management” refers to the combination of all these options (IPM). IPM is a pest man-
agement technique based on a systems approach that considers the entire ecosystem of
the orchard. Continuous use of hazardous chemicals, at high doses against agricultural
key pests, has led to major problems such as pest resurgence resulting from development
of resistance and destruction of natural enemies. Also, the enormous use of pesticides
is not only costly affair but also due to its residual effects, is directly or indirectly harm-
ful to animals, other non-targeted soil fauna and human beings too. In search of new
avenues in biological control, the importance of EPN has been highlighted as an environ-
ment-friendly pest control method. The successful market introduction of an EPN-based
product requires a reliable species-specific isolate and stable formulation having more
than 6 months of its shelf-life period when stored at room temperature (20-25°C) such
formulations are on high demand. Unfortunately, no species-specific nematode formula-
tion has been developed so far which could achieve the goal.

EPN formulation is a process of the transformation of living entities into a product
that can be applied by practical methods. Few factors affect their application part in
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field conditions which include market value; crop and target insects; formulation type
and shelf life; usage directions; technical support; cost and others [113]. Generally,
EPN formulation contains an active ingredient, a carrier and additives. There are
different types of EPN formulations present in market which are synthetic sponges
[114], gels [115], clay and powder [116], or infected cadavers form [117]. Few factors
like soil moisture; soil texture; water content; temperature; and UV radiation may
impact drastically affect the infectivity of EPNs, storage and formulation and devel-
opment of industrial product. To increase the strategies for optimization of effective-
ness, timing of application and type of formulations gives best results [118]. Several
formulations which have been used before include clay; polyether polyurethane
sponge; anhydrobiotic nematodes; bait and activated charcoal [119].

Good storage and formulation strategies can be developed in order to ensure nem-
atode survival and maintenance of increased infectivity [119]. This is why it is crucial
to have an understanding of nematode ecology and also analyze which environmental
factors affect their activity and infectivity [120]. EPN application rates vary widely,
ranging between 7400 and 1,500,000 IJs/m? [121], but 250,000 IJs/m? being a com-
mon recommended rate for commercial applications [122]. Currently, S. carpocapsae,
S. feltiae, S. kraussei, S. glaseri, S. riobrave, H. bacteriophora (CAB Reviews 2018 13,
No. 058) http://www.cabi.org/cabreviews and Heterorhabditis megidis are the most
commonly used and successfully applied nematodes due to their easily production in
liquid culture [112] (Table1).

In India, various studies have been conducted to improve formulations in terms
of storage, shelf life, application techniques, virulence control, etc. Heterorhabditis
indica, Steinernema abbasi, S. bicornutum, S. Carpocapsae, and S. riobrave are con-
tained in a variety of carrier materials such as talc, alginate capsules, wheat bran pel-
lets, sodium alginate beads, vermiculite, spray vehicles or hydrogels (Hussaini et al.
[123, 124]; Gupta [125]; Vyas et al. [126]). However, it is currently only in the compre-
hensive research stage. National Institute of Plant Health Management (Hyderabad),
Indian Agricultural Research Institute (New Delhi), National Agricultural and Insect
Resources Board (Bangalore), Multiplex Biotech Pvt. Ltd., Ajay Biotech (India)

Ltd., and Pest Control (India) Pvt. Ltd. conduct research to provide EPN formulated
products with improved shelf life (Tables 1 and 2).

S. No. EPN species Product Name Country

1 S. carpocapsae ORTHO Biosafe USA

2. S. carpocapsae Biovector USA

3. S. carpocapsae Exhibit USA

4. S. carpocapsae XGNAT USA

5. S. carpocapsae Helix Germany

6. S. carpocapsae Boden Niitzlinge Switzerland
7. S. carpocapsae Sanoplant USA

8. S. carpocapsae Proactant USA

9. S. carpocapsae Green India*

Commandos-Ecomax

.
e

S. feltiae Manget USA
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S. No. EPN species Product Name Country
11 S. feltiae Entonem USA

12. S. feltiae Nemasys USA

13. S. feltiae Stealth UK

14. S. riobrave Vector MG USA

15. S. kushidai SDS Biotech Japan

16. H. bacteriophora Otinem USA

17. H. bacteriophora E-nema Germany
18. H. bacteriophora Soil Commandos-Ecomax India*

*Product launched in 2011 but withdrawn from the market due to inconsistency of results in the field.

Table 1.
Worldwide used entomopathogenic nematodes-based formulations.

S. No. EPN species Production/ Reference
formulation

1 S. bicornutum Bait as alginate capsule [123]

2. S. carpocapsae Alginate capsule [123]

3. S. carpocapsae Wheat bran pellets [123]

4. S. riobrave Spray-adjuvants [126]

5. Heterorhabditis indica Talc [124]

6. S. abbasi Talc [124]

7. S. carpocapsae Talc [124]

8. S. carpocapsae Pearl (sod. alginate) [125]

9. S. carpocapsae Vermiculite [124]

10. Steinernema .f Hydrogel [127,128]
abbasi = (Symbiobacterium
thermophilum)

Table 2.

Entomopathogenic nematodes-based product used in India.

3. Various formulations and their applications

In comparison with foliar pests, the performance of EPN has shown more success
in controlling soil-born insect pests. Juveniles’ intolerance to fluctuations of desicca-
tion [31], temperature [30], and UV radiation [129] is a crucial factor in the failure
of foliar applications of EPN Schroer and Ehlers (2005) recently used S. carpocapsae
on cabbage to attack the foliar insect Plutella xylostella, which was mixed with the
surfactant Rimulgan and the polymer xanthan to create the best circumstances for
nematode infection on the plant surface. As an integrated pest control tool, EPN
effectiveness has also been proven to be compatible with chemical insecticides,
fungicides, and acaricides [130]. As a result, these chemicals can frequently be tank
mixed and applied with other pesticides. Some insecticides, including Imidacloprid
[131], tefluthrin [132], neonicotinoid [133] and Bacillus thuringiensis [134] were found
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to be synergistic with EPN. Hence, before EPN is released into the field, its formula-
tion and integration with pesticides and surfactants should be carefully evaluated.
Nematode control is regarded as more crucial due to the lack of possible nematicides,
the high cost of field application, and the current trend toward eco-friendly pest and
disease control methods.

Nematicides should not be used in the current era of globalization. Nematicides
will probably no longer be available because they are expressly prohibited in organic
farming. Root-knot nematode, which causes serious harm to various crops, affects
a huge range of vegetables, fruits, and pulse crops in India. Since EPN is already
well-established for the control of insect pests, applying it to the management of
plant parasitic nematodes would be extremely cost-effective (PPN). There are various
reports that indicate EPN was used to reduce PPN [135]. The impacts of the micro-
organisms Xenorhabdus spp. and Photorhabdus spp. that are linked to Steinernema
and Heterorhabiditis, respectively, have suppressed selected species of PPN including
root-knot nematode in green house experiments [23]. However, the existing literature
has limited information on at what stage(s) of PPN are affected by EPN applications.
Tests conducted in the field have demonstrated PPN population suppression for up to
8 weeks after application of EPN products [135].

Extensive research over the past decade has produced numerous effective
isolates and strains as well as substantial advancements in mass production and
formulation technology, all inspired by the need to reduce pesticide consumption
[136]. Currently, S. carpocapsae, S. feltiae, S. kraussei, S. glaseri, S. riobrave, H.
bacteriophora (CAB Reviews 2018 13, No. 058) http://www.cabi.org/cabreviews, and
H. megidis are the most commonly used and successfully applied nematodes due to
their easily production in liquid culture [112]. Today, EPN are mostly used in soil,
galleries of boring insects, circumstances where insecticide resistance has occurred,
or when dangerous pesticides are prohibited, conditions where chemical pesticides
have failed [40].

In India, several scientists have used EPN in both lab and field conditions to
attack cutworms, ragi pink borer, stem borer, white grubs, etc. [137]. Few EPNs,
including S. corpocapsae (strain DD-136), H. bacteriophora (strain Burliar), and
Heterorhabditis species, were found in field trails against Amsacta albistrigata larvae
in their fourth instar on ground nuts [138]. Green Commandos (S. corpocapsae) and
Soil Commandos (H. bacteriophora), two EPN-based formulations formed by Ecomax
Compant in 1980 using exotic species, were both removed from the marketplace
due to their lack of effectiveness against insect pests due to their poor adaptability to
Indian environmental conditions or formulation issues.

4. Factors affecting survival and efficacy

Matching the optimal EPN species or strain to the target host and environment
requires consideration of innate efficacy and suitability of environmental condi-
tions. EPN population persistence is determined by the permanence of individual IJs
and population recycling in host insect larvae and many factors that can influence
both mechanisms [139, 140]. IJs in different EPN species vary in natural longev-
ity from several months to over a year. Losses of 50% can be reached within hours
after soil application until the IJ settles in the soil. Losses then range from 5 to 10%
per day for 1 to 6 weeks and often only about 1% of the original inoculum survives.
To compensate for these losses, a general rule of thumb for application rates is 25 IJ
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per cm? of treated area, although higher or (rarely) lower application rates may be
used depending on the pests targeted and the cropping system may be required. As
aresult, IJ populations in soil or similar substrates generally remain tall enough to
provide effective control for 2-8 weeks. Post-application recycling is frequent, but
not sufficient to achieve multi-seasonal control, as the distribution of IJs usually
becomes too patchy over time. UV light can inactivate and kill his IJs within minutes
of application, but the effects vary by his EPN strain and species [129]. If application
is in the early morning or evening, IJ losses are minimized by adding a UV protectant
to the IJ suspension and applying the soil with a large amount of carrier combined
with immediate rinsing with sufficient water. Most EPN species perform optimally at
20-30°C [30], become sluggish below 10-15°C, and are inactivated above 30-40°C.
Various Steinernema spp. have been isolated from other EPN species in cold, hot semi-
arid, and even arid regions and may have promise for use in extreme environments.
In soil, IJ travels in a film of water that covers crevices. Adequate substrate moisture is
essential for good IJ activity. Dry conditions limited IJ activity, but gradual dehydra-
tion can cause IJs to enter and persist dormancy. Drought-intolerant H. bacteriophora
IJ actively seek soil layers with high water content, whereas drought-tolerant S.
carpocapsae IJ can survive better in drier conditions. In water logged soils, anoxic
conditions and low surface tension can compromise IJ movement and even survival.
Movement and survival of IJs are generally more restricted in microstructured soils
than in sandy soils [141], although sandy soils may dry out faster and reduce IJ activ-
ity. EPNs are adversely affected by pH values <4 and >8. Various biological factors can
also affect the survival of IJ or EPN populations in soil. Many species of arthropods
and other invertebrates prey on IJs (e.g., mites, springtails, tardigrades, predatory
nematodes, nematophagous fungi), or feed on EPN-infected hosts. Other entomo-
pathogens (e.g., entomopathogenic fungi, bacteria, or viruses) or parasites compete
with host EPNs [140].

5. Conclusion

The inordinate use of chemical pesticides in farming causes serious damage to
soil, air, water, flora, fauna, and human beings. Thus, it is necessary to develop
environmentally friendly druthers to control soil pests, similar as entomopathogenic
nematodes (EPNs). Since EPN species are host specific, they can be used widely for
the target organisms. Today, the use of entomopathogenic nematodes as biopesticides
against agricultural insect pests has grown quickly in recent times. These bio-pesti-
cides play a great part in producing organic crops and export goods. So, researchers
and advanced institutions should have to give attention in producing, formulating,
and storing environmentally safe biopesticides. Nowadays, it is insolvable to ensure
sustainable growth of crop yields without the application of fertilizers. Still, when
using soil emendations, it is necessary to select the once that will round the living
terrain to help negatively affecting the crops but also the structure and agrochemical
conditions of the soil and the soil biota. Overall, it is apparent that nitrogen negatively
affects the bacterial symbionts, but it is unknown whether or not potassium coun-
teracts the toxin, or if the bacterial growth was affected by commodity differently.
Results suggest that organic diseases brace better with Xenorhabdus nematophila and
Photorhabdus luminescens, but they may warrant too important nitrogen for the shops
to be suitable to produce.
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Abstract

The advance in agricultural technology could increase their commercialization,
being the agronomic management for each crop an alternative. The management of
natural products is a relevant and responsible need, in order to improve the quality
and production of food, and to protect the agro-ecosystem biodiversity. Therefore,
the aim of this chapter is to present our five-year study advances in mango and ram-
butan agronomic management with aqueous extract of Allium sativum and the use
of natural adherent such as Melipona solani honey that improves the function of the
components in the biological processes of the crop. Our results showed that this aque-
ous extract promotes the emission of vegetative and floral shoots, increases flower
development, works as an attractant for pollinators, promotes fruit set, stimulates
fruit growth, acts as an insecticide to control thrips and mealybugs and stimulates the
production of defense metabolites, such as polyphenol compounds. The use of sting-
less bee honey as an adherent and the aqueous extract of A. sativum could be a key to
potentiate the function of its components in leaves, panicles, flowers and fruits.

Keywords: aqueous extract, flowering, growth, pest control, metabolites

1. Introduction

Agronomic management in agricultural maintenance and production varies
depending on the type of crop, where improvements or the inclusion of new
technologies are already an important need. Development is constant and from
twenty years ago to our time, each of the areas of agricultural production has been
automating. These constant improvements not only refer to machinery such as a
seeder, a sprinkler system, a fruit sorting machine, greenhouse production, among
others, it also includes new biological processes and products, such as bio-fertilizers,
bioles, leachates, antimicrobial strains among others, that improve the properties
of the crops and enrich physicochemically the tissues or increase the generation of
fruits; which also given an extra plus to each agricultural product [1, 2].
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All the new agricultural technologies with unprecedented innovations push the
process of globalization and the integration of commercial blocs, generating new
income in all trade areas: national and international. These natural and organic
products have generated a continuous offer of renewed, innovative products with
new expectations of use or worldwide application. These changes have modified the
traditional ways of carrying out agricultural activity, in its production, transforma-
tion and commercialization phases [1, 3, 4].

Technological development, as a basis for improving and safeguarding the integ-
rity of field products, is emerging as an alternative with potential use or application
to increase production, jointly reducing costs and environmental impact [5-7]. Thus,
the use of vegetable extracts from plants is regaining importance, in addition of
already demonstrated its functionality for presenting a variety of proven properties in
the medical, veterinary, food and cosmetic areas, for being of a biological, vegetable
and non-vegetable nature to be generated synthetically, and not generate toxicity to
plants, animals and humans [7-9].

1.1 Importance of aqueous extracts of Allium sativum

Medicinal plants are a generating source of plant extracts with different and
important uses, due to their bioactive components. There is a variation in its con-
centration and in the type and variety of compounds contained in each elaborated
extract. The A. sativum aqueous extract contains mainly sugars, nitrogenous mineral
substances and essential oils, in which there are bioactive sulfur substances such as
allicin and other allyl sulfides responsible for their chemical qualities [10].

The properties discovered in A. sativum are attributed to its components, such as
amino acids, minerals, vitamins, pantothenic acid, folic acid, niacin, among other
compounds that present specific activities and that have provided much interest in the
scientific areas of the medical, nutritional, cosmetic, agricultural areas, etc. [11]. The
properties that A. sativum are used depending on the extraction process, generally con-
sidering two types of solvents, polar and non-polar, considering water separately [12].

The components extracted by polar solvents differ from those obtained by non-
polar solvents, including whether the process (heat or not). The variation obtained
between these types of extract is presented in the quantities obtained, the color of the
extract, odor and the activity it exerts on the applied biological models [12-14].

In alcoholic extractions or with non-polar solvents, it is essential to eliminate
these solvents and obtain only the dissolved compounds in them, leaving a liquid
with a higher viscosity, dark in color, called crude extract [15]. This type of proce-
dure is common in the industrial area, for the generation of commercial products,
where one of the disadvantages is that certain molecules are susceptible to high
temperatures, drastic temperature variations, the presence of sunlight and a lack
of water in the environment [16, 17]. Therefore, this is a disadvantage when used
in healing processes in the presence of light, environments above 25°C and excess
air currents, considering both animal skin, human beings and solutions and the pH
value presented for each case.

Aqueous extracts had less importance due to the lack of use and information
that exposes the properties that an aqueous extraction has and the properties, such
as benefits, both in medicinal use and in other areas [12, 18, 19]. In addition, all the
components that are reported with alcoholic extractions are normally polar and
can be extracted with water by the infusion method, without losing their activity,
because these molecules support within their chemical limits the heat being the
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maximum temperature, that of boiling, being called thermoresistant [11, 18, 20]. The
importance at the agricultural level of the use of plant extracts is reconsidered and is
increasing, due to the risk that agrochemical mean to agroecosystem biodiversity and
in particular to pollinators, which are toxic also for human being [20-22].

The purpose of this chapter is to show the results of new technological
development during five study years with A. sativum aqueous extracts and stingless
bee honey as an adherent in two of the most economically important crops in the
Soconusco region in Mexico: rambutan (Nephelium lappaceum) and mango Ataulfo
(Mangifera indica).

2. Applications of the aqueous extracts of A. sativum in agricultural crops

Recent studies showed that aqueous extracts have a variety of uses in the
agronomic management of an agricultural crop, due to their physicochemical
properties. These extracts can be used in recent preparations or after having
undergone a natural fermentation process. Its potential for use is also increased by
being mixed with other synthetic, natural or microbial products.

In particular for fruit trees, specifically in mango cultivation and rambutan, this
has become important for presenting biological action in these crops as: a) Floral
inducer, b) Increase in fruit setting, c) Fruit growth and d) Pesticide.

The applications indicated in this chapter have been under research development
at the field level in commercial farms in areas with two dominant annual seasons, hot
and rainy. It was also accompanied by the evaluation of total phenolic compounds,
number of panicles, number of flowers formed, number of fruits per panicle, growth
dynamics of the fruits and the number of pest insects per panicle.

Location of commercial properties. The geographical locations of the properties
provided are placed, with an area of 1 ha as a minimum and 2.5 ha as a maximum,
according to the planting distribution of the trees.

In mango it was the “San Juan” orchard in the ejido de viva México on the coastal
highway Km 227.5 (Lat. 14°54'25.0“N, Lon. 92°17°43.0”W) in Tapachula, Chiapas,
Mexico.

In rambutan it was in the “Toluquita” Canton in the Municipality of Tapachula,
Chiapas, Mexico (14° 58°13.001"" N, 92° 14"2"" W).

Preparation of the aqueous extract. The elaboration of A. sativum aqueous
extract was carried out according to what was reported by Bustamante [23],
considering a ratio of 1 kilograms of garlic in four liters of water (1: 5), and after
extraction with hot water, the rest time of 24 hours at room temperature was adjusted,
prior to its application in the manual spray pumps used.

Before applying any solution, the pH value was measured with a portable manual
potentiometer for the field, of the undiluted extract and after making the application
mixture.

Adherent used. In order to improve the effect of the aqueous extract, a test was
carried out with two types of adherent: a synthetic (Inex A ®) and a natural, which
was Melipona solani honey. The first adherent was used at a concentration of 1.5 mL
per 20 liters of water and the second one was 15 mL per 15 liters of water, both sepa-
rately. A treatment without adherent was used in each fruit crop.

Evaluation of variables in the field. The number of floral buds, number of
flowers, number of fruits, fruit size (with vernier), total polyphenolic compounds
and presence of pest insects (in the field with a rambutdn magnifying glass and by
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Concentrations Action Crop Control *

1.25% v/v Floral inducer Mango Potassium nitrate
2.5%v/v Floral inducer Rambutdn Calcinit

2.5% v/v Fruit set Mango Comercial amino acids
2.5%viv Fruit set Rambutdn FusiéN-H

1.25% v/v Fruit growth Mango SpeleR-K + FusioN-H.
1.25% v/v Fruit growth Rambutan Fusiéon H

10% v/v Pesticide Mango Malathién

10% v/v Pesticide Rambutan Cypermethrin

*information provided by each producer. The applications were made from 7:00 to 11:00 am, evaluating the pH of the
water in each property.

Table 1.
Concentrations of aqueous extract of A. sativum for each agricultural action in the agronomic management of the
two crops studied.

the table technique dark for thrips), it was carried out by dividing the orchard of each
tree into four zones, selecting three panicles per zone, according to Gonzales and
Quifiones [24]. The evaluations were carried out every week, during the time that the
study lasted and the permanence of production of the fruits until their harvest.

Efficient concentrations used. According to the type of action expected by the A.
sativum aqueous extract, the minimum concentrations to achieve the desired objective
were the following (Table 1):

Phenols content evaluation. To obtain phenols, the sample of the main branch of
the panicles was rested in a methanol-water solution (1:1). The total phenol content
was determined by using the Garrido [25] technique. The Folin-Ciocalteu reagent
diluted 1:10 with water and 0.7 M sodium carbonate was used. It was kept in total
darkness for 15 min and was read in a spectrophotometer at 765 nm. Methanol-water
(1:1) was used as blank. A calibration curve was made with gallic acid at different con-
centrations in methanol-water solution: 0, 10, 50, 100, 150 and 250 mg L-1. Reported
inmg EGA/gr.

Catching bees. The collections of the bees were carried out with aerial entomo-
logical nets by beating [26], the collection was carried out in the orchard zone of the
mango tree and the collections were made from one day before the application and
until six days after applying the treatments. The captured bees were mounted on pins,
in an entomological box. Taxonomic identification was carried out in the ECOSUR
Bee Team, San Cristébal de las Casas unit, Chiapas.

Analysis of results. All the variables evaluated were analyzed with analysis of
variance and a comparison of means was made by Tukey (0.05), accompanied by a
Pearson correlation, in the Infostat program, 2019.

3. Results and discussions

3.1 Flowering stage

The application of the A. sativum aqueous extract with or without adherent
promoted the induction of vegetative shoots and transformation to floral shoots in
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rambutan culture and emission of floral shoots in mango, one week before the appli-
cation of Calcinit in rambutan and potassium nitrate in mango (Figures 1-3).

Using A. sativum aqueous extract accompanied by Inex A promoted a value of 29.8%
of vegetative shoots transformed into floral shoots and this value was lower than that
obtained when honey was used as an adherent (44.15% of vegetative shoots transformed
into floral) or not used any type of adherent (41.6% transformation to floral bud). These
last values were close to what was observed with Calcinit (44.2%). A maximum trans-
formation value from vegetative shoots to floral shoots was observed in rambutan when
Inex A and honey were used, two weeks before the calcinit treatment.

In the mango crop, the emission of floral buds with A. sativum aqueous extract
compared with the use of potassium nitrate, it was 58.77% lower when no type of
adherent was used, 16.32% lower when using Inex A as adherent and 2.44% less when
using honey. In this culture when the aqueous extract was used, the maximum emis-
sion of floral buds was observed one week earlier than that presented in the treatment
with potassium nitrate.
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Figure 1.
Dynamics of vegetative shoots (A) and floral shoots (B) that were emitted in the rambutdn crop (NA: Without
adherent).
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Figure 2.
Dynamics of flower buds emitted in the mango crop (NA: Without adherent).

Figure 3.
Images of vegetative to floral shoots in rambutdn and floval shoots of mango (A: Vegetative shoot in rambutdn, B:
Vegetative shoot transformed into floval shoot in rambutdn, C: Shoot in mango, D: Growing mango panicle).

Statistically, there were significant differences between the treatments and
between the study weeks, in both crops (p < 0.05).

These results suggest that when the A. sativum extract gets in contact with
branches and leaves of both crops, acted as flower bud elicitors [8, 27]. Nonetheless,
in mango crop this effect was rapid, unlike in the rambutan crop, where the genera-
tion of vegetative shoots was first stimulated before differentiation into floral shoots.
The breaking of the abiotic stress in both crops was stimulated by the water factor
which synchronized the vegetative and floral induction [28] and the biotic stress was
influenced by the components of the plant extract, which were in sufficient quantities
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Figure 4.
Number of flowers formed in the mango and rambutdin culture (NA: Without adherent, control: in the mango
culture it was potassium nitrate and in vambutdn it was Calcinit).

to reach and act as regulators of the metabolism and plant physiology of each tree
after coming into contact with their tissue [29-31]. This differs from the nutritional
imbalance induced by the agrochemicals used by producers at the foliar level, since
they generated accumulation of nitrates in the leaves [28].

The results obtained in mango and rambutan when using A. sativum aqueous
extract were a joint effect between the aqueous extract and the type of adherent
incorporated into the applied solution. Both honey and Inex A acted as adjuvants
and favored the penetration of the components of the A. sativum aqueous extract,
by increasing cuticular permeability in the leaves [32]. When no type of adherent
was used, the penetration of the extract components was less efficient, because the
increase in permeability in the cuticle that protects the leaves was not facilitated [33],
observing less shoot emission vegetative and floral.

After the stage of floral buds, the development of the flowers in the panicles of
both mango and rambutan is shown in Figure 4. A minimum of flowers was observed
in the aqueous extract where no type of adherent was included, in both crops. Despite
the fact that the values of the number of flowers formed with Allium sativum aqueous
extracts in both crops were similar to those obtained with the chemical compound
used to promote flowering, the percentage differences indicate that 6.8% and 9.4%
more flowers can be generated of rambutdn and in mango of 7.14% and 33.33%, when
including Inex A and honey to the solution, respectively. This is not related to the fact
that there is more frequency of fruit set and it is necessary to study the fertility capac-
ity and strength of the ovaries formed by the female flower in the future.

During flower formation, a variety of metabolic events occur that involve a varied
production of secondary metabolites involved in the generation of floral hormones,
osmotic pressure and ovary biogenesis [34-36]. The A. sativum extract stimulated
the generation and formation of the rambutdn and mango flower, in the panicles
produced by the components that were dissolved in the aqueous part, and according
to Yakin [35] and Venegas-Gonziles [37], these compounds provide energy, organic
molecules that function as metabolic cofactors and elicitors, for the generation and
maturation of the flower. Our results agree with the report by Ariza-Flores [36], who
indicates that exogenous molecules act as biostimulants, where their rapid or delayed
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Species Allium sativum + Honey A. sativum A. sativum + Potassium
Inex A nitrate
Apis mellifera 8 8 1 4
Oxytrigona mediofura 0 0 0 1
Tetragonisca angustula 0 1 0 0
Trigona fulviventis 6 4 2 1
Trigona fuscipenis 8 2 3 1
Trigona nigerrimia 5 4 3 3

Table 2.
Average number of bee species found in the floval panicles of the mango crop, for each treatment of A. sativum
extract (Honey: M. solani honey).

action depends on the concentration applied and absorbed in plant tissue. In this last
aspect, the substance included in the final solution, before applying, plays an impor-
tant role on the efficiency of the aqueous plant extract.

The application of the garlic extract in the mango crop, with Inex A, honey and
without adherent, presented on average a higher number of pollinating bees com-
pared to the number found in the treatment that only received potassium nitrate
(Table 2). The commercial species Apis mellifera was the one that had the greatest
presence in the mango flowers, observing a double value where honey was used and
without adherent, compared to the chemical treatment. The aqueous extract added
with Inex A, presented the lowest number of this bee species. The difference between
treatments was highly significant (p < 0.0001).

The other bee species belong to the Meliponine group and are considered floral
visitors, and are recognized as part of the ecosystem services that occur within agro-
ecosystems with reduced environmental damage [38, 39]. The other species were also
found in greater numbers in the extracts of Allium sativum with and without adherent,
compared to the control treatment, standing out the extract of A. sativum with honey.

It has been reported that sulfide derivatives such as diethyl sulfide and propyl
disulfide, including terpene derivatives, have an attractive action on bees [40, 41].
These compounds are similar to what is contained in the extract of A. sativum, accord-
ing to what was reported by Yakin [35] and Duran [10]. The inclusion of honey in the
plant extract strongly favored the attraction of bees or other pollinators, as reported by
studies carried out by Kumari and Rana [38], Wankhede [42] and Pashte [43].

3.2 Fruit set

After flowering, the formation of fruits occurred and two stages were considered,
one of them being before abscission and the second is after abscission.

In the first stage, in both crops a lower number of fruits was observed than in
the treatments applied with a chemical product and in decreasing order according
to the adherent included or without it (Figures 5 and 6). The percentages of differ-
ences calculated between the extract and the chemical product used, according to
the binder included or without it, for each culture were: 6.25%, 12.5% and 35.4% in
Inex A, honey and without binder, respectively in rambutan and 3.4%., 18.9% and
37.9% of Inex A, honey and without adherent, respectively, in mango cultivation. The
differences between the treatments were significant (p < 0.05).
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Number of tied fruits in the mango and rambutdn crops (NA: Without adherent, control: in the mango crop it
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Figure 6.
Fruit set before the abscission phase (A: Panicle with rambutdn fruits, B: Panicle with mango fruits).

In the second stage, after fruit abscission, it was observed that in the mango crop
the number of fruits with definitive mooring was lower than that found in rambutan
trees, regardless of the treatment. The percentage of definitive tied fruits per crop,
calculated, were: 46.66%, 61.9% and 51.6% when Inex A, honey and no adherent were
added, respectively, in the rambutan crop, and in the mango crop they were: 5.35%.,
10.63% and 5.55% when Inex A, Honey and without adherent are added, respectively.

Only in the mango crop, when adding honey as an adherent, 2% more filled and
harvested fruits were obtained, when compared with the control treatment (8.6%),
where amino acids were applied. In the rambutan crop, a minimum of 9% (with
Inex A) and a maximum of 24% (with honey) were obtained, more than tied fruits
compared to the addition of the Fusio N-H product, in which the percentage of fruits
produced was 37.5%.

In the fruit set, Ramirez-Luna [44] indicated that the components that stimulate
the fertilization of the ovaries, the elongation of the pollen tube, the cell division and
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elongation that will generate the fruit are pantothenic acid, folic acid, macro- and
micro-nutrients and amino acids. The A. sativum aqueous extract, with or without type
of adherent, favored fruit set where possibly the components extracted in the elabora-
tion process and those that penetrated the cuticle of the leaves of the trees were sufficient
to stimulate metabolic activity and strengthen the process. The foregoing is sustained
according to the report by Duran [10] and Ramirez-Concepcién [9] who report the
components that A. sativum has and those found in an aqueous extract, which are sugars,
nitrogenous mineral substances, sulfur amino acids, vitamins, folic acid, pantothenic
acid, niacin, polyphenols with antioxidant and antimicrobial activities, among others.
The abscission stage in fruit crops is a strategy that trees present to determine
which fruits they can sustain, according to the nutritional capacity they present and
the production of photoassimilates during the entire process of photosynthesis that
supports the constant fruit growth [45, 46]. At this stage, the A. sativum extract
received in the leaves and the type of adherent included in the mixture made it pos-
sible to amortize the effect of the abortion stage, where the components of the extract,
received from the leaves, provided nutrients and inducing substances, among others,
and including the nutritional capacity that the trees of each crop received before the
anthesis stage, played a preponderant role in sustaining the growth of the fruits.

3.3 Fruit growth dynamics

The growth of the mango and rambutan fruits during a period of 16 weeks,
without any growth stimulant, presented dynamics with lower growth and the size of
the fruits was smaller than those obtained with the garlic extract, which received Inex
A, honey and without adherent (Figure 7).

The application of SpeleR-K + Fusié N-H in mango and Fusié N-H in rambutan
generated growth induction through cell division and fruit elongation, specifically in the
third (21 days) and ninth week (63 days). These weeks are a key in the growth of both
fruits, as they denote physicochemical changes and high activity in cell division that
influence the elongation of the fruits. According to Caballero-Pérez [47], the first 68 days
are a key for the longitudinal growth of rambutan fruits and Pérez and Barraza [48],
indicated that the first 70 days of fruit growth after anthesis are key to obtaining good
fruit size, and for this reason growth stimulation is recommended on these days, with
inducing products that improve metabolism and promote cell division and elongation.

After each application of aqueous extract of A sativum in week 3 and 9, the effect
was observed the following week, inducing elongation of the mango and rambutan
fruits. This response was similar to chemical treatment. From week 5, in both fruit
trees, it was observed that the Allium sativum aqueous extract that did not include
any type of adherent to the growth dynamics of the fruit presented lower values.
Something similar was observed when Inex A was included, in the aqueous extract, in
rambutan fruits. In mango fruits, a reduction in growth dynamics was observed two
weeks after the second application. Only when honey was included in the aqueous
extract solution, the growth dynamics was completely similar to the treatment that
received the chemical product, reaching fruit sizes that differed by 0.5 cm between
them. The difference between treatments was significant (p < 0.05).

The dynamics presented in the rambutan fruit, for each extract, allowed to see
three growth stages (Figure 7) unlike what Caballero-Pérez [47] reports and in the
mango fruits the dynamics are similar, for which follows that there are also three
stages. It is proposed that the three stages are divided according to the stages reported
by Martijn ten Hoopen [49], differentiated in times, where from day 1 to day 28 (week

198



Technological Development in the Use of Allium sativum Aqueous Extracts in the Agricultural...
DOI: http://dx.doi.org/10.5772/intechopen.110323

12

oy
(] o

Fruitlength (cm) / area/ tree
o

1 2 3 4 5 6 ' 8 9 0 1Y 1y 13- 14 115 16

Study weeks
HoNey emmm=NA Speler + Fusion

(a)

No product

12

Fruitlength {cm) / area/ tree
o

i 2Z 8§ 48 § % 8t 49 121011712 13 44, 154 (16

Study weeks
Inex A

Honey

NA FUSION H e NO product
(b)

Figure7.
Dynamics of fruit growth in the mango (A) and rambutdn (B) crop (NA: Without adherent, control: in the mango
crop it was with SpeleR-K + Fusio N-H and in rambutdn it was Fusié N-H, none: non-product was applied).

4), is that of cell division and it is when the embryos are not yet growing, from day 29
to 70 (week 10) is the stage of cell elongation and the development of the embryo to
generate the seed occurs, and the last stage from day 71 to day 112 or 120 (week 16 or
17), consists of the ripening of the fruit before harvest.

