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Preface

The gourd family is one of the most important edible plant families in the world. It
includes more than 800 plants, of which the most common species include cucumber, 
pumpkin, loofah, watermelon, bitter gourd, and so on. Cucurbitaceae crops have
widespread distribution and important economic value. Some of these crops are
cultivated for food or medicine, some have ornamental value, and the fruits have a
wide range of applications in daily life.

However, the planting and cultivation of gourd crops are affected by both biological 
and abiotic stresses, which mainly include various diseases and insect pests. These
stresses are becoming more severe year by year and are obstacles to high quality and 
high yield. Therefore, timely chemical prevention and control should be carried out. 
Abiotic stress mainly includes extreme temperatures, drought, salinity, nutrient
deficiency, heavy metals, and more.

As such, in the planting and cultivation process of gourd plants, it is necessary for grow-
ers to pay more attention to disease and pest control, water and fertilizer, light and tem-
perature, and humidity to achieve effective management to improve the yield and quality
of gourds. The application of biotechnology to genetic modification of Cucurbitaceae
plants and the exploration of their own resistance gene sources has broad potential.

This book presents the latest research on biological and abiotic stresses in
Cucurbitaceae crops. It includes seven chapters organized into four sections. The
first section, “Introduction of Cucurbitaceae Crops”, includes two chapters present-
ing basic information on Cucurbitaceae crops. The second section, “Biological
Stress in Cucurbitaceae Crops”, includes two chapters that discuss various diseases
and insect pests that affect Cucurbitaceae crops. The third section, “Abiotic
Stress in Cucurbitaceae Crops”, presents some reviews and case studies of abiotic
stress in melon and pumpkin. The final section, “Molecular Tools for Studies
on Cucurbitaceae Crops”, discusses the plant virus vectors that could provide
molecular tools for studies on Cucurbitaceous plants.

I would like to extend my thanks to all the authors who contributed to this book. My
sincere thanks also to Author Service Manager Ms. Zrinka Tomicic at IntechOpen for
her assistance throughout the publication process.

Haiping Wang
Institute of Vegetables and Flowers,

Chinese Academy of Agricultural Sciences,
Beijing, China
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Chapter 1

Overview of Cucurbitaceae  
Families
Yalew Yiblet

Abstract

The family Cucurbitaceae has a wide range of vegetable or fruit crops that are very 
important to the national or local economy. Ancient agricultural and medical texts 
as well as these folktales frequently refer to cultivated members of the Cucurbitaceae 
families. The plants of Cucurbitaceae family are rich in phytochemicals such as 
terpenoids, glycosides, alkaloids, saponins, tannins, and carotenoids responsible for 
the therapeutic effect. Various parts of these plants exhibit an excess pharmacologi-
cal activity such as hypolipidemic, anticancer, antidiabetic activity, antimicrobial, 
anti-inflammatory, and immunomodulatory activities. Among the members of the 
Cucurbitaceae family, pumpkins and squash (Cucurbita moschata Duch., Cucurbita 
pepo L., and Cucurbita maxima Duch. ex Lam), cucumber (Cucumis sativus L.), 
watermelon (Citrullus lanatus L.), and melon (Cucumis melo L.) are particularly 
nutritious due to their beneficial vitamins and minerals. Consumption of some spe-
cies as food or medicine without proper identification could be dangerous, as some 
poisonous wild species share a close resemblance with edible ones. A complete, safe, 
efficient, and cost-effective global conservation system for Cucurbitaceae genetic 
resources should be available, with germplasm and specific accession level informa-
tion easily accessible, ideally in centralized global databases like Genesys.

Keywords: antimicrobial, antioxidant, Cucurbitacin, germplasm, therapeutic

1. Introduction

The Cucurbitaceae family is well defined but taxonomically isolated from other 
plant families. The family contains 115 genera and 960 species that make up this  
family and are predominantly herbaceous annual vines or perennial lianas and 
frequently with tendrils [1]. They can be monoecious or dioecious, and occasionally, 
they are hermaphrodites. They are primarily found in tropical and subtropical zones, 
and very rarely in temperate zones. The Cucurbitaceae are known for their bicollateral 
vascular bundles, which have phloem on both the outer and inner side of the xylem. 
Cucurbitacin, which is primarily responsible for the bitter flavor, is typically present 
in cucurbits [2]. The family of Cucurbitaceae has a wide range of vegetable or fruit 
crops that are very important to the national or local economy. The vegetables include 
cucumber (Cucumis sativus), zucchini (Cucurbita pepo), pumpkin (Cucurbita max-
ima, C. moschata, and Cucurbita argyrosperma), wax gourd (Benincasa hispida), bottle 
gourd (Lagenaria siceraria), bitter gourd (Momordica charantia), ridge gourd (Luffa 
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acutangula), sponge gourd (Luffa cylindrica), chayote (Sechium edule), and snake 
gourd (Trichosanthes anguina), and the fruits include melon (Cucumis melo), horned 
cucumber (Cucumis metuliferus), watermelon (Citrullus lanatus), and luo-hanguo 
(Siraitia grosvenorii). Among these, the bitter gourd (M. charantia) and luo-hanguo 
(S. grosvenorii) both have significant culinary and medicinal uses, while snake  
gourds (Trichosanthes anguina ) and bottle gourds (Trichosanthes anguina) can be 
utilized both as food and decorative items [3].

2. Origin and history

Plant cultivation started early in northern China. Some domesticates were devel-
oped from native species, while others were imported from Southeast Asia. Ancient 
Chinese myths and stories contain references to numerous vegetable species. Ancient 
agricultural and medical texts as well as these folktales frequently refer to cultivated 
members of the Cucurbitaceae family. Some of them appear to be indigenous to 
Indochina, while others were imported from Western Asia and the New World. A 
recent journey to China and a review of Chinese literature revealed that several cucur-
bits are consumed in their immature condition as vegetables, some are eaten as fruits, 
and various species are used for medicinal [4]. In the New World, Africa, the Middle 
East, the Near East, Asia, and New Guinea, 11 geographical areas have been recog-
nized as the origins of cultivation [5]. Asia is where the cucumis melo originated, and 
there are many different wild and primitive melons there, especially in India, and 
wild Melons have been seen in northern Australia, southern America, and northeast-
ern Africa. While archaeobotanists have described the significance of Cucurbitaceae 
plants in prehistoric societies, new molecular data have improved hypotheses about 
the timing and places of crop domestication as well as revealed the wild ancestors and 
close relatives of many crops [6].

3. Therapeutic importance of Cucurbitaceae

The Cucurbitaceae family has several health advantages. Pumpkin has stimulating 
properties, making it a potential alternative treatment for diseases associated with 
vertigo [7]. Some nations use the fruits of the Cucurbita ficifiola plant, commonly 
known as leaf gourd, in medicine to treat wounds and hemorrhoids. Phytosterols 
and tannins are abundant in cucumber. Tannins have astringent qualities, speed up 
wound healing, and may be able to chelate metal ions [8]. Many phytochemicals in 
the Cucurbitaceae family, including as saponins and cardiac glycosides, frequently 
used in the treatment of heart problems, have an impact on the circulatory system. 
Triterpenes, sterol, and alkaloids are among the many bioactive substances they 
contain high concentrations. Six isoprene units make up the fundamental structure 
of terpenoids, which are biogenetically descended from active isoprene [9]. The 
majority of Cucurbitaceae family vegetables are high in carotenoids, which are bioac-
tive substances that give them their yellow-red blue. Carotenoids like lutein and 
zeaxanthin can be found in cucurbits [10]. Saponins have the capacity to coagulate 
red blood cells, and as a result, they aid in the reduction of bleeding. Due to its ability 
to suppress lipid oxidation products, primarily malonaldehyde and hydroxynonenal, 
cucurbitacin also has an anti-atherosclerotic effect. Glycosides are usually used in 
the treatment of cardiac and heart illness and are present in the leaves and seeds of 
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momoridace balsam. This chemical causes a greater calcium-induced calcium release, 
which increases the force of heart contraction [11].

3.1 Antioxidant activity

Oxidative stress results from an imbalance between prooxidant and antioxidant 
levels that favors the former. It is a dangerous state for the entire body and shows 
signs of human diseases such as cancer or obesity [12]. Cucurbits exhibit antioxidant 
properties because of a variety of bioactive components, such as cucurbitacins B and 
E and ellagitannins, which are tannins and have the ability to scavenge free radicals. 
The majority of vegetables in the Cucurbitaceae family are also high in carotenoids, 
which increase the nutritional value and safety of food due to their antioxidant 
capacity. A good source of squalene is pumpkin oil. Due to its antioxidant capabilities, 
this linear triterpene is crucial in preserving the oil’s oxidation stability. Bitter gourd 
seeds, pulp, and its constituent compounds have antioxidant action via preventing 
lipid peroxidation.

3.2 Antidiabetic activity

Diabetes affects more than 380 million individuals in worldwide. There is a signifi-
cant financial and health load on the health care system. Recent researchers start to 
look at plants as remedy to treat diabetes including the cucurbit family. Pumpkin has 
shown that remarkable antidiabetic effects. Pumpkin seed protein-bound polysaccha-
rides had hypoglycemic effects, such as raising plasma insulin levels. Other biologi-
cally active substances found in pumpkin include sterols and paraaminobenzoic acid 
[13]. It also contains a lot of pectin, which helps patients who eat foods high in fiber to 
control their blood sugar levels and use less insulin. Triterpenoid, steroids, saponins, 
and alkaloids are only a few of the bioactive phytochemicals that Momordica charanita 
produces. Due to property of polysaccharides in the immature fruits characteristics, 
the plant is often used in the treatment for diabetes. Even some of the chemicals 
found in this fruit, such as vicine and charatin, have antidiabetic properties [14].

3.3 Anticancer property

Cancer has several diverse types and one of the most public diseases in the world. 
Saponins antimutagenic and anticancer properties reduce the risk of cancer. Because 
they stop a cancer cell’s cycle, cucurbitacins produce apoptosis, which has an anti-
cancer effect [15]. Polysaccharides have an antitumor action in addition to acting 
as hypoglycemic agents. Ergosterol, found in Mukai maderaspatana, has anticancer 
properties. The capacity of Cucurbita andrena to inhibit cyclooxygenase demonstrates 
its anticancer properties. According to [16] who confirmed C. moschata’s anticancer 
efficacy against human leukemia cells by acting similarly to ribosome-inactivating 
proteins, compounds derived from Curcurbitaceae family can prevent the formation 
of cell tumors.

3.4 Anti-inflammatory activities

Cucurbitacins, which are found in cucurbits and are poisonous, have the poten-
tial to treat a variety of diseases like inflammation and autoimmune disorders 
when used in the proper dosage. The most promising cucurbitacins B and E have 
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anti-inflammatory activity because they suppress inflammatory mediators including 
tumor necrosis factor and nitric oxide synthase [17]. In the diet, cucurbits can serve 
as a source of polysaccharides. These substances have the ability to alter an organ-
ism’s biological processes because they control macrophages, which in turn affect 
the immune system and lessen inflammation. Momoridace balsamina leaves and 
seeds contain cardiac glycosides, which protect against fatal endotoxemia and have 
anti-inflammatory properties. The plant contains ergosterol, a substance with anti-
inflammatory and anticancer properties [18].