The components present in the aqueous extract stimulated the development of
stage 2, which corresponds to cell elongation, and induce stage 3, which corresponds
to cell differentiation and tree maturity. This effect of elongation at two different
moments in the observed dynamics is related to the nutritive capacity of the tree, the
production of photo-assimilated in the leaves and the transport of these to the fruits,
to support their growth [45, 46].

The stimulation provided by the components contained in the A. sativum extract
(sugars, nitrogenous mineral substances, sulfur amino acids, vitamins, folic acid, panto-
thenic acid, niacin, polyphenols, among others) [9], which was favored by the adjuvant
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that allowed these components to pass through the cuticle of the fruits, were inducers

of cell elongation and division in stage two. According to Caballero-Pérez [47], in the
growth stage that involves division and expansion, there is competition for carbohydrate
sources, according to Pérez-Barraza [48], during the cell expansion of the fruit metabolic
components are needed to synthesize hormones and compounds that allow the genera-
tion of tissue, and Elakbawy [50], indicates that organic compounds from plant sources,
exogenous or endogenous to the tissue influence physiological processes that control

cell division and the differentiation of the growth process, in which cell elongation is
involved, finding the participation of sulfur amino acids, auxins and cytokinins.

3.4 Pest control

After the first application, the thrips population was reduced by 65.78%, 63.52%,
55.42% and 75% with Allium sativum extract mixed with Inex A, honey, without
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Figure 8.
Dynamics of adults of thrips in the mango crop (A) and of mealybugs in rambutdn (B) (NA: Without adherent,
control: in the mango crop it was with malathion and in vambutdn it was cypermethrin).
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adherent and chemical, respectively, in mango cultivation (Figure 8a). In rambutan,
the reduction of the mealybug population was 60%, 71.05%, 54.41% and 84.7%
with A. sativum extract including Inex A adherent, honey, without adherent and the
chemical product, respectively (Figure 8b).

Subsequently, in both crops, the population of pest insects gradually increases in
week 3 and 4, regardless of the adherent or without it. After the second application,
in week 4, 31.57%, 36.47%, 40.96% and 25.0% more were reduced in the mango crop
with the A. sativum extract mixed with Inex A, honey, without adherent and the
chemical product, and in the cultivation of rambutan, a reduction of 35.38%, 27.63%,
35.29% and 4.16% more was with the A. sativum extract that was mixed with Inex A,
honey, without adherent and the chemical product used by the producer.

The population dynamics in week 7 and 8 show an increase in the number of indi-
viduals of both pest insects. After the third application of the aqueous extract, in the
mango crop, no thrips insect was found in the trees, unlike the rambutan crop, where
the population gradually increases until week 15 and after week 16, when it starts fruit
harvest, no mealybugs were found.

The correlation found between the growth of the mango fruit and the number
of thrips was r = —0.65 between the first 8 weeks, later the value increased, reaching
r = —0.92, between weeks 9 and 16. The correlation found between the growth of the
rambutdn fruit and the amount of mealybugs was r = —0.58 between the first 8 weeks,
later the value increased, reaching r = —0.90, between weeks 9 to 16. The third
application helps the rambutdn fruit no longer receive any damage from the mealybug
larvae, and in mango the thrips larvae and adults are not affected significantly either,
allowing a maximum induction of fruit growth. There were significant differences
between the treatments (p < 0.05).

To control the two pests of both fruit trees, where the life cycle in time is similar
and the arrival events for each crop begin a few days before the anthesis event occurs,
attracted by volatile secondary metabolites emitted by mango trees and of rambutdn
[51-53], is knowledge that should not be overlooked when designing control strategies.
The application of the aqueous extract of A. sativum in time and form, for the control
of mealybugs and thrips adults significantly reduced the population, with a minimum
of 50% and a maximum of 70%, depending strongly on the type of adjuvant or not,
similar to what was reported by Flores Villegas [54] and Jaramillo [55], both authors
agreeing that the concentration used of plant extracts can reduce the population of pest
insects by 50% by increasing the concentration of these or by reducing it, to which the
insecticidal or repellent effect strongly depends on the extracted metabolites.

The control of pest insects, thrips and mealybugs, strongly depends on the flower-
ing and fruiting periods of the crops, these stages being dependent on nutritional,
physiological and environmental conditions [48, 51, 56]. Having started the applica-
tions at the beginning of the flowering stage and making three applications, every
4 weeks, kept the population of thrips low and prevented the number of individuals
from increasing significantly, and this effect was maintained by including honey, Inex
A in the mixture or without them, observing that in mango cultivation (Figure 8a),
this effect is reduced when no adherent is applied. The reduction in the number
of thrips at an extract concentration of 10% was similar to that obtained by Monje
[57] who reported a mortality of adult thrips similar to chemical treatments, who
used Spinosad, Imidacloprid and Thiamethoxan, without the use of adherent, being
among the most efficient the extract of A. sativum and onion. Nava-Pérez [58] and
Véazquez-Luna [59] indicated that the metabolites present in the extract of A. sativum
present repellency, feeding and growth regulation of the larval growth faces of the
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insect plague. The extract of A. sativum has also had repellent effects against a variety
of pest insects, where the mealybug is considered one of them [60]. Martinez and
Rivera [61] and Marcano and Hasegawa [62] indicated that the lethal dose of the A.
sativum extract depends on the population density that exists in the crop at the time of
implementing its use as part of phytosanitary management, and in the same way the
expected effect, where it can be biocidal or repellent.

3.5 Phenol production

The induction of phenols in mango panicles, regardless of adherent or non-adher-
ent, started after the second application, unlike the treatment that received malathion
(Figure 9). After week 8, when the third application was made, in the trees that
received the aqueous extract, the production of phenols increased the concentration
of phenolic compounds in the panicle. Only when Inex A was included in the applica-
tion, after week 10, the increase in the concentration of these compounds decreases.
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Figure 9.

Dynamics of phenol production in the main branch of the panicle in the mango crop (A) and in vambutdn
(B) (NA: Without adherent, control: in the mango crop it was with malathion and in rambutdn it was
cypermethrin).
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After week 9, the extract that received honey and without adherent increases
the concentration of phenols, observing that the dynamic that stands out with the
highest production is the one that received honey as adherent. Only the aqueous
extract that was mixed with honey reached concentrations higher than 0.011 mg
EGA / g of panicle, equivalent to 8.94% more phenolic compounds than the extract
without honey, 66.88% more phenolic compounds than the extract mixed with Inex
A and 85.34% more phenols than the treatment that received malathion. A Pearson
correlation value of r = —0.90 was found from week 4 to week 16, between the
population density of thrips and the concentration of phenolic compounds found in
the mango panicle.

In the rambutan crop, unlike the mango crop, the induction of phenolic com-
pounds began one week after application with Inex A, honey and no adherent in the
Allium sativum aqueous extract, reaching a maximum value at the second week and
reducing its concentration in the third week. A similar dynamic was presented after
the second application, observing that after the third application the dynamics of
phenol production was different.

Only when Inex A was included in the application, after week 11, the increase
in the concentration of these compounds decreases, similar to that observed in the
mango crop after week 9, the extract that received honey and without adherent
increases the concentration of phenols, observing that the dynamic that stands out
with the highest production is the one that received honey as adherent. The aqueous
extract that was mixed with honey reached concentrations higher than 0.0100 mg
EGA / g of panicle, equivalent to 22.18% more phenolic compounds than the extract
without honey, 53.53% more phenolic compounds than the extract mixed with Inex A
and 76.84% more phenols than the treatment that received cypermethrin. A Pearson
correlation value of r = —0.98 was found in all study weeks between the mealybug
population and the concentration of phenolic compounds obtained from the rambu-
tn panicle.

The A. sativum aqueous extract contains a wide variety of secondary metabolites,
among which are phenolic compounds, sulfur molecules and amino acids, which have
been shown to have an eliciting action for secondary metabolism in cells or tissues
where they are applied exogenously and penetrate to act endogenously [9, 10, 44].
According to Bailey [63] and Al-Oubaidi [64] the induction of phenolic compounds in
biological models is a response to biotic or abiotic stress promoted by an organism or
molecules that came into contact with the tissue or the cell of a host or receptive plant.
The compounds of the extract of A. sativum generated induction in the production
of phenolic compounds, which favored the control of the population density of both
mealybugs and thrips, in both crops, being more efficient in rambutdn for observing
arapid response. Compared to that found in the mango crop, Delgado-Oramas [65]
exposes something similar, who mentions that eliciting production of secondary
metabolites is to avoid pest attack, it is a form of resistance induction, causing the
host plant to present a different taste or smell, and on other occasions, they serve as
repellents for phytophagous insects.

Based on the results obtained, fruit set, fruit growth and behavior of the pest,
we propose that the production of phenolic compounds changes according to the
physiological age or function that the organ is performing, which in this case are the
panicles of both crops, according to what Albores-Flores [66] and Viveros-Legorreta
[67] report, who agree that the concentration of phenols depends on the growth stage
of the organ, varying in the types of compounds and their concentrations, depending
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on the function they perform, among these would be as a cell wall component, for
biosynthesis of other molecules or as part of defense mechanisms, during cell divi-
sion, cell elongation or cell differentiation.

This result will vary according to the crop, because in mango the induction of phe-
nolic compounds was after the second application, unlike the rambutan crop where
the phenol induction response was rapid. These results are related to the penetration
capacity of the molecules in the cuticle of the tissues of each organ [33], and it is pos-
sibly lower in mango, because there was more hydrophobicity with its components,
and faster in rambutdn, where the condition was less hydrophobic due to the types of
compounds that constitute its cuticle.

4, Conclusions

The Allium sativum aqueous extract presents potential for use in agriculture
as it shows a variety of functions in mango and rambutan fruit crops, to replace
chemical products, be included in agronomic management and improve their
production.

The extract of A. sativum with and without adherent can be used for flower
induction, pollinator attraction, fruit set, fruit growth inducement, secondary
metabolite inducement such as polyphenolic compounds and control pests in the
fruiting stage.

The biological action of the aqueous extract of A. sativum is further potentiated
when a chemical adherent or a natural product is included in the mixture, such as
Melipona solani honey at a minimum concentration of 0.001%.

The extract of A. sativum can be used as an agricultural technology in the produc-
tion of fruit trees without affecting the variety of pollinators, such as bees.
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ECOSUR The College of the Southern Border
NA without adherent

EGA gallic acid equivalents

AEA before the fruit abscission stage
DEA after the stage of abscission of fruits
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Chapter11

Utilization of Moringa Leaves
and Pods as Organic Fertilizers in
Enhancing Soil Fertility and Crop
Growth

Ebido Nancy Ekene and Ndubuaku Mabel Uchenna

Abstract

The use of Moringa extract as bio-fertilizers positively influences agriculture.
The different parts of the plant have diverse functions. The extracts have proven to
improve crop growth and yield when applied as foliar fertilizers or green manure.
The growth and yield of two cultivars of cocoyam (Nce 001 and 012) were enhanced
by the application of aqueous moringa leaf and pod extract (AMLE and AMPE).
Also the use of moringa leaves as green manure increased the growth of maize. These
effects could be traced to its potentials in improving the soil fertility status and also
its phyto chemical properties. Therefore, the use of moringa as an organic fertilizer is
highly recommended. This book chapter emphasizes the use of moringa leaf and pod
extracts, as good alternative bio fertilizers for improved crop growth and yield.

Keywords: Moringa oleifera, aqueous moringa extract, organic fertilizer, crop growth
and yield, soil fertility

1. Introduction

Moringa is also known as Horse-radish tree or drumstick tree. It isa shrub or tree
belonging to the Onogenic family, known as Moringaceae. The tree is indigenous to Agra
and Oudh in India’s North West, south of the Himalayas. It is cultivated worldwide,
particularly in Pakistan, Asia Minor, Africa, and Arabia, [1]. At the start of the 20th
century, it was brought from India to Eastern Africa. The Moringa oleifera Lam. species is
the most widely grown of the 13 species that make up the moringa family. Moringa grows
fast into a short, slender perennial tree, about 7-9 m tall, and can grow up to 6-7 m within
ayear under low rainfall of at least 400 mm/annum [2]. The bark is grey and thick, and
looks like cork, peeling in patches. Propagation is either by seed or vegetatively through
cuttings. When the moringa plant is 8 months old, it starts to bloom, and the flowering
season lasts from January to March. The triangular (30-50 cm long) pods of the fruit,
which ripens between April and June, have oily, black winged seeds inside [3, 4]. It has
long tuberous tap roots that grow deep into the soil in order to absorb nutrients from the
subsoil during the dry season. The moringa tree is renowned for its ability to adapt to
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difficult growing conditions that most trees cannot handle, including resilience to diseases
and drought [5]. In the sub-Saharan regions, moringa is a relatively new crop for farmers,
and it is primarily produced in backyards for domestic consumption. However, there is
little information available on farmers’ perspectives of its production, processing, and use.

Moringa is quite interesting to scientists since it possesses beneficial qualities and
traits. These include the high levels of protein found in the leaves and stem, the oil
found in seeds, and the abundance of distinctive polypeptides found in seeds that can
bind to various moieties. Since ancient times, its traditional, medical, and industrial
uses have been promoted. The plant’s varied sections are excellent providers of pro-
tein, vitamin B, amino acids, and numerous phenolic compounds. They also include
profiles of significant minerals [3, 6]. Phytochemicals found in the moringa plant are
abundant and unusually combined [7].

Owing to its numerous usages and advantages for agriculture and industries,
Moringa oleifera Lam. has received a lot of attention recently [8]. All parts of the
moringa plant are utilized for medicinal and other reasons, earning it the nickname
“wonder tree” Moringa has antibacterial qualities in its bark, seeds, roots, stem,
leaves, and flowers [9, 10]. Moringa has in recent times been studied for its potential
to increase soil fertility, crop growth and production, making it a valued plant [11].
Because it includes several plant hormones that promote growth, moringa extract
has demonstrated to boost crop development and productivity when used as foliar
fertilizers or green manure. Due to their involvement in all phases of plant growth
and development, plant hormones have the potential to increase yield. Auxins, gib-
berellins, abscisic acid, ethylene, and cytokinins are examples of growth-regulating
hormones [12]. One type of cytokinin that naturally occurs in plants is zeatin. Fresh
moringa leaves have a high zeatin concentration, according to studies [13]. Onions,
pepper, soy beans, sorghum, coffee, tea, melon, and maize leaves were sprayed with
moringa leaf extract, and it was discovered that doing so increased their yield [14].
Moringa has been reported to have high yielding and drought resistant qualities with
its mean annual pod yield capacity of 37.69 tonnes/ha/yr. and seed yield capacity of
16.74 tonnes/ha/yr., and was also reported to have grown and yielded very well in
the arid savannah zones [15]. The fertility of agricultural soils is increased by using
moringa shoots as green manure. For this, moringa seeds are planted in well-prepared
seed beds 10 cm apart and 1-2 cm deep. After 25 days of planting, the young plants
are ploughed into the ground at a depth of 15 cm [3].

2. Moringa production

Moringa seedlings for transplanting are grown in seed bags of about 18 cm in
height and 12 cm in diameter. The suitable soil medium is a mixture of topsoil,
manure and fine sand in the ratio of 3:2:1. Three seeds are planted per bag at a depth
of 2 cm. The seedlings are thereafter transplanted one month after sowing. Before
transplanting, holes with dimension of 30 cm wide and 30 cm deep are dug ata
spacing of 20 cm x 50 cm. The holes are then half-filled with the soil medium to
sustain the seedlings at the early stage of their growth. The moringa seedlings are
transplanted with their ball of earth and watered routinely. One month after trans-
planting, the moringa plants are trimmed using a pruning saw to promote branching,
increase yield and facilitate harvesting. Six months after transplanting, when the
pinnules would have been broad enough, the leave can be harvested for processing by
snaping leafy stems from branches. Young shoot tips can be harvested to promote the
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development of side branches. The plant should be allowed to develop new shoots and
branches before subsequent harvest.

3. Economic importance of moringa

Moringa is an all-purpose plant. There are numerous uses for every component
of the plant. The leaves are highly nutritious. They are good suppliers of phenolic
compounds, beta carotene, minerals, vitamins, amino acids, and protein. Zeatin,
quercetin, beta-sitosterol, caffeoylquinic acid, and kaempferol are all present in them
in rich and uncommon combinations. They act as cardiac and circulatory stimulants.
They possess antibacterial, antifungal properties and some antioxidants. The leaves are
ground and used for scrubbing utensils and for cleaning walls. The fresh leaves can be
eaten raw or cooked like spinach or dried and made into powder that can be added to
sauce etc., and young branches are eaten by livestock. It is planted as living fence tree.

The young green pods can be eaten whole and be comparable in taste to asparagus.
The older pods can be used for their seeds, which can be prepared as peas or roasted and
eaten as peanuts. The seeds yields about 40% of non-drying oil, known as Oleic or Ben
oil, used for cooking, lubricating, cream and soap making etc. The oil is clear, sweet and
odourless and also useful in the manufacture of perfumes and weavon oils in hair dress-
ing [16]. The oil compares favourably with olive oil. The mature seeds can also be used
to purify water. Seed cake is a good source of fertilizer, however it is not advisable to use
the seed cake for livestock feed as it contains alkaloids and saponin [17].

The flowers bloom around 8 months after planting. They are present all through
the year and serve as good source of nectar for honey producing bees. Thus, their
presence enhances growth of other crops due to increase in pollination activities by
bees. The flowers can be eaten fried and have the taste and texture of mushrooms.
Moringa wood yields a blue dye and the bark can serve for tanning.

4. Agricultural benefits/application of moringa

There are also many other uses of moringa especially in the agricultural sector,
among these are;

4.1 Animal feedstock

There are significant nutritional restrictions on ruminant feed in many tropical
areas due to low-quality and insufficient natural foods, which can result in an energy
and protein shortage [18, 19]. The problem of ruminant feed shortages is made
worse by the dry seasons, when natural pastures are deficient in protein and energy.
Moringa has a high nutritional content and might be a suitable source of feed supple-
ment, according to several research [20, 21]. Therefore, using moringa as a source of
protein will boost cattle performance and balance other available nutrients [16].

4.2 Alley cropping

With the rapid growth, long tap roots, few lateral roots, minimal shade and large
production of high-protein biomass, moringa trees are well suited for use in alley
cropping systems.
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4.3 Green manure

Moringa plants can be cultivated intensively and then ploughed back into the
soil, as green manure or natural fertilizers for other crops. The leaves could also be
pruned and incorporated into the soil as green manure. The incorporation of fresh
or dry moringa leaves has been reported to increase the soil organic matter, nitrogen
and phosphorus contents and reduced exchangeable aluminium and hydrogen ions.
Among fresh and dry moringa leaves incorporated into the soil, nutrient release was
higher in the dry than the fresh leaves. The incorporation of 5-15 t/ha fresh and dry
moringa leaves enhances Maize growth and production [22].

4.4 Foliar nutrients

The juice extracted from the different parts of the plant especially the fresh leaves
and pods can be used to make foliar fertilizers capable of increasing crop yield by up
to 30%.

In an experiment conducted by Ebido et al. [23], fresh leaves and pod husks of
Moringa oleifera were collected and washed under tap water; rinsed with distilled
water and dried in shade. The dried samples were powdered in a hammer mill grinder.
Powders of the leaves and pod husks were mixed separately with distilled water in
aratio of 100 g: 1lit and left overnight to allow the powder get dissolved in water.

The mixture was then filtered through muslin cloth to get 100% moringa plant tissue
extract. The extracts were shaken after vacuum filtration. The undiluted extracts were
added to the Erlenmeyer flasks, blocked with cotton individually, and heated at 50°C
for 15 min to prevent contamination. To further dilute the extracts for usage, two ratio
concentrations 1:1 and 2:1 (i.e., 5 ml of extract to 5 ml of water and 10 ml of extract to
5 ml of water, respectively) of distilled water were used.

5. Use of aqueous moringa leaf and pod extracts (AMLE and AMPE) as
foliar fertilizers and the effects on crop growth and yield

In a field evaluation trial, Ebido et al. [23] studied the effects of aqueous moringa
leaf and pod extracts (AMLE and AMPE) on the growth and yield of cocoyam. The trial
was done at the Cocoyam Experimental Farm of National Root Crop Research Institute,
Umudike, Abia State, South-East Nigeria. The experimental site was located in the
rainforest agro-ecological zone. The soil was a coarse-textured Ultisol. The processed
moringa leaf and pod extracts were further diluted with distilled water at the ratios of 1:1
and 2:1 using 5 ml of extract to 5 ml of water and 10 ml of extract to 5 ml of water respec-
tively. The crop used for the experiment was cocoyam (Colocasia-NCe 001 and NCe 012).
A month after planting, the treatment application began, and it was repeated monthly.
Plant stand at harvest (survival count) was the growth data measured. Number of corms,
number of cormels, weight of corms (kg), weight of cormels (kg), total number and
weights of corms and cormels after final harvest were the yield components measured.

The results, as displayed in Tables 1-3, demonstrated that the AMPE provided a
higher yield than the AMLE. All of the treatments produced higher yields when com-
pared to the control, with AMPE 2:1 having a higher yield of about 20% on NCe 012
and AMPE 1:1 having a higher yield of nearly 50% on NCe 001. There were notable
yield variations between the two cultivars, with NCe 012 doing better.
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Treatments Survival No. of Weight of No. of Weight No. of Total
counts corms corms (kg) cormels of corms weight
cormels and (kg)
(kg) cormels
T1 (Con) 14.0a 16.3b 0.9b 109.0a 2.2a 125.7a 3.1b
T2 (AMLE 14.3a 17.0b 2.0b 143.7a 3.9a 187.3a 5.9a
1:1)
T3 (AMLE 16.7a 24.0ab 1.2ab 163.0a 34a 160.7a 4.6ab
2:1)
T4 (AMPE 17.7a 32.0a 21a 156.7a 41a 188.7a 6.2a
1:1)
T5 (AMPE 14.3a 16.7b 1.2ab 145.0a 3.3a 161.7a 4.5ab
2:1)

T = treatments, AMPE = aqueous movinga pod extract, AMLE = aqueous moringa leaf extract, means with the same
alphabets are statistically similar.
Source: Ebido et al. [23].

Table 1.
Effects of aqueous movinga extracts on cocoyam (NCe 001).

Treatments Survival No. of Weight No. of Weight No. of Total
counts corms of cormels of corms and weight
corms cormels cormels (kg)
(kg) (kg)
T1 (Con) 19.3ab 23.7b 2.9b 249.7a 6.0a 273.3b 8.9a
T2 (AMLE 16.3b 32.7a 3.6ab 273.0a 6.5a 305.7ab 10.1a
1:1)
T3 (AMLE 19.0ab 31.7ab 3.3ab 270.7a 6.4a 302.3ab 9.6a
2:1)
T4 (AMPE 16.7b 30.3ab 2.9b 267.0a 6.2a 3973a 91a
1:1)
T5 (AMPE 20.0a 38.3a 3.9a 316.0a 7.2a 354.3ab 11.1a
2:1)

T = treatments, AMPE = aqueous movinga pod extract, AMLE = aqueous moringa leaf extract, means with the same
alphabets are statistically similar.
Source: Ebido et al. [23].

Table 2.
Effects of aqueous movinga extracts on cocoyam (NCe 012).

This demonstrates that using moringa extract as an organic foliar fertilizer sub-
stitute can increase cocoyam yield. This can be likened to the presence of growth
enhancing hormones, especially cytokinin (Zeatin) in AMLE and AMPE which
increases growth and yield of crops [3, 7, 13]. It had been reported that foliar applica-
tion of moringa leaf extract improved the growth and yield of tomatoes, peanut,
corn and wheat during the vegetative growth stage of the crops. Fuglie [3] reported
yield increase of 25-39% in onions, pepper, soya, maize, sorghum etc. following the
application of moringa leaf extract. Similarly, Phiri [24] observed that M. oleifera leaf
extract improved germination of sorghum and increased hypocotyl length of wheat.
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Treatments Survival No. of Weight No. of Weight No. of Total
counts corms of cormels of corms weight
corms cormels and (kg)
(kg) (kg) cormels
NCE 001 15.7 222 15 150.8 35 1731 4.9
NCE 012 20.6 33.2 34 276.8 6.5 309.9 9.9
LSD (0.05) 15 39 04 376 0.8 383 12

Source: Ebido et al. [23].

Table 3.
Yield performance of the two cocoyam cultivars (NCe 001 and 012).

Adekiya et al. [25] pointed out that the application of moringa leaf extract increased
the yield of okra when compared with the control.

6. Conclusion

The use of plant extract as bio-fertilizers has proven to influence agriculture
positively. Moringa, which is referred to as a Miracle tree, because every part of the
tree has great potentials, is no exception of plants whose extracts are used as bio-fer-
tilizers. It grows very fast and can survive unfavourable conditions. It is a global crop
because of its adaptability to diverse environmental conditions. The valuable proper-
ties and characteristics of moringa have made it a crop of great scientific interest. The
different parts of the plant, contain profiles of important minerals, nutrients, hor-
mones and phyto chemicals. Moringa extracts has proven to improve crop growth and
yield when applied as foliar fertilizers or even green manure. Reports have shown that
the application of moringa aqueous leaf and pod extracts increased cocoyam yield
by about 50%. The use of moringa leaves as green manure also increased the growth
of maize. These effects could be traced to its potentials in improving the soil fertility
status due to its high composition of chemical and phyto chemicals. This, therefore,
concludes that moringa extracts, particularly AMPE and AMLE are good sources of
alternative bio-fertilizers for enhanced crop yield. Therefore, the use of moringa as
an organic fertilizer is highly recommended. Based on the dearth of research on the
use of moringa pod extracts for improved crop yield, it is recommended that more
research be conducted in this regard.
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Chapter 12

Synthesis of Thermophosphate
Fertilizers by a Plasma Torch

Nelson Mauricio Espinel Pérez

Abstract

Phosphoric rock (PR) is the basic building block to produce animal feed, fertil-
izers, and industrial phosphates. Global demand for PR is estimated to grow from 207
Mtons in 2018 to 263 Mtons in 2035, of which Colombia contributes approximately
0.06 Mtons per year. A novel technology to carry out calcination is the plasma torch,
where the electrical resistivity of the system is increased and ionized gas is produced
that can reach temperatures above 10,000°C, which facilitates the transformation of
PR into thermophosphates. Two samples of PR from the region central of the Boyaca
department, Colombia, were subjected to calcination through a plasma torch and as a
result, showed a maximum concentration of total phosphorus between 27 and 33% of
P,0s and assimilable phosphorus corresponding to the range between 3.0 and 4.8% of
P,0Os respectively. Finally, the energy consumption for calcination is <1.14 kW-h/Kg,
respectively.

Keywords: fertilizers, plasma torch, thermophosphates, phosphoric rock, calcination

1. Introduction

Phosphoric rock is one commodity type and is considered a strategic mineral of
Colombia with 20 million hectares of reserves. Global demand for phosphoric rock is
estimated to grow from 207 Mton in 2018 to 263 Mton in 2035, of which Colombia
contributes approximately 0.06 Mtons/year [1]. The crucial phosphoric rock deposits
in Colombia are in the departments of Boyacd (Sogamoso, Pesca, Iza, Cuitiva, Tota,
Monguli, Umbita, and Turmequé), North Santander (Sardinata, Lourdes, Cicuta,
Bochalema, Durania, Santiago and Zulio), Huila (Tesalia and Aipe), Cundinamarca
(Zipaquird and Pacho) and Tolima (Natagaima). According to previous reports [2],
the production was 2016 of 66,324 tons/year, being the department of Boyaca the
most prominent producer with 34,501 tons/year, Huila with 20,615 tons/, and North
Santander with 11,208 tons/year, respectively [3]. Figure 1 shows the primary
phosphoric rock deposits in Colombia.

On the other hand, 75% of the phosphoric rock does using for the wet production of
phosphoric acid as an intermediate product, required to obtain fertilizers and other
products such as diammonium phosphate (DAP), monoammonium phosphate (MAP),
triple superphosphate (TSP), dicalcium phosphate (DCP), sodium tripolyphosphate
(STPP), thermal phosphoric acid (TPA), simple superphosphate, (SSP) and direct
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North  Santander:  Sardinata,
Lourdes, Cucuta, Bochalema,
/ Durania, Santiago and El Zulio.

vBoyaca: Sogamoso, Pesca, lza,
Tota, Cuitiva, Mongui, Umbita
and Turmequé.

Tolima:e __

: -~ » Cundinamarca:
Natagaima.

Pacho and Zipaquira.

Huila:
Aipe and Tesalia.

Figure 1.
Main phosphoric rock deposits in Colombia [4].

application phosphoric rock (DAPR) [1]. According to previous reports, more than 10%
of the world fertilizer market produces by calcination [5], and a novel technology to
carry out this operation is through the plasma torch [6]. It creates an electric arc
through which gas passes, producing a stream of ionized gas or plasma. The system’s
electrical resistivity increases and ionized gas is created that can reach temperatures
above 10,000°C, which facilitates the transformation of phosphoric rock into
thermophosphates. The samples of phosphoric rock (PR) were taken from the localities
of Iza and Sogamoso Boyacd — Colombia. Then the phosphoric rock beneficiation was
carried out by drying, crushing, grinding, and sieving operations by obtaining particle
sizes of 0.075 mm, because of a granulometric analysis that passed 200 meshes. To
facilitate the agglomeration of the sieved mineral, a mixture of phosphoric rock, wheat
flour, and water was prepared, forming a homogenized paste and pressed through a
hydraulic system to obtain briquettes 2.5 cm in diameter and 1.2 cm thick. They were
then calcined in a plasma reactor and the thermophosphates were obtained.

2. Importance of phosphoric rock in the world

Sustainable development goals (SDGs) seek to end poverty, defend the planet, and
ensure prosperity for all people in 2030. Some goals like 1, 2, and 10, no poverty, zero
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hunger, and reduced inequalities [7], respectively, aim at improving living conditions
worldwide. However, goal 2 is critical due to population growth, where every day
needs to meet the demand for food. For food production, phosphoric rock is the
primary source of phosphorus in fertilizers and can be obtained by a thermal or wet
process; furthermore, your application, like soluble phosphorus, can increase the yield
of crops and is a critical factor for the agriculture due to do not have a substitute for the
growth of plants. Likewise, phosphorus in the shape of phosphate or its esters is
involved in many biological processes, including relevant structural, metabolic, and
transport functions, and it’s a structural element in nucleic acids or phospholipids in
biomembranes [8, 9]. In addition, nutrients like nitrogen are used less efficiently when
soils contain less phosphate and potash [10]. Even if all other conditions and nutrients
are plentiful, only phosphorus can make crops thrive [11]. On the other hand, the
disponible of this raw material, nonrenewable in nature, depends on the extraction
speed, and consumption determines the depletion rate [12]. Finally, the farmers must
be conscientious about the efficient use of phosphorus fertilizers, and fertilizer pro-
ducers should consider about developing materials that gradually release phosphorus
and avoid dilution losses due to rainfall or other factors. Likewise, it must be carried on
an equitable distribution of fertilizers that avoid social issues, favor economic growth,
improve agricultural productivity, and improve food security worldwide.

3. Characteristics of phosphoric rock

In nature, phosphates are present in igneous, sedimentary, and metamorphic rocks,
as well as marine and biogenic deposits. The most important group is the apatites,
whose generic formula is M;¢(XO,4)¢Y,. Likewise, the most common natural deposits
are fluorapatite (Ca;o(PO4)cF>), hydroxyapatite (Ca;0(PO4)s(OH),), carbonate of
hydroxyapatite (Ca;0(PO4,C03)s(OH),), francolite (Ca;o_x.yNayMg,(PO4)6.
2(CO3),Fo 4,F>), dahllite (3Ca3(PO,4),-CaCOs3) and collophane 3Caz(PO4),-nCa(CO3,F,,
0)-xH,0 [5]. Table 1 summary of the chemical composition of apatites.

4. Obtaining thermal phosphates

The thermal treatment of phosphate rock allows the production of
thermophosphate fertilizers, sometimes with additives. At high temperatures, changes

Generalities Cation/Anion/Properties References
General Formula M;0(X04)6Y> [13]

M (Cations to replace) Ca”", Mg”', Sr**, Ba®*, Mn*", Fe**, Zn?*, Cd*", Pb*, H',

Na*, K*, AP*

X0, (Anions to replace) P0O,3", AsO,*>, V0,37, SO, CO5*™ and Si0,>~ [13]

Y (Anions to replace) OH™,F,Cl,Br, 0*,and CO,> [13]
Thermal stability FAp > HAp > ClAp [14]
Dissolution grade in tampon acid CIAp > HAp > FAp [15]

Table 1.

Generalities about apatites.
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in the crystal structure of apatite occur, facilitating the availability of phosphorus to
plants [16]. Three types of conventional thermal processes are applied to phosphoric
rock [17]: calcination, sintering, and melting. Thermal plasma is a novel method, and
its description is carried out later.

4.1 Calcination

It is a process that decomposes existing carbonates and eliminates CO,.

4.2 Sintering

It is the process of agglomerating of small particles to form larger ones without
reaching the melting point.

4.3 Melting

The raw ore is heated to above the melting point.

On the other hand, electric furnaces are widely used for calcinating phosphoric
rock, and the thermal treatment carries on to specific temperatures, as described in
Table 2.

4.4 Thermal plasma
Plasma is considered the fourth state of matter and consists of a mixture of elec-

trons, ions, and neutral particles, which are generally electrically neutral. Figure 2
shows the characteristics of process ionized plasma.

Characteristic Temperature Range Process Reference
Water removal 120-150°C Dry [5]
Removal of organic matter 650-750°C Calcination
Carbonate dissociation 850-1000°C Calcination
Fluoride removal >1350°C Defluorinated

Table 2.