3.5 Antimicrobial activity

Terpenoids found in abundance in cucurbits damage membranes and limit the 
growth of bacteria and fungi, which is harmful to them. Cucumbertacins is stimulated 
the stomach secretion. These constituents use an anti-feedant for insects. Cucurbitacin 
have antimicrobial activities that effectively inhibit the growth of Pseudomonas 
aeruginosa, Escherichia coli, Staphylococcus aureus, and Bacillus subtilis. According to 
[19] the compound isolated from C. moschata leaves has an antifungal activity. This 
significantly reduced Fusarium oxysporum growth. As a result of its synergistic inter-
action with the chitin syntheses inhibitor nikkomycin, isolated protein also reduced 
the growth of Candida albicans [18].

3.6 Hypolipidemic activity

There are numerous reports of plants in the Cucurbitaceae family being used 
therapeutically to treat hyperlipidemia. The lipid-lowering properties of these plants 
reduce clinical issues associated with lipid metabolism, such as insulin resistance, 
diabetes, hypertension, and dyslipidemia. By exhibiting lipolysis, decreased lipid 
content, and decreased mRNA expression of adipocyte transcription factors, M. 
charantia (bitter gourd) fruit juice addresses hyperlipidemia. By controlling the 
expression of the genes for adipocytokine and adipogenic transcription factors, the 
accumulation of lipid in primary human adipocytes was reduced.

4. Modern cultivation and production

Citrullus, Cucumis, Cucurbita, and Lagenaria are four of the 115 genera in the 
Cucurbitaceae family that have commercial significance. About half of the world’s 
watermelon (C. lanatus) production (29.9 million tons) is produced by four nations: 
China, Turkey, Iran, and the United States [12]. The watermelon (C. lanatus) is 
an African fruit that was just recently brought to Europe. The second-largest crop 
grown among the cucurbits is the cucumber (C. sativus), and the four nations China, 
Iran, Turkey, and United States account for 66% of global production. Cucumber 
was likely domesticated in India and brought to Europe at an early date (during 
the ancient Greek period). In terms of global production, the top four producers 
China, Ukraine, Argentina, and Turkey account for 45%. In several different tropical 
nations, Lagenaria has most likely been independently domesticated [12]. In general, 
productivity is a key factor in determining how much money can be made, but like 
other vegetable crops, quality, and product availability during times of shortage 
are also crucial factors in determining how much money can be made. Therefore, 
efforts should be made to create hybrids and types that are more adaptable during the 
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off-season. Utilizing the known genetic pathways for hybrid seed development would 
also be relevant to lower the cost of hybrid seeds. High-frequency pistillate lines are 
encouraged in this regard.

4.1 Germplasm and varieties

Plant viruses are highly reducing crop production globally. There are various ways 
for crop plants to develop viral resistance. One method is traditional plant breeding, 
which entails introducing virus-resistance genes from related agricultural plants. 
Genome editing is a different approach that enables the introduction of genes impart-
ing resistance directly into agricultural plants without the several backcrosses neces-
sary with traditional breeding [20]. As “gene edited crops” do not always contain 
transgenic portions, they most likely do not require considerable regulation, opening 
up a new, socially acceptable way to grow crops that are immune to viruses. Among 
the members of the Cucurbitaceae family, pumpkins and squash (Cucurbita moschata 
Duch., C. pepo L., C. maxima Duch. ex Lam), cucumber (C. sativus L.), watermelon 
(C. lanatus L.), and melon (C. melo L.) are particularly nutritious due to their benefi-
cial vitamins and minerals. Understanding the information in the genome is crucial 
for breeders who want to use biotechnology to boost the level of nutrition and the 
quality of features in Cucurbitaceae. Breeding methods that are unconventional can 
help traditional breeding by reducing costs, prices, and selection effectiveness [21].

4.2 Breeding

Four species of cucurbits the bitter gourd (M. charantia), the ridge gourd  
(L. acutangula), the sponge gourd (L. cylindrica), and the tropical pumpkin (C. mos-
chata) are the focus of current breeding efforts. The choices of species are carefully 
weighed in a number of variables, such as their economic significance in the targeted 
geographic areas, nutrient density, and access to genetic resources [22]. The improve-
ment in the crops status on a global scale, production constraints, and the world 
comparative advantage in resolving them compared to the private sector [23]. For 
the systematic maintenance and use of the abundance of vegetable crop germplasm, 
including cucurbits, the Indian Institute of Vegetable Research is a National Active 
Germplasm Site. Germplasm collection, evaluation, maintenance, and dissemination 
are the main activities. World Vegetable program stopped cucumber breeding due to 
the significant private sector investment in this crop, the lack of realistic opportuni-
ties for World Vegetable to address production issues, and the low nutritional value of 
cucumbers in comparison to other vegetable crops. The genetic diversity of current 
crop species has declined because of domestication and crop improvement bottle-
necks. Breeders trying to create superior variations with resilience to both abiotic 
and biotic stress face a major difficulty due to the limited genetic foundation of many 
cucurbit crop cultivars. Such genetic diversity may come from crop landraces and 
wild relatives, which mean they need to be preserved outside of their natural habitat 
[24]. The comprehensive characterization of gene bank collections is required to 
speed up the exploitation of conserved diversity in breeding operations. Cucurbits 
are quite sensitive to a variety of biotic and abiotic stressors. Usually, landraces and 
their wild cousins contain reservoirs of resistance. Snap melon has been reported to 
be resistant to fruitfly, downy mildew (Pseudoperonospora cubensis), etc. The major-
ity of cucurbit-resistant cultivars were created through straightforward selection. 
Breeders will be able to create resilient cultivars that are suited to quickly changing 
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environmental conditions by mobilizing a large crop gene pool, which will increase 
agricultural production and ensure the security of food and nutrition.