Thermal treatments applied to apatite.

o
® &

= =1
h Electricarc 4+ %

Gas atom lonized gas or plasma

Figure 2.
Characteristic of process ionized plasma.
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The creation of an electric arc sustained by the passage of electric current through
a gas produces an increase in electrical resistivity throughout the system, generating
heat, stripping electrons from the gas molecules, and resulting in a stream of ionized
gas or plasma [18]. Plasmas are classified into thermal and cold plasmas: the former
are known as hot, high-pressure, or equilibrium plasmas and are characterized by the
fact that the temperature of the ions is very similar to that of the electrons. The second
is low-pressure and non-equilibrium plasmas and is characterized by less frequent
collisions between ions and electrons, generating a higher electron energy level (tem-
perature) [19]. On the other hand, plasma torches can be classified into transferred,
and non-transferred arcs. The difference is that the former has a wider physical
separation between the cathode and the anode, which can vary between 1 cm and
almost 1 m [18].

5. Material and methods
The phosphoric rock (PR) samples were taken in the central-eastern region of the

Boyaca Department, Colombia, specifically in the municipalities of Iza (San Miguel)
and Sogamoso (Pilar and Ceibita).

5.1 Benefit of minerals

Table 3 describes the benefits of minerals of raw phosphoric rock (PR).

5.2 Calcination process in plasma torch reactor

A plasma torch reactor was used to obtain thermophosphates by calcinating the
phosphoric rock (RP) under the conditions described in Table 4 and using the equip-
ment Victor Cut Master A60™.

Unitary Conditions Equipment

operation

Drying PR 50°C/8 h Electric oven

Grinding 250 rpm/5 min. Retsch planetary ball mill pm 400

Sieving particle size <0.075 mm, passes 200  Fritsch Analysette 3 Pro vibratory sieve and a
mesh/5 min. sieve Tyler normalized series numbers 8, 16, 30,

50, 100, 200 and —200

Agglomeration Proportions of 65 wt.% - 70 wt.% PR Laboratory material
and 35 wt.% - 30 wt.% wheat flour in
water paste

Pressed Pressure 119.84 Mpa, circular Hydraulic press
briquettes of 2.5 cm in diameter and
1.2 cm in height

Drying 105°C/2 days Electric oven
briquettes

Table 3.
Benefits of minerals and operation condition.
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Feature Description

Type of plasma Thermal

Type of plasma torch Transferred arc

Current output 20-80 A

Plasma gas Air

Working pressure 4.1-6.5 Bar

Gas flow 142-235 L/min

Time calcination 30-40s

Number of briquettes 4 briquettes/stainless-steel crucible
Table 4.

Conditions of calcination of phosphoric rock (PR) in plasma torch reactor.

+«— Pipeline 1" water transportation

Centrifugal pump 1Hp ——

Water return

Cold water tank —— Plasma torch imput

«—— Plasma Reactor

Bos Bl +«— Reactor support
as Output —|

Bubble Tank —

Figure 3.
Process for obtaining thermophosphates by a plasma torch.

The thermophosphates obtained were then cooled and ground in the Retsch plan-
etary ball mill pm 400 for 5 min and sieved to get a particle size <0.075 mm. Figure 3
is shown the process required to obtain thermophosphates fertilizers.

5.3 Design experiments

In a 2* - factorial design of experiments, two levels (high and low) and four
factors were established: (a): current intensity (30-45 A); (b): mineral source, A:
phosphoric rock Iza (PRIZA) and B: phosphoric rock Pilar and Ceibita (PRPC); (c):
time (30-40 s) and (d): mineral mixture for briquette preparation (65-70 wt. % PR
and 35-30 wt. % wheat flour in water paste). Table 5 shows the design of
experiments to obtain thermophosphates in a plasma reactor, likewise, through
Minitab 17 software.
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Levels Factors
x‘f xlz’ xg x'j
-1 30 A 30 65
+1 45 B 40 70
Table 5.

Design of experiments to obtain thermophosphates in a plasma veactor.

5.4 Analytic methods

Different analytical techniques were used to characterize the thermophosphates
obtained by plasma torch, among which we find: X-ray diffraction (XRD) through
equipment GNR XRD 600 of Cu Ka radiation (A = 1.5418 A), the diffraction angle
range (20) varying from 20° to 70°, with a step of 0.02 and integration time 35 min.
This technique facilitates the identification and quantification of the crystalline phases
of samples (Rietveld refinement method). The X-Ray Fluorescence (XRF) carries out
through the Epsilon 4™ equipment of Malvern PANalytical and the Omnian software.
This equipment allows the quantification of the elemental chemical composition. The
Shimadzu spectrophotometer UV-VIS 1601™ was used to quantify assimilable phos-
phorus, taking into account, as a reference, the AOAC standards: 963.03,
960.02960.03, and 993.31 [20].

6. Results and discussion
6.1 Chemical compositions analysis by XRF

The elemental analysis was performed by XRF on the Iza phosphoric rock
feedstock (PRIZA), as well as its thermophosphates (TPPT-IZA), and the results
are shown in Table 6. The concentration of the original raw material of Iza
(PRIZA) is 27.05 wt. % P,0s, while the thermophosphates M1 to M8 report lower
concentration (<27.00 wt. % P,0Os) due to loss on ignition caused by thermal
treatment. On the other hand, some samples of thermophosphates increase the
concentration of CaO > 37.05 wt. % concerning PRIZA due to the thermal
dissociation of carbonates, which is carried out at temperatures between 850 and
1000°C [5]. Likewise, this dissociation of carbonates required greater amounts of
energy due to endothermic reaction, and as a result of calcination, there is low
reactivity and lower relation between CaO/P,05 [21]. According to previous
reports, the original raw material of Iza (PRIZA) is composed of quartz-sandstone,
and the highest concentration of SiO, was reported as 45.5 wt. % [22], respectively.
This is the reason for the high SiO, concentration of M1 to M8 thermophosphate
samples (>29 wt. %), exceeding the optimal concentration required for
industrial use (5-15 wt. %) [23]. As a result, it could affect the solubility of the
fertilizers. Table 6 summarizes the composition of PRIZA oxides and their
thermophosphates.

Table 7 shows the method for determining quality indexes of thermophosphates
(TPPT-IZA), which include optimal values as CaO/P,05 < 1.6; MgO/P,05 < 0.022;
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Chemical composition of thermophosphates samples (wt.%)

PRIZA M1 M2 M3 M4 M5 Meé M7 M8
Na,O 0.32 0.00 0.00 0.00 0.24 0.35 0.00 0.00 0.19
MgO 0.14 0.19 0.18 0.19 0.17 0.18 0.19 0.19 0.21
ALO; 3.29 3.25 3.27 3.19 3.36 3.33 3.22 3.31 3.14
SiO, 29.93 30.26 30.42 31.06 31.21 30.62 29.67 29.87 29.46
P,05 27.05 27.00 26.62 26.44 26.67 26.59 26.31 26.46 26.24
SO3 0.16 0.24 0.20 0.19 0.18 0.21 0.25 0.21 0.20
K,0 0.30 0.45 0.45 0.42 0.41 0.43 0.47 0.45 0.48
Cao 37.05 36.80 37.08 36.65 35.96 36.48 37.97 37.51 38.03
TiO, 0.14 0.14 0.14 0.14 0.14 0.14 0.16 0.15 0.14
Fe,05 1.28 1.41 1.40 1.46 1.39 1.41 1.50 1.42 1.49
Others 0.34 0.26 0.26 0.26 0.26 0.27 0.27 0.43 0.43

Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Table 6.
Chemical composition of thermophosphates obtained by a plasma torch TPPT-1ZA (30 A—45 A), copied from [6].

Sample CaO/P,05 MgO/P,0s R,03(AL03 + Fe,03)/P,05
M1 1.360 0.007 0.170
M2 1.390 0.007 0.180
M3 1.390 0.007 0.180
M4 1.350 0.006 0.180
M5 1.370 0.007 0.180
M6 1.440 0.007 0.180
M7 1.420 0.007 0.180
M8 1.450 0.008 0.180
Table 7.

Quality indexes of TPPT-IZA, copied from [6].

R,03 (ALLO3 + Fe;03)/P,05 < 0.1 [23, 24]. Concerning relations CaO/P,05 and MgO/
P,0s, all samples of thermophosphates (TPPT-IZA) comply with quality indexes,
facilitating the production of phosphoric acid. However, the ratio of R,03/P,05
exceeds these parameters due to high concentrations of Al,O3 and Fe,03, affecting the
solubility.

Table 8 shows the results of elemental analysis by XRF of the Pilar and Ceibita
phosphoric rock feedstock (PRPC), and their thermophosphates (TPPT-PC). As a
result, PRPC raw material reported a concentration of 32.07 wt. % P,0s, while their
thermophosphates (M9, M10, M11, M13, M14, M15, and M16) showed concentration
less than this due to loss on ignition, high temperatures of plasma torch reactor, an
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Chemical composition of thermophosphates samples (wt.%)

PRPC M9 M10 M11 M12 M13 M14 M15 M16
Na,O 0.52 0.74 0.00 0.39 0.91 0.53 0.70 0.45 0.50
MgO 0.10 0.16 0.15 0.15 0.16 0.17 0.18 0.14 0.15
AL 05 1.22 1.10 1.23 1.32 1.18 1.29 1.37 1.18 1.18
SiO, 9.76 9.57 9.91 10.51 10.27 10.18 10.19 9.74 9.50
P,05 32.07 31.78 30.96 31.86 33.12 31.29 31.84 30.90 31.65
SO; 0.38 0.49 0.44 0.42 0.41 0.43 0.42 0.43 0.45
K,0 0.13 0.27 0.29 0.25 0.23 0.27 0.27 0.29 0.29
Ca0o 54.43 54.48 55.66 53.86 52.49 54.30 53.30 55.27 54.64
Fe;05 0.85 1.04 0.98 0.91 0.89 091 0.87 0.97 1.02
Others 0.54 0.39 0.38 0.34 0.34 0.63 0.85 1.81 0.63

Total 100.00  100.00 100.00 100.00 100.00 100.00 100.00 100.00  100.00

Table 8.
Chemical composition of thermophosphates obtained by plasma torch TPPT-PC (30 A-45 A), copied from [6].

increase of speed of heat transfer and chemical reactions [25]. However, the sample of
thermophosphates M12 showed a higher concentration of 33.12 wt. % P,0Os, due to the
decomposition of absorbed and combined water, burns organic matter and combina-
tion with carbon dioxide, increasing the concentration of calcined phosphate [26].
Regarding the concentration of CaO 54.43 wt. % of PRPC, there were fluctuations in
their thermophosphates due to the dissociation of carbonates and the variation of the
experimental conditions. On the other hand, SiO, concentration of M9 to M16 are
within previously reported parameters (5-15 wt. %) and is the optimal concentration
required for industrial use [23].

According to the optimal values (CaO/P,05 < 1.6; MgO/P,05 < 0.022; R,03
(AL O3 + Fe;03)/P,05 < 0.1) [23, 24], Table 9 summary the quality indexes of
thermophosphates (TPPT-PC) from M9 to M16. The relation CaO/P,0s only met in

Sample CaO/P,05 MgO/P,05 R,05(AL,03 + Fe,03)/P,05
M9 1.710 0.005 0.070
M10 1.790 0.005 0.070
M11 1.690 0.005 0.070
M12 1.580 0.005 0.060
M13 1.740 0.005 0.070
M14 1.700 0.005 0.070
M15 1.780 0.005 0.070
M16 1.730 0.005 0.070
Table 9.

Quality indexes of TPPT-PC, copied from [6].
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sample M12, and the others samples are above the expected results due to higher
concentrations of CaO coming from the original raw material. Therefore, more ele-
vated amounts of acid could be required to produce fertilizers [24]. Nevertheless, all
samples of thermophosphates (TPPT-PC) comply with quality indexes according to
the relations MgO/P,05 and R,03/P,0s, facilitating the solubility of fertilizers as the
final product.

6.2 Analysis of crystalline phases by XRD

According to a previous study, the Rietveld refinement of the
thermophosphate samples of Iza (TPPT-IZA) and Pilar y Ceibita (TPPT-PC) is
carried out to identify and quantify the phases with their respective adjustment
criteria, such as Reyp, Rwp and x?or GOF (goodness of fit) [6]. As a consequence of
the analysis XRD of thermophosphates, the best results of assimilable phosphorus
and solubility were taken as a reference to show results. Regarding database
standards, the following samples and their phases are referenced, M3 (TPPT-IZA)
quartz low ICSD (No 08-3849) and apatite-(CaOH) ICSD (No 08-1442); M9
(TPPT-PC) quartz low ICSD (No 08-3849), calcite ICSD (No 01-8166) and
fluorapatite carbonate ICSD (No 07-1855); M10 (TPPT-PC) quartz low ICSD
(No 06-2406), calcite ICSD (No 01-8165), hatrurite ICSD (No 08-1100),
and fluorapatite carbonate ICSD(No 07-1854), and M12 (TPPT-PC) quartz
low ICSD (No 20-0726), calcite ICSD (No 18-0349), and apatite-CaF ICSD
(No 09-4082).

On the other hand, Figures 4-7 show crosses representing the experimental data,
and lines correspond to simulated XRD patterns. Likewise, Rietveld refinement

TPPT-IZAM3 -
A Y | X Experimental|
—— Calculate
—— Background
—— Difference

Intensity (a.u.)

260

Figure 4.
XRD pattern of sample M3 TPPT-IZA (30 A, 70 wt. % PR, 30 s). Phases A: Quartz low; B: Apatite—(CaOH).
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TPPT-PCM9 X Experimental
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—— Background
—— Difference

Intensity (a.u.)

20 30 40 50 60 70
26

Figure 5.
XRD pattern of sample M9 TPPT-PC (30 A, 65 wt. % PR, 40 s). Phases, A: Quartz low; B: Fluorapatite
carbonate; C: Calcite.

TPPT-PCM10 | X Experimental|

—— Calculate
—— Background
—— Difference

Intensity (a.u.)

20

Figure 6.
XRD pattern of sample M1o TPPT-PC (30 A, 65 wt. % PR, 30 s). Phases, A: Quartz low; B: Fluorapatite
carbonate; C: Calcite; D: Hatruvite.

permitted to establish that the samples of thermophosphates M3, M9, M10, and M12
presented a hexagonal crystalline system with space group P63/m (#176), and the
lattice parameters are shown in Table 10.
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Figure 7.
XRD pattern of sample M12 TPPT-PC (30 A, 70 wt. % PR, 40 s). Phases, A: Quartz low; B: Apatite-CaF; C:
Calcite.

Sample Phase Lattice parameters
a(A) b (A) c(A)
TPPT-IZA-M3 apatite-(CaOH) 9.3500 9.3500 6.8917
TPPT-PC-M9 fluorapatite carbonate 9.3489 9.3489 6.8974
TPPT-PC-M10 fluorapatite carbonate 9.3536 9.3536 6.9000
TPPT-PC-M12 apatite-CaF 9.3612 9.3612 6.9027
Table 10.

Crystallographic parameters of thermophosphate, obtained from Rietveld analyses.

According to a previous study, overgrowth of substructures of the material could
generate a variation of lattice parameters a and ¢ [27] during plasma torch calcination.
In addition, different experimental conditions of thermophosphates could affect the
increase of lattice parameters and particle size.

Consequently, the Rietveld analyses allowed for establishing the strongest signals
for angles 26, and their corresponding crystal lattice planes (hkl) or Miller indices,
shown in Table 11.

Sample TPPT-1ZA-M3 TPPT-PC-M9 TPPT-PC-M10 TPPT-PC-M12
Phase apatite—(CaOH) fluorapatite carbonate fluorapatite carbonate apatite-CaF
hkl 20 20 20 20

200 21.93 22.05 22.15 22.33

111 22.96 23.02 23.23 23.36

201 25.49 25.55 25.77 25.94
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Sample TPPT-1ZA-M3 TPPT-PC-M9 TPPT-PC-M10 TPPT-PC-M12
102 28.12 28.15 28.38 28.57
120 29.15 29.21 29.36 29.54
121 31.97 32.02 32.17 32.35
002 25.89 25.93 26.09 26.21
112 32.24 32.36 32.44 32.62
300 33.24 33.22 32.37 33.54
202 34.22 34.18 34.33 34.51
130 40.11 40.17 40.42 40.48
222 46.93 46.97 47.24 47.28
213 49.57 49.60 49.74 50.04
004 53.25 53.11 53.26 53.43
052 63.41 63.45 63.76 63.73
150 64.14 64.01 64.15 64.46
151 65.54 65.78 65.72 65.86
Table 11.

Crystal structuve, lattice parameters, and miller indices of thermophosphates.

6.3 Analysis of assimilable phosphorus and solubility index by UV visible
spectrophotometry

Table 12 summarizes the indexes of assimilable phosphorus and solubility
obtained by the extraction method with neutral ammonium citrate solution (NAC)
and visible UV spectrophotometry [6]. Regarding TPPT-IZA, we can observe that
sample M3 subjected to thermal treatment of plasma torch 30 A, showed values of
assimilable phosphorus and a solubility index of 3.07 wt. % P,0s and 11.60 wt. % P,0s,
respectively, overcoming the samples M5 to M8, subjected to 45 A current intensities.
Likewise, the sample M10 (TPPT-PC), also subjected to thermal treatment of plasma
torch 30 A, obtained the highest concentrations: assimilable phosphorus of 4.83% and
solubility index of 15.59%, respectively. According to previous reports that used the
method NAC, the solubility takes the following values: high >5.4 wt. % P,0s, medium
3.2-4.5 > wt. % P,0s and lower <2.7 wt. % P,0s [28]. Therefore, when comparing the
solubility of samples M1 to M16, we found that all samples meet high solubility, while
the assimilable phosphorus (an extractable fraction with weak acids) shown in
Table 12, is low compared to sample superphosphate from the Cuban phosphoric rock
(12.28 wt. % P,0s) [29]. However, the Colombian Agricultural Institute (ICA in
Spanish) indicates that the minimum acceptable contents for solid fertilizers (NPK)
for soil application must be at least 3.0 wt. % P,05 as assimilable phosphorus [30]. In
conclusion, the samples that comply with the parameters of assimilable phosphorus
and solubility are M3 (TPPT-IZA) and M9, M10, M12, M13, M14, M15, and M16
(TPPT-PC), despite the non-use of additives to improve the quality indexes and the
influence of novel plasma torch method in the results.

As a consequence of the above, it is shown that the use of the plasma torch reactor
technology under conditions 30 A, 70% PRPC, and 40 s (TPPT-PC-M12) favors the
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TPPT Sample P,0;5 Total [wt.%] P,05 Assimilable [wt.%] Solubility Index [wt.%)]

1ZA M1 27.00 2.45 9.09
M2 26.62 2.70 10.14

M3 26.44 3.07 11.60

M4 26.67 2.98 11.17

M5 26.59 2.96 11.12

M6 26.31 2.89 10.99

M7 26.46 2.66 10.05

M8 26.24 2.48 9.46

PC M9 31.78 4.03 12.69
M10 30.96 4.83 15.59

M11 31.86 2.64 8.28

M12 33.12 3.47 10.49

M13 31.29 3.14 10.04

M14 31.84 3.09 9.72

M15 30.9 3.03 9.80

M16 31.65 3.41 10.78

PRIZA 27.05 3.62 13.38

PRPC 32.07 4.02 12.54

Table 12.

Analysis of assimilable phosphorus and solubility index, copied from [6].

calcination and conversion of phosphoric rock and increases the concentrations of
assimilable phosphorus, solubility index, and total phosphorus, as reported in the
previous studies [25, 31].

6.4 Comparison of the composition of organic fertilizers with thermophosphates

Natural materials such as organic fertilizers from different animal or plant sources,
including livestock manure, green manures, crop residues, household waste, and
compost, improve soil fertility and increase water retention and NPK content [32].
According to certificate requirements of organic fertilizers, values of N-P-K must be
4%, respectively [33]. Table 13 shows different sources of organic fertilizers, and all
comply with this standard. However, total phosphorus (% P,0s Total) in organic
fertilizers is low (less than 10%) compared with thermophosphates (>26%) in
Table 12 due to their origin from natural sources. At the same time, the
thermophosphates were obtained from mineral deposits with high concentrations of
phosphate and calcination process.

On the other hand, many factors affect the P dynamic in soils, such as pH, salinity,
interaction with micronutrients, redox potential, soil structure and texture, and enzy-
matic activity [38]. However, the advantage of organic fertilizers is directly lead
nutrients to plants, slow-release, increase organic matter and improve soil biological
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Sources Chemical characterization (%) References
N P,0s K
Dried chicken manure 6.00 10.24 2.30 [34]
Meat and bone meal 7.88 10.69 0.34 [34]
Poultry compost 1.45 3.62 1.21 [35]
Cattle manure 170 6.92 1.82 [35]
Vermicompost 1.99 3.02 1.04 [36]
Mushroom compost 1.65 227 1.50 [36]
Farmyard manure 171 2.03 2.33 [36]
Beef cattle manure 2.22 5.70 1.08 [37]
Table 13.

Chemical characterization for different sources of organic fertilizers.

activity [32]. Finally, due to the growth of the world population and the need to obtain
different sources of nutrients to produce food, organic fertilizers are a cheap, globally
available, and environmentally friendly resource. However, inorganic fertilizers such
as thermophosphates generated fast solutions for crops due to high concentration and
production in scale.

6.5 Analysis of energy consumption

According to a study on energy consumption in an electric oven, the rank of the
value is 12.0 kW-h/Kg-14.0 kW-h/Kg [39]. At the same time, thermophosphates
shown in Table 14 TPPT-IZA and TPPT-PC, submitted low energy consumption
between 0.64 kW-h/Kg and 1.28 kW-h/Kg, respectively, for treating samples with a
plasma torch to 30 A-45 A. Likewise, a previous study indicated that plasma energy
consumption is 1.1 kW-h/Kg and 0.8-1 kW-h/Kg, values very close for this study
[40, 41]. Plasma reactor technology also is used for tread waste of printed circuit
board (PCB) and recovery metals, precious elements, and hazardous elements, with
2.0 kW-h/Kg electricity consumption [42]. Moreover, plasma technology has been
used to simulate the production of biofuels starting from syngas with an electrical
consumption of 0.48-2.2 kW-h/Kg for organic waste and 2.23 kW-h/Kg for wood
sawdust [43, 44].

TPPT Current intensity (A) Plasma torch (KW) Calcination time (h) (KW-h) (KW-h/Kg)

1ZA 30 3.24 0.0083 0.027 0.64
45 4.86 0.0111 0.054 1.28
PC 30 3.24 0.0083 0.027 0.64
45 4.86 0.0111 0.054 1.28
Table 14.

Energetic consumption for thermophosphates produced by a plasma torch, copied from [6].
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7. Conclusions

As a result of the thermal treatment of plasma torch for samples PRIZA and PRPC
subjected to current intensities 30 A-45 A, thermophosphates fertilizers were
obtained, likewise, shown the Rietveld analysis of experimental diffraction patterns.

The thermophosphates have a hexagonal crystalline system with space group
P63/m (#176). Likewise, the Rietveld analysis shows that the most representative
crystalline phases of thermophosphates are fluorapatite carbonate, apatite-(CaF),
and apatite-(CaOH), respectively. Quality indices were determined as follows, total
phosphorus, assimilable phosphorus, and solubility. The most representative results
of TPPT-IZA sample M3 correspond to 26.44 wt. % P,0s, 3.07 wt.% P,0s, and
11.60 wt.% P,0s, respectively. On the other hand, the same analysis was carried out
for TPPT-PC samples M9, M10, and M12, and the result was: 31,78 wt.% P,Os,

4.03 wt.% P,0s, and 12.69 wt.% P,0s; 30.96 wt.% P,0s, 4.83 wt.% P,0s, and 15.59 wt.
% P,0s; 33.12 wt.% P,0s, 3.47 wt.% P,0s, and 10.49 wt.% P,0s, respectively. The best
results shown above were obtained under current intensities of 30 A, while the
percentage by weight and calcination times of PR can vary depending on the mineral
source. TPPT-IZA and TPPT-PC thermophosphates showed low energy consumption
between 0.64 kWh/Kg and 1.28 kWh/Kg, respectively. For samples treated with a
plasma torch of 30 A-45 A, it was shown that a plasma torch technology is a viable
alternative for obtaining thermophosphates at a low cost and using less calcination
time for each sample. In addition, it makes the process more efficient and sustainable.
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Abstract

The term ecosystem engineering focuses on how organisms physically change the
abiotic environment and how this feeds back to the biota. Charles Darwin was the first
naturalist who studied the role of the earthworms and their ecosystem services. Darwin’s
last publication on earthworms gave the role of earthworms in global bioturbation.
Darwin also used the word ‘friend of farmer’ and ‘nature ploughman’ for the earthworm
because of its important role in the soil ecosystem. In modern ecological theory, biotur-
bation is recognised as ‘ecosystem engineering’ They are called as ecosystem engineers
due to their different ecosystem services which cause the physical, chemical and biologi-
cal changes in the soil. This review highlights the different ecological services provided
by the earthworms that make them ecosystem engineers as said earlier by Darwin.

Keywords: bioturbation, Charles Darwin, earthworms, ecosystem engineers,
soil properties

1. Introduction

Charles Darwin (1809-1882) in his 45-year-long career studied the earthworm
and gave many experimental results, observations, interpretations and theories. He
published a book “The Formation of Vegetable Mould, through the Actions of Worms,
With Observations on their Habits” almost six months before his death. His last
publication on earthworms demonstrated their role in global soil bioturbation [1].
According to him [2] “It may be doubted whether there are many other animals which
have played so important part in the history of the world, as played by these less organized
animals” He carefully examined the activities of earthworms and reported that earth-
worms play important role in turning over large amounts of soil, maintaining of soil
structure, breakdown of forest litter, plant and animal dead material in soil, aeration
and fertility etc. All these activities ultimately promote the plant growth [3-5].

The complex interactions of earthworms with their environment make their
study a challenging task [6] like modifying geochemical gradients, humus formation,
buffering capacity of their cast, nutrient cycling [3], redistributing food resources,
viruses, bacteria, resting stages of various microbes and eggs [7]. Ploughing of soil
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was a most valuable and ancient invention of man, but there is no doubt that earth-
worms were ploughing soil from millions of years ago and maintaining the physical
condition of the soil. Earthworms are regularly ploughing the soil and continued to
plough the soil in which they are present. That’s why these worms are well-known as
“farmer’s friends” or “nature’s ploughman” [2, 8, 9].

Bioturbation is the term used for the biological reworking of soil and sediments
[10] and its importance for soil processes and geomorphology by all organisms
including microbes, burrowing animals and rooting plants. In modern ecological
theory, bioturbation is recognised as ‘ecosystem engineering’ [7]. All these pioneering
observations and experimental results of Darwin on earthworm makes him founding
father of soil science [11]. The concept ‘ecosystem engineering’ refers to modification
in the physical environment that strongly affects the other organisms [7]. In the case
of earthworms, it mainly affects the physical condition of soil which is an abiotic
factor. Earthworms improve soil fertility by modifying the soil environment. Thus
ultimately earthworms are capable of structuring, maintaining or restoration of
degraded soils [4, 8, 12, 13]. This review paper highlights, how earthworms play an
important role in different ecological services that make them ecosystem engineers.

2. General biology and classification of earthworms

Earthworms have dark brownish to red body, covered with cuticle and average body
weight 1400-1500 mg after 8-10 weeks. They are soft-bodied, long, narrow, cylindrical,
bilaterally symmetrical, metamerically segmented and soil-dwelling invertebrates [14].
Their body contains a large amount of protein approximately 65% (around 70-80%
‘lysine-rich protein’). Their body also has 14% carbohydrates, 14% fats and 3% ash [15].
The gut of an earthworm is an almost straight tube starting from the mouth followed by
amuscular pharynx, oesophagus, gizzard, intestine associated digestive glands and end-
ing outside through the anus [3]. Their gut contains some important inorganic nutrients,
protein, mucus, various polysaccharides forms and symbiotic microbes like bacteria,
protozoa and microfungi. Earthworm’s gut environment provides optimum conditions
(increased total organic carbon, nitrogen and moisture) for activation of microbes from
the dormant stage and also for germination of endospores [16, 17]. Various digestive
enzymes such as cellulase, amylase, protease, chitinase, lipase and urease were identified
from the alimentary canal of earthworms. Microbes present in their gut are responsible
for cellulase and mannose activities [16, 17]. Their life span varies from species to spe-
cies with a range of 3-7 years. These are hermaphrodite animals but cross-fertilisation
occurs. The average rate of cocoon production was 7.23, 0.99 and 0.53/worm/week in the
monsoon season, winter and the summer respectively [4, 18, 19].

Ronald and Donald [20] reported that the earthworms and microorganisms were
associated symbiotically and thus enhance the decomposition of organic matter. Due
to this relationship, they can break down a large amount of organic material within
the time limit and return it to the nutrient cycle which is responsible for the introduc-
tion of vermiculture. Earthworms are highly sensitive to pollutants, so they can be
used as bio-indicator tools [21].

Evolutionary date of earthworm is about 6 billion years back. They belong to phylum
Annelida and class Oligochaeta. Worldwide around 4200-4400 species of oligochaetes
and 20 families with 3200 species of earthworms are well known [4, 16, 22, 23]. Some
groups are abundantly distributed in the whole world. Different taxonomic groups were
found in different ecosystems except for Antarctica. Some species of earthworms can
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also be noticed in estuarine waters like Pontodrilus bermudensis. Lampito mauritii can be
bred and cultured in sandy soils [3]. In the Indian subcontinent, earthworms represent
the bulk of the oligochaete fauna. According to Julka [24], there are around 509 species
and 67 genera of earthworms. The most abundant earthworms found in grasslands and
agricultural ecosystems in the Palearctic region are belonging to the family Lumbricidae
[25]. The greatest variety is found in tropical soils with progressively smaller numbers
of species in the northern region. Therefore in France, there are about 180 earthworm
species [26] and in the U.K. about 25 species [27]. Earthworms are found in almost
every part of the world except the driest and the coldest regions because earthworms
are sensitive to a range of environmental factors such as pH, temperature, water
content, aeration and salinity levels [8, 22, 28]. Edwards [29] reported that earthworms
belonging to temperate regions cannot tolerate high temperatures. Eisenia fetida is most
productive at 20°C if both reproduction and growth rate are considered. We can say
that earthworms are widely distributed creatures in nature and more than 80% of soil
invertebrate’s biomass is occupied by the earthworms [30].

2.1 Trophic classification of earthworms

Bouche [31] classified earthworms based on ecological habitat and their feeding
habits, into three major groups (Figure 1):

Earthworms

Epigeic

earthworms:

The term epigeic | Anecic earthworms:

stands for “upon the earth”.
They are phytophagous because
they mainly feed on plant litter
and efficient agents in the
breakdown of plant debris. They
have no major role in soil
development and creation of
permanent burrows beneath the
soil because they spend most of
their time above at upper soil
profile. Due to their high
reproduction rate, they are used
in vermiculture.

Example:- Eisenia fetida and
Eisenia andrei

Figure 1.
Trophic classification of earthworms.
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The term anecic
stands for “up from the
earth”. They are
geophytophagous in nature
because they feed both on
plant debris and mineral
riched soil. They create
vertical burrows, which may
be covered by cast. Cast
deposited on the surface help
in soil profile development.

Example:- Lumbricus
terrestris and Aporrectodea
longa

Endogeic
earthworms:

They are
geophagous because they
mainly feed on organic
matter riched soil. They
create horizontal burrows
in which cast may be
deposited, thus they may
help in  pedogenesis.
Example:-
Aporrectodea rosea and
Aporrectodea caliginosa
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3. Ecosystem services of earthworms

The book “The Formation of Vegetable Mould, through the Actions of Worms, With
Observations on their Habits” describes the role of earthworms in soil weathering,
pedogenesis, nutrient cycling, organic degradation, soil aeration, burrow formation,
development of vegetative mould (topsoil), soil profile differentiation, casting, inter-
change of the top soil profile, soil fertility, plant growth and protection of archaeo-
logical remains through their burial activity [12]. Earthworm’s dry powder and its
extract are also used as preventive agents and therapeutic agents for various diseases
like bladder stone excretion promoting agents, bladder stone reducing agents, tonic
agents, hair growth agents, jaundice, antipyretics, aphrodisiacs, therapeutic agents for
convulsion, blood circulation promoters, therapeutic agents for hemiplegia, diuretics,
indirect analgesics, antihypertensive and antiasthmatics agents [32]. Major ecosystem
services of earthworms are: (Figure 2).

3.1 Effect of earthworms on soil properties

Darwin showed that earthworms are important ecosystem engineers in soil
formation (pedogenesis), by mixing layers of soil, humus formation, affecting
rock weathering rate and soil horizon differentiation. The influence of earthworms
on soil properties depends upon the species present in that particular area and
the life history of that species. For example, vertical burrows made by L. terrestris
(anecic) facilitate the water flow through the soil profile. Thus they can increase

Soil
formation

Soil
nutrient
cycle

Figure 2.
Ecosystem services of earthworms.
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the transport of water and nutrients in the deeper part of soil [4, 23]. It has been
reported that surface cast play important role in soil profile development whereas
cast deposited beneath the soil profile contributed to pedogenesis. Endogeic spe-
cies Octolasion tyrtaeum lives in upper mineral soil layers and mainly consumes soil
organic matter. Jones et al. [33] and Eisenhauer et al. [34] in their study reported
that O. tyrtaeum and L. tervestris species act as keystone detritivores and ecosystem
engineers.

3.1.1 Soil formation

The importance of earthworms in chemical weathering was first studied by
Darwin [2] in an experiment where the red colour of red-oxide sand disappeared
after passing through earthworm intestine, and dissolution of this red-oxide
occur due to biochemical changes by specific enzymes released in gizzard and
intestine [17]. According to Darwin [2], weathering of rock occurs due to physi-
cal and chemical changes in the nature of the rock. The physical weathering by
earthworms is possible due to the breakdown of rocks in the gizzard of earthworms
whereas chemical weathering occurs due to their intestinal enzyme and microflora.
Darwin [2] studied that calciferous glands formed calcareous concretions which
combine with small stone or sand present in the gizzard. At that time Darwin did
not know exactly the role of calcite formed by the calciferous gland but know that
itis a true excretory product. Recent studies showed that water balancing might
be an important role by these glands [12, 35]. From the gizzard, grinded material
(2-4 micron) pass through the intestine where chemical degradation occurs. Thus
gizzard and intestine act as “bioreactors”. However, the rest material is excreted
out as cast [17].