5. Poisonous species in the Cucurbitaceae family

Without correct identification, it may be unsafe to use some species as food or 
medication because they may resemble both poisonous and edible wild species. 
Because incidents of food poisoning in both people and domestic animals have been 
documented, care must be taken when gathering members of the Cucurbitaceae 
family for food or medicine. In certain instances, species are so similar in vegetative 
morphology that the flower and fruit characters are the solely means to differentiate 
between species. Not all of the member of species have had their potential toxicity 
and safety for human ingestion evaluated. Cucurbitacins are tetracyclic triterpenoids, 
which are dangerous naturally occurring substances. They are present in several 
additional Cucurbitaceae species as well as Lufa cylindrica (L.) M.J. Roem. In the 
scientific literature, several identified and well-characterized cucurbitacins, including 
cucurbitacin, have been described. In addition to serving as an insect repellent for the 
majority of bug species, cucurbitacin is utilized to protect plants from herbivores. The 
general population needs to be made aware of the dangers of drinking bitter bottle 
gourd juice and fruit, as the taste is a sign that cucurbitacins are present [25].

African nations such as Botswana, Namibia, Nigeria, Senegal, South Africa, and 
Swaziland are among those where C. metuliferus grows naturally. But in shallow or 
deep places with well-drained sand, riverbeds, or food plains, this species can thrive. 
According to certain studies, the unripe fruit of C. metuliferus is poisonous, but when 
completely ripe, it is edible and toxin-free. The fruit’s flavor has been compared to 
a blend of cucumber and banana. When ripe, the fruit is brilliant orange, coated in 
sharp spikes, and has a bright green, gelatinous flesh. It is frequently used in cook-
ing, as a snack, or eaten raw. In market places in southern African nations such as 
Zimbabwe, Zambia, Mozambique, Malawi, and South Africa, C. metuliferus are 
frequently found [26].

6. Storage and preservation techniques

A global strategy for protecting Cucurbitaceae plant genetic resources should 
focus on enhancing the effective, economical conservation and utilization of 
Cucurbitaceae plant genetic resources. Ex situ conservation, initiatives deeply on 
keeping conventional seeds (that can endure long-term freezing or drying) in stor-
age. Although preserving many seeds is an economical conservation technique, it 
still costs money because they need to be enough infrastructure and staff, especially 
for the regeneration of old accessions. Optimizing seed viability, seed health, seed 
storage conditions, and regeneration frequencies is necessary to reduce expenses 
and the consumption of stored seed. Cucumber, watermelon, and Cucurbita spp. 
seeds, for instance, show less than a 5% reduction in viability in a study of 42 species 
preserved for 10 years under medium-term conditions (4°C, 30–40% relative humid-
ity, whereas muskmelon showed an 80% decline [26]. The Cucurbitaceae strategy 
survey found that the frequency of such tests varies greatly among gene banks, with 
the majority-taking place every 5–25 years; however, one gene bank stated that testing 
took place only extremely infrequently. The ideal testing schedule will vary somewhat 
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depending on the seed storage conditions, which may also affect seed lifetime. A com-
plete, safe, efficient, and cost-effective global conservation system for Cucurbitaceae 
genetic resources should be available, with germplasm and specific accession-level 
information easily accessible, ideally in centralized global databases like Genesys.

7. Conclusion

The Cucurbitaceae family is well known and widely cultivated. Cucumber and 
pumpkin are the vegetables from this family that are widely consumed, but zucchini 
and squash are also becoming more common in cooking. Cucurbits have purgative 
qualities and were used in traditional medicine to cure kidney and bladder stones. In 
addition to being a good source of vitamins, cucumbers also have medicinal benefits, 
such as hepatoprotective and anti-inflammatory properties. The Cucurbitaceae 
family, in particular the pumpkin, is known for its antidiabetic properties. In order 
to cure diabetes, for instance, cucurbits are increasingly being employed for their 
pharmacological qualities. When it comes to inflammation and low urinary tract 
disease, some isolated substances, like M. charantia, can be pharmacotherapeutic. It 
is essential to do a systematic postharvest analysis of the ideal storage settings and 
food preparation or processing techniques that will help to maximize the vegetables 
fruit and lower the levels of cucurbitacin. These actions will assist in maximizing 
the potential of Cucurbitaceae species as a source of local food and medicine. The 
improvement of the thorough, secure, efficient, and cost-effective conservation and 
usage of Cucurbitaceae plant genetic resources should be the main objective of a global 
strategy for conserving Cucurbitaceae plant genetic resources. Initiatives for ex situ 
conservation mainly rely on maintaining conventional seeds in storage (seeds that can 
withstand prolonged freezing or drying).
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Chapter 2

Feasibility of Using Yellow 
Pumpkin (Cucurbita moschata) in 
Developing Bakery Products
Agung Wahyono, Titik Budiati and Hafiz Muhammad Shahbaz

Abstract

The local abundance of yellow pumpkin (Cucurbica moschata) makes it a readily 
available plant. However, its use as a food item is currently limited to simple pro-
cessing, resulting in a limited presence of pumpkin-based products in the market. 
Nevertheless, pumpkin is an agricultural product rich in beneficial components 
such as high pectin, bioactive substances, beta-carotene, vitamin A, tocopherol, and 
other vitamins. Its high dietary fiber content, specifically pectin, can help regulate 
insulin serum levels, lower blood sugar, improve glucose tolerance, and offer protec-
tion against various diseases like diabetes, cardiovascular disease, constipation, and 
colon cancer. In light of the increasing prevalence of conditions like obesity, diabetes, 
and coronary heart disease, there has been a growing public interest in consuming 
healthy bakery products. This has led to the development of the bakery industry, with 
a specific focus on producing healthy and purpose-specific breads. Numerous studies 
have been conducted to explore incorporating pumpkin into bakery products, as this 
significantly influences the quality of the resulting bakery products. This chapter will 
delve into the potential of yellow pumpkin as a nutritious ingredient in the develop-
ment of bakery products, and its impact on the overall quality of these products.

Keywords: bakery, bread, cake, pumpkin, wheat flour

1. Introduction

Pumpkin is a horticultural crop that belongs to the family Cucurbitaceae. Around 
the world, there are five well-known domesticated species, namely: Cucurbita mos-
chata Duchesne ex Poiret, C. pepo L., C. maxima Duchesne, C. mixta pangalo, and 
C. micifolia. Some of them (C. moschata, C. pepo and C. maxima) have great economic 
value because of their high productivity [1].

Pumpkin is a dicotyledonous seed vegetable that has received great attention 
because of its nutritional value. The nutritional value of pumpkin is varied to one 
another depend on the cultivar or species [2]. Generally, pumpkin is cultivated in 
temperate and subtropical zones of the world. In many countries such as China, India, 
Yugoslavia, Mexico, America, Argentina, and Brazil, it has been used as a vegetable as 
well as medicine for therapeutic [1].
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It has been reported that pumpkin is rich in dietary fiber, particularly pectin, 
functional compounds, bioactive substances, vitamins (A, B6, K, C, and E) and min-
erals (K, Mg, P, Se, and Fe) [3]. Some of the bioactive compounds contained in pump-
kin are polysaccharides, proteins and peptides, para-aminobenzoic acid, and sterols 
[4]. Carotenoids are also greatly abundant in pumpkin. Approximately 60 carotenoids 
have been identified, including b-carotene, a-carotene, and b-cryptoxanthin [5].

In Indonesia, Yellow pumpkin is greatly abundant. But the use of pumpkin is still 
limited to simple processing. Some processed products of pumpkin have been devel-
oped, such as crackers, biscuits, bread, chips, and several types of cakes. However, 
the availability of processed products of pumpkin in the market is very limited [6]. 
In Mexico, Cucurbita ficifolia is used broadly for several dishes and candies from their 
fruit or seeds. In Argentina, C. moschata is favored by the local community due to its 
potential for developing salty or sweet food products [1]. In India, immature fruits are 
cooked as a vegetable, as the same time mature fruit is used to produce confectionery 
and beverages [7].

Wheat flour is a main ingredient in making bakery products. Until recently, wheat 
flour was indispensable to making decent quality bakery products. This is due to the 
ability of wheat flour to form a viscoelastic dough which can retain gas produced by 
yeast during fermentation. This ability is a key point in producing a good loaf of bread 
or some bakery products.

The price of wheat flour around the world is affected by supply and demand, 
wheat productivity, milling requirement, government policies, and economic situa-
tion. Considering the unstable market of wheat flour, a growing demand for bakery 
and confectionary products has resulted in an enthusiastic work to substitute wheat 
flour with local raw materials.

Blends of other types of flour with wheat flour are known as composite flour. 
The use of composite flour to produce a leavened or unleavened bakery product has 
attracted great attention, particularly in countries depending on import to meet the 
demand of wheat flour [8].

Considering the potencies of pumpkin, a lot of studies have been done in using 
pumpkin for composite flour in developing bakery products. Ref. [9] reported a study 
using pumpkin flour to make cookies and muffins and investigated the effect of those 
products on the hypocholesterolemic, antioxidant, hepatoprotective and prebiotic 
properties. Ref. [2] developed a bread using a microwave vacuum-dried pumpkin and 
evaluated its physical, nutritional, and sensorial characteristics. Ref. [3] developed a 
bread enriched with pumpkin flour and evaluated its physical and structural proper-
ties. In addition, another study has been carried out to evaluate its antioxidant and 
total phenolic contents [6]. Furthermore, a steamed brownies has been developed 
using pumpkin’s premix flour [10].

In general, the use of pumpkin in manufacturing bakery products resulted in 
decent quality, but some of those parameters are compromised. In this chapter, the 
feasibility of using pumpkin to manufacture bakery products is reviewed.

2. Bakery

2.1 Definition and history

According to Cambridge’s, Merriam Webster’s and Collins’s dictionaries, a bakery 
is a place where bread and cakes are made and sometimes sold. Wikipedia describes a 
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bakery or baker’s shop more completely as an entity or an establishment that produces 
and sells flour-based food baked in an oven, such as bread, cakes, pies, cookies, 
donuts, and pastries.

The history of baking started right after the beginning of recorded history. At that 
time, our ancestors were able to generate fire from stone. Followed by the discovery of 
different kinds of grasses that can produce grain for nourishment. From a deliberated 
experimentation, the dough was created. Baking was done by putting the dough over a 
heated stone. Nowadays, it is well known as flatbread. Thereafter, the invention of baked 
products changed the eating habits and lifestyle of our ancestors from being hunters 
to settlers. Based on archeological evidence shows that baking practices may have been 
initiated about 23,000 years ago (i.e. ~21,000 BC) during Paleolithic Period [11].

The leavened bread was invented by an accidental work in Egyptian history. The 
leavened bread was produced with wild yeast from the air and mixed with dough. The 
dough that had been mixed with wild yeast produced a doubled volume and lighten 
bread than anyone had ever tasted. For 600 years BCE, the ancient Greeks used an 
enclosed oven that was heated by fires. People who were willing to bake their bread 
took the large communal oven. Because the oven was so expensive, they could not 
afford it personally. Finally, several centuries thereafter, commercial production of 
bread was performed by ancient Rome, and it became the first baker’s profession [12].

2.2 Bakery’s products

2.2.1 Bread

Bread is a very popular food around the world regardless of whether those coun-
tries produce wheat flour or not. It is a symbol of giving. Bread is prepared in a wide 
variety form with any meal every day. It is consumed as a snack in many countries as 
well as a staple food in most countries [12]. According to [13], the term of bread is 
used to describe a variety of products with different characteristics in shapes, tex-
tures, sizes, crusts, colors, softness, eating qualities, and flavors. Basic ingredients of 
bread are flour and water. Flour is always 100%, and another ingredient is percentage 
of that of flour weight. In general, bread formula is as follows: 2% of yeast, 4% of 
sugar, and 2% of sugar and shortening agent [14]. Figure 1 presented appearances of 
bread loaves made from various proportions of pumpkin flour.