Darwin [2] observed that earthworms produced almost 1140 kg/ha/year cast.
Bertrand et al. [36] studied that 0-15 cm of soil layer drying was enhanced by
endogeic species A. calligenosa and anecic species L. terrestris by increasing evapora-
tion through their burrows. Erosion also helps in pedogenesis and earthworm?s casts
on soil surfaces have a significant role in this process. Aggregate size distribution is
also affected by earthworm activities. For example, Reginaldia omodeoi increased the
proportion of aggregate greater than 2 mm in diameter from 24.6 to 42.2% or 29.8 to
53.5% under maize and yam culture respectively [37-39].

Darwin [2] concluded that the process of ingestion, grinding and digestion in
the earthworm’s intestine, excretion of cast with mucus and microflora, mixing
of organic nutrients and vegetative mould (topsoil) exposed the rock particles for
chemical alteration as a result of which soil formation occur and ultmatelly soil
amount increase.

3.1.2 Soil aevation

Air-filled pores are crucial to help the plant roots to thrive because the plant needs
O, for photosynthesis and expel CO, from surrounding soil. Earthworms improve the
exchange of these gases with the atmosphere (Figure 3).

Soil aggregation is improved by mixing of organic matter with soil in the earth-
worms’ gut which is released as cast. These casts are highly stable aggregates which
are deposited by some earthworms in their burrows and by others at the surface of
the soil. Thus they may form permanent or temporary burrow [4]. Generally, vertical
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*By improving soil
aggregation

Figure 3.
Mechanism for increase soil aevation by earthworms.

burrows (more than 1 mm in diameter) are formed by anecic earthworm species

that can extend upto 1 m depth in the soil. of endogeic species mainly orientated in
the horizontal direction and their diameter are smaller than burrows made by anecic
species whereas epigeic species are present in a few centimetres of upper soil and they
mainly remain in plant litter [26, 36]. Wollny [40] reported that earthworms show an
increase of soil volume from 8 to 30%.

3.1.3 Humus formation

Darwin was the first naturalist who recognised that earthworm’s activities
help in humus formation on the topsoil profile of the earth. He observed that
earthworms were responsible for the breakdown as well as rapid incorporation
of organic matter in different layers of soil. Coarse particles are continually used
by the epigeic and anecic earthworms and triturated ingested organic particles in
their gut [1, 12].

The short-term increase of mineral nutrients is well known however long term
effects on soil organic matter (SOM) in the presence of earthworms are less clear [41].
Biodegradation of organic matter in the gizzard and the intestine occurs by proteases,
lipases, amylases, cellulases and chitinases which bring about a rapid biochemical
conversion of the cellulosic and the proteinaceous organic materials. Cast released by
earthworms has many beneficial microbes which further help in the biodegradation
of organic matter [17, 42]. Earthworm?’ gut alters the soil microflora and processes
mediated by these microorganisms accelerate mineralisation and decomposition
of soil organic matter. It was observed that soil inhabited by earthworms had more
microflora than the soil devoid of earthworms [43].

3.1.4 Soil nutrient cycle

The cycling of nutrients is a critical function that is possible due to the decomposi-
tion of organic matter. The decomposition process is mediated by different types of
microbes. Earthworms ingest plant debris and release it as casts. These casts have
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further beneficial microbes and important nutrients such as, nitrogen (N) and
phosphorus (P) which can be used by microbes for their multiplication and vigorous
action. Due to the symbiotic activities of earthworms and microbes, organic content
which is unavailable to plants becomes available for plant growth in the form of
inorganic nutrients. Earthworms also influence the supply of nutrients through their
tissues but mainly through their burrowing activities [4, 17, 19, 44]. In earthworm’s
gut, casts and burrows; different groups of bacterial species were reported such as,
Aeromonas hydrophila in Eisenia fetida [45], Actinobacteria in L. rubellus [46] and
fluorescent Pseudomonas in Lumbricus tervestris [47].

During their function as ecosystem engineers; anecic and endogeic earth-
worms create semi-permanent burrows that permit the transport of O, into deeper
soil profiles which may alter the principal nitrogen transformation reaction [48].
Haimi and Hutha [49] observed that L. rubellus stimulated microbial respiration
by 15-28% whereas Dendrobaena octaedra stimulated it slightly. Both of these spe-
cies increase nitrogen mineralisation within the soil environment. There are many
cases in which carbon cycling occurs through the complementary mechanism of
earthworms [41]. Decomposition of organic matter increases mineralisation of
carbon upto 90% which is carried out by microorganisms such as bacteria and
fungi [50].

3.1.5 Water infiltration

Water infiltration is regulated mainly by the soil porosity. Soil moisture
and water infiltration rate decreased in a grass sward, when earthworms were
experimentally removed [37, 51]. Soil mechanical and hydraulic properties are
also affected by the earthworms, mainly through their burrowing activities which
generate macropores. These macropores appreciably impact water infiltration
and thus are important for supplying water to crops, in addition to controlling
surface runoff and erosion [36]. Baker et al. [52] studied that sub soil properties
like drainage and infiltration were improved in Australia with the introduction of
A. longa.

The epigeic L. rubellus tends to favour water storage in the topsoil, because it
leaves the litter at the soil surface rather than burying it, thus prevents evaporation.
Compared to other species, A. caliginosa forms temporary burrows and continually
rebuilt which cause a higher infiltration rate to the subsoil [36]. This infiltrated water
can be a source of agricultural crop water or percolate through the soil horizon. The
surface hydrological processes were also affected by water infiltration in the presence
of earthworms [12].

In Ohio, anecic earthworm burrows greatly reduced soil erosion up to 50% due
to an increase in infiltration rate [53]. Endogeic species R. omodeoi and Dichogaster
terraenigrae improved weakly (+22 to 27%) water infiltration rate and in the case of
Hyperiodrilus africanus it was strongly improved +77% [54].

3.2 Effect of earthworm on plant growth

According to Darwin [2] “earthworms help in preparation of soil in an excel-
lent manner which enhances the growth of fibrous-rooted plants and seedlings
of all kinds”. Earthworms play a key role in nutrient rich manure production [55],
mineral soil formation, soil porosity, water infiltration, amorphous colloidal
humus formation and nutrient cycle which directly affect the plant’s growth.
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Earthworms are known for engineering seed bed conditions for plants. Some
recent studies highlight direct and indirect interactions between earthworms and
plant seeds which is responsible for plant community composition [4, 19, 34].
Krishnamoorthy and Vajranabhaiah [56] reported that earthworm’s casts have
some plant growth regulators such as cytokinins and auxins. Vesicular Arbuscular
Mycorrhizae (VAM) population is enhanced due to the presence of earthworms
and which is effective for the growth of wheat and other crops. VAM helps in the
uptake of phosphate by plants [3]. Earthworms also help in controlling various
types of pests in different crops. For example, A. rosea and A. trapezoids reduced
the population of soil-borne fungal pathogens and the earthworm R. omodeoi
reduced the damage caused by plant-parasitic nematodes Heterodera sacchari on
rice plants [36, 57-59].

3.3 Effect of insecticides on growth, reproductive potential and avoidance
behviour of earthworm

Insecticides have major effect on the reproductive, growth and avoidance behviour
of earthworm. Due to use insecticides, benifical bacteria in earthworm’ gut and its
surrounding soil are decrease that ultimatelety effect the physiological activities
of earthworm. Therefore the growth and reproductive potential of earthworm in
contaminated decresed drastically [60] (Figure 4). Due to presences of protosto-
mium, earthworms try to avoid the contaminated soil having the insecticides like
chlorantraniliprole, fipronil, etc. (Figure 5). But in higly contaiminted, they are unble
to avoid, because decrease in energy and die ultimately [4]. So we can say insecticides
have decremental effect on trhe earthworm.

Chlorantraniprole, Fipronil
Earthworm cast
Earthworm cas

Eisenia fetida

o. * Benificial bacteria

Figure 4.
Effect of insecticides on the beneficial bacteria on earthworms.
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Eisenia fetida

'< Chlorantraniprole

® Fipronil

Figure 5.
Effect of insecticides on the avoidance behviour of earthworms.

4. Techniques used to identify the beneficial attributes of earthworms as
ecosystem engineers

Earthworms can consume a wide range of unstable organic matter such as animal
waste, industrial waste, sewage sludge, etc. [61, 62]. The burrowing activity of earth-
worms enhances decomposition, formation of humus, development of soil structure,
and cycling of nutrients. Effect of these different kinds of processes done by earth-
worms are estimated by various techniques which are described below as:

4.1 HPLC-MS/MS

High-Performance Liquid Chromatography-Mass Spectrometry (HPLC-MS) is an
excellent technique for component identification, quantification, and mass analysis,
and it is frequently used to analyse chemical composition and purity. HPLC-MS has
high sensitivity and is ideal for precise and repeatable quantitative analysis. For heat-
labile chemicals in soil, such as insecticides and their metabolites, high-performance
liquid chromatography techniques are suited. In HPLC-MS, the two techniques (HPLC
and MS) are linked by an interface that transmits the separated components from the
liquid chromatograph column into the mass spectrometer ion source, allowing the
target compound to be identified and quantified. In a study, the enantioselective acute
toxicity to earthworms of racemic fipronil and its enantiomers was done by Qu et al.,
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[63]. For this reason, fipronil is released into the soil, where it is consumed by earth-
worms and degraded. HPLC was used to estimate the amount of pesticide ingested

by the earthworm. For the determination of residues, HPLC analysis of extracts from
earthworm samples collected at various times after fipronil application was performed.

4.2 GC-MS/MS

GC is a separation science technique that is used to separate the chemical com-
ponents of a sample mixture and then detect them to determine their presence or
absence and/or how much is present. GC detectors are limited in the information that
they give; this is usually two-dimensional giving the retention time on the analyti-
cal column and the detector response. Identification is based on a comparison of the
retention time of the peaks in a sample to those from standards of known compounds,
analysed using the same method. However, GC alone cannot be used for the identifica-
tion of unknowns, which is where hyphenation to an MS works very well. MS is an
analytical technique that measures the mass-to-charge ratio (m/z) of charged particles
and therefore can be used to determine the molecular weight and elemental composi-
tion, as well as elucidate the chemical structures of molecules. Data from a GC-MS is
three-dimensional, providing mass spectra that can be used for identity confirmation
or to identify unknown compounds plus the chromatogram that can be used for quali-
tative and quantitative analysis. Chang et al., [64] estimated the Bioaccumulation and
enantioselectivity of type I and type II pyrethroid pesticides in earthworms by using
GC-MS/MS. The earthworms treated with the two pyrethroids were processed and the
residues were extracted in an n-hexane solvent. This extract was further cleaned up by
using the adsorbents to remove any interfering substances coming at the retention time
of the two pyrethroids. Then, this processed extract was subjected to residue analysis
and the estimation of the residues of pyrethroids was done by using GC-MS/MS.

4.3 GC-ECD/FID/NPD

Most of the organic analyses that we conduct are for organic-priority pollut-
ants such as pesticides, PCBs, PHCs, BTEX, and other petroleum products. Gas
Chromatography (GC) is the standard methodology. From sample matrices such
as soil, water, plants, fish, and earthworms, the analytes are extracted into organic
solvents, separated from interfering substances (cleaned up), concentrated, and run
on the GC. The detector was selected based on the type of analyte to be detected in
the case of nitrogen and phosphorous-containing analytes, the NPD detector is used
and in the case of analytes containing halogens, the ECD detector is used. For the
estimation of hydrocarbons, an FID detector coupled with gas chromatography was
used. Martinkosky et al., [65] demonstrated the bioremediation of soil by increasing
the degradation rates of heavy crude oil hydrocarbons by the earthworms. This study
demonstrated that earthworms accelerate the bioremediation of crude oil in soils,
including the degradation of the heaviest polyaromatic fractions.

4.4 LC-MS/MS

It is a powerful analytical technique that combines the resolving power of liquid
chromatography with the detection specificity of mass spectrometry. Liquid chro-
matography (LC) separates the sample components and then introduces them to the
mass spectrometer (MS). The MS creates and detects charged ions. When a sample
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is injected, it is adsorbed on the stationary phase, and the solvent passes through

the column to separate the compounds one by one, based on their relative affinity to
the packing materials and the solvent. The component with the most affinity to the
stationary phase is the last to separate. This is because high affinity corresponds to
more time to travel to the end of the column. The difference between traditional LC
and HPLC is that the solvent in LC travels by the force of gravity. In the application
of HPLC, the solvent travels under high pressure obtained employing a pump to
overcome the pressure drop in the packed column, which reduces the time of separa-
tion. As will be discussed, a continuous flow syringe pump is very useful in HPLC.
Hu et al., [66] studied the behaviour of the imidacloprid herbicide in the earthworms
by estimating the residues of this herbicide in soil via LC-MS/MS. Bioaccumulation
and degradation of imidacloprid were estimating the concentration of this herbicide
in the treated soil and earthworms after a few days of the treatment. Samples of the
treated soil and earthworms present in it were taken at regular intervals of time and
these samples were processed for further residue analysis using LC-MS/MS.

4.5 AAS

AAS is an analytical technique used to determine how many certain elements are
in a sample. It uses the principle that atoms (and ions) can absorb light at a specific,
unique wavelength. When this specific wavelength of light is provided, the energy
(light) is absorbed by the atom. Electrons in the atom move from the ground state to
an excited state. The amount of light absorbed is measured and the concentration of
the element in the sample can be calculated. Ekperusi et al., [67] conducted a study to
assess the levels of heavy metals present in crude oil-contaminated soil, and the appli-
cation of the earthworm - H. africanus with an interest in the bioremediation of metals
from the contaminated soil was investigated within 90 days under laboratory condi-
tions. Selected heavy metals such as zinc, manganese, copper, nickel, cadmium, vana-
dium, chromium, lead, mercury, and arsenic were determined using AAS. Assessment
of heavy metals indicated that heavy metals are present in crude oil at elevated levels
beyond national regulatory guidelines. There was a significant (P < 0.05) decreasing
trend in the percentage of heavy metals present in the soil after inoculation with an
earthworm in zinc (57.66%), manganese (57.72%), copper (57.64%), nickel (57.69%),
cadmium (57.57%), vanadium (57.68%), chromium (57.67%), lead (57.64%), arsenic
(1.36%) and mercury (57.41%) after 90 days period. The bioaccumulation factor
showed that zinc, manganese, copper, cadmium, vanadium, chromium, and lead had a
factor of 1.36, while nickel, arsenic, and mercury had 1.37, 0.01, and 1.35 respectively.
The results showed that the earthworms H. africanus can be effectively used to biore-
mediate heavy metals from crude oil-polluted soil.

5. Conclusion

Earthworms cause physical, chemical and biological changes in the soil and
improve soil fertility mainly by increasing soil weathering, soil porosity, water infil-
tration and humus formation. All these activities of earthworms help in plant growth.
Apart from these, they also protect the plants from various types of pathogens. Thus
we can conclude that earthworms significantly modify their environment by improv-
ing the chemical, biological and physical properties of soil and because of these
activities, Charles Darwin used the term “ecosystem engineer” for them.
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Reduction of Farmer’s Attitudes
and Value in the Implementation of
Organic Agricultural Programs in
Indonesia
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and Yayuk Yuliati

Abstract

Starting from the initiation of the “2010 Go organic” program which is full of
various interests, placing the implementation of organic farming development at
the crossroads between the project and the community movement. As a project,
the values of organic agriculture are reduced in a sense that strays far from the true
nature and philosophy of organic farming. Organic farming is nothing more than an
approach to developmentalism that traps farmers in various dependence, powerless-
ness, and exploitation in other forms. However, the event of reducing the attitudes
and values of organic farming on the one hand has also created anxiety for several
actors who are concerned about the decline in the morality of farmers in treating
land, water, and other resources. These concerns and concerns are then actualized in
the resistance movement which seeks to reject the establishment, maintain ecosystem
sustainability, and reorient local values and identities.

Keywords: value, organic farmer, awareness movement, organic agricultural programs,
ecosystem sustainability

1. Introduction

As the world’s response to agricultural modernization was carried out on a large
scale in various parts of the world in the 1970s, organic farming in Indonesia was also
aresponse to the green revolution policies of the same period. The first idea of organic
farming (not organic, because organic is more technical) in Indonesia was initiated by
Agatho Elsener, a Swiss organic practitioner who later became an Indonesian citizen in
the 1980s, who dedicated almost his entire life (organic attitude) to running a farm-
ing system. Organic farming. This idea was followed by the emergence of the organic
farming movement in Yogyakarta and its surroundings which was developed by G.
Utomo, PR, and other civil society. At that time, organic farming had not yet become a
concern of the government and developed as a response to an “alternative way of life”
among farming communities. It is not easy to develop organic farming as an alternative
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because it was developed together with the green revolution policy which overhauled
indigenous agriculture into an agricultural political-economic system that is integrated
with the state and market, which dominates all instruments from the local to the
national level and even links it to the global agricultural system [1].

This paper tries to describe the implementation of organic farming development
based on the case of the Batu Go Organic program in Batu City, East Java, Indonesia.
As a program, Batu Go Organic involves various actors or actors who have different
interests which in the end result in a variety of actions taken. Differences in the inter-
ests of each actor lead to conflicts of interest. Apart from conflicts of interest, another
thing that is also described in this paper is the reduction of farmers’ values and
attitudes in developing organic farming. The conflict between the spirit of morality,
the spirit of spirituality, the spirit of globality, and the spirit of capital is the attrac-
tion presented in this paper. Hopefully, this article can provide benefits, especially
in understanding other perspectives in the context of implementing organic farming
when viewed from the perspective of marginal farmers.

2. Typology of actors and their importance in the implementation
of organic farming development

Based on the results of interviews with key informants and informants as presented
above, it is obtained an illustration that the parties involved as actors in the develop-
ment of organic agriculture in the Research Location consist of the Government
(regional and central), corporations, or agricultural entrepreneurs, environmental
activists, Organic Certification Institutions (LSO), Academics and Practitioners of
organic agriculture, farmers, and village community leaders. Each actor has different
interests in the development of organic agriculture, socially, economically, and eco-
logically; so does the power it has. Differences in interests and power between actors
are actualized in a variety of actors’ behaviors and actions in running organic farming
[2]. Therefore, to describe the typology of actors and their interests in the development
of organic agriculture is framed using a genealogy analysis of actor actions.

The actions of actors in the context of this study do not place elements of agency
and structure as an inseparable unit (duality). However, it does not mean that agency
and structure cannot be identified for their dominance in the actions of actors. In
certain conditions, the agency element may be very dominant and vice versa.

Gidens’ view, is slightly different from Kinseng’s which states that “I do not agree
with Giddens that agency and structure elements cannot be separated (dualistic). In my
opinion, even though these two elements are always present in every actor’s action, and
influence each other, the two can and must be separated analytically (dualistic in nature)”
[3]. Apart from Kinseng, Layder et al. states that action (what is meant by agency) and
structure are two aspects that can be separated and each has a degree of autonomy [4].
They said, “Thus we conclude that empirically structure and action are independent (and
thus, deeply implicated in each other), but partly autonomous and separable domains.”

The diversity of actors in interpreting the various experiences and knowledge they
have is ultimately implemented in various patterns of behavior as the response they
give. In the context of implementing organic farming, the results of observations and
in-depth interviews with key informants and informants, identified at least four actor
typologies in Bumiaji District, Batu City. To elaborate in depth on the involvement
of various typologies of actors and their various interests identified in this study are
presented in Table 1.
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Typology actor Orientation of the value The importance of actor The action of actor
Type A Oriented to spiritual Worship in carrying out Carrying out organic
value human nature as a caliph farming as a form of
(leader) worship to carry out human
nature as a leader, guardian
of the continuity of life
Type B Oriented to moral and Maintain the Carrying out organic
cultural values sustainability and farming as a strategy to
sustainability of social improve soil fertility,
resources and natural biological balance and
resources sustainability of local
wisdom
Type C Oriented to rational and Complied market Carry out organic farming
market value standardization, profit to meet market needs and
maximization increase income
Type D Oriented to the value of Maintain power or Running organic farming

power

consensus

as a media campaign and

imaging

Source: Primer data, 2021.

Table 1.
Typology of actors and their importance in the implementation of organic farming.

Based on Table 1, it shows that the four typologies of actors and their interests have
different value orientations and variations of interests. First, farmers who are classified
as type A actors. The orientation of the values and interests of type A actors in carrying
out organic farming is to worship Allah SWT. Type A actors carry out organic farming
on the basis of their religious values and norms. Islam is the majority religion adhered to
by the informants in this study. Adherents of Islam are obliged to maintain and safeguard
the universe from actions that cause damage and destruction. The proportion of farmers
who are classified as type A actors is very small in number, namely only four people.

The results of this study complement the results of research [5-7] that there is
arelationship between spiritual values and biodiversity implemented in organic
agriculture. Grim gives the example of the Ifugao Igorots as one of the indigenous
tribes in the Philippines who perform rituals led by an indigenous priest to control
rice pests, thereby preserving the plant species that the Igorots depend on for food. In
addition, the Ifugao believe that “nature spirits” inhabit the trees and rocks of forests
and watersheds, which are “centers of biodiversity,” including more than 200 plant
varieties. Other research results that support the findings in this study are Wilson,

[8] who states that activities such as hunting and harvesting not only provide nutri-
tional benefits, which support physical health, but also enable individuals to connect
spiritually with Mother Earth, the Creator, and spirits, while on land. This is impor-
tant because it allows individuals to simultaneously pursue a physical and spiritual
connection to the ground that is essential for emotional and mental health.

Second, type B actors are oriented to moral and cultural values in implementing
organic farming systems. Type B actors are more dominated by farmers who relatively
act as traditional leaders or village or hamlet elders in the research location. The moral
values passed down from generation to generation from the actors’ ancestors are very
strong in coloring their actions in implementing the development of organic agricul-
ture. So for them, organic farming is more aimed at efforts to maintain local customs,
habits, and wisdom passed down from their ancestors.
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The results of this study confirm the research of Alhamidi et al. [9] which stated
that the ability of farmers to integrate ethical values into their agricultural decisions
and actions, has implications for managing natural resources in an analytical man-
ner and not only for economic purposes. Moreover, making agriculture meaningful
and sustainable. Loving farming is seen as a good job and a way of life, not just food
production. This love is deeply rooted in the minds and hearts of the small scale farm-
ers operating as custodians of the system. This makes farming a productive activity
rather than an extractive one [9]. That is why the love of farming as a way of lifeis a
constant theme in the alternative agriculture literature [9]. The cultural and spiritual
dimension of farmer experience and knowledge underpins the relationship between
farmer and farm. Likewise, research by Yazdanpanah et al. [10] states that the factors
of morality and fear of disease are the dominant factors that affect the willingness of
farmers to cultivate organic products in Iran.

Third, type C actors are oriented to the economic aspects of running organic
farming cultivation systems. The economic aspect in question is more on the con-
sideration of financial profit and loss. Referring to rational choice theory [11], there
is the basic idea that people act deliberately toward a goal and that goal is shaped
by values or choices. The actors will take action in order to maximize the benefits
and satisfaction of their needs. The rational theory assumes that every human being
is basically rational by always taking into account the principles of efficiency and
effectiveness in carrying out every action. While still acknowledging the exis-
tence of determinant factors in the form of strong farming community solidarity,
(material) economic subsistence, and pre-capitalist society’s production relations,
however, the influence of rationality always occurs in the context of the operation
of the mechanism of the rational interests of individual members of the community.
Humans do tend to maximize their rationality and always tend to calculate the value
of something (utility) that they want to exchange, namely economic and moral
utility. The theoretical facts are in accordance with the facts on the ground where
most farmers prioritize the aspect of financial gain in choosing or not choosing an
organic farming system.

Type C actors are the most vulnerable to return to conventional (non-organic)
agricultural systems. The results of observations and interviews show that all actors
belonging to type C have confirmed that they are no longer practicing organic farm-
ing. The reasons given varied. One of the informants said that the constraints faced
by organic farming were product standards that were too high, so that farmers had
difficulty fulfilling them. Apart from this, another reason is that although the price
of organic products is high, the market segment is small, the demand is unstable, and
the cost to produce organic vegetables is more expensive than conventional products.

The results of this study are in accordance with the results of research by Pham
and Shively [12] which states that the adoption of organic production is significantly
influenced by farm size, age of the head of household, yield differences, price dif-
ferences, and input cost differences. Thus, in the context of type C actors, running
organic farming is a rational choice if it can provide economic benefits financially,
then they will implement this program. On the other hand, if in its development it
turns out that this program is not profitable for them, then they will naturally stop.

The implementation of the Batu Go Organic policy as an intervention or stimulus
for farmers to switch from conventional farming to organic farming, in fact, has
not been fully successful. This was confirmed based on the statement of informant
number 6 (identity withheld) that “The Batu Go Organic program is almost the same
as government programs in general. It is very thick with the project approach where
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sometimes the involvement of local communities is very small. Asa PPL, I'm also

in the wrong position to stand on two sides. On the one hand, I am a government
official, but I also have to be able to embrace farmers to be able to accept this program
well. Finally, yes, I do what I can do.”

The “Batu Go Organik” program is a project that is centralized, the implication
is the lack of awareness of the farming community to be involved in a sustainable
manner in the proposed program. A recurring event in almost all programs is the level
of participation from program targets which is decreasing day by day. In the end, field
officers are increasingly not considered by farmers. This is a bad sign for the govern-
ment’s existence as a partner of farmers.

Fourth, type D actors are farmers or community leaders who tend to be positioned
as holders of power or farmers who are affiliated with political networks. So that the
implementation of organic farming development is oriented toward efforts to per-
petuate the power it has. The principles and standards referred to in organic farming
are not considered as important, in fact, the main concern is how big the image is
obtained from every action it takes, including the implementation of organic farming.
On one hand, the rhetoric created by type D actors has given color to the development
of organic farming. But on the other hand, environmental and sustainability issues
that are juxtaposed in organic farming patterns are only mere rhetoric and jargon.

Agents and structures are seen as a dual entity and the determination of the agent
or structure will determine the actions they take [3]. For example, the verses of the
Koran and customary norms, in the terminology of structural theory are seen as
structures that force individuals to act in accordance with these norms. Actors of type
A and type B carry out organic farming systems because they are subject to religious
norms and customary norms that they adhere to. Religious norms and customary
norms are very strong, stable, and given structures in a society which will continue to
be maintained and maintained along with individuals who maintain or practice them
[3]. Likewise, the act of organic farming as an act of worship or a moral movement
to maintain the preservation of the universe, will continue to survive and be imple-
mented as long as there are actors who reproduce it. For this reason, internalization
and crystallization of values that exist in religious norms and customary norms are
needed in every organic farming activity. Although initially seen as something that is
forced, over time the act of organic farming is interpreted as an activity of worship or
a moral movement embedded in the actor’s actions as a social practice.

Agree with Gidens that agent and structure are duality. However, that does not
mean that agency and structure elements cannot be distinguished. Individual actions
can still be identified which are more likely to be dominated by agency elements,
and which tend to be dominated by structural elements. This slightly corrects what
Kinseng said that agency and structure are dualistic, meaning that agency and
structure are separated.

The agent’s actions at one time are dominated by agency elements, but at other
times they can be dominated by structural elements. This really depends on the actor
himself and his environment. Therefore, the results of this study also yielded findings
that agency and structure are not only dual in nature, but also dynamic Therefore,
the results of this study also yielded findings that agency and structure are not only
dual in nature, but also dynamic. Facts show that farmer behavior is not monotonous,
static, but dynamic. They always modify their behavior in accordance with their own
knowledge, experience, and environment. In other words, the dynamics of farmers’
actions in carrying out organic farming are very high and tend to change quickly [13].
For example, type B actors, who tend to be dominated by structural elements, do
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Typology Actor Determination agency Determination structure
A Religious leaders, Individual ways to strengthen Provisions in the Al-Quran
senior farmers confidence and gratitude for the oblige humans not to destroy
grace of Allah SWT nature
B Village elders, Alternatif strategi dalam Moral values passed down from
traditional figures mengatasi kelangkaan dan our ancestors to preserve the
mahalnya pupuk dan pestisida universe
kimia
C Farmer, Initiatives in taking advantage Process and product quality
entrepreneur of market opportunities and standardization

healthy lifestyle trends

D Local political elite, The drive for self-actualization, Legislative regulations and
state apparatus imagery and consensus tools political ethics

Source: Data primer, 2021.

Table 2.
Determination of agency and structure in actions of actors.

not rule out switching to type C or D types, this really depends on the situation and
determinant conditions that affect the type B actor.

Table 2 presents the determination of structure and agency in the actions of the
following actors.

The structural determination that occurs in the typologies of actors A and B is
inversely proportional to what occurs in the typologies of actors C and D. Actions car-
ried out by actors of type C and type D are based on initiatives that arise from within
themselves. The initiative to run an organic farming system as a strategy to increase
income is purely an actor’s decision free from the pressures of the structure that forces
it. In this context, the actor or agency is autonomous, meaning that the actor’s actions
are not “dictated” by the structure, but are determined by the actor himself, who has
the ability to think, judge, weigh, and choose what action is considered most appro-
priate at the time and place. Agencies are not only the ability to make changes, but
also the ability to maintain existing conditions. Indeed, intrinsically every individual
human is unique, no one is exactly the same as one another [14]. Therefore, it is not
surprising that agencies also vary from one person to another; moreover, agency is
also influenced by various other external factors.

3. Batu Go Organic Program: the intersection between the project
and the community awareness movement for civilized and sustainable
agriculture

Referring to the findings regarding the typology of actors and power relations as
explained in the previous section, this research seeks to dig deeper into the question
of whether organic farming is a project that is a transformation of modernity that
hides behind the mask of wisdom, or an alternative route that seeks to get out of the
shadow of modernity which has proven to have caused exploitation and erosion of
environmental resources, dehumanization and injustice, as well as the marginaliza-
tion of local wisdom and identity.

To understand the phenomenon of reducing farmers’ attitudes and values in the
implementation of organic farming development, the Batu Go Organic program was
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chosen as one of the observed contexts. The Batu Go Organic program is an interven-
tion carried out by the Batu city government, East Java-Indonesia in response to the
problem of decreasing soil carrying capacity or fertility on agricultural land and the
level of continuous use of chemical pesticides by farmers. The results of observations
at the research location showed that the behavior of farmers who always use chemical
pesticides in every action to control pests and plant diseases is very dangerous for the
safety of the food they produce. Even though in the last 3 years the results of pesticide
residue tests for vegetable commodities in Batu City have shown values below the
minimum residue limit set, but to move toward organic farming, the behavior of
using pesticides and chemical fertilizers will be contrary to the established organic
farming standards. The strategy used in the organic farming development plan by the
Agriculture and Forestry Service of Batu City is essentially promoting the application
of farming methods that lead to the application of organic farming and initiating the
establishment of organic areas as pilot projects. The selection of this strategy refers to
the goal to be achieved, namely changing the way of thinking of the farming com-
munity in Batu City from conventional (inorganic) agriculture to organic farming.
However, in reality, the four identified typologies of actors at least provide an illustra-
tion that the development of organic farming through the Batu Go Organic program
is at a crossroads between the project and the movement of community awareness.
This is in stark contrast as seen from the interests of the actors who in general can be
categorized into two dimensions, namely the moral-spiritual dimension (actor types
A and B) and the rational dimension (actor types C and D). It is these two dimensions
that have conflicting interest dimensions that place the implementation of organic
farming development at the crossroads between projects and community awareness
movements.

3.1 The “Batu Organic” program in project perspective

In order to describe the Batu Go Organic program as a project, this study explored
primary data and secondary data related to the planning and implementation process
of the program from 2012 to 2021. Based on the results of in-depth interviews with
key informants, the Batu Go Organik program has not been fully implemented as a
program. Pro farmer. This is supported by facts in the field which show that since
program planning, farmers as the program’s main target have not been involved
intensely. The activities were arranged by elite bureaucrats consisting of government,
practitioners, and academics. There are several important things that were not carried
out in planning the Batu Go organic program such as the elaboration of macro policies
into a more detailed program of activities, because a detailed and sustainable strategic
planning document has not yet been prepared for the development of organic farm-
ing in Batu City within a certain period of time. Conceptually, the development of
organic farming in Batu City, it can be identified that the planning process is carried
out through a political, technocratic, quasi-participatory approach, top-down and
bottom-up. Meanwhile, if viewed from the aspect of program implementation, the
results of in-depth interviews and observations as well as document studies show that
there are often various differences in the organic cultivation process. These differ-
ences are caused by the following factors:

a.The standardization has not been fully implemented by the farmers in
Sumberbrantas village, so that each organic farming group or actor can set their
own standard.
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b.Market orientation, with standards that have been set by the group and if you
can convince the market that the product is of high quality and deserves more
respect, then it will suffice to use those standards.

c.The farmers in Sumber brantas village, with the green revolution, are accus-
tomed to seeing their plants always in green condition. To carry out organic
farming as it should, it often does not have a 100% determination so that in
practice it still uses chemical fertilizers as basic fertilizers and has not completely
abandoned the use of chemical pesticides

3.2 The “Batu Go Organic” program in the perspective of the awareness
movement for organic farming communities

The Batu Go Organic program, which was launched in 2011 by the Mayor of Batu
through the Agriculture and Forestry Service, is an effort to support a program of
resilience and independence in agriculture. Batu City has very good potential for
the implementation of organic farming such as its geographical conditions which
are in the highlands, productive human resources, and policy support from the local
government which is very supportive for the agricultural sector. As an area located in
the highlands, it is possible to develop highland vegetable plants that have economic
value; the many sources of springs support the availability and purification of water
as one of the main factors in organic cultivation of plants. One of the local wisdoms of
the people in Batu City is familiar with the world of agriculture. This provides conve-
nience in terms of conveying information on organic farming cultivation technology.
Technical matters conveyed through extension are easier for farmers to understand,
and farmers can even innovate with the information provided.