2.2.2 Cakes

The word of cake came from the Norse word “kaka” of the Viking origin. Cake is like 
bread but sweeter. For a long time, cake is served during celebration of special event 
like birthday and weddings. Cake was also closely related to rituals and symbolism from 
different cultures and countries [12]. For centuries, cake-making has been quite the 

Figure 1. 
Appearance of bread loaves made from various proportion of pumpkin flour.
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same. The basic formula of cake comprises of fine wheat flour, refined sugar, butter, 
and egg. This formula can be modified to produce a wide variety of cakes. Modern cake 
is defined by a sweet taste, short and tender texture, flavors, and aromas [11]. Figure 2 
presented cakes made from different proportion of pumpkin’s peel flour.

2.2.3 Pastries

Pastry made from dough that contained flour, water, and shortening which can 
be savory or sweetened. If it is sweetened, then we call it baker’s confectionery. The 
terms of pastries are regarding many kinds of baked products made from flour, 
sugar, milk, butter, shortening, baking powder, and eggs. Pastries are referred to as 
small tart and other sweet-baked products. Whereas common pastries referred to the 
dishes include pies, tarts, quiches, and pasties [15, 16]. In addition [11], stipulated 
that pastries are made by creating alternating layers of dough and fat by folding and 
rolling the dough.

2.2.4 Biscuits

The name biscuit is synonymous with cookie. Biscuit originated from the word 
Latin panis biscotis meaning twice-cooked bread. This is because the processing of 
biscuit is divided into two steps by cooking in a hot oven then, followed by drying in 
cold oven. Biscuit also has two meanings: (i) any of the various small flat sweet cakes, 
and (ii) small bread leavened with baking powder or soda. In British words, biscuit 
means a small flattened baked products based on wheat flour with assorted inclusion 
of fat, sugar, and other ingredients. Today, biscuits are a kind of snack processed with 
the inclusion of expensive ingredients such as chocolate and cream, resulting luxury 
gifts, dietary products, also infant food. In general, biscuits are well known as cereal-
based products that are baked to a moisture content of less than 5% [11].

2.3 Processing of bakery product

There are some main issues that need to be paid of a lot of attention during the 
processing of bakery products such as: (i) ingredients should use the exact amount 
and be measured accurately, (ii) mixing should be done in a correct direction, (iii) 
pan used in baking should be with regard to the specific product, (iv) correct tem-
perature should be used in baking, (v) pans must be properly prepared for baking 
to make the baked product easily removed, (vi) preheat the oven to meet the proper 
temperature for a particular baked product, and (vii) set the temperature and time in 
accordance to the baked product to get the best quality [17].

Figure 2. 
Cakes made from pumpkin’s peel powder.
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In general, the processing of bakery products follows several steps, including 
scaling ingredients, mixing, fermenting (for leavened bread), punching, shaping, 
panning, baking, and cooling. The general processing flows of bakery’s products can 
be seen in Figure 3. Details of the process vary depending on the bakery products. 
Scaling ingredients must be weighted accurately. Depending on the form of ingre-
dients, scale used to be considered carefully. For example, water, milk, and eggs 
may be measured by volume. However, if the quantities are large, it is more accurate 
by weighing. Mixing should be done completely to ensure all ingredients are dis-
tributed thoroughly to get a uniform and smooth dough as well as distributing the 
yeast evenly throughout the dough. Fermentation is the process by which yeast acts 
on the sugars and starches in the dough to produce carbon dioxide gas and alcohol. 
It should be aware to not produce an over- or under-fermented dough. An under-
fermented dough characterized with un-proper develop volume and coarse texture. 

Figure 3. 
General processing flows of bakery products.
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While, over-fermented dough produces sticky, hard-to-work a dough. Punching is 
hitting the dough by hand to deflate the dough that expels carbon dioxide, redis-
tributes the yeast, relaxes the gluten, and equalizes the temperature throughout the 
dough. Shaping is performed depending on the bakery products. It can be rounded, 
flattened, and even un-uniformed. Panning is a process in which the dough is shaped 
into loaves or rolls and then placed in pans or on baking sheets. Baking is the process 
in which heat and mass transfer takes place in the dough simultaneously and inter-
dependently and leads to several changes. Cooling is done by removing the baked 
product from pans and cooled.

3. Quality of bakery products made from pumpkin

3.1 Physical properties

Physical properties are important determinants of food quality. It is related to 
color, structure, texture, rheology, and interfacial properties. This also applies to 
bakery products. Table 1 represents physical properties that are generally evaluated in 
the bakery products.

In general, study in bakery products examine the physical properties based on 
the Table 1. Physical properties greatly affect the quality of food and can be used to 

Product Physical properties Methods References

Bread Color, measuring 
luminance (L), red 
saturation index (a), 
and yellow saturation 
index (b)

Color reader [2]

Texture, measuring 
texture profile (TPA)

Texture meter [18, 19]

Structure, crumb 
relative density, and 
various structural 
parameters

Image analysis [20]

Specific volume, 
measuring volume-to-
weight ratio

Seed displacement 
methods

[21]

Biscuits Width and thickness Scale [21]

Spread factor, 
measuring a ratio 
between average value of 
width and average value 
of thickness

Scale [21]

Muffin Specific volume Seed displacement 
methods

[21]

Water absorption 
index (WAI) and water 
solubility index (WSI)

Gravimetry [22]

Color Color reader [22]
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classify and identify them. In a globalized market, the differentiation of food must 
be based on its physical properties [26]. There have been many studies that have 
reported the use of pumpkins in developing bakery products. Mostly, incorpora-
tion of pumpkin significantly affects the physical properties of bakery products. 
In baked roll, increased proportion of pumpkin powder resulted in a lower volume 
and specific volume. The texture of the enriched baked roll also firmer compared 
to that of the control during storage [25]. In bread, increasing the dried pumpkin 
proportion resulted in decreasing bread quality. It became unacceptable because of 
worse porosity and stickier bread crumb. The intensity of the yellow color (b value) 
was more pronounced than that of the control bread. The intents yellow color of 
bread was contributed from pumpkin color [2]. Ref. [3] reported that at 10% and 
higher levels of pumpkin lead to decreasing specific volume of enriched bread. 
Pumpkin enrichment did not affect the texture of bread compared to that of the 
control bread. The crumb luminance decreases significantly with 10% of pumpkin 
flour. The addition of pumpkin flour was also significantly affected the crumb 
structure of bread. Mean cell area of enriched breads became smaller than those 
of control breads. The crumb feels to the mouth are greatly associated with the cell 
structure of the crumb. The finer, thin-walled, uniform cells size produced a softer 
and more elastic texture than that of the coarse and thick-walled cell structures. 
Ref. [27] reported that progressive addition of pumpkin flour giving bread with 
relatively low specific volume. Progressive addition resulted in an initial rise and 
subsequent decrease in loaf volume. Suggested addition of pumpkin powder is up to 
10%. In muffins, the partial replacement of wheat flour with pumpkin flour had no 
significant effect on the firmness and image analysis such as distribution, size, and 
pore area of the crumb. However, the partial replacement resulted in a darker crust 
color, higher yellowness, and a lower specific volume compared to that of control 
muffins. In biscuits, there are three parameters related to the physical proper-
ties of biscuit, namely width, thickness, and spread factor. Thickness is a quality 
parameter of biscuit, which represents height of biscuit. Its optimum value is always 
desirable by manufacturer. The spread factor is a ratio between the average value of 
the width and average value of thickness. The addition of pumpkin flour resulted in 
a significant decrease in width and spread factor. On the other hand, thickness was 
significantly increased. The decrease in width values of biscuits might be contrib-
uted by a lesser water absorption of the blended flour. The increase in thickness of 
biscuits made from blended flour might be due to the dilution of gluten contents. 

Product Physical properties Methods References

Cake Volume Seed displacement 
methods

[23]

Texture Texture analyzer [23]

Color Color reader [24]

Structure Image analysis [24]

Baked rolls Volume and specific 
volume

Seed displacement 
methods

[21]

Texture Texture analyzer [25]

Table 1. 
Physical properties of bakery products and methods for determination.
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The leverage of water absorption in blended flour might produce a greater viscos-
ity of dough which can trigger the increase in thickness of the biscuits reducing its 
volume spread [28].

3.2 Chemical properties

The chemical properties of food are generally related to the nutritional values 
of food. In many cases, chemical properties are more important compared to those of 
physical properties. Some vegetables are indispensable in producing a wide range of 
bread products because of their chemical compositions [29]. The chemical properties 
include macronutrients such as saccharides, proteins, fats, and micronutrients such 
as minerals, vitamins, colorants, additives, fibers, and phytochemicals. In general, 
analysis of chemicals properties of bakery products is listed in Table 2.

Product Chemical properties Methods References

Bread Total phenolic contents Spectrophotometry using 
standard curve

[6]

Antioxidant DPPH and ABTS scavenging [18]

Protein Kjeldahl method [29]

Moisture content Oven-drying methods [2]

Vitamin C contents Iodometric [2]

Vitamin contents HPLC [29]

Carotenoid Spectrophotometric [2]

Reducing sugar LVS 252:2000 [2]

Total fat ISO 6492:1999 [2]

Total fat Soxhlet [29]

Minerals Atomic absorbance spectrometer [29]

Ash Muffle furnace (gravimetry) [29]

Muffin Moisture content Oven-drying [30]

Ash Dry-ashing [30]

Fat Soxhlet [30]

Protein Kjeldahl [30]

Carbohydrate By difference [31]

Total dietary fiber Enzymatic [31]

Biscuit Moisture content Oven-drying

Ash Dry-ashing [32]

Insoluble, soluble, and 
total dietary fiber

Enzymatic [32]

Protein Semi-micro Kjeldahl [32]

Fat Soxleth [32]

Cake Moisture contents Oven-drying [33]

Β-carotene Spectrophotometric [34]



21

Feasibility of Using Yellow Pumpkin (Cucurbita moschata) in Developing Bakery Products
DOI: http://dx.doi.org/10.5772/intechopen.1002228

In bread, carotenoid contents increased 5.5 times higher with the addition of 
pumpkin flour compared to that in control bread. This is due to an abundant propor-
tion of carotenoids in pumpkins. There was no significant difference in moisture 
content between control bread and bread with pumpkin flour. This is because the 
moisture content of bread with and without pumpkin addition mainly depends on 
the amount of water during dough making. The reduced sugar content of bread with 
pumpkin addition was 1.6 times higher compared to that in control bread. This result 
explained that higher reduced sugar content in pumpkin bread contributed to a high 
reduced sugar content in pumpkin flour. Fat content and vitamin C content were 
comparable between pumpkin bread and control bread [2]. Pumpkin flour signifi-
cantly enhanced the antioxidant activity of enriched bread. The highest antioxidant 
activity was observed in bread with an enrichment of 20% of pumpkin flour. The 
addition of pumpkin flour produced higher levels of β-carotene. Pumpkin flour 
contained about 180 μg/100 g β-carotene. It is higher than that of wheat flour which 
does not contain vitamin A. β-Carotene has the ability to be an antioxidant that can 
play an important role in stabilizing carbon nucleated radicals. β-Carotene in pump-
kin flour acted as a provitamin and exhibited an antioxidant activity. Antioxidant 
activity is also influenced by several components, including phenol compounds which 
are the basic framework of compounds that have antioxidant activity. Increased levels 
of pumpkin flour produced a higher level of total phenolic content in enriched bread. 
The total phenolic content of pumpkin flour is affected by the drying of pumpkin 
chips during processing. The high level of temperature used during drying leads to 
the formation of phenolic compounds. The total phenol is directly proportional to the 
antioxidant activity [6].