Mr. Ma, Chairperson of the Anjasmoro II Poktan of Sumberbrantas Village,
Bumiaji explained that the declaration of organic farming in Sumberbrantas Village,
stems from the condition of the production pattern, especially for horticultural com-
modities, which have greatly exceeded the threshold for the use of chemical pesticides
and chemical fertilizers. This causes degradation of soil fertility and biota on farmers’
fields. Efforts to remind farmers of the dangers of what they have been doing have
been carried out through outreach activities. However, it still does not show a signifi-
cant change. For this reason, in 2011 the city of Batu launched a movement called the
Batu Go Organic Program.

The next informant who was asked for information about the beginnings
of organic farming in Sumberbrantas Village was Pak Jo. A farmer as well as a
community leader who has been involved in agriculture for quite a long time in
Sumberbrantas. Based on information from Mr. Joni, organic farming has actually
been around since this idea was voiced, the problem has not been answered until now.
Starting from planning, implementation, and even evaluation, they have not found
an ideal and inconsistent form. Organic farming as a program or a project has many
indicators which are very relative to determine its success. But organic farming as
an awareness movement to liberate farmers from shackled modern narratives, only
started after fertilizer scarcity occurred, pesticide prices were high, and agricultural
product prices fell.

Furthermore, Mr. Jo said that organic farming must start from the movement to
improve the soil as a place for plant life. Without real action to improve the physical,
chemical, and biological properties of the soil where plants live, then the concept of
organic farming will only be discourse and rhetoric. Pak Jo’s statement regarding where
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organic farming should start, is also in accordance with some literature which states
that organic farming is a pattern of agricultural production that aims for long-term
ecological health, such as biodiversity and soil quality [15, 16]. The results of research
by [17] also show that organic farming systems in Europe and Russia have been proven
to be able to significantly increase soil organic matter in the last 10 years. Improvements
in soil organic matter content will be followed by improved ecosystems in the soil.

The next informant who was asked for his opinion on the origins of organic
farming in Sumberbrantas Village was Mr. Pu. Based on Mr. Pu’s statement, the
decline in fertility and the explosion of pest attacks in the last 15 years have made
him move to find solutions to solve the problem. Discussions with fellow farmers,
agricultural extension workers, students, lecturers, and other practitioners have
made Mr. Pu believe that a cultivation pattern that only prioritizes production and
planting acceleration is a mistake. He finally realized that the satisfaction of farm-
ing is not only a matter of abundant production, but besides that there is the issue of
responsibility to pass down positive things and goodness for the future of children
and grandchildren.

Mr. Pu is of the view that modern agriculture which is actualized in a high produc-
tion pattern in the use of hybrid seeds, chemical fertilizers, and chemical pesticides
has slowly but surely eroded the local wisdom left by their ancestors. One clear
example is that traditionalism, which is synonymous with life in the countryside, has
disappeared, and now it has merged with globalism, which has implications for the
difficulty of distinguishing between localism and globalism, local knowledge and
foreign knowledge, traditional technology, and modern technology. Misinterpretation
of local potato seeds, for example, that they are considered hybrid potato seeds that
are planted repeatedly. Even ironically, some farmers do not know the names of the
local commodities in Sumberbrantas village. This confirms that the modernization of
agriculture that has taken place in recent years has not only reduced locality-specific
commodities, but has also taken away all elements of the soul and institutional farm-
ers in Sumberbrantas.

In line with what was conveyed by Pak Pu, Pak Jo also said that recently the values
adopted by farmers, especially young farmers in Sumberbrantas, have been very
fast. The feeling of love for water, affection for the land and plants, slowly but surely
begins to erode from the mentality, initiative, and soul of the farmers. The view that
land and plants as living things are no longer instilled in the souls of most farmers
today, so that exploiting land is something that is natural and common. The use
of chemical fertilizers and chemical pesticides continues to be doubled in order to
pursue productivity targets. In the name of efficiency, we accelerate production by
growing plants without a time lag. The production process that is safe, correct, and
wise is no longer the main thing because the most important thing is the satisfaction
and interests of the market. Generational sustainability is not the main thing that
becomes an orientation, but maximizing profits is the main goal. Reducing the value
of gotong royong, community participation and kinship becomes an instant project
that increasingly separates farmers from reality.

Pak Jo’s statement stated that the struggle of the farmers was not only dealing
with external parties such as bureaucrats, capital owners, and the market, but they
were also dealing with their own instincts and conscience. On the one hand, they are
faced with economic pressures and power pressures that demand the accumulation
of rupiah and the actualization of power, but behind their deepest hearts are hid-
den rebellious consciences because they contradict the values inherited from their
ancestors. Although the impact of modern technology has encouraged increased

271



Organic Fertilizers — New Advances and Applications

production, business efficiency, and increased farmers’ income, lately it has become
increasingly clear that the symptoms of the loss of humanity are implemented in
farming activities.

Various efforts that have been made to resolve the uncontrollable impact of
implementing the green revolution through modern agriculture 2.0 and then being
refined into modern agriculture 3.0 are unable to heal the wounds caused by mod-
ernization and capitalization of agriculture. Ironically, instead of treating modern
agriculture 3.0, it is actually contaminated by new creations and modernization
formulations such as reform and transformation [18]. One form of this effort is the
Batu Go Organic program which gives birth to a more environmentally friendly and
sustainable farming system which is then packaged in organic farming terms. On the
one hand, this program aims to atone for the sins of exploitation of land and other
environmental resources, but on the other hand, its meaning has been reduced and
trapped in the grip of the market.

4. Organic Agriculture: is a metamorphosis of modern agricultural
imperialism or a post-modern agricultural model?

Referring to the previous sub-chapter, that the development of organic agriculture is
at the junction between the project and the community awareness movement, leads us to
the next question that I want to analyze in this paper. It is still being debated that organic
farming is a step against modernization, or just a camouflage of modernism hiding
behind the issues of sustainability and health. In order to dig up this information, the
data search began by asking for information from the key informant, namely Mr. Jo.

Organic farming, whose concept is adopted from sustainable development,
substantively prioritizes social, economic, and ecological sustainability. A creation of
capitalism that at first glance offers friendliness and sustainability, while true ism is
still development. The characteristics of developmentalism are very clearly reflected
in its implementation which is dominated by the use of external inputs produced by
outside industries, processes, practices, and results are more expensive, so that they
are not affordable by the weak (marginal farmers). According to the informant of
this study, Mr. Bb, said that internal inputs such as seeds, fertilizers, and pesticides
which should be fulfilled independently from the implementation of integrated
agriculture, in practice are still predominantly imported from outside. The high
cost of internal inputs is not supported by local culture, for example, the culture of
animal husbandry, growing plants for raw materials for vegetable pesticides, and local
technology. So that the tendency is partial implementation, biased toward ecologi-
cal sustainability and neglect of economic, social, and political sustainability. The
implication is that land conversion is not controlled, regeneration does not occur,
urbanization remains high and economic inequality is getting worse.

Mistakes in the implementation of sustainable agriculture lead to unsustainability
in ecological, economic, social, and political aspects. Propaganda of sustainable
agriculture that is seen to be more humanist and ecological is inversely proportional
to the reality. Several critical thinkers actually labeled this sustainable agriculture as
the green revolution volume 2. It is said that because although it is environmentally
friendly it still depends on various external inputs. The biological fertilizers and pesti-
cides used are factory-produced (such as liquid fertilizers and pesticides, granules)
as well as home-made products from outside. This causes production costs to become
more expensive, another implication of this high production cost is the reluctance of
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farmers to continue participating in sustainable agriculture like this. Its implementa-
tion is only limited when there is a project, after the project is completed the agricul-
tural activities are also completed and switch to the conventional system.

At the global level, modern imperialism, which began with the industrial revolu-
tion, has not gone away. Since then, imperialism’s camouflages have always trans-
formed from one form to another featuring varied creations, from the visible to the
virtual, from the materialist to the ideological. The transformation of physical imperi-
alism into economic imperialism, innovation, information, technology, culture, and
ideology carried out by developed countries for developing countries is evidence
that imperialism entities already have long-term plans. According to Setiawan [18]
there are 10 camouflage modes that are operated sequentially by developed countries
against developing countries including Indonesia, namely, spatial imperialism,
commodity imperialism, ideological imperialism, industrial imperialism, innova-
tion imperialism, technological and information imperialism, market imperialism,
standard imperialism, investment imperialism, and education imperialism.

The threat of imperialism from developed countries, such as China, the United
States of America, and European countries, is real in the context of state life in
general. As a concrete example that has gone viral in the last 10 years in Indonesia is
the threat of modern Chinese imperialism. China’s movement in building neocoloni-
zation with the mode of placing Chinese residents throughout the world, including
Indonesia. The concentration of the placement of the Chinese population or their
descendants in strategic business cities in Indonesian territory cannot be seen as a
mere coincidence or business motive, but there could be geopolitical motives that
Indonesia as a sovereign country must be aware of. Even if paying attention to the
development of the trade war between China and the United States in the last 5 years,
it has implications for changes in China’s geopolitical strategy which seeks to relocate
citizens of Chinese descent from the United States to Asian and African countries
including Indonesia with the aim of sticking ideological and its impact on the country.

In the context of the agricultural sector, the control of strategic sectors such as
rice, meat, strategic vegetables such as chili, is starting to be controlled by Chinese,
Indian, and US investors. The various potential resources began to be mapped, in
terms of their number, type, location and capacity, and then they invested to further
control and exploit them. The Chinese investment tendency is not only to cram
technology and capital, but also to include manpower in their every investment. This
is what distinguishes the investment patterns made by Europe and the United States.
Observing the aggressiveness of Chinese investment in Indonesia cannot only be
seen from the aspect of spurious economic growth alone, but one must also look at
the motives behind the propaganda and the agenda of the hidden geospatial political
setting behind it.

Investments in the agricultural, fishery, plantation, forestry, and other vital sec-
tors carried out massively by Chinese investors in collaboration with local residents of
Chinese descent can be called a form of modern imperialism in this century. Indications
of China’s control movement are not only targeting the market sector, but also the
production sector. This is very dangerous for the sovereignty of Indonesia as a sovereign
country. Of course, it still remains in our memories regarding the case of plastic rice
which shocked this country in 2017 and artificial eggs or synthetic eggs which also came
from China which made people in this country worry about buying eggs.

The case of Chinese farmers who were caught in the Cianjur area several years
ago is proof that the invasion by China was real and is happening in this coun-
try. Awareness to counter various acts of global imperialism, including Chinese
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imperialism, must be built and grown within the social strata, including the farming
community. The hope is that in the future, farmers as part of the community in this
country will also have good awareness and vigilance to ward off various intimidations
and colonialism from outside themselves.

Specifically, the implementation of global imperialism in a real context is rooted
in the implementation of modernization and industrialization of agriculture. Forms
of imperialism in each era, for example, forced cultivation imperialism in the colonial
era, agricultural innovation imperialism in the green revolution era, market imperial-
ism in the globalization era. All forms of imperialism always start from the agricultural
sector as the main foundation and then continue to imperialism in other fields [18].

One of the efforts to ward off these forms of imperialism can be done through the
growth of self-reliance. Thus, if we want to replace imperialism in the field of agricul-
ture, we must replace modernization and industrialization of agriculture with a new,
civilized, independent, sovereign, beneficial, locally specific agricultural model, all of
which are based on maximizing local civilization. To get to the agricultural model, vari-
ous attempts have been made with various approaches and empirical studies. Organic
farming can be seen as a hope that will create local self-reliance that is able to maximize
local potential and reduce dependence on agricultural inputs from external parties.

Referring to Rigby and Cdceres [19], the goal of organic farming is to prioritize
long-term ecological health, such as biodiversity and soil quality, rather than short-
term productivity gains. Thus, the implementation of organic farming should be
measured by how much it achieves in realizing the above goals. Organic farming is a
technology or premodern technology for today’s world [20]. Proponents of organic
farming argue that the organic farming model is an innovation that defies some
forms of modernity, with the vision of returning agriculture to a certain premodern
structure, as well as an innovation that provides solutions to current agricultural
problems [21].

In fact, we should question whether it is true that the implementation of organic
farming is a way to fight modernity or that organic farming is a new incarnation
of modernity hiding behind a mask of sustainability. When who want trace some
common facts that occur, there are indeed indications in that direction that could
have occurred. When organic farming is approached economically, it can almost be
said that its implementation will tend to exploitation with other packaging. Market
standard-oriented organic farming is one proof that this is actually an act of colo-
nization through homogenization [22]. For the implementation of organic farming
like this, it is certainly not the option referred to in postmodern agriculture in this
study. The response of farmers to organic farming programs varies greatly. This is
very dependent on the attitude and value orientation of farmers in running organic
farming. As has been discussed in Chapter V of this dissertation about the typology
of actors in the implementation of organic farming, each type of actor has different
orientations of interests and values between one type and another. In addition to the
typology of farmers who only place organic farming as a means of gaining projects,
there are also farmers who base their orientation on cultural values or moral values.

The activities of organic farmers in Sumberbrantas Village reflect an awareness
movement that was built on the motivation to fight against imperialism and the struc-
tured marginalization of the rulers and capitalists against the reality of farmers. The
results of investigations at the research locations found that they were well aware that
there was no power to fight imperialism from the grip of outsiders. However, the spirit
to fight and consolidate the movements of the grassroots community never stops. The
implementation of organic farming, is not only a matter of price and market interest
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which is quite high for organic products, but also for organic farmers in the village of
Sumberbrantas, planting crops with reference to the principles of environmental and
generational sustainability and sustainability is a calling. Planting crops, especially
horticultural commodities such as potatoes, cabbage, and carrots, is almost impossible
if you apply organic farming standards as standardized. However, the spirit to be free
from the grip of fertilizer, pesticide and seed monopolies is the main thing.
Interpreting the statements of some of the informants above, there is an essen-
tial meaning that can be obtained that the choice to implement organic farming
is motivated by the spirit of improving the quality of sustainable generations and
environmental health rather than just economic issues. This does not mean that
economic value is not important, but the correct term is probably that economic value
is not everything. This can be interpreted that the capitalist approach which always
emphasizes economic value which ultimately encourages exploitative actions must
be stopped with movements to internalize the spirit of togetherness, the spirit of
sustainability, the spirit of independence, and the spirit of spirituality. This condition
is expressed by Pak Jo and Pak Pur as key informants in this study. In the point of
view Pak Jo and Pak Pur, that organic farming is not merely a matter of a better price
than non-organic, or a problem of residues and degradation of land fertility, but that
organic farming is a form of human responsibility to God, responsibility to the envi-
ronment, and responsibility to fellow humans. The implementation of the spirit of
independence that is applied in the farming community in Sumberbrantas is reflected
in the activities of farmers to independently prepare potato seeds. Pak Jo and other
farmers at Sumberbrantas have been breeding potato seeds independently since the
1990s. Potato seeds produced by the farming community in Sumberbrantas are not
only able to meet the needs of local farmers, but in recent developments, they have
been able to sell potatoes to farmers outside Sumberbrantas Village, such as Ngantang
sub-district, Ngadiwono sub-district, and have even reached Lembang, West Java.
This condition shows that the desire to be independent in terms of seeds is a value that
must be transmitted to other farmers. Farmers do not always have to be carried away
by the mainstream, which sometimes the farmers themselves do not understand the
agenda setting behind it. Pak Joni and several other farmer leaders always struggle to
convince farmers that organic farming is not just a matter of organic certification for
the products they produce. But what is most important is the will and awareness of
the farmers not to submit to modernist narratives that seem to be a single truth.

5. Organic farming: between market traps, reduction of meaning,
and moral identity

Since it was initiated in early 2000 which then strengthened into a policy “Go
Organic 20107, the direction and orientation of organic farming policies seem to
increasingly indicate a development design toward industrialization of agriculture and
world trade [1]. This condition has provided great opportunities and opportunities
for organic business actors with legal entities to take a role in a larger organic farming
system. The Indonesian government’s policies in implementing organic farming are
outlined in various regulations issued. Until 2020, regulations issued by the govern-
ment regarding organic farming include: Regulation of the Minister of Agriculture
(Permentan) 20/2010 concerning the Quality Assurance System for Agricultural
Products; Minister of Agriculture no. 70 of 2011 concerning Organic Fertilizers,
Artificial Fertilizers, Soil Improvers; and Minister of Agriculture no. 64 of 2013
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concerning Organic Farming Systems. These three regulations have a very important
role in strengthening the implementation of organic agriculture in Indonesia.

The transition of the ruling regime from the government of Susilo Bambang
Yudoyono (SBY) to the government of Joko Widodo (Jokowi) in 2014 has also had an
impact on the orientation of policies in the development of organic agriculture. The
“Go Organic 2010 program was changed to the “Thousand Organic Farming Villages”
program. This program at least marked a change in policy direction from the previous
one increasing production, quality competitiveness, and competition at the global
level to achieve industrialization and world trade toward the development of organic
agriculture based on food sovereignty at the village level. In addition to being colored
by a development strategy that has the nuances of “building from the periphery”, the
new direction of “A Thousand Organic Farming Villages” also seems to emphasize the
importance of village development as mandated by the Village Law [1].

To implement the “Thousand Organic Farming Villages” program, based on the
Decree of the Minister of Agriculture No. 58 of 2015, the Minister of Agriculture
formed a Working Group for the Development of a Thousand Organic Agriculture
Villages. The decision stated, among other things, that this working group was tasked
with coordinating, monitoring, and evaluating the implementation of the program at
the village level. Even though this program is based on the spirit of food sovereignty,
the various regulatory instruments used to implement this program are products of
policies during the previous government which of course have different directions
and orientations. In other words, the program which is based on the spirit of food
sovereignty and the strategy of “building from the periphery” is trapped into various
policy instruments that have been made during the previous administration which
have directions and orientations toward increasing production, quality competitive-
ness and market competition at the global level to achieve industrialization and world
trade development. Policy instruments that are biased toward one side and tend to
be trapped in the clutches of the market have had implications for the reduction of
the meaning internalized within farmers. This raises the question whether organic
farming is a metamorphosis of modern agriculture that hides behind the issue of eco-
logical sustainability? Or is organic farming really anti-modernism? The fact is that
organic farming is more of a creation of capitalism which at first glance seems to offer
friendliness and sustainability, whereas the realism is still development. Agricultural
driving actors who have stronger discourse power, dominate other actors in impos-
ing ideas, images, even beliefs that are not necessarily correct in terms of cultivation
methods, even marketing.

Organic agriculture is used as a rhetorical agenda that is full of political interests,
capitalist interests and lacks meaning and moral movements. The results of this
study confirm research [1] that there has been a reduction in the meaning of organic
to a partial and pragmatic tendency in the implementation of policies for develop-
ing organic agriculture in Indonesia. Organic farming development programs only
give meaning to the meaning of organic limited to the acquisition of a label, logo, or
stamp, not to give the meaning of a completely organic farming cultivation system.
In fact, according to [23], organic agriculture has a role that is considered safe for the
environment and the formation of high-quality food ingredients. Therefore, organic
farming policies must consider environmental practices, the willingness of consumers
to pay for products, and the social aspects of organic farming.

As aresult of research [24], if organic practice conforms to the rhetoric associ-
ated with it from its inception as a social movement, then it will have much to offer
in the present and the future in terms of its contribution to the possible adaptation
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pathways and flexibility that he offered. Thus, as a form of adaptation, the devel-
opment of organic farming must be carried out within the framework of a social
movement or moral movement. However, what was stated by [23, 24] has not been
fully implemented in the development of organic farming in Indonesia. The color

of the construction is obvious in practice. Apart from still being dominated by the
use of external inputs (external inputs) produced by the industry, processes, prac-
tices, and results are also becoming more expensive, so they are not affordable for
the weak (peasant). Internal inputs (seeds, fertilizers, pesticides) which should be
met independently from the implementation of integrated farming, in practice are
still predominantly imported from outside. The high cost of internal inputs occurs
because they are not supported by local culture, both the culture of raising livestock,
planting crops, and even biological pesticides and local technologies. The tendency is
that organic farming is applied partially, biased ecologically sustainable and ignores
economic, social, and political sustainability. The implication is that land conversion
is not controlled, regeneration does not occur, urbanization is still high and economic
inequality is getting higher. Organic farming is operational, but the needs of the
present generation are still not being met, imports are increasing, the needs of future
generations are being forgotten and employment opportunities or rural entrepreneurs
are still not created. Even though it is seen as environmentally friendly, because it is
still strong with the development perspective, organic farming deserves to be labeled
as modern agriculture which hides under the mask of ecological sustainability.

Winnett, stated that from an environmental awareness approach the organic farm-
ing community in Kaliandra—East Java, has a bigger mission than the organic farming
community in Milas—Central Java. However, this has an impact on the loss of public
awareness of the importance of community independence as farmers because what is
implemented is only limited to diverting the issue from looting forests by the commu-
nity to organic farming. It is in stark contrast to what Milas has done by focusing on
self-reliance and awareness of the community as organic farmers [25].

It is limited to diverting the issue from forest plunder by the community to organic
farming. It is very contrary to what Milas has done by focusing on the independence
and awareness of the community as organic farmers.

The debate in the context of the implementation of organic farming as camouflage
for modern agriculture is not entirely true. At least, there are some farmers who
consistently implement organic farming as a resistance movement against the various
structural pressures that have been holding their daily lives as farmers. This research
at least found some farmers who still apply organic farming as a moral identity that
differentiates conventional farmers from organic farmers in morality. Even though
the number of farmers who apply the principles of organic farming is limited to a few
individuals, in this dissertation it is very important to describe how the struggle is
being carried out to maintain their existence in the midst of the onslaught of modern
tools, especially on the cultural aspect.

As a moral struggle, organic farming is used as a cultural identity that distin-
guishes it from others. In analyzing the phenomenon of moral struggle of organic
farmers, it is analyzed from the perspective of postmodern theory. Postmodernism
is a term that refers to various meanings, various terms, various versions, various
disciplines, and various objects. As a term, postmodern has been used in various
fields, from literature, art, film, sociology, philosophy, economics, communica-
tion, and culture. The first figure who pioneered the birth of the term postmodern
was Federico de Onis, then developed and popularized by several theorists such as
Lyotard, Nietzsche, Foucoult, Vatimo, Giddens, Derrida, Baudrillard, Capra, and
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others. Although explicitly not found in the field of communication, postmodern
concepts can be traced in the works or thoughts of Habermas, Heidegger, Gadamer,
Ricoer, Marry Hese, and McCarty both as the antithesis of modernism, criticism, and
mainstream (heurmeneutics) [26].

The term postmodern in this research uses a philosophical perspective that
views postmodernism as a distrust of grand narratives that are nothing more than
mainstream metaphors. Postmodern is defined as a period in which everything is
delegitimized. Borrowing from Liyotard’s term, postmodern is an intensification of
dynamism, an effort to seek sustainable novelty from modernity, experimentation,
and revolution of sustainable life. Postmodern rejects liberalism, Marxism, and even
subverts foundationalist epistemology (dominantly positive). Postmodern is also
understood as any criticism of universal knowledge, criticism of metaphysical tradi-
tions. The conclusion in postmodern philosophy is all forms of critical reflection on
modern epistemology and paradigms on metaphysics in general.

Departing from the postmodern concept in a philosophical perspective, the term
postmodern agriculture was adapted from this concept of thought as a response,
criticism and even an antithesis to the stagnation or, more precisely, the failure of
modernization of agriculture with a positivistic paradigm. Postmodern agriculture in
this study is positioned as a movement of radical thought and behavior, not a theory
of social change that is contaminated with modernization. Postmodern agriculture is
offered not only to replace modern agricultural terminology, but to radically dis-
mantle modernity, radically dismantle the contradictory meaning hidden behind the
reality of modern agriculture to find new meanings, new attitudes, and values that
prioritize the spirit of spirituality, morality, and community spirit.

The spirit of spirituality is built on spiritual values internalized in each individual
farmer. The internalization of one’ spiritual values is inseparable from the process of
individual interaction as an agent with a structure that becomes an inseparable part
of their life. In the context of postmodern society, the value of spirituality becomes a
contradictory phenomenon on one hand and becomes very sacred on the other. The
sacredness that begins to fade due to the eroding of the depth of meaning on the one
hand and the crystallization of meaning on the other hand caused by the values of
hedonism that become the narrative of modernism is clearly a big disaster for human
life in the future. The loss of sacredness in rituals, as actualized in prayers, prayers,
clean village rituals, rituals at harvest or rituals just before harvest is a sign that there
is a shift that is very far from the standard that should be. Even though the postmod-
ern tendency always rejects all forms of grand narratives with all their foundations
(spirit, logos, being, system, state, authority) and prefers to explore emotional,
irrational, mystical, and magical dimensions excavated from the spirits of the past, it
cannot be denied that the depth of meaning of spirituality needs to be re-articulated,
reoriented and even reconstructed.

As one of the oldest activities in the world, farming requires an orderly and
balanced mindset so that the abundance of natural resources does not drown and nar-
rowness or crisis does not imprison. Human exploitation and greed cannot be fulfilled
from the layers of the earth and layers of the sky. Because the desire is unlimited,
while the resources are available in limited quantities. Lust for exploitation, hedonic
nature, consumptive behavior, kufr pleasures is a spiritual disease that leads humans
to the brink of destruction.

Referring to Mr. Jo’s statement above, that the low level of awareness of farmers in
general to preserve the abundance of resources as a gift, as a blessing from God, asa
mandate that must be accounted for in the future. That farming is not only a question
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of how to harvest or how to take, but also how to plant or how to give to generations.
Pak Joni, as an elderly figure and the oldest farmer in Sumberbrantas, also said that
the tendency of farmers to only take it and forget or not know how to return it was

a behavior that led to the deteriorating condition of Sumberbrantas agriculture in
the last 10 years. How can it not fall, in the mid of a sluggish market, coupled with
declining land productivity, an explosion of pests, and increasingly expensive pro-
duction costs, is the brink of collapse that farmers must accept at this time. These
consequences must be borne as a payment for cultivation behavior that does not pay
attention to the benefit of others. Exploitative cultivation patterns that completely
ignore ecosystem sustainability. What is being accelerated is only production, produc-
tion and production to fulfill that unlimited wish.

Implicitly from Mr. Joni’s statement, it can be interpreted that farming is not just a cul-
ture and activity that fulfills the stomach (worldly—secularistic) but has spiritual mean-
ing and values that are transcendental. There are meanings of worship, blessing, benefit,
civility, and piety. That agriculture is a word or order of the creator, Allah SWT, which
must be lived on the basis of order, balance, and justice, which is not exploitative, sustain-
able, regenerative, and rights (there are other rights in the results and there are rights
of future generations). Another spiritual value that can be interpreted from Mr. Joni’s
statement is that agriculture in the future must be able to minimize and even avoid actions
that violate soil, water, plants, and other physical and non-physical environments. A good
relationship must be built between humans and the creator, human-human relations, and
human-nature relations. This human relationship with the creator is the foundation or
foundation of spiritual values. The creator, Allah SWT. Firmly instructs mankind without
exception to build relationships in the divine dimension, the dimensions of fellow human
beings and fellow creatures—His creation. Humans are ordered to maintain, protect and
use it and learn from the applicable natural laws.

In line with what was conveyed by Mr. Jo, Mr. Pur also said that the tendency of
farmers in general to carry out farming or cultivation tends to be exploitative. The
actualization of spiritual values as outlined in the form of responsible cultivation
behavior is still a problem in the agricultural pattern at Sumberbrantas. Very few
farmers really actualize agriculture as a vehicle to worship Allah SWT.

The statement above can be interpreted that economic orientation is the first
thing in the life of farmers in general. In fact, the essence of farming is not merely an
economic matter. In Islamic teachings, it has been explained that agriculture is not
singular, but is involved with all aspects of life and all systems, be it ecosystems, geo-
systems, or sociosystems. Pak Purnomo’s statement confirms to us that so far farming
activities have been implemented only partially, whether the orientation is toward
the economy, or other aspects. Agriculture is supposed to be an integrated activity.
Geographically or geosystems, agricultural implementation is related to climate
conditions, soil, water, environment, biodiversity, etc. Demographically, agriculture
is related to the diversity of population, markets, policies, institutions, preferences,
etc. The estuary of all the synergies that are built in agriculture is happiness, prosper-
ity, justice, equality, social responsibility, sustainability and benefit for all.

The term used by Pak Pur in describing the condition of contemporary society
which is currently in a crisis of guidance has a very deep meaning. The term guidance
when referring to the terminology and definition refers to the guidelines and instruc-
tions that are believed by an individual in behaving and acting. In the context of the
life of the Islamic community, guidance should originate from the Bible (Al-Qur’an) as
arevelation sent down by Allah SWT. God of the universe. This means that agriculture
must also be guided by the Koran as the absolute source of truth. The Islamic teachings
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contained in the Qur’an are comprehensive, including integrated, sustainable agricul-
ture, both what has happened, what is happening, and what will happen in the future.

Another term that must be underlined from the interview excerpt with Mr. Pur is
related to fading faith, bland worship, and rituals that have lost their sacredness. This
term refers to various factual conditions that occur in the life of rural communities,
especially farming communities at this time. What is meant by the waning of faith in
Pak Purnomo’s terms refers to the phenomenon of society that seems to have begun to
doubt the fortune and destiny line that has been determined by the creator. People are
competing to collect as much wealth as possible, competing in planting area, com-
peting in crop yields, but they forget that there is God’s hand, there is God’s decree,
there is destiny and Allah SWT’s Irodhat. behind it all. It is as if all achievements, all
successes and even failures are derived from the process they do, derived from their
strengths and knowledge. In other words, in this condition, Allah SWT. The lord of
the universe has been exiled, killed, even in the absence of existence. As a replace-
ment, the gods of modernity such as markets, technology, the internet, and others
were presented. Worship has shifted, dislocation and disorientation of rituals and
worship are clear evidence that what Mr. Purnomo said about fading faith, bland wor-
ship and loss of the sacredness of spiritual values is undermining the life of contem-
porary society these days. The farming community worships Regent, Lipor, Ciyodane,
and so on pesticides rather than introspection on farming activities that trigger pest
explosions. Awareness, which is another form of faith in the supreme controller of
life, has been eroded by synthetic gods that manifest in the technology of chemical
pesticides, hybrid seeds and chemical fertilizers. What must be contemplated is why
now, it seems as if nature is no longer friendly to humans? Why in the past was the
balance of nature able to control problems that occurred, for example, pests, soil
fertility, and other climates, but now it is not? The answer to all of these questions is
that it could be because we are not introspective. It is not nature that causes our lives
to be less harmonious, but we are the ones who make nature angry, angry and even
reluctant to be friends with humans anymore.

Pak Jo and Pak Pur implicitly conveyed the value and meaning of spirituality built
within each farmer that needed to be reoriented so that farming activities would be more
stable in the future. If we look closely and study it, it is very clear that the meaning and
value of postmodern agriculture are reflected in the verses of the Koran, both explicitly
and implicitly. Postmodern agriculture which bases its activities on spiritual values will
free it from desire, exploitation, domination, greed, and lust or desires. Farming must be
emphasized that producing is not for exploiting humans, plants, land, water, and other
resources. Producing (agriculture) is not to maximize production, not to sell as much as
possible or satisfy the market, but to meet consumption needs. Farming must be adap-
tive and anticipatory in order to maintain sustainability in the future.

Farming must be emphasized that it produces not for exploiting humans,
plants, land, water, and other resources. Producing (agriculture) is not maximizing
production, not selling as much as possible or satisfying the market, but meeting
consumption needs. Farming must be adaptive and anticipatory to maintain sustain-
ability in the future. Agriculture that is patterned on nature’s way of producing,
which is orderly, fair, balanced, ethical, location-specific, unique, based on local
self-sufficiency, which prioritizes local knowledge and technology, which is civilized
and beneficial. Postmodern agriculture is agriculture based on diversity of localities,
based on diversity of commodities, and based on diversity of communities that do not
create competition but side by side, thus building exchanges, mutually reinforcing
and complementing each other.
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In addition to the value of spirituality, postmodern agriculture is supported by the
value of morality as a spirit that fills every agricultural activity. According to Pak Joni,
since he has been in the farming profession for more or less 65 years, indeed various
phases of change in farmer culture have shifted from generation to generation. The
thing that grieves Pak Joni the most as a farmer figure in Sumberbrantas Village is
related to the moral degradation of farmers. As an example, he pointed out how love
for the land, love for the land and plants, is slowly but surely being reduced from the
soul of the current generation. It is as if land and plants are no longer considered as
creatures, or at least the sense of moral responsibility for the quality and quantity that
must be maintained for the next generation has almost completely disappeared in
today’s farmers. Individual moral sensitivity or sensitivity is eroded and replaced by
being (becoming) from the various choices available.

The aspect of morality has a very important role in the midst of globalization
that is currently sweeping the world, including rural areas in Indonesia. Borrowing
Bauman’s term which says that “The world is full” when looking at the world that is
increasingly global. The world is full not in the physical or geographical sense, but in
the perception of a sense of closeness. Furthermore, Bauman [27] uses the metaphor
of liquid modernity in illustrating the fragility of relations between individuals and
their culture. The term “liquid modernity” is used by Bauman to refer to the phe-
nomenon of change from a solid, controllable, predictable, rational form into a liquid
state, that is, an inevitable condition of mortality, a condition in which its members
act into change more quickly than is necessary and integrate it into the habits of
every individual. Individuals, due to the weakness of the state system in the era of
fluid modernization. Individuals become free with their choices because they follow
the speed of changes that occur in this era (Elliot 2007). The conditions as described
by Bauman, in almost the same textuality also occur in Sumberbrantas Village. The
exposure to globalization in a slightly different context is also happening in the lives
of farmers. Even though the levels are not as high as in urban areas, the term liquid
modernity is also found by the authors in the results of in-depth interviews with
informants.

The exposure to globalization has made it increasingly difficult to have space for a
sense of closeness, empathy, ethics, and courtesy, and ironically, a feeling of getun (an
action that makes a person feel regretful, disappointed) appears when doing good for
others. As stated by Pak Joni in the excerpt of the interview above, that too much anx-
iety is experienced or rather felt by most farmers when they do good things for others.
The feeling of being part of the land so that you treat the land as wisely as possible is
no longer visible in the behavior of farmers in general. Exploitative behavior in the
form of boosting production without regard to soil and environmental conditions is
adry form of farmer morality in carrying out their farming business. Then the spirit
of morality, such as the philosophy that farming is a way of life, farming is a calling,
and so on, has been extinguished which has been the torch of farmers in navigating
the agricultural world? If this is the case then there is a very deep meaning related to
the fading of these moral values. As the value of morality fades, it can be a sign of the
end of agricultural existence. Subsistence farmers, or more precisely, small farmers,
have survived until this moment, none other than because of the moral spirit that
farming is a calling, a way of life, and a moral responsibility. For subsistence farmers
or small farmers, subsistence ethics really is an ideology that they like or dislike, they
have to hold on firmly because that is the only reason they remain in the farmer’s path.
The subsistence ethic is like a faith that will guide small farmers back to the path of
agriculture or to keep on walking the path of the world of agriculture.
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It becomes a serious problem when the spirit of peasant morality is allowed to drift
in narratives of modernism driven by the energy of desire, which are full of pseudo-
images and objects, shrouded in shallow meanings and decorated by simulacrum. As
Pak Joni said, the activities of farmers driven by the desire to get as much produce
from agriculture as possible is nothing but the implementation of hedonic traits that
are deliberately narrated by the world of modernity, namely a world that is considered
to be able to give humans pleasure, fascination, ecstasy, despite everything instanta-
neous, temporary, and not lasting. The imagination of stability, success, and satisfac-
tion which is created through the symbols of modernity is a very evil virus that will
undermine the morality and spirituality of the peasants. This virus will slowly but
surely remove from farmers the traits of obedience, submission, and discipline that
have been the true soul and breath of farmers.

Returning the moral spirit of farmers is a necessity if one expects that the world
of agriculture must exist. Pak Joni and Pak Purnomo and Pak Sardjito as role models
in Sumberbrantas Village have the same opinion in responding to the recent decline
in farmer morality. A moral movement is needed so that farmers can return to their
moral character as farmers. That farming is not just about planting and harvesting
as much as you can. Behind it all there is a responsibility to protect fellow human
beings, to maintain the survival of fellow creatures of God, to maintain the balance,
and sustainability of the ecosystem. The following are excerpts of an interview with
Pak Joni regarding his opinion on carrying out a moral movement to return farmers to
their natural path.

6. Conclusions

Actors or agents in the implementation of organic farming consist of four types,
namely, type A actor, type B actor, type C actor, and type D actor. Type A actor is
an actor who is oriented toward spiritual values so that organic farming praxis is
implemented as form of worship and manifestation of gratitude for the gift of Allah
SWT. Type B actors are actors who are oriented toward moral values, so that the
praxis of organic farming is actualized as a form of wisdom, and moral responsibility
for preserving noble values in managing land and other resources. Type C actors are
actors who are oriented toward economic values, so that organic farming practices
are implemented as an effort to accumulate rupiah profits based on the profit-loss
calculation of the choices they have. Type D actors are actors who are oriented toward
political values, so that the organic farming practice is carried out in order to maintain
and gain power or legitimacy.

The initiation of the “Batu Go Organic” program which is loaded with various
interests, places the implementation of organic farming development in Batu City
at the intersection of projects and community movements. As a project, the values
of organic farming are reduced to a meaning that deviates far from the true organic
nature and philosophy. Organic farming is nothing more than a developmentalism
approach that traps farmers in various forms of dependency, powerlessness and
exploitation in other forms. However, the incident of reducing the attitudes and
values of organic farming on the one hand has also created anxiety for some actors
who are concerned about the decline in the morality of farmers in treating land, water
and other resources.

The traces of the implementation of organic farming which are packaged in the
“Batu Go Organic” program are not only reduced in meaning as a means for project
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accumulation and rhetoric, but also shackled in the grip of the market. The approaches
and policy instruments issued by the government are in contrast to the spirit of inde-
pendence which has become the spirit of the national program “Thousand Organic
Villages” Laws and regulations such as regional regulations, regulations from the
Minister of Agriculture, implementation guidelines or implementation guidelines do
not reflect the spirit of building village independence at all, but rather the standards

and qualifications of organic agricultural products. This is of course only market
oriented which actually cannot be intervened directly by the government.
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Chapter 15

Increasing the Value of Waste Hop
Biomass by Composting: Closing
the Nutrient Cycle on Hop Farms

Barbara Ceh, Lucija Luskar, Julija Polansek,
Ana Karnicnik Klancnik and Zan Trost

Abstract

After the harvest of each hectare of hop (Humulus lupulus L.), an average of 15
tons of fresh waste plant biomass, consisting of leaves and stems, is generated next
to the harvest hall. On-site (on-farm) composting is an excellent way to manage
excess biomass after the harvest, and it can help to establish a circular economy in
the hop-growing sector. It is essential that the resulting compost is both nutrient-
rich and safe for use, while also avoiding any potentially harmful leachate impacts.
We have to establish the compost pile as soon as possible after the harvest, and to
mix it several times during the thermophilic phase, related to temperatures mea-
surements. After approximately 2 months, the pile will begin to cool down, at which
point it is advisable to cover it with a semi-permeable membrane. Five months later,
the compost is mature—ready to use as an organic fertilizer with app. 9.6 kg N, 1.6
kg P, and 5.9 kg K per ton, no phytotoxic properties, stable, and suitable for plant
production (based on the radish germination index of GI 89%). The cress germi-
nation test (average of GI 196%) has demonstrated that it is a nutrient-rich and
stimulating substrate.

Keywords: Humulus lupulus L., composting, compost fauna, nutrients content,
circular economy, germination test, circular economy, resource efficiency

1. Introduction

The hop plant, H. lupulus L., is cultivated for its cones, which are an essential
ingredient in the brewing industry. During the harvest, the plants are cut, and the
aboveground biomass is removed from the fields to the harvesting machine, which
harvests the hop cones; they are collected, dried, and packed for use in the brewing
industry. The stems and leaves are left in this procedure as a by-product next to the
harvest machine (see Figure 1), with the supporting twine intertwined within this
waste material. In a single growing season, the hop plant can attain a height of up to 7
meters and as a climbing plant requires a guiding twine for support. Typically, plastic
twines or iron strings in conjunction with plastic twine are utilized and, to a lesser
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Figure 1.
Subsequent to the harvest of the hop cones, waste hop biomass in the form of hop stems and leaves is generated as
a by-product and accumulates in close proximity to the harvest machine hall (photo: L. Luskar).

extent, also biodegradable twine made from renewable sources like jute, coconut
husks, or polylactic acid.

Every harvest season, the hop industry generates on average 15 tons of waste hop
biomass (fresh matter) from each harvested hectare of hop fields [1]. So 2600 hop
farms with 26,500 hop fields in the European Union produce beside 50,000 tons of
hop cones per year [2] also 400,000 tons of waste hop biomass, which is of good
composition for on-site (on-farm) composting [1], although this use is not common.
However, based on massive amounts of organic waste produced on hop farms, on-site
composting of hop biomass needs to be considered because it offers a perfect way for
nutrients and organic matter to be returned to the agricultural fields in the narrowest
circle possible.

Hop biomass after harvest contains roughly 18% organic mass, 0.8% nitrogen,
0.3% potassium, and 0.1% phosphorus, with a carbon-to-nitrogen ratio of 13:1 [1].
The ratio between carbon and nitrogen in waste hop biomass is 13:1 when composting
stems and leaves together and 23:1 when composting only stems [1].

Composting represents a conventional, low-investment technology for trans-
forming biomass into a stabilized end product with low levels of readily degradable
organic matter and without any phytotoxic effects on plants [3, 4]. This approach
aligns with the need to develop new methods for reducing the use of chemical fertil-
izers [5, 6]. Hop biomass can be taken to industrial composting plants, where it is
mixed with other organic materials and subjected to thermal and technical process-
ing, after which it is sifted to produce high-quality and safe compost. Alternatively,
on-site composting (i.e., on-farm composting) represents a much more cost-effective
option for farmers, which, if properly managed, can be just as efficient as industrial
composting,.
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2. Hop biomass on-site (on-farm) composting

Utilization of biodegradable twine as a plant support mechanism in hop fields during
the growing season serves as a favorable predisposition for the appropriate composting
of hop biomass. Before harvesting, the knife on the harvest machine has to be checked,
sharpened, and set for cutting the stems into pieces smaller than 5 cm. During the har-
vest, the knife has to be cleaned several times per day. Before composting, the location of
the placed compost pile has to be determined in line with national rules and regulations.

The compost pile has to be set right after harvest or no later than two days after
harvest. Biomass could be collected on a tractor trailer and transported directly to the
location of composting. Otherwise, the collecting biomass place could be right next to
the harvesting hall, later loaded on the trailer, and taken to the location of compost-
ing. The optimal direction of compost pile placement is north-south.

The quantity of fresh waste hop biomass from a one-hectare hop field ranges
between 13 to 20 tons, depending on variables such as the hop variety, agricultural
practices, and weather conditions during the growing season, with an average of
approximately 15 tons [7]. This quantity of biomass is sufficient to establish favorable
conditions for successful composting.

The LIFE BioTHOP project has introduced a 100% biodegradable and 100%
on-site compostable bio-plastic polylactic acid (PLA) twine, which offers improved
solutions for managing hop biomass, including its use as a substrate for producing
high-quality compost. When subjected to proper on-site composting, this twine
is broken down into CO,, water, and organic matter. To optimize composting
characteristics, the stems of hop plants should be cut into pieces that are less than
5 cm in length (Figure 2). However, if plastic supporting twine is still being used
by hop growers, the stems on the harvest machine should be cut into longer pieces,
not shorter than 30 cm, so they can be fully sifted out by the sieving machine. This
ensures that the final compost is completely free of plastic particles.

For optimal composting, it is recommended to shape the hop biomass pile into a
trapezoidal form, with a height of approximately 3 meters and a maximum settled
height of 1.5 meters. The slope of the pile should be even to prevent waterlogging and
should be constructed in a manner that allows for proper drainage of precipitation,
without being absorbed into the pile. The actual size of the pile may vary depending
on the method of mixing, and hop growers may adjust the shape and size of the pile
over time to accommodate their experience and mixing techniques.

Regular temperature measurements must be taken within the hop biomass
pile. The initial mixing of the pile should be performed once the temperature has
surpassed 60°C for three consecutive days or when a temperature of 65°C has been
recorded for two consecutive days. The pile must be turned to ensure that previously
exposed parts are mixed inside the pile. During the thermophilic phase, when the
temperature exceeds 45°C, it is recommended to turn the pile at least once per week.
If the temperature rises above 60°C, the pile should be turned twice per week. After
each mixing, the pile should be re-shaped into a trapezoidal form [7].

Ensuring an appropriate temperature distribution within composting piles is a
critical aspect of achieving effective composting and preventing pathogen contamina-
tion. Generally, the temperature in the core of the pile is higher than the outer layer
(as shown in Figure 3). In our experiments, we observed a temperature difference of
roughly 10°C between a depth of 30 cm and 1 m. The outer layer, which is approximately
30 cm thick, did not exceed 55°C in our trials. Neglecting to adequately sanitize this
outer layer can lead to the proliferation of phytopathogens, which can spread to the rest
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Figure 2.

It is recommended that hop stems be cut into smaller pieces during the harvesting process if biodegradable and
compostable twine is present (photo: L. Luskar).
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Figure 3.
A diagram of on-farm hop biomass composting (L. Luskar).
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of the pile and the field soil if the compost is used there. Regularly turning the pile is
essential for ensuring uniform composting and proper heat distribution throughout the
biomass. Furthermore, closely monitoring temperature and moisture levels can help
maintain optimal composting conditions and minimize the risk of pathogen contamina-
tion. Ultimately, effective management of composting piles is crucial for preventing the
spread of plant diseases and promoting sustainable agriculture practices.

Composting leaves together with stems can increase the overall efficiency of the
process. The addition of leaves can improve nutrient availability within the compost and
prevent excessive drying caused by empty spaces within the pile. This extended ther-
mophilic phase resulting from the inclusion of leaves is critical for both the degradation
of PLA twine and the hygienization of the biomass. Therefore, composting the entire
biomass after harvest is recommended to optimize the composting process. Two key fac-
tors for efficient composting are the combination of small biomass particles and frequent
turning of the pile. The small particle size provides a larger surface area for microbial
activity, leading to faster decomposition and composting. Frequent turning of the pile
facilitates proper oxygen flow and moisture distribution, which are necessary for the
growth of microorganisms and the prevention of odors and pathogen growth [8].

Overall, composting the entire biomass after harvest can provide greater benefits
for soil fertility and sustainability. With the appropriate management practices in
place, such as maintaining the appropriate moisture and oxygen levels and regularly
turning the pile, the composting process can be optimized to achieve maximum
efficiency and nutrient content. A diagram of on-farm hop biomass composting is
presented in (Figure 4).

During the stabilization phase of composting, the temperature of the pile typically
drops below 40°C. In hop biomass composting, this starts after around 2 months from
the start, that is, in November. To optimize the composting process and prevent nutrients
loss, it is advisable to keep the pile covered with a semi-permeable membrane during this
phase (Figure 5). This helps to retain heat and moisture within the pile, prevent leaching,
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Figure 4.
Temperature in composting hop biomass pile with proper mixing procedure and time — An example.
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Figures.
Composting hop biomass in winter, covered with a semipermeable membrane.

and facilitates optimal microbial activity. Once the compost has stabilized and the
temperature has decreased to a level comparable to its surroundings, it can be considered
for use. The core of the pile should have the same temperature as the surroundings and
should exhibit a soil-like odor. Considering our experiments, this is in about seven months
after the start of proper composting, in April of the following year.

3. Hop biomass compost characteristics

The characterization of hop biomass compost is typically determined using a range of
chemical tests, including pH tests and assessments of ammoniacal nitrogen, organic C,
total N, nitrate nitrogen, potassium, and phosphorus levels. In addition, water content
is an important characteristic of compost that is commonly measured. Due to variations
in input materials, such as differences in hop stem length and various additives that can
be added at the start, including biochar and effective microorganisms, there may be
differences in the chemical composition of hop biomass composts. Nevertheless, average
values of key characteristics are presented in Table 1, along with a comparison to the
original starting/fresh material. Final compost (dw) contains about 3-4% nitrogen,
0.3-0.4% phosphorus, 1.0-2.5% potassium, and 35-43% total organic carbon [8].

Legend: dry matter (DM), total nitrogen (TN), total phosphours (TP), total potas-
sium (TK), total carbon (TC), nitrate nitrogen (NO;-N), ammoniacal nitrogen (NH,4-N).

The pH range of mature compost is a crucial factor in determining its suitability for
use in agricultural applications. According to Hachicha et al. [9] and Rynk et al. [10],
the optimal pH range for mature compost is between 6.0 and 8.5. The pH of the hop
biomass mature compost falls within this range at 7.8, while the pH of the hop biomass
input material is around 6.5. Similar increase in pH has been observed in horticultural
waste composting, as reported by Choy et al. [11]. Despite these general trends, it is
important to note that the pH requirements of specific plants may vary [12].
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Start End
pH 6.5 78%* —8.4*
DM (%) 278 312" -31.3"
TP (%)* 0.28 0.38** - 0.46"
TK (%)’ 167 1.08"* -2.07*
TC (%)* 481 22.8* 34
TN (%)’ 26 2.7% 3.5
NO;-N (mg/kg) 0.8 376** - 1051*
NH,-N (mg/kg)’ 170 83" - 404™

Legend: dry matter (DM), total nitrogen (TN), total phosphorus (TP), total potassium (TK), total carbon (TC),
nitrate nitrogen (NOs-N), ammoniacal nitrogen (NH4-N).

"Measured in dry matter.

’Measured in fresh matter.

*Following the thermophilic phase lasting approximately two months, composting piles were covered with a
semipermeable membrane for an additional five months (unpublished data of Institute of hop vesearch and Brewing).
**Composting piles uncovered [8].

Table 1.
The basic chemical characteristics of both the input material (fresh hop biomass after harvest) and the final/
mature compost produced after seven months of on-site composting.

The dry matter (DM) content of hop biomass compost typically undergoes a slight
increase during the composting process, rising from an initial level of 27.8% to approxi-
mately 31.2% [8]. For mature compost to be effective in agricultural applications, it should
have a DM content falling within the range of 30-50%, according to McFarland [13].

During the composting process, the average total nitrogen (TN) content of
compost piles typically increases. Research has shown that biochar can be particularly
effective in reducing nitrogen losses from composting materials, according to Steiner
et al. [14]. In general, composts with a total nitrogen content greater than 2% are suit-
able for use as fertilizer, so compost from hop biomass covers this requirement [8].

The average phosphorus content (TP) of fresh hop biomass after harvest is
typically around 0.28% in dry matter. During the composting process, it increases to
around 0.38% in dry matter. Conversely, the average potassium content (TK) in hop
biomass typically decreases during composting [8].

The expected range of potassium content in compost is typically reported to be
between 0.6 and 1.7% [15]. The final hop compost pile analyzed in our study met this
standard with a potassium content of 1.1% [8]. Adebayo et al. [16] reported a decrease
in total potassium content during composting of food waste and yard trimmings,
except in a closed system, where it initially increased before falling below the initial
value in the substrate mixture. The total carbon (TC) content decreased significantly
from an average of 48-23% of dry mass during composting, which is expected due
to microbial immobilization of approximately 40% of available carbon, with the
remaining 60% lost through respiration [17].

The average nitrate content (NO;-N) in fresh hop biomass was found to be around
0.8 mg/kg and 375.9 mg/kg in the final compost [8]. This is consistent with nitrate
being the final product of nitrogen mineralization [18] and an expected increase
during composting. The starting material had an average ammoniacal nitrogen content
(NH4-N) of 169.6 mg/kg, while the final composts had 403.8 mg/kg [8]. Contrary
to the expected decrease in ammonia levels during the maturation phase [19], our
findings suggest an increase. Piles with added biochar had the highest nitrate and
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ammoniacal nitrogen content, indicating their potential to prevent nitrogen losses
during composting [14, 20, 21]. The findings suggest that additives and small particle
sizes contribute to nutrient retention in the pile; however, the most important factor is
covering the pile with a semipermeable membrane throughout the maturation phase.

Compost stability and maturity are the main properties to characterize compost
quality [22, 23]. However, chemical characterization alone is not enough to assess com-
post maturity. The phytotoxic effect on plants is related to immature compost, while
low microbial respiration indicates compost stability [22, 23]. Germination and growth
tests [24] are used to determine the effect of compost on plants. The method combines
seed germination index and root elongation of cress seeds and garden radish (Lepidium
sativum L. and Raphanus sativus) [25]. The number of germinated seeds is counted,
and the overall length of seedlings (root) is evaluated. The number of germinated
seeds and the length of the radicle are both affected by the compost extract, while the
germination index (GI) describes both parameters compared to the control.

In 7 months, all the hop waste biomass composts had reached the mature phase.
None of the composts from hop biomass in our research were phytotoxic (GI < 65)
according to the Zucconi [25] criteria based on the germination index. The BioTHOP
PLA twine inside has loosened its strength and was degraded. The degradation level
was correlated with the level of shredding and differed due to the presence or absence
of leaves. Taking the radish germination index (average of GI was 89%) into consid-
eration, the composts in our study showed a substrate with no phytotoxic properties,
stable and appropriate for plant production, whereas in the cress germination test, the
composts showed nutrient-rich or stimulating substrates. The germination index was
between 125 and 213 (average of GI 196%), and microbial respiration was between
0.1and 0.2 C-CO,/g compost/day [8].

When properly composted, hop waste biomass composts had an earthy smell with
no phytotoxic effect on plant germination. The most promising treatment for on-site
composting after the first year of trials is indicating to be good shredding (pieces
smaller than 3 cm) and proper aeration/mixing in the thermophilic phase of the
process. Previously considered agro-waste can now be used as an organic fertilizer,
when properly on-site (on-farm) composted.

4. Hop biomass compost microbiological properties

Microorganisms are ubiquitous in the environment and play a pivotal role in
the biochemical degradation of organic matter. These microbes are responsible for
converting nutrients from organic to plant-available mineralized forms [26]. A single
square centimeter of the plant leaf surface is typically colonized by approximately
10°-10” bacteria [27], making plant material a significant source of microbial activity.
Additionally, the soil serves as a reservoir for biological degraders, and when compost-
ing is carried out on soil, the microbes can enter the compost pile during the process.

The composting process is influenced by several factors, including the composi-
tion of the feedstock, moisture levels, oxygen content, pH, and temperature. As such,
a comprehensive understanding of the microbiological processes at work is essential
to supplement compost chemical composition analysis [28]. Soil compost amend-
ments contribute to the general soil quality recovery and improvement of plant grow-
ing conditions by providing numerous ecosystem services, including replenishment
of soil carbon stocks, increase of microbial activity and biodiversity, and restoration
of plant nutriton [29]. Compost is normally populated by 3 general categories of
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Figure 6.
Amoeba, nematode, and aerobic fungus, detected in mature hop biomass compost (photo: J. Kadunc).

microorganisms: bacteria, fungi, and actinomycetes. It is primarily the bacteria, and
specifically the thermophilic bacteria, that create the heat of the compost pile [30].

During the composting process, the conditions in the pile, including temperature,
aeration, moisture, pH, and substrate availability, are subject to constant change,
resulting in stages of microbial consortia and their fluctuation [31]. The initial
decomposers are mesophilic organisms such as bacteria and fungi. In the subsequent
stage, thermophilic organisms, particularly actinomycetes, become dominant, and
fungal populations decline. During the maturation phase of composting, a new
mesophilic community develops, with actinomycetes remaining and fungi reappear-
ing, along with cellulose-decomposing bacteria [32].

Only a sample study has been performed by now since the beginning of our research
on the on-site hop biomass composting some years ago, to take the snapshot of hop
biomass composts microbiological properties (Figure 6), in which we found out that the
microbial world of composted hop biomass was dominated by bacteria [33]. Part of fungi
mycelium was also found, but in general, diversity, which is main property of quality
compost, was not high. The observed count of colonies forming units was approximately
10° CFU per gram of dry matter, falling within the anticipated range [34]. Fast-changing
conditions in soil (heat, drought, moisture, and lightness) demand fast adaptation of
microbes that can only be tackled by diversity. Due to their fast reproduction, the number
does not play such an important role as their diversity. The work on the topic will continue
within our research group on the composts from improved composting procedures [33].

5. Fauna in hop biomass compost

While processes of nutrient cycling are governed directly by microbes, such as
bacteria and fungi, they are also affected by soil animals that live alongside them.
Soil fauna affects decomposition processes both directly, through fragmentation
and comminution of litter material, and indirectly, by altering microbial function
through grazing of the soil microbial biomass and through excretion of nutrient-rich
wastes. The movement of animals through soil influences the dispersal of microbial
propagules attached to the animal body surfaces or transiting through their guts [35].
Invertebrates co-exist with the microbes and are essential to a healthy compost pile.

The mesofauna and macrofauna are a diverse group of organisms, varying in size
from tiny mites to large insects, that inhabit the composting biomass under investiga-
tion. These organisms play a crucial role in decomposing the organic material and
providing nutrients for the entire food web, which restores the natural balance in the
compost. Obtaining rich, mature compost with a healthy population of fauna is essen-
tial because these organisms help to maintain the physical and chemical properties of
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the compost through their mechanical and chemical actions. By breaking down the
organic material, they facilitate the nutrient cycling process, which is crucial for the
growth of healthy plants. Therefore, it is crucial to ensure that the composting process
allows for the growth and proliferation of these important organisms.

The fauna in the composting piles after five months from the start of the composting
process (in winter) was dominated by springtails, mites, spiders, centipedes, soldier fly,
and larva. The most numerous in all compost piles were springtails (at least ten in 2 g of
compost) and mites (at least ten in 2 g of compost). A wide variety of arthropods were
found in the compost pile, where effective microorganisms were mixed in at the start
of composting. In the mature compost, in April, the most numerous were springtails,
which were of various sizes and colors, and mites. Amoebas, earthworms, centipedes,
spiders, larva, beetles, and insects were also detected (Figure 7).

Figure7.

Faﬁnﬂ detected in hop biomass compost (photo: A. Karnicnik Klancnik). A, B, C —springtails Collembola; D, E,
E G, H - Mites (Acarina); I - The initial stage in the development of an insect; J, K, L - bgetles (Coleoptera);
N, T Spiders (Araneae); O — Pseudoscorpions; P — Earthworm; R — Larva; S — Ant; M, S — Centipedes; T, U —
Soldier Fly.
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6. How to use hop biomass compost and why

To avoid the phytotoxic impact, which can delay seed germination or inhibit plant
growth, compost should be mature and stable before being used as a fertilizer [36].

A ton of compost from hop biomass with an average moisture content of 70%
contains 8.1 kg of total nitrogen (N), 1.14 kg of total phosphorus (P) or 2.6 kg of
P,0s, and 3.24 kg of total potassium (K) or 3.8 kg of K,O, according to current IHPS
measurements [7]. If the compost pile is covered over the winter to be protected
from leaching of the nutrients because of higher precipitation, the compost contains
more nutrients. A ton of compost with an average moisture content of 70% contains
9.6 kg of total nitrogen (N), 1.56 kg of total phosphorus (P) or 3.57 kg of P,Os, and
5.93 kg of total potassium (K) or 7.15 kg of K;O. A comparison with nutrients content
in farmyard manure is presented in Table 2. However, it is advised to analyze each
compost for the water content and main nutrients content in order to obtain accurate
information before its use. By taking into account the soil analysis and nutrient
removal from the soil with the certain crop, we can more accurately calculate how
much compost can be used to fertilize a certain crop. We adhere to a five-year fertil-
ization plan because in this way, we ensure the gradual achievement and maintenance
of a good soil supply with nutrients and maintain soil fertility.

Compost can serve as an effective fertilizer, much like stable manure. The percent-
age of organic mass (over 35%) indicates that the compost is within the criteria of
the first-class compost. Hop growers can load mature compost on the spreader and
spread it across the field without problems. It can be utilized for basic fertilization in
the spring or fall, by incorporating it into the soil. For example, it can be incorporated
during basic tillage before sowing maize, which is an ideal timing as mature hop
compost is typically available in April. Compost is also suitable for use in fertilizing
hop fields, grasslands, at planting vegetables, and sowing cereals. However, in cases,
where the hop biomass used in the composting process is infected with hop wilt, asa
precautionary measure, we recommend that the compost is not returned to the hop
fields but rather utilized in other fields or grasslands.

If we take into account the limitation of the annual nitrogen fertilization, which
amounts to 250 kg/ha N with organic fertilizers, we can therefore apply a maximum
of 30 t/ha of such compost in one year if the compost would be the only fertilizer.
The limit of 250 kg/ha N applies to all types of organic fertilizers together, that is,
for livestock fertilizers and all other types of organic fertilizers (digestate, compost,
etc.) together [38]. So if we use any other organic fertilizer, then we must accordingly

Nutrient Hop biomass compost with 70% Stable manure (kg/t) with 81.4%
moisture (kg/t) moisture®

N 8.1 - 9.6 4.7

P,0s 26™-36"" 3.0

K,0 39%* _72% 51

*The average moisture of hop biomass compost after 7 months was found around 70% according to IHPS measurements.
Stable manuve’s average moisture is 81.4% [37].

**Uncovered composting piles [8].

***Following the thermophilic phase lasting approximately 2 months, composting piles were covered with a semipermeable
membrane for an additional five months (unpublished data of the Institute of hop research and Brewing).

Table 2.
Comparison of nutrients content in hop biomass mature compost and farmyard manure.
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reduce the amount of compost. When deciding on the dose of fertilizer for an indi-
vidual crop or vegetable, it is also necessary to take into account the limit values of the
total intake of nitrogen with fertilizers (organic and mineral fertilizers) for individual
types of agricultural plants per individual unit of agricultural land use in accordance
with the plants’ nitrogen needs and measures to reduce and prevent water pollution.
In any case, it is recommended to have a fertilization plan, which must include a
calculation of nitrogen fertilization needs, based on expected yield.

Regarding the use of compost, it is necessary to adhere to the decree on the
protection of waters against pollution caused by nitrates from agricultural sources,
guidelines for the implementation of water protection requirements against nitrate
pollution from agricultural sources, keep an eye for proper application technique,
timing, and cross-compliance.

To present a positive impact of mature hop biomass compost use for fertiliza-
tion compared to fresh hop biomass incorporation, a pot experiment was set with
Chinese cabbage (Brassica rapa L. subsp. chinensis (L.) Hanelt). Treatments were: K
(control), 185 g substrate; SH (fresh hop biomass), 27 g fresh hop biomass +148 g
substrate; and ZK (mature compost), 27 g mature compost +148 g substrate. In
4 days, there were significantly fewer plants emerged in SH compared to ZK and K,
but later there were no significant differences between the treatments in the number
of emerged plants. The above-ground biomass of the plants after 47 days, when the
experiment was evaluated, was statistically significantly the most abundant in ZK,
whose leaves were the most intensely green at the same time (Figure 8). There was no
significant difference in biomass weight between K and SH, but the leaves of K were
of paler green color. The content of nitrate in the leaves was significantly higher in ZK
(130 mg/L) compared to K and SH (19 mg/L and 36 mg/L, respectively). The content
of nitrate in the substrate was significantly higher in SH (<3.8 mg/L) compared to
ZK and K (<3 mg/L). The content of ammonium nitrogen was significantly lower in
K (0.3 mg/L) compared to SH and ZK (0.7 mg/L). The density and branching of the
root system were the highest in ZK and the worst in SH (Figure 9).

Figure 8.

Fertilization pot trial with Chinese cabbage (Brassica vapa L. subsp. chinensis (L.) Hanelt) after 47 days from
sowing; left: Fresh hop biomass (SK) mixed in substrate at sowing, middle: Mature hop biomass compost (ZK)
mixed in substrate, right: Control (K) with pure substrate.
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Figure 9.

Roots check in fertilization pot trial with Chinese cabbage (Brassica vapa L. subsp. chinensis (L.) Hanelt) after
47 days from sowing; left: Fresh hop biomass (SH) mixed in substrate at sowing, middle: Control (K) with pure
substrate, right: Mature hop biomass compost (ZK) mixed in substrate.

7. Conclusions

Following the harvest of every hectare of hop (Humulus lupulus L.), an average of
15 tons of fresh waste plant biomass, consisting of leaves and stems, is generated next
to the harvest hall [1]. This green waste is mostly seen as a waste and represents addi-
tional disposal cost to the farmers but can also be transformed into compost through
on-site composting, which is a sustainable and effective means of repurposing this
waste product [8]. To ensure a high-quality compost product with minimal environ-
mental impact throughout the on-site composting process, advanced composting
technology has been developed. This technology offers one of the most promising
means for returning essential nutrients and organic matter to the agricultural land of
the same farm. By recycling this waste product in this manner, farmers can enhance
soil fertility and maintain the health and productivity of their crops while also mini-
mizing the environmental footprint of their agricultural operations [39].

Adhering to professional composting guidelines is essential to ensure that the
resulting compost is both nutrient-rich and safe for use while also avoiding any
potentially harmful leachate impacts. One critical consideration in this regard is the
amount of precipitation, as there is a strong linear correlation between this factor
and the volume of leachate produced [40]. To minimize the risk of leachate-related
issues, it is vital to implement appropriate measures. One of the most effective
strategies is to cover the composting pile with a semipermeable membrane, particu-
larly after the end of the thermophilic phase, which typically occurs approximately
two months after the start of the process. This covering should remain in place
throughout the maturation phase, which extends until April of the following year. By
following these guidelines, farmers and composting operators can minimize leachate
impacts, avoid the loss of nutrients, and therefore produce a high-quality, nutrient-
rich compost product [7].

299



Organic Fertilizers — New Advances and Applications

With on-site hop biomass composting, farmer gets his own organic fertilizer,
which can be applied safely to his agricultural land, and in this way, the cycle of the
nutrients and organic matter returned back to the agricultural land is the narrowest
possible. The compost, prepared according to the professional guidelines is safe,
contains nutrients, organic matter, many microorganisms, such as bacteria, actino-
mycetes, and fungi, as well as different fauna species, which enhance soil biodiversity
when applied to the agricultural land.

With a bit of effort to guide a proper process of composting, farmer can save some
money on the purchase of fertilizers and avoids landfill costs. And the last but not the
least, a circular economy on farm is established.
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Chapter 16

Potential of Anaerobic Digestates
in Suppressing Soil-Borne Plant
Disease

Mami Irie and Tomomi Sugiyama

Abstract

The use of anaerobically digested slurries (ADSs) is promising strategies in
resource management and agricultural production. ADSs has a potential as alterna-
tives to chemical fertilizer. ADSs from various source materials suppressed the growth
of some plant pathogenic fungi in vitro. ADS filtrates did not suppress them, indicat-
ing the effect was caused not by water-soluble substances in ADSs. In pot experiment,
the efficacy of ADS from dairy cow manure (AD) for Fusarium wilt of spinach was
assessed. Applying 8% (w/w) of AD significantly reduced pathogen density in soil and
promoted the growth of spinach. Inoculation of a bacterial isolate AD-3 from AD,
which showed high suppressiveness against Fusarium spp. iz vitro, effectively con-
trolled the disease. Based on the results, AD-3 strain is related to the disease control
ability of AD that belonged to Bacillus velezensis. ADSs can supply not only plant
nutrients but also antagonistic microbes. For crop production, ADSs application
would be effective to infected soil. It was effective for improving ADS handling that
ADS was absorbed to foamed glass and dried at 60°C. To apply ADS to farmland for
crop production, these findings are promising for sustainable agriculture.

Keywords: biological control, anaerobically digested dairy slurry, Bacillus velezensis,
Fusarium, anaerobic digestion

1. Introduction

Fusarium wilt disease, caused by Fusarium oxysporum f. sp. spinaciae (Fos), is a
serious soil-borne disease. F. oxysporum has high host specificity and is responsible for
severe damage to economically important plants [1]. Chemical fungicides or soil
fumigation is commonly used to control the disease. However, it is needed to develop
alternatives to these conventional controls for sustainable agriculture. Organic
amendments can be used to improve soil quality and manage soil-borne diseases [2].
Among organic amendments, compost has been studied the most commonly.
Composting is a well-known method for recycling organic waste, and the final by-
product can be used in agriculture [3]. There have been reported that compost has
suppressive effects against soil-borne fungal diseases [4, 5]. Anaerobic digestion is
another countermeasure for the treatment of agro-industrial waste and the organic
parts of source-separated household waste. Anaerobic digestion produces biogas as a
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source of renewable energy and anaerobically digested slurry (ADS) that can be used
as liquid fertilizer [6, 7]. Organic wastes from agriculture and industry, and the
organic parts of source-separated household wastes are considered as biomass and the
most dominant future renewable energy sources. Organic waste materials could be
specific important resources because these sources do not compete with food crops in
agricultural land usage. Anaerobic treatment is suitable for their utilization. The
treatment is an attractive solution since producing biogas can be used as renewable
energy and anaerobically digested slurry (ADS) can be applied to farmland as organic
amendment. Scientific reports of anaerobic treatment, especially biogas, have
increased rapidly in terms of renewable energy technology [8]. In general, ADS has a
high concentration of plant nutrients such as nitrogen (N), phosphorus (P), and
potassium (K), which are available in a suitable form for plants to absorb, meaning
that ADS can be used as liquid fertilizer. Normally, it needs appropriate handling
before discharging to river water because of high content of nutrients such as N, P,
and K. This means, on the other hand, it has a potential as alternatives to chemical
fertilizer. When considering land application of ADSs, risks and impacts for agricul-
tural production should be concerned as the chemical composition including phyto-
toxic compounds and heavy metals is different among ADSs, depending on their
primarily source materials [9, 10]. Therefore, the chemical composition of ADSs
should be accurately assessed before being used as fertilizer. In Europe, there is the
application rate of ADS recommending its use based on specific regulations and
guidelines [11, 12]. There are some studies reported that ADS is a valuable alternative
to fertilizer in agriculture [13, 14]. The self-sufficiency of fertilizer must be increased
for sustainable agriculture and food security. The use of ADS has mainly focused on a
function as nutrient availability, crop productivity, and reusing organic waste [15-17].
The role of ADS in plant disease control has been studied. For example, Tao reported
that ADS sourced from pig manure suppressed the growth of plant pathogenic fungi
in vitro [18], and Amari reported that the application of ADS to soil has been shown to
suppress several plant diseases including Ralstonia spp. [19] and Fusarium spp. [19],
and Cao founded the suppressive effect on Phytophthora spp. [20]. These reports
focused on physicochemical properties as factors for plant disease control. Microor-
ganisms in ADS may also have a suppressive effect. However, the disease control
ability of organic amendments and ADS nutrient contents might be varied depending
on the source materials. There are few findings indicating disease suppression of
ADSs. Furthermore, it still has two difficulties for its handling and storage. For
handling, ADS is a liquid, but it contains plant residues or sediments, and it is difficult
to spray to farmland like liquid fertilizer; some attachment or special application
agricultural machinery is needed. Hence, there are microbes in ADSs, which continu-
ously digest remaining organic materials in ADSs, and methane gas emission has been
continuing. Therefore, it is difficult to keep ADS in plastic bottles or plastic bags like
chemical fertilizer. This made farmers difficult to use ADSs. In Japan, ADS is generally
treated at attached wastewater treatment facility and released into river water. The
first objective was to assess how the ADS generated from different source materials is
suppressing F. oxysporum f. sp. spinaciae (Fos). We isolated bacteria from ADS and
tested the effects of these against Fos in vitro. The second objective was to verify the
suppressive effect of a selected bacterial isolate against Fusarium wilt of spinach

in vivo. The third objective was to demonstrate the applicability of ADS not only
antagonism against Fos but also against another plant pathogens. Furthermore, rela-
tively new and old ADSs were used for the applicability experiment. The fourth
objective was to improve the handling of ADS for agricultural use, ADS was absorbed
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to porous materials, and the antagonism of its material against seven kinds of plant
pathogen was investigated. Furthermore, heat dry temperature effect of ADS
absorbed material was investigated whether drying process reduces the suppression.

2. Materials and methods
2.1 Sampling and characteristics of ADSs

In this study, five ADSs were generated from different source materials: dairy cow
manure (AD), sewage sludge (AS), food garbage (AF), pigmanure + foodgarbage
(APF), and sewagesludge + nightsoilsludge + foodgarbage (ASNF). Mesophilic fermenta-
tion of anaerobic biological treatment in facilities occurred at 35°C. All digestates were
taken from a methane fermentation tank running in continuous mode without
dehydrating, and the slurry was used for experiments. After sampling, the slurry was
stored in 20-L plastic tanks at 4°C refrigerator. The details of each ADS source
materials rates are presented in Table 1.

2.2 Analysis of chemical properties of ADSs

The following parameters were determined in the fresh digestate samples: pH,
analyzed by multi-function water quality meter (MM-60R TOADKK Corp.) followed
the methods of analysis of feeds and feed additives [21]; dry matter content (DM) after
drying the digestate sample at 105°C for 24 h followed the method of Japanese Industrial
standards method (JIS) JIS K 0102 14.2 [22]; the volatile solids, which reflect the OM
content, by loss on ignition at 500°C for 24 h followed the method of JIS K 0102 14.4
[22]. The total organic carbon (TOC) was analyzed as liquid samples using an automatic
analyzer TOC-LCSH system (Shimadzu Corp.) followed the method of JIS K 0102 22
[22], total nitrogen (TN) followed the testing method for fertilizer 4.1.1.b [23], and total
carbon (TC) followed the testing method for fertilizer 4.11.1.b [23] were measured in
dried samples by NCH-22 (Sumika Chemical Analysis Service, Ltd.). C/N was calculated
by the division of carbon by nitrogen. Ammonia and chlorine were analyzed by ion
chromatograph LC-20 AD sp., detector CDD-10A, columns; IC-C4 for cation and IC-
SA2 for anion (Shimadzu Corp.). After HNO3 digestion, the following elements were
determined by inductively coupled plasma-atomic emission spectrometry (ICP-AES,
iCAP 6200, Thermo Fisher Scientific) followed the testing method for fertilizer [23]: P,
K, S, Na, Ca, Mg, Fe, Cu, Mn, Al, Zn, Pb, Cd, Cr, and Ni. Hg was analyzed by cold-vapor
atomic absorption spectrometry followed the testing method for fertilizer 5.12.1 [23].
Lignin and cellulose were analyzed according to acid detergent method [21], and
CEL/LIGN was calculated by the division of cellulose by lignin.

2.3 Antifungal activity of raw and filtrate ADSs

The plant pathogen F. oxysporum f. sp. spinaciae (Fos, MAFF: 103059) was used.
Fos was cultured on potato-dextrose agar (PDA) (Nihon pharmaceutical Co., Ltd.,
Tokyo, Japan) in petri dishes (90x15 mm) at 25°C for 14 d and used as inocula. Raw
and filtrate ADSs were used for the assay. Filtrate ADSs were prepared as follows:

10 mL of each raw ADS was centrifuged at 3000 rpm for 20 min, and the supernatant
was filtered through a 0.2 pm disposable membrane filter (Toyo Roshi Kaisha, Ltd.,
Tokyo, Japan). The fungal colony was taken as a small colony disk using a 5-mm cork
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borer, and one side was placed on a PDA plate. Sterilized filter paper disks (5 mm) were
placed in 10 mL of each raw and filtered ADS for 10 min to absorb it, and then placed on
the other side of the PDA plates. A pathogen-only plate was used as a control. All
treatments had five replicates. All plates were placed in incubator for 18 d at 25°C in the
dark. After incubation, two plates were randomly selected from each treatment. Photos
were taken of the plates, and the digital images were used to measure the diameter of
any colonies developed from the mycelial disk, using Image]J software (version 1.52,
NIH, Bethesda, USA). The experiment was repeated twice.

2.4 Isolation of bacteria from five ADSs

The five ADSs were serially diluted with sterilized water, and the dilutions were
spread onto nutrient agar (NA, Nissui Pharmaceutical Co., Ltd., Tokyo, Japan). After
incubation for 2 to 4 d at 25°C in the dark, bacterial colonies that appeared on the
plates were transferred on NA plates, and single colony isolates were obtained. These
isolates were preserved in solution (10 g of skim milk and 1.5 g sodium L-glutamate
monohydrate71 100 mL distilled water) at -20°C until use.

2.5 Antifungal activity of bacterial isolates from ADSs

Bacterial isolates from the five ADSs described in section above were used
for confrontation assays. Small bacterial colony disks were removed from cultures
on NA plates after 24-48 h by 5-mm cork borer and were placed on one side on
PDA plates. Fos fungal colonies were also taken as a small colony disk in the same
manner. A pathogen-only plate was used as a control. All treatments had five replicates.
All plates were placed in incubator for 18 d at 25°C in the dark. After incubation, two
plates were randomly selected from each treatment. Photographs were taken, and the
digital images were used to measure the diameter of mycelial colonies developed from a
mycelial disk, using Image] software (version 1.52, NIH, Bethesda, MD, USA).

2.6 Pot experiment
2.6.1 Preparation of Fos inoculum

Fos inoculum was prepared on potato-sucrose broth (200 g potato and 20 g sucrose
L~ distilled water) at 25°C by shaking the culture at 110 rpm for 5 d. The resulting
spore suspension was filtered through double gauze to remove the hyphae and was
then transferred into sterile 50-mL plastic tubes, centrifuged at 2000 rpm for 3 min,
and then, the supernatants were discarded. The Fos inoculum was prepared with
distilled water and adjusted to 1.0 x 10°t01.0 x 10’bud-cellsmL " using a
hemocytometer (AS ONE Corp., Osaka, Japan).

2.6.2 Preparation of AD-3

As mentioned above, ADS had several effective bacteria against Fos among ADSs.
Of the several bacteria in AD, AD-3, which suppressed Fos growth the most, was
used for pot experiments. AD-3 cells were grown on NA plates for 24 h, and the
culture was grown on nutrient broth media (5 g meat extract, 5g NaCl,and 10 g
peptone L ! distilled water) at 25°C on a constant rotary shaker at 100 rpm for 48 h.
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The suspension was transferred in sterile 50-mL plastic tubes, centrifuged at

3000 rpm for 10 min, and the supernatants were discarded (repeated twice). The
AD-3 cell pellet was dissolved in sterilized distilled water. The AD-3 suspension was
adjusted to an optical density of 1.0 at 600 nm using a spectrophotometer (Thermo
Electron Corp., Waltham, MA, USA).

2.6.3 Pot assay of AD-3

The experiment was performed in pots (10.5x9 cm) containing the equivalent of
200 g of dried black loam soil. The soil was sieved through 2 mm mesh, and soil pH was
adjusted to within the range 6.9 to 7.1 using hydrate lime. The amount of hydrate lime
was calculated according to the Arrhenius equation. The final rates of N, P,0s, and K,0
were adjusted to 80kgha ! using ammonium sulfate, fused phosphate, and potassium
chloride. Treatments of the pot experiment were as follows: F, only Fos-inoculated soil;
F + AD - 3, soil amended with Fos and AD-3; and unamended, non-pathogen control.
To prepare Fos-infected soil, the bud-cell suspension of Fos was inoculated into the soil
to give a final concentration of 1.0 x 10° bud-cells g~* dry soil, and pots were incubated
for 5 d at 25°C in the dark. AD-3 suspension was added to the infected soil to give a final
concentration of 1.0 x 10® CFUg " dry soil. All pots were incubated for 10 d at 25°C in
the dark. During the incubation, soil moisture was maintained at 60% water-holding
capacity (WHC) by spraying with distilled water. As for spinach cultivar, “Okame”
(Spinacia oleracea L.; Takii Seed, Kyoto, Japan) with high susceptibility to Fos [24] was
used. After incubation, spinach seeds were sown in each pot and the plants were grown
in an incubator (day/night: 25/22°C, 12/12 h). All pots were irrigated daily to keep the
soil moisture at 60% WHC. A total of 60 pots were prepared; 30 pots (15 pots of F and
15 pots of F + AD — 3) were used to estimate the density of Fos in the soil. Soil was
sampled from three pots that were randomly selected per treatment at 0, 7, 14, 21, and
28 d after sowing, and the density of Fos was measured using Komada selective medium
[25]. The other 30 pots (10 pots per treatment) were used to evaluate disease severity at
28 d after sowing. The disease symptoms were categorized using a disease index of 0, no
infection; 1, 1-30% of leaves wilted; 2, 31-60% of leaves wilted; 3, 61-90% of leaves
wilted; 4, more than 90% of leaves wilted or dead. Disease severity (DS) was calculated
according to the following formula:

DS = nd100/4T (1)

where n = number of plants in each disease index, d = disease index, and T = total
number of plants by treatments. The inhibitory effect (IE) of AD-3, as a percentage
reduction in disease severity, was calculated according to the following formula:

IE(%) = (100 — DSF + AD — 3)/DSFx100 )

where DSF + AD - 3 = disease severity of F + AD — 3, DSF = disease severity of F. The
pot experiments were repeated twice (Experiment 1, Exp 1; Experiment 2, Exp 2). In
total, disease severity for 27 plants (T = 9) in Exp 1 and 21 plants (T = 7) in Exp 2 was
investigated. R v. 3.5.3 software was used for statistical analyses. The antagonistic
activity of ADSs and bacterial isolates against Fos in vitro were analyzed with Tukey’s
HSD test following one-way analysis of variance (ANOVA). The effect of inoculation
of AD-3 on Fos density was analyzed using a t-test. The data for disease severity were
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arcsine transformed in advance, and Tukey’s HSD test following one-way analysis of
variance (ANOVA) was performed to reveal the efficacy of AD-3 against Fusarium
wilt of spinach (p<0.05).

2.7 Genome sequencing

DNA extraction from cells was performed using the Promega Maxwell RSC
PureFood GMO Kit (Promega Corporation, Madison, WI, USA). Genome sequencing
was performed with the GridION X5 (Oxford Nanopore Technologies, Oxford, UK)
followed by preparation of the genome library using a Rapid Barcoding Sequencing
Kit (SQK-RBK004) (Oxford Nanopore Technologies, Oxford, UK). Read sequences
were assembled using Unicycler (version0.4.8) [26].

2.8 Genome analysis

A genome sequence was annotated using DFAST (version 1.1.6, https://dfast.ddbj.
nig.ac.jp/) [27]. AntiSMASH (version 5.0, https://antismash.secondarymetabolites.
org/) [28] was used for the prediction of secondary metabolite gene clusters. A 16S
rDNA sequence on the genome was analyzed to identify the strain using EzBioCloud
(https://www.ezbiocloud.net/) [29]. Phylogenetic relationships were analyzed on the
basis of 16S rDNA sequences using MEGA x (version 10.2.6) [30].

2.9 Pot experiment of AD

The pot experiment was conducted in pots (10.5 x 9 cm), each containing 200 g of
dried black loam soil under incubator conditions at 25°C. The bud-cell suspension of
Fos (1.0 x 10° bud-cells/ g dry soil) was inoculated into black loam soil, and 8% (w/w)
of AD was applied to non-infested and Fos-infested soil 10 days before sowing the
spinach seeds. The pot experiment had four treatments, including the control: (1) Fos,
pathogen-only control; (2) Fos + AD, soil amended with Fos and 8% (w/w) of AD; (3)
AD, soil amended with 8% (w/w) of AD; (4) Ctrl, control with no amendments. Each
treatment was replicated for 10 plants. All treatments of N, P,0s, and K,O were
adjusted as the equivalent of 80 kg ha™", and recommended fertilizer application rate.
For AD-amended treatment, 8% (w/w) of AD was applied not to exceed the rate.

2.10 ADS applicable experiment against seven plant pathogens

The plant pathogens as shown in Table 2 were used for testing the ADS applica-
bility. Plant pathogen was cultured on potato dextrose agar (PDA) (Nihon pharma-
ceutical co., Ltd., Tokyo, Japan) in petri dishes (90x15 mm) at suitable temperature
for each plant pathogen as shown in Table 2 and used as inocula. Sterilized filter paper
disks (7 mm) were placed in 10 mL of ADS for 10 min to absorb it and then placed on
the other side of the PDA plates. A pathogen-only plate was used as a control. All
treatments had five replicates. All plates were incubated for suitable days as shown in
Table 2 in the dark. After incubation, three plates were randomly selected from each
plant pathogen. Photos were taken of the plates, and clear inhibition zone were judged
by eyes. Two FW ADSs where its facility is in Kanagawa Prefecture were used to
examine the applicability of fresh and old ADS, one is 3 month past after the 30 days
HRT and sampling, and the other is 5 month past after the 30 days HRT and sampling.
Mesophilic fermentation of anaerobic biological treatment in facility occurred at
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Plant pathogen name MAFF Incubation Incubation period
No. temperature (°C) (days)
1 Pyrenochaeta lycopersici 238,906 25 75
2 Setophoma terrestris 243,290 25 90
3 Phialophora gregata f. sp. Adzukicola 241,056 20 150
4 Helicobasidium mompa Nobuj. Tanaka 305,915 20 100
5 Pyricularia oryzae 101,418 25 120
6 Fusarium graminearum 240,353 20 30
7 F.oxysporum Schlechtendahl f. sp. fragariae 744,009 25 14

Winks et Y.N. Williams

Table 2.
Tested plant pathogen list for applicability experiment.

35°C, and pre-treatment was crush method. After sampling, the slurry was stored in
20-L plastic tanks at 4°C.

2.11 Supporting material effect on the antifungal activity of ADS absorbed
material

To improve ADS handling, ADS was absorbed to four industrial waste materials
each; wood ash, steel-making slag, activated carbon, foamed glass diameter 3 to 5 mm,
and soaked to ADS for 1 hour and the mixed ratio was as shown in Table 3. As a result
of 4.1. newer ADS was used for the following experiments. The absorbed material was
weighed as dried ADS equivalent to 23 mg each and put on one side of PDA media,
and then, the fungal colony was removed as a small colony disk using a 7-mm cork
borer and was placed on the other side of the PDA plate. A pathogen-only plate was
used as a control. Tested plant pathogens was F. oxysporum Schlechtendahl f. sp.
fragariae Winks et Y.N. Williams. All treatments had five replicates. Plant pathogen
plates were incubated for 14 days 25°C in the dark. After the incubation period, three
plates were randomly selected from each. Photos were taken of the plates and the
inhibitory effect was judged by eyes.

2.12 Dry heat temperature effect on the antifungal activity of ADS adsorbed
material

Adsorbed AF-ADS materials were weighed 2 g on aluminum foil and dried at 60,
80, 100, and 150°C in dry heat oven for 3 h each. After cooled to room temperature in
a desiccator dried materials and non-heated material were weighed as dried AF-ADS
equivalent to 23 mg each and put on one side of PDA media, and then, the fungal

Mixed ratio %(w/w) Carrier material name
Wood ash Steel-making slag Activated carbon Foamed glasses
Carrier material ratio 80 92.5 45 75
ADS ratio 20 75 55 25
Table 3.

Mixed percentage of carrier material and ADS.
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colony was removed as a small colony disk using a 7-mm cork borer and was placed on
the other side of the PDA plate. F. oxysporum Schlechtendahl f. sp. fragariae Winks et
Y.N. Williams was selected as inocula since its mycelia growth rate is high. Asa
control a pathogen-only plate was used. All treatments had five replicates. All plates
were incubated for 14 d at 25°C in the dark. After incubation, three plates were
randomly selected from each treatment. Photos were taken of the plates, and the
inhibitory effect was judged by eyes.

2.13 Bacteria and archaebacteria flora analysis for succession confirmation

In order to support the result of mentioned above, bacteria and archaebacteria flora
were analyzed to determine whether ADS was adsorbed to the carrier material. The ADS
absorbed foamed glass material was produced in the same manner as mixed ratio in
Table 3 and dried at 60°C for 1 h. AF-ADS and the AF-ADS absorbed foamed glass, and
foamed glass were analyzed by a next-generation sequencer (Qiime) targeting 16S rRNA.

2.14 Applicability experiment of antifungal activity of AF-ADS absorbed
material

AF-ADS was absorbed to two industrial waste materials: wood ash and foamed
glasses diameter 3 to 5 mm for 1 h and mixed as shown in Table 3, and dried at 60°C
for 1 h in dry heat oven. After cooled to room temperature in a desiccator, dried
materials and non-heated material were weighed as dried ADS equivalent to 23 mg
each and put on one side of PDA media, and then, the fungal colony was removed as a
small colony disk using a 7-mm cork borer and was placed on the other side of the
PDA plate. A pathogen-only plate was used as a control. Tested plant pathogens are
shown in Table 2. All treatments had five replicates. Each plant pathogen plates were
incubated for suitable days as shown in Table 2 in the dark. After incubation, three
plates were randomly selected from each plant pathogen. Photos were taken of the
plates and the digital images were used to measure the diameter of any colonies
developed from the mycelial disk, using Image J software.

3. Results
3.1 Chemical properties of ADSs

Application of organic amendments to the soil would improve their physical,
chemical, and biological properties. The variability of these properties depends on
characteristics of ADSs, reflecting the initial biomass inputs. The chemical properties
of ADSs used in this study are showed in Table 4. Carbon and nitrogen are the
important components (Michalzik et al. [51]; Jenkinson et al. [52]) and their relative
ratio will affect agronomic use of amendments (Havlin et al. [53]). C/N ratio of
slurries was found to be variable between 5 and 19. AD which feedstock was mainly
dairy cow manure showed highest C/N ratio because dairy cows are ruminants, and its
manure contains low ratio of easily degradable carbon and relatively higher ratio of
persistent carbon. ASNF, APF, and AF showed greater mineral nitrogen fractions (43—
52% total N to the total N fraction), suggesting that those could be used as fertilizer
(Tambone et al. [12]; Paavola and Rintala [54]). In contrast, AD, AS, and AFPS had
displayed lower mineral fraction (27, 35, and 36% each to the total N), and especially
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Parameter AD AS AF APF ASNF Value range

DM (%) 26 21 18 12 18 15 — 45.7 [31-35]
Organic matter (% DM) 37 62 33 7 51 36—  75.4[33,34,36,37]
Total N (kg Mg~ ' DM) 11 15 19 14 16 31 — 140 [36-38]
Total N (kg Mg FM) 29 31 35 18 2.9 12 — 15 [39]
NH4-N (% FM) 0.08 011 015 0.09 013 15 — 6.8 [31, 32]
NH4-N (% DM) 0.03 0.05 0.08 0.07 0.07 —
NH4+ share on total N (%) 27 35 43 52 45 35 — 81 [35, 37]
TC (% DM) 212 214 88 172 159 36 — 45 [37]
C/N 19 15 5 12 10 2 — 24 [35, 36, 38]
TOC 1300 400 620 220 530 —
Soluble C/N 17 04 04 02 04 055 — 6 [40]
Total P (% DM) 15 37 14 12 2 06 — 1.7 [33, 34, 37]
Total P (kg Mg~ ' FM) 04 08 02 02 04 04 — 2.6 [41]
Total K (% DM) 1.8 04 27 15 1.8 19 — 4.3[39, 41]
Total K (kg Mg~ FM) 05 01 05 02 03 04 — 11.5 [41]
Total Ca (kg Mg FM) 08 04 07 01 0.4 1 — 2.3 [37, 41]
Total Mg (kg Mg~ FM) 03 01 01 01 01 03 — 0.7 [37]
Total S (kg Mg " FM) 01 03 02 0 02 02 — 0.6 [42, 43]
Si (kg Mg ™' FM) 17 15 063 016 075 —

Mn (kg Mg~ FM) 67 68 21 06 3.1 50 — 55 [44]

Fe (kg Mg~ ' FM) 39 410 140 9 240 —

Na (kg Mg ' FM) 280 85 1200 120 600 —

Cl (kg Mg~ ' FM) 760 77 1900 220 930 —

Zn (kg Mg~ DM) 54 71 11 16 56 <1800 [45, 46]
As (kg Mg~ DM) 01 08 09 01 0.9 <50 [45, 46]
Cd (kg Mg DM) ND ND ND ND ND <5 [45, 46]
Ni (kg Mg~* DM) 04 14 06 ND 11 <300 [45, 46]
Cr (kg Mg~* DM) ND ND ND ND ND <500 [45, 46]
Hg (kg Mg ' DM) 0 0 0 ND 0 <2 [45, 46]
Pb (kg Mg~ DM) ND 14 ND ND 06 <100 [45, 46]
Cu (kg Mg ' DM) 38 205 22 32 111 <600 [45, 46]
Al (kg Mg ' FM) 16 180 10 3 120 —
CEL/LIGN 0.44 051 036 082 038 022 — 171[43,44,47-49]
pH 76 74 79 78 7.8 73 — 9 [36, 38, 50]

Source: ADSs generated from different source materials. AD, dairy cow manure; AS, sewage sludge; AF, food garbage;
APF, pig manure + food garbage; ASNF, sewage sludge + night soil sludge + food garbage.

Table 4.
Chemical properties of ADSs.
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AD showed the lowest caused by lower degradability of dairy manure digestate. This
indicated these ADSs have a high potential of stability as organic amendment (Nkoa
[55]). The P and K are also essential nutrients as fertilizer. AS contained a higher
amount of total-P that could be used as P fertilizer. Total-K was highly contained in
AD, while lower in AS, ASNF, and AFPS. For biochemical fractionation, cellulose/
lignin ratio indicates the degree of humification of the organic materials (Nkoa [55]),
and a value of 0.5 has been suggested as boundary value between fresh and mature
wastes (Komlis and Ham [56]). According to the value, APF and AFPS were compa-
rably fresh digestates. Na that is contained in food garbage compost may affect plant
growth (Hargreaves et al., [57]). The value of salt contained in food waste could be up
to 8% (DM) for composting and the compost can be applied to soil 10 t ha 'y
without phytotoxic effects (Jin et al. [49]). Applying this value to digestates, upper
limit for soil application can be calculated 80 g m ™2, which means digestate can
contain 6240 mg L ™" Na as upper limit concentration for 50 t ha™* digestate applica-
tion. Digestates ASNF, AF, APF, and AFPS containing food garbage as its substrates
had sufficiently lower than the calculated value. Considering the land application of
amendments derived from organic wastes, the risk of soil contamination by phyto-
toxic compounds (Boydston et al. [50]; Gough and Carlstorm [58]) and heavy metals
(Alburquerque et al. [9]; Wong et al. [59]) should be concerned. A value of pH is an
indicator to determine harmless of ADSs, since it controls the behavior of heavy
metals (Kapanen and Itavaara [60]). All the ADSs showed a safety value from 7.4 to
7.9. Composition of heavy metals in ADSs showed quite low heavy metal contents
comparing with upper limit based on Japanese Fertilizers Regulation Act and
recommended limit of Japanese Central Union of Agricultural Co-operatives.
Although Mn is an essential component for plant growth, excess Mn in the soil would
interfere with activities of the other mineral components such as Ca, Mg, Fe, and P
(Clark [61]). The concentration of Mn in digestates can as high as 50-55 ppm (Sahm
[44]), and all the ADSs contained sufficiently lower value of Mn. Besides heavy
metals, micronutrients such as Cu and Zn also have risks for agricultural soil once in
excess in the soil. Both nutrients are generally used as additives in livestock feeds to
promote livestock growth and prevent the livestock disease (Nicholson et al. [62];
Alburquerque et al. [9]). The concentration of Cu and Zn in AD, APF, and AFPS was
lower, and thereby, these ADSs could be used for land application.

3.2 Antagonistic activities of raw and filtrate ADSs in vitro

The five raw ADSs (AD, AF, AS, APF, and ASNF) significantly suppressed myce-
lial growth when compared with the control (Table 5). Of these, AD, AS, AF, and
ASNF produced a clear inhibition zone. In contrast to the raw ADSs, the filtrate ADSs
did not suppress mycelial growth (Table 5).

3.3 Antagonistic activities of raw and filtrate ADSs in vitro

Overall, 32 strains were isolated from the five ADSs. In descending order, nine
isolates were obtained from AD, and named AD-3, AD-6, and AD-8 significantly
suppressed the growth of Fos (Figure 1). Seven isolates were obtained from AF, and
named AF-1, AF-3, and AF-5 significantly suppressed the growth of Fos (Figure 1).
Six isolates each were obtained from APF and ASNF, and named APF-1 and ASNF-4
significantly suppressed the growth of Fos (Figure 1). Although four isolates were
obtained from AS, no isolates suppressed the growth of Fos (Figure 1).
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Sample* Mycelial growth (mm)**
Raw Filtrate

AD 56.1 b 85.6 NS
AS 55.9 b 85.2

AF 60.8 b 85.5

APF 57.6 b 86.3

ASNF 53.5 b 86.4

Control 82.9 a 83.3

*ADSs generated from different source materials. AD, dairy cow manure; AS, sewage sludge; AF, food garbage; APF, pig
manure + food garbage; ASNF, sewage sludge + night soil sludge + food garbage.
**The same letter indicates no significant difference based on Tukey’s HSD (p < 0.05; n = 4). NS indicates not significant.

Table 5.
Antifungal activity of raw and filtrate anaerobically digested sluvries (ADSs) against Fos, indicated as mycelial
growth by co-culture test.

3.4 Effects of AD-3 on Fusarium wilt of spinach

The pot experiments were repeated twice (Exp 1 and Exp 2) and the results were
similar. Disease severity with F + AD-3 was significantly (P < 0.05) lower than that
with F (Table 6). The inhibitory effect of F + AD-3, as a relative reduction percentage
in disease severity compared with that of F, was 64.3% (Exp 1) and 44.1% (Exp 2). As
for Fos density in soil, there were no significant differences between F and F + AD-3 in
either experiment (Figure 2). Fos density during cultivation was in the range of 4.3—
4.8 CFUg_1 dry soil (Exp 1) and 3.9-4.4 CFUg ! dry soil (Exp 2).

3.5 Identification of AD-3

The morphological analysis showed that the strain AD-3 was a Gram-positive, rod-
shaped bacterium. Based on the 16S rRNA gene sequence analysis, the closest species
to strain AD-3 was B. velezensis, showing 99.8% similarity. Additionally, phylogenetic
analysis of the 16S rDNA indicated that strain AD-3 was positioned in the same group
as other B. velezensis strains (Figure 3).

3.6 Efficacy of AD on Fusarium wilt of spinach

Application of organic amendments contributes to reduce the addition of chemical
fertilizer and improve soil productivity and crop performance. Additionally, that has
been found to cause controlling soil-borne diseases [63]. In this study, the effects of
AD on Fusarium wilt disease incidence and plant growth were assessed. At the end of
the bioassay, the plant dry weight of Fos + AD was 1.3 times higher than that of Fos
treatment. Furthermore, AD-treated non-infested soil also showed 1.2 times better
plant growth compared to the control (Table 6). Thus, application of AD showed the
effectiveness of plant growth in both the Fos-infested soil and the non-infested soil.
AD application showed significantly positive effect on spinach growth (Table 7). The
factors of suppressive effect of AD and the existence of the strain AD-3 in AD might
be related. Even N, P,0s, K,0 levels were same to the other treatment. However, the
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Figure 1.

Antifungal activity of bacterial isolates from five anaevobically digested slurvies (ADSs) against F. oxysporum f. sp.
spinaciae (Fos) indicated as mycelial growth (bars & SD) by co-culture test. AD, dairy cow manure; AS, sewage sludge;
AF, food garbage; APF, pig manure+food garbage; ASNF, sewage sludge + night soil sludge + food garbage. SD, standard
deviation of the mean. Bars with the same letter are not significantly different based on Tukey’s HSD test (P<o0.05; n=3).
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Figure 2.
Density of F. oxysporum f. sp. spinaciae (Fos) (plots + SD) in soil after seedling emergence. SD, standard

deviation of the means. Each plot represents the average of three veplicates (pots). The experiment was repeated
twice (Exp 1 and Exp 2).
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Bacillus rugosus SPBT

Bacillus spizizenii NRRL B-23049
Bacillus tequilensis KCTC 13622
Bacillus stercoris JCM 30051

Bacillus vallismortis DV1-F-3
Bacillus halotolerans ATCC 25096
60 Bacillus je is RO-H-1
Bacillus cabrialesii TE3
Bacillus inaquosorum KCTC 13429
Bacillus subtilis NCIB 3610
Bacillus jda B-16
5s| Bacillus Z jens DSM 7
Bacillus is FZBA42
L‘g‘_{ AD-3
40" Bacillus velezensis CR-502
Bacillus nakamurai NRRL B-41091
Bacillus JCM 9070

Bacillus licheniformis NBRC12200

0.002

Figure 3.

Phylogenetic tree based on 16S yDNA gene sequences of AD-3 strain and velated species using neighbor-joining
analysis. Bacillus licheniformis NBRC12200 served as an outgroup. Scale bar vefers to a phylogenetic distance of
0.002 nucleotide substitutions per site. Bootstrap values weve obtained based on 1000 veplications.

Treatment® Relative plant growth”
Fos 0.76 + 0.24
Fos + AD 0.99 £ 0.40
AD 1.23 £0.36
Ctrl 1.00 £ 0.25

“Fos, inoculation of Fos alone; Fos + AD, soil amended with Fos and 8% (w/w) of AD; AD, soil amended with 8% (w/w)
of AD; Ctrl: control.”Relative plant growth was calculated based on plant dry weight of control treated as 1.

Table 6.
Effects of application of AD on spinach growth in plant dry weight. Values are expressed as means = SD (n = 10).

number of AD-3 derived from 8% (w/w) of AD was estimated to be less than 1.0 x
10* CFU/g dry soil. In addition, AD contained some bacterial candidates suppressing
Fos, as shown in Figure 1. The application of antagonistic microbes with organic
amendments enhanced the disease control ability more efficiently than did the use of a
single strain alone [64, 65]. Combining the results, we concluded the efficacy of
application of AD for Fusarium wilt disease control was not only by a single microbe
but also by the microbial community in AD.

3.7 ADS applicable experiment against seven plant pathogens

The relatively new and old AF ADSs significantly suppressed mycelial growth
when compared with the control (Figure 4). Both AF-ADSs produced a clear inhibi-
tion zone against all tested plant pathogens. ADS suppressive effect had kept for at
least 7 months.

3.8 Effect of carrier material to antifungal activity of ADS adsorbed materials

Figure 5 shows that carrier material wood ash and foamed glass produced clear
zone showing antifungal activity. Therefore, these two materials were used as carrier
material.
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Factor Df Sum Sq Mean Sq F value Pr(>F)

Fos 1 0.559 0.5593 4.914 0.033 *
AD 1 0.522 0.5221 4.587 0.039 *
Fos x AD 1 0 0 0 0.996

Residuals 36 4.097 0.1138

*Signif. code: 0.05.

Table 7.

Application effects of AD and Fos on spinach growth in plant dry weight * significantly different two-way analysis
of variance (P<0.05).

Control
pathogen only

AF ADS
7months past

AF ADS
3months past

1 2 3 4 5 6 7

1. Pyrenochaeta lycopersici, 2. Setophoma terrestris, 3. Phialophora gregata f. sp. Adzukicola,
4. Helicobasidium mompa Nobuj. Tanaka, 5. Pyricularia oryzae, 6. Fusarium graminearum,
7. Fusarium oxysporum Schlechtendahl f. sp. Fragariae Winks et Y.N. Williams

Figure 4.
Antifungal activity of relatively new and old ADSs against seven plant pathogens as mycelial growth by co-culture
test.

Control Wood ash Steel-making Activated Foamed glass
Pathogen slag carbon
only

Figure 5.
Effect of carrier material to antifungal activity of ADS adsorbed materials against F.oxysporum Schlechtendahl f.
sp. fragariae winks et Y.N. Williams.

3.9 Dry heat temperature effect on the plant pathogen suppression of ADS
adsorbed material

Comparing to control non-heated, 60, 80, and 100°C produced a clear inhibition
zone. In contrast, dry heat temperature 150°C did not suppress mycelial growth
(Figure 6). Dry heat temperature until 100°C did not reduce absorbed ADS material
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Control Non-heated 60 °C 80 °C 100 °C 150 °C
pathogen
only

Figure 6.
Dry heat temperature effect on the plant pathogen suppression of ADS adsorbed material.

suppressive effect. Effective microbes could survive until 100°C. From the view of
energy cost and plant pathogen suppression, 60°C was reasonable and effective.

3.10 Bacteria and archaebacteria flora analysis for succession confirmation

Figure 7 shows the results of bacterial flora analysis using a next-generation
sequencer (Qiime) targeting 16S rRNA. As shown in Figure 7, when the bacterial flora
of AF-ADS and the ADS absorbed foamed glass were compared, the AF-ADS absorbed
foamed glass was found to inherit most of the flora of the AF-ADS. On the other
hand, foamed glass bacterial flora was different from that of AF-ADS and AF-ADS
absorbed foamed glass. It was clarified that the bacteria contained in the AF-ADS were
adsorbed to the carrier material almost as they were.

3.11 Antifungal activity of ADS adsorbed materials against seven kinds of plant
pathogen, indicated as relative mycelial

The two ADS absorbed materials significantly suppressed mycelial growth
when compared with the control (Table 8). Both absorbed ADSs produced a clear
inhibition zone against all tested plant pathogens. However, there was the physical
condition difference. Wood ash could not keep the foam and be muddy after mixed
with ADS. On the other hand, foamed glasses could keep the structure and easy to
handle.

Bacteria and archaebacteria
100%

90% | .
Acientobacter

Oxalobacteraceae
Clostridium
Clostridia
Porphyromonadaceae
B Bacteroidaceae

B Bacteroidales

80% |
70% |
60% [
50%

0% |

30%

20%

10%

0%

Foamed glass AF-ADS AF-ADS absorbed foamed glass

Figure 7.
Bacteria and archaebacteria flora analysis for succession confirmation of AF-ADS absorbed foamed glass.
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Treatment IE?

F F + AD-3 Untreated
Exp 1’ 77.8 a 27.8 b 0 c 64.3
Exp 2 95.8 a 53.6 b 0 c 44.1

The pot experiment was repeated twice (Exp 1and Exp 2).*Values followed by the same letter with in a row are not
significantly different according to Tukey’s HSD test P < 0.05;n =9 (Exp 1) and n = 7 (Exp 2).

Table 8.
Disease severity (DS) of Fusarium wilt of spinach and inhibitory effect (IE) 28 d after sowling.

Plant pathogen name Wood ash  Foamed glasses
P. lycopersici M1 b 49 b
S.terrestris 56 b 65 b
P. gregata f. sp. adzukicola 18 a 1 a
H. mompa Nobuj. Tanaka 59 b 74 c
P. oryzae 23 a 16 a
F. graminearum 82 c 84 c
F. oxysporum Schlechtendahl f. sp. fragariae Winks et Y.N. Williams 57 b 76 c
Table 9.

Antifungal activity of anaerobically digested slurries (ADSs) against plant pathogens, indicated as relative
mycelial growth to pathogen growth only by co-culture test.

4. Discussion

The effect of the strain AD-3, isolated from AD, on Fusarium wilt disease incidence
was assessed. In this study, approximately 1.0x 10* CFU g~! dry soil was made and
inoculated with AD-3 to achieve a concentration of 1.0x 10° CFUg ! dry soil. The
pathogen density of the infected soil was mostly consistent with previous studies
examining the effect of antagonistic bacteria against Fusarium diseases [66, 67]. AD-3
inoculation into Fos-infected soil effectively reduced disease severity (by 64.3 and
44.1% in the two experiments). Thus, strain AD-3 effectively suppressed Fusarium wilt
of spinach. Strain AD-3 belongs to the B. velezensis group. Recently, B. velezensis was
reclassified as a synonym of several species including Bacillus amyloliquefaciens subsp.
plantarum, Bacillus methylotrophicus, and Bacillus oryzicola [68, 69]. B. velezensis has
been frequently isolated from soil [70, 71], rivers [72], and fermented food [73], and is
accepted as a safe biological resource [73]. In this study, AD-3 was isolated from ADS
sourced from dairy manure. Many strains of B. velezensis showed biocontrol effects
against plant pathogens and have been applied for controlling common diseases of
tomato, cucumber, lettuce, and wheat [74—77]. Our results revealed that AD-3 had the
ability to control spinach Fusarium wilt. B. velezensis FZB42, which is close to the strain
AD-3, which has gene clusters associated with the synthesis of secondary metabolites
according to antimicrobial activity [69, 78, 79]. The strain AD-3 had a gene cluster
related to surfactin synthesis. This result corresponds with those of Palazzini et al. [80].
Surfactin is an important lipopeptide in the suppression of plant disease [81]. Yokota
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et al. reported that although lipopeptides produced from B. subtilis suppressed Fusarium
yellows, slight pathogen density reduction was shown [82]. We obtained similar results;
inoculation with AD-3 significantly suppressed Fusarium wilt of spinach though a
reduction in pathogen density was not observed. Five different source ADSs suppressed
the growth of Fos in vitro. There are several reports about suppressive factors that affect
plant pathogens. For example, Amari et al. reported that confrontation assay iz vitro
showed that ammonia and acetic acid in the slurry were the main factors influencing
disease suppression [19]. Tao et al. reported that the supernatant of centrifuged ADS
had a lower suppressive effect than raw ADS [18] and our results support this finding;
Filtrate ADSs did not suppress Fos growth in vitro (Tables 2 and 9). Several antagonis-
tic bacteria were isolated from ADSs (AD, AF, APF, and ASNF), except AS. Based on
the results, the bacteria presence is important for the inhibitory effect of ADSs. The
application of antagonistic microbes with organic amendment could provide more
effective plant disease control than the use of a single strain alone [64, 65]. ADS showed
its applicability of antagonism effects not only Fos but also the other tested seven plant
pathogens and showed positive effect on plant growth. To utilize ADSs in crop produc-
tion, further study is needed to assess the effects and dynamics of AD-3 when AD is
applied to infected soil. To improve the ADS handling, ADS absorbed to foamed glass as
porous material was the most effective among tested support materials: wood ash,
steel-making slag, activated carbon, and foamed glass. ADS absorbed foamed glass was
found to inherit most of the flora of the ADS. After foamed glass soaked into ADS for
1h, and dried at 60°C for 1 h, the material maintained its antifungal activity. To apply
ADS to farmland for crop production, these findings are promising for sustainable
agriculture.

5. Conclusions

The use of ADS has mainly focused on a function as nutrient availability, crop
productivity, and reusing organic waste. Thus, far reports focused on physicochemical
properties as factors for plant disease control. We investigated that microorganisms in
ADS also have a suppressive effect. The use of ADS for plant disease control has not
been well studied compared with other types of organic amendments such as compost.
Filtrate ADSs did not suppress Fos growth iz vitro. Several antagonistic bacteria were
isolated from ADSs (AD, AF, APF, and ASNF), except AS. Based on the results,
the presence of bacteria is important for the inhibitory effect of ADSs. ADSs can
supply not only plant nutrients but also antagonistic microbes. For crop production,
ADSs application would be effective to infected soil. It was effective for improving
ADS handling that ADS was absorbed to foamed glass and dried at 60°C. To apply
ADS to farmland for crop production, these findings are promising for sustainable
agriculture.
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Chapter 17

Composting in Our Primary School

Ornela Maria Munoz Millet

Abstract

One of the most innovative features that we have put into practice in our school
is the creation and use of composting with organic waste from the school canteen.
Thanks to this school composting program, we have been able to implement this prac-
tice in our school. First of all, we talk about the program: the objectives, the contents,
the methodology, and the evaluation of it. Secondly, we talk about the implementation
of the program at school, the composting process, and the tasks and organizational
aspects of the program. Finally, we talk about the conclusions and contributions to
the teaching and learning process of the students. It is a very didactic practice for the
construction of environmental attitudes and capacities in our students and for the
sensitization with the environment and the acquisition of sustainable habits.

Keywords: primary school, composting, organic waste, circular economy,
implementation

1. Introduction

Today, we perceive an increase in the production of urban solid waste that tends to
exceed the capacity of urbanization and will constitute a more challenging financial
and environmental conflict for humanity [1]. The production of waste and the lack
of regulation in its final degradation have a negative effect for several reasons: (a) the
environment and the resources that are produced from it; (b) public health, as the
increasing possibility of diseases in individuals who are regularly exposed to pollu-
tion; (c) finances, households, and the country [1].

Keeping future generations in mind, people explore different means to harmonize
progress and environmental safeguard. The school encourages the introduction of
sustainable environmental practices, especially when students are exposed to sensory
experiences that reinforce education, being more susceptible to environmental influ-
ences [2]. In addition, the creation and use of school gardens as a pedagogical resource,
in all courses, would be useful from the point of view of education for sustainability
[3]. UNESCO [4] has already advanced us some of the most interesting contributions
that are obtained in the use of this educational resource such as: (1) addressing three
of the four learning contents considered most urgent: climate change, biodiversity,
production, and consumption sustainable [4]; (2) put into practice the three types
of learning considered most appropriate: participatory and collaborative learning,
problem-based learning, and learning that adopts a critical approach [5]; (3) develop
general skills in SE: critical analysis, systemic reflection, collaborative decision-mak-
ing, and sense of responsibility toward present and future generations [4].
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Proper waste management is considered essential [6]. A fundamental strategy is its
use through biological treatment options such as composting, which allows closing the
material cycle, reducing the impact caused by its management, and contributing to the
sustainability of agroecosystem production [7]. It is important to know how to propose
adistribution in the accumulated composting, which consists of arranging areas in
which an air-free zone or free air space can be created so that there is good ventilation
irrigation during the duration of the waste later that guarantees an efficient movement
for the development of aerobic bacteria for a relevant and effective evolution.

Gardens in schools are educational meeting places that can help to complete train-
ing, as well as increase academic results and nutrition of students [8, 9]. In addition,
they learn to conserve the environment, enjoy better nutrition, and optimize relation-
ships between people [10]. Other studies talk about the potential that these have in
academic results, mainly in science subjects [11]. A more modern investigation shows
how school gardens can help group unification and collaborative work [12].

2. Contextualization of the program

This program is being carried out at an early childhood and primary education
school, which is located in a northern suburban area of the town of Aguilas, in
Murcia, Spain. It is a preferential educational care center with 13 classes: 3 for early
childhood education and 10 for primary education. The school is equipped with a
canteen and school transport and has 182 students, most of whom are of Moroccan
origin and of gypsy ethnicity. Also counting on some immigrant students from South
America and Romania, mostly from the neighborhood called “El Labradorcico.”

2.1 Family situation at school

In general, families have a high degree of marginalization and have difficulties at
an economic, social, health, and cultural level.

Currently, 77 students use the school canteen, all of them on scholarships. This
generates a large amount of organic waste, which is collected daily by the students
and used to make compost for our garden.

In general, families present a high degree of marginalization and have difficulties
such as:

* Economic: Most of the families do not have a permanent job, are unemployed, or
eventually work in the fields.

* Social: Families tend to be in some cases very large, are unstructured, or are
single parent.

* Sanitary: They present a lack of hygiene due mainly to the lack of infrastructure
in the house.

e Cultural-emotional: Families have a very low cultural level, so they cannot help
their children with their school tasks.

This primary school remains faithful to its ideals of social assistance and integra-
tion of the families that take their children to study at this center and transcending the
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educational aspect, to go to the root of the great economic, social, and health problems
that affect a large part of the families of our students. We are aware that our students
live a harsh reality that implies students leave their academic formation very soon, so,
at the school, we try to work with different projects and measures to give emotional
stability as something essential. With all this, we seek their integration into society and
increase the number of possibilities of success for future teachings and professions.

We find irregular situations of absenteeism. On many occasions, the parents work
and do not bring the students to the school, other times, it is due to the great insouci-
ance of the parents. In certain periods, immigrant families return for a time to their
country of origin and do not report their absence.

2.2 Programs at school

There are many different programs, which are being carried out at school. We have
alibrary and encouragement of reading program, an information and technology
program, a maths program, a healthy life program, and the one we are describing in
this chapter: “Composting in our Primary School.”

3. Description of the program

Food waste basically consists of organic components such as lipids, carbohydrates,
and proteins, which can be digested into different carbonic forms. This is very impor-
tant taking into consideration that nearly 1.3 billion tons of food wastes are generated
every year all around the world [13].

3.1 Introduction

Ecological practices in society are increasingly on the rise, both at the level of
consumption and of habits and care for the environment. And it is that without these
practices our planet is adrift, punished by the millions of tons of waste that are gener-
ated each year. These residues, together with chemicals and polluting gases, endanger
our health and are directly responsible for an increase in illnesses. It is enough to
look at the situation of many natural sites around the world, which are increasingly
affected by pollution, both fauna and flora. All these problems are interconnected
with each other, and their study is perfectly integrable in the work with our ecological
garden and with all areas of Early Childhood and Primary Education.

Therefore, it is essential to educate in the ecological, in the use of natural and
homemade fertilizers, in the creation of compost, in the prohibition of chemical
agents, in the recycling, reduction, and reuse of containers, in the respect of biodi-
versity, in the practice of a circular economy that makes both students and the entire
educational community aware of the use of resources. All this can be worked through
the school garden, a space for entertainment and enjoyment, relaxation, and at the
same time of responsibility and effort for our students.

3.2 Objectives of the program

When we considered starting an organic garden in our school, we must have been
very clear about what objectives we want to achieve based on content that can be
worked on globally through the different areas of the curriculum. These objectives
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are: (a) To know the techniques of organic farming, knowing how to choose the crops
and the rotations that best adapt to the type of soil and the climate. (b) To appreciate
the quality and nutritional properties of the products from the organic garden. (c) To
learn to value biodiversity. (d) To raise awareness of the importance of putting the “3
Rs” into practice: reduce, reuse, and recycle; highlighting above all the 1st (reduce),
as it is the one that has the greatest positive effect on our garden and planet. (e) To
learn the operation and implementation of the composting process. (f) To acquire
the theoretical and practical knowledge of how to plant in seedbeds. (g) To acquire
basic notions about the operation of a greenhouse. (h) To build and decorate elements
and spaces of a childish nature that brings a touch of color and joy to our garden. (i)
To make use of new technologies to disseminate the work carried out. (j) To work on
values and attitudes such as coexistence, autonomy, solidarity, and cooperative work.
(k) To promote initiative, responsibility, and critical thinking. (I) To conduct a study
and follow-up, where students collect information on different plants and insects.
(m) To promote a healthy diet. (n) To learn about the world of work through the
different jobs and tasks that can be carried out in the school garden.

3.3 Program’s contents

To achieve these objectives, it is necessary to plan some content, which has been
timed in an appropriate and progressive way, and based on the needs of the educa-
tional center. The contents to work on are: (a) Organic farming: basic notions and
importance. (b) The mediterranean diet: characteristics and properties of food from
the garden. (c) The biodiversity of a school garden. (d) The “3 Rs” (reduce, reuse, and
recycle). (e) Composting: fundamental principles. (f) Difference between planting
in the ground and in seedbeds. (g) Operation of a greenhouse. (h) Construction and
organization of plots of different shapes, depending on the type of crop we want to
plant. (i) Manufacture of decorative elements for our orchard. (j) Use of new tech-
nologies for the search for information and the dissemination of the work carried out.
(k) Respect for the environment: space, animals, plants, and people. (1) Realization of
aweekly orchard diary, where we can keep track of: animals, plant development, and
rainfall. (m) Agriculture: importance and types of tasks.

3.4 Methodology

On the other hand, at a methodological level, we have based our work on carrying out
experiences that allow students to connect with reality and with their previous knowledge.
It is very interesting to turn the students into researchers, who are in charge of
searching for information, exploring, and finding solutions to the problems that arise.
This type of work makes children ask questions, take risks, contribute ideas, and
make decisions, which will make their learning much more reflective and motivating.
As for the organization of the students, the most advisable thing is to make small
groups, each one in charge of carrying out a task, so that from time to time they change
roles and at the end of the session they have carried out all the proposed tasks equally.
Working in small groups allows us to: safely use the material resources available to us,
make the most of time that students do not get overly tired of doing tasks, develop col-
laborative learning when carrying out research or data collection activities, and so on.
In conclusion, the work in a space, such as the school garden, must be based on the
meaningful learning, close to the student, researcher, and collaborative, and at the
same time autonomous, where students learn through manipulative, experiential, and
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fieldwork activities. All the activities that are carried out are included in the classroom
schedules, and therefore are evaluable.

3.5 Evaluation of the program

Regarding aspects related to evaluation, we will divide it into three types: initial,
continuous, and final. Regarding the initial evaluation, we must bear in mind that to
start our work we must always start from the previous knowledge of the students. To
get to know them, we can prepare questionnaires, brainstorm ideas, or assemblies,
among others. However, it is interesting to use the “rotating folio.” For its implementa-
tion, we can group students into groups of three or four components, favoring coedu-
cation at all times. A member of the group begins to write her part or her contribution
on a “rotating” sheet of paper, about the previous ideas that she has about the garden or
any type of question or topic that we are interested in addressing. Meanwhile, the oth-
ers notice how the classmate does it, they can help him, correct him, encourage him,
and then he passes it to the classmate next to him in a clockwise direction so that he
writes his part of the task on the sheet of paper, thus one by one until all the members
of the team have participated in the development of the task. Each student can write
the part of it with a different color, the name at the top of the work will be written in
the same color. In this way, we can easily see the contribution of each one.

Regarding the continuous evaluation, we will evaluate the different activities that
are proposed: searching for information, monitoring the growth of plants, studying
insects, writing recipes, etc. Most of these activities are included in the garden diary,
but in the same way, we can select the best worked to publish them on our blog.

For the final evaluation, a self-assessment and a co-assessment will be carried out,
and we will assess the work done by the students in their diary and their contributions
to the blog. In addition, each teacher will evaluate a series of basic criteria such as those
detailed below: (a) Knows the techniques of organic farming. (b) Appreciate the quality
and nutritional properties of the products of an organic garden. (c) Know the essential
foods of the mediterranean diet. (d) Values biodiversity as an essential aspect for life itself
and as an advantage for the garden. (1) Be aware of the importance of putting the “3 Rs”
into practice. (2) Know how the composting process works. (3) Acquire basic knowledge
of how to plant in seedbeds. (4) Know how a greenhouse works. (5) Collaborate in the
construction of elements and spaces for children. (6) It makes use of new technologies to
disseminate the work carried out. (7) Acquire values and attitudes such as coexistence,
autonomy, solidarity, and cooperative work. (8) Track and collect data in your garden
diary. (9) Recognizes the importance of the work of farmers for our day to day.

4. Implementation of the program at school

Bearing in mind that one of our general objectives for the school garden is “to learn
how the composting process works and how to put it into practice,” we are going to
focus on this aim and see how it is carried out in our school.

Composting in schools is economical, instructive, enjoyable, and useful. By creat-
ing compost that is nutrient-rich and helps to nourish the soil to encourage the growth
of new life, you can teach people about the eco life cycle and sustainable living.

All of your food scraps can be recycled on-site as soon as they are thrown away.
Fruits, vegetables, meat, eggs, fish, and dairy products can all be properly composted
together with any other raw or cooked food waste that your school generates (Figure1).
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Figure 1.
Composting at canteen school.

Composting is a natural process, but for it to happen, certain conditions must be
met. To the delight of kids and some adults, energy is released during this natural
process, heating the mixture, and generating steam.

Compost is a natural fertilizer created from the action of bacteria, fungi, and
worms on the organic or biological waste that we generate at home or in the school
canteen (food scraps, dry plants, etc.). It has a triple function: (1) Serve as fertilizer
to improve the properties of the land. (2) Serve as food for plants and, at the same
time, we recycle the waste generated by using it for compost. (3) It helps preserve and
improve the fertility of the soil and is a stable product with a pleasant smell (as long as
the process is adequate) (Figure 2).

We must take into account that about 40% of the waste in our home is organic
matter, most of it of plant origin, and susceptible to biodegradation. It is important
to teach children to manage and take advantage of them through simple techniques.
Dumping is more expensive every day, so composting on a small and large scale
represents a more sustainable management of waste, and therefore savings.

Composting is a basic pillar when considering that our garden is ecologi-
cal. Other types of fertilizers such as the different types of manure (horse, goat,

Figure 2.
Compost.
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chicken...) are equally valid, but they do not offer us the possibility of “creating”
our own compost, building the compost bin, preparing organic waste (wet and dry
material), keep track of the process, detect incidents, propose solutions... In short,
the creation of composting allows us endless learning possibilities that we must take
advantage of and teach our students so that from school they can extrapolate it to
small-scale homes.

Through composting, we are committed to the cycle of organic matter, we involve
and take responsibility for children, developing and assimilating the concept of
circular economy, a more sustainable model than the traditional “linear economy”
(obtain, produce, consume and produce). This concept aims to increase the useful life
of the products, taking advantage of the waste generated, and reintroducing it into
the system in the form of new raw materials.

4.1 Composting process

In order to carry out the composting process, the first thing we must have is an
adequate space to put the compost bin. This should be placed inside the school gar-
den, in contact with the ground, so that insects, bacteria, and fungi have easy access
to the waste. In addition, we must protect it from the wind, and from the sun’s rays in
summer, it is advisable to place it under deciduous trees that will give us the necessary
sun (in winter) and shade (in summer).

Next, we need to build the compost bin. In our case, we have installed a wooden
one, approximately 1 m’. It is made with wooden slats separated by about 4 cm, to
favor oxygenation. There is nothing on the ground part to facilitate the entry of
insects, and on the top part, there is a wooden cover to prevent water from falling in
case of rain. However, on the front side and next to the ground, the wooden strip is
mobile sliding upwards when we want to remove the compost that is generated. In
addition, there is an annex with an explanatory poster of the waste that can be thrown
away and those that cannot (Figure 3).

Once the compost bin is finished, it is time to start dumping the organic waste that
is generated in the school canteen. Before commenting on how we organize ourselves
for this task, we must know that, in the compost bin, we are going to work with two
types of waste: wet, rich in water and nitrogen (remains of fruits and vegetables...);
and dry, composed mainly of carbon (dry branches and leaves, straw, cardboard...).
The ratio of both should be two parts of wet material to one of dry material in order to
maintain adequate humidity. To this task of adding dry and wet material, we must add
the task of mixing and aerating, thus oxygenating our future compost and controlling
its humidity. We will carry it out with a long stick hoe every time we make a contribu-
tion to the compost.

It is also important that in the first filling of the composter, we will prepare a bed
at the bottom with thick woody material to facilitate air circulation. Whenever pos-
sible, the compost bin should be kept at least half full.

To fully understand the composting process, we must know that it is mainly
divided into two phases: (a) Decomposition and degradation, where bacteria and
fungi generate heat in their activity. The temperature can reach up to 70°C, which
decreases as the activity of the microorganisms slows down. With this rise in tem-
perature, we manage to kill any pathogenic organism present, and we make the seeds
present in the remains sterilized. (b) Cooling and maturation: here the bacteria work
at a temperature below 30°C. This favors the appearance of small animals such as
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Figure 3.
Compost bin.

earthworms, mealybugs, and insects that feed on microorganisms, plant debris, and
various invertebrates, thus contributing to the formation of mature compost.

4.2 Tasks and organizational aspects of composting

Composting brings a series of tasks and organizational aspects that we must
consider. It is important to be clear about who is going to carry out each of them. In
this sense, at our primary school, we follow a series of actions every day that will
finally put an end to the dumping of waste in the compost bin: (1) Our chef pours
all the vegetable waste of the day into a bucket. (2) In the same way, each class must
have its “composting bin” where to throw the waste generated from their breakfasts.
Each student is responsible for chopping and pouring that residue into the bucket.

(3) Upon returning from recess, “the compost patrol” (the class in charge of compost
that week) goes through the classes with various buckets to collect the waste from the
entire school. These residues, together with those from the canteen, will be thrown

in the compost bin at the end of the day. (4) The caretaker takes the waste from the
canteen to the class in charge of managing it. (5) The students review the waste (on
tables with tablecloths prepared for it) to check that there is none that negatively
affects the compost and chop them up as much as possible. (6) Ten minutes before the
end of the day, the students go to the garden and dump the wet waste generated in the
dining room and in the classrooms. (7) We pour dry material if necessary. (8) With
the help of along stick hoe, we remove a little and oxygenate.

Finally, 6-8 months after the start of the process, we will use a sieve to separate
the materials that have not yet been completely composted (fresh compost) from the
mature compost, which we will leave to rest for a few days, with a pleasant smell of
forest soil (Figure 4).
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5. Conclusions and contributions to the teaching and learning process of
the students

The composting program has benefited the entire educational community of our
school for raising awareness about the environment, resource management, and
cooperative work.

It is well known that having an organic garden in a school is all beneficial for
the teaching-learning process. Even more so, when within this program, we include
the compost that directly favors the reduction of the amount of organic rubbish
from the school canteen that goes directly to landfills, reduces the use of inorganic
fertilizers and we save irrigation water; due to the water retention capacity of
the compost, it provides the necessary nutrients for the development of plants
in a natural way and reduces the costs of transporting waste with the consequent
benefits for citizens.

All this has been transmitted to the entire educational community so that aware-
ness of the impact that our daily acts have on the environment has been systemi-
cally created, and thus have alternatives to recycle waste and use it to generate raw
material.

The process of implementing this composting program has been very pleasantly
received by the entire educational community. The school canteen staff feels very
satisfied to be able to reuse all the organic material in the garden on a daily basis.
Students and teachers are responsible with their functions of collecting the organic
elements and seeing how, little by little, the compost is formed in order to fertilize
each of the plots, without the need to buy or use external fertilizers. The students,
and even adults, are interested in learning about the process of making compost since
even if organic remains are piled up it never smells bad.
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In short, the composting program has been an ideal activity for the entire
educational center, a perfect way to bring the entire educational community closer
to nature, to transmit values of responsible consumption, to recycle, and to cre-
ate respect for the environment. And the most important thing of all is that, with
the completion of this activity, a delicious reward is obtained: growing our fruits
and vegetables with that flavor of before that now only maintains quality organic
products.

Author details

Ornela Maria Munoz Millet
Education Faculty, University of Murcia, Murcia, Spain

*Address all correspondence to: ornelamaria.munoz@murciaeduca.es

IntechOpen

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

340



Composting in Our Primary School
DOI: http://dx.doi.org/10.5772/intechopen.1001875

References

[1] Cahe EJ, Dante J. Multi-criteria
analysis and selection of urban solid
waste management proposals. Ibero-

American Journal of Ecological Economy
(REVIBEC). 2019;2:53-66

[2] Eloy GR, Santos ACM, Caetano GL,
Perdigdo M, Gontijo HM. Horta ecolégica
e compostagem como educagdo
ambiental desenvolvida na Fundagéo
Cré-Ser em Jodo Monlevade/MG.
Research, Society and Development.
2019;8(2). DOI: 10.33448/rsd-v8i2.763

[3] Zuazagoitia Rey-Baltar D, Aragén L,
Ruiz GA, Eugenio GM. ;Podemos cultivar
este suelo? Una secuencia didactica para
futuros maestros contextualizada en

el huerto. Investigacién En La Escuela.
2021;103:32-47. DOI: 10.12795/1E.2021.
i103.03

[4] United Nations Educational, Scientific
and Cultural Organization (UNESCO).
Road Map for Implementing the

Global Action Program on Education

for Sustainable Development. Paris:
UNESCO; 2014

[5] United Nations Educational, Scientific
and Cultural Organization (UNESCO).
Shaping the Future we Want: A

Decade of Education for Sustainable
Development. Paris: UNESCO; 2014

[6] Williams ID. The importance
of education to waste (resource)
management. Waste Management.
2014;11(34):1909-1910

[71 Wezel A, Casagrande M,

Celette F, Vian JF, Ferrer A, Peigne J.
Agroecological practices for sustainable
agriculture: A review. Agronomy for
Sustainable Development. 2014;34:1-20

[8] Desmond D, Subramaniam A.
Revisiting Garden-Based Learning in
Basic Education. Rome, Italy: FAO; 2004

341

[9] Ozer O, Wei W. Strategic
commitments for an optimal capacity
decision under asymmetric forecast
information. Management Science.
2006;52(8):1238-1257. DOI: 10.1287/
mnsc.1060.0521

[10] Haros B, Garcia T, Californias S.
School garden: Educational strategy
for life. Ra Ximhai. Journal of Society,
Culture, Development. 2013;9:543-558

[11] Williams D, Dixon S. Impact of
garden-based learning on academic
outcomes in schools: Synthesis of
research between 1990 and 2010.
Review of Educational Research.
2013;83(2):211-235

[12] Santiz G. The School Garden, an
Opportunity to Strengthen Collaborative
Work and Integration among Primary
School Students. San Cristébal de Las
Casas, Mexico: The Colegio de la Frontera
Sur; 2018

[13] Awasthi SK, Sarsaiya S, Awasthi MK,
LiuT, Zhao J, Kumar S, et al. Changes in
global trends in food waste composting:
Research challenges and opportunities.
Bioresource Technology. 2020;299:122555



Edited by Khalid Rehman Hakeem

Organic Fertilizers - New Advances and Applications delves into the most recent research
and development in organic fertilizers, covering their application, production, and
crop productivity benefits. Experts in agricultural science explore the effects of
various organic fertilizers, such as compost, animal dung, and biofertilizers, on
plant growth, nutrient uptake, and soil health. The book also discusses current
breakthroughs in organic fertilizer manufacturing, such as microbial inoculants and
practical case studies in using organic fertilizers. It is a useful resource for agricultural
scientists, researchers, farmers, and policymakers.

W. James Grichar, Agricultural Sciences Series Editor

ISSN 3029-052X
ISBN 978-1-83769-563-

18

8
Published in London, UK H
377695638

© 2023 IntechOpen

© blackdort / 15tock IntechOpen

9’78




	Organic Fertilizers - New Advances and Applications
	Contents
	Preface
	Section 1
New Advances in Organic Fertilizers
	Chapter1
Investigation of Growth and Biomass Response of FiveTree Species under Irrigation with Compost Leachate
	Chapter2
Advances in the Use of Organic and Organomineral Fertilizers in Sustainable Agricultural Production
	Chapter3
Organic Agriculture: Global Challenges and Environmental Impacts
	Chapter4
Review of the Relationship between Soil Health, Climate Change Mitigation, and Crop ProductionWhen Soils Are Enhanced with Organic Sources of Nutrients

	Section 2
ProductionTechniques and Formulations
	Chapter5
A Bioaugmentation Strategy for Promoting the Humification Process during Composting by Microbial Inoculants: A Review
	Chapter6
A Holistic Approach of Organic Farming in Improving the Productivity and Quality of Horticultural Crops
	Chapter7
Perspective Chapter: Conservation and Enhancement of Soil Health for Sustainable Agriculture
	Chapter8
Effect of Passive and Forced Aeration on Composting of Market Solid Waste
	Chapter9
Role of Entomopathogenic Nematodes in Organic Farming and Sustainable Development
	Chapter10
Technological Development in the Use of Allium sativum Aqueous Extracts in the Agricultural Field
	Chapter11
Utilization of Moringa Leaves and Pods as Organic Fertilizers in Enhancing Soil Fertility and Crop Growth
	Chapter12
Synthesis of Thermophosphate Fertilizers by a PlasmaTorch
	Chapter13
The Earthworms: Charles Darwin’s Ecosystem Engineer

	Section 3
Applications and Sustainable Use
	Chapter14
Reduction of Farmer’s Attitudes and Value in the Implementation of Organic Agricultural Programs in Indonesia
	Chapter15
Increasing theValue of Waste Hop Biomass by Composting: Closing the Nutrient Cycle on Hop Farms
	Chapter16
Potential of Anaerobic Digestates in Suppressing Soil-Borne Plant Disease
	Chapter17
Composting in Our Primary School