In muffins, the addition of 5 g/100 g pumpkin flour produced a comparable level of 
protein, digestible carbohydrates, and lipids compared to those in the control muffin. 
However, the enriched muffins showed a higher content of ash and dietary fiber [22].

The incorporation of pumpkin flour for the preparation of the cake produced 
higher moisture, crude fiber, ash, and β-carotene contents of the resulting cake. On 
the contrary, the crude protein, crude fat, and carbohydrate in cake decreased. The 
increase in moisture content might be due to the hygroscopic nature of pumpkin 
powder and wheat flour and the higher water absorption capacity in the composite 
flour compared to wheat flour. The higher crude fiber in pumpkin cake was contrib-
uted from the highly insoluble dietary fiber which includes cellulose, hemicellulose, 
and lignin in pumpkin flour. The higher ash and β-carotene of pumpkin cake was 
attributed to the high ash and β-carotene content in pumpkin flour [34]. In biscuits, 
the nutritional quality was positively influenced by the incorporation of pumpkin. 
The incorporation of pumpkin increased the protein, crude fiber, calcium, carotene, 

Product Chemical properties Methods References

Ash Dry-ashing [34]

Crude fat Soxleth [33]

Crude fiber Enzymatic [33]

Carbohydrate By difference [33]

Protein Micro-Kjeldahl [33]

Table 2. 
Chemical properties of bakery products and methods for determination.
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and vitamin C of biscuits. This was because those components were found to be in 
higher amounts in pumpkin puree. In addition, wheat flour is considered not a good 
source of carotene and vitamin C [35].

3.3 Sensory properties

Sensory evaluation is a scientific method performed to evoke, measure, analyze, 
and interpret those responses to products as perceived through the senses of smell, 
touch, taste, sight, and hearing [36]. Healthy food has attracted a great attention for 
years. Therefore, many studies have been performed to use healthy ingredients like 
pumpkin to develop new products. Consumers want their food to be healthy, but 
when it comes down to making a buying choice, it is taste that matters most [37]. In 
bakery-enriched pumpkin products, the physical and chemical properties are not the 
only contributor for bakery quality. The sensory properties are also important to con-
tribute to overall bakery quality. Usually, the sensory properties are studied through 
consumer research. Consumer research is important to know the general acceptance 
of consumers to the newly developed product. By this activity, companies or facto-
ries determine consumer liking, preference, and opinions on the newly developed 
products. Finally, this information can be used to decide such as the production and 
marketing of new products, the reformulation of existing product, the acceptance of 
suppliers and processes, and the establishment of quality control specifications [2].

In bread, consumer rated higher on bread with a pumpkin than that of control 
bread. The rated score was 7.3 for bread with pumpkin and 6.7 for the control bread, 
respectively. A bread sample with pumpkin is tastier than a control bread sample [2]. 
It has been reported that the increases in loaf volume of bread with pumpkin were 
accompanied by substantial increases in organoleptic acceptability. It showed an 
essentially linear dependence on the specific volume up to 4.3 ml/g [27].

The use of pumpkin in muffin rated a higher acceptance by consumers. A 5% 
of pumpkin addition was preferred by consumers than that of 10% of addition in 
muffin. The 10% addition of pumpkin powder resulted in a pronounced or strong 
pumpkin flavor, a strong yellowish color, and a dry texture [22].

In cookies, 10% of pumpkin powder had no significant difference in total accep-
tance from that of control cookies. Increased levels of pumpkin powder concurrently 
decreased the consumer acceptance of enriched cookies. In chiffon cake, 20% of 
pumpkin powder resulted in a comparable acceptance to that of control cake. A higher 
level of pumpkin powder produced a cake with a lower acceptance. Interestingly, in 
butter cake, up to 50% of pumpkin powder enrichment had no effect on consumer 
acceptance compared to that of control cake [38].

4. Conclusions

The utilization of pumpkin in various forms significantly impacts the physical, 
chemical, and sensory characteristics of bakery products. Typically, when pumpkin 
is incorporated into bakery items, it leads to a decrease in specific volume, a firmer 
texture, and a darker appearance. However, the enrichment of bakery products with 
pumpkin enhances their nutritional value by adding vitamin C, β-carotene, phenolic 
compounds, minerals, and dietary fiber. Furthermore, the sensory attributes of 
bakery products are strongly influenced by the inclusion of pumpkin, with the extent 
of impact depending on the proportion of pumpkin used in the recipe. In general, 
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bakery products remain acceptable when the pumpkin content does not exceed 20%. 
Consequently, it can be concluded that incorporating pumpkin into bakery products 
is a feasible option, albeit with certain compromises in terms of their physical and 
sensory properties.
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Abstract

Bacterial leaf spot is one of the important diseases of cucurbits affecting almost 
all the cultivated cucurbits worldwide. The disease has been reported to cause huge 
losses to the cucurbits as the symptoms of the disease appear on all plant parts includ-
ing fruits. The disease is favoured by moderate-to-high temperatures and high humid-
ity. The pathogen perpetuates in the seed and infected crop debris. The management 
efforts for the disease are still on and there are reports of its management up to more 
than 50 per cent level under field conditions. No resistant variety to this disease is 
known. However, the disease can be managed by the use of common antibiotics. The 
disease is an emerging disease at international and national level. Keeping in view the 
importance of the disease, the chapter is discussed under following headings such as 
occurrence, losses, symptoms, pathogenicity and host range, cultural studies, molec-
ular characterisation, survival, disease cycle and epidemiology, host resistance and 
management, covering all the important aspects in the light of available literature.

Keywords: Xanthomonas cucurbitae, bacterial leaf spot, cucurbits, symptomatology, 
management

1. Introduction

Family Cucurbitaceae, the second largest family among fruits and vegetables next 
to Solanaceae, contains genetically a diverse group of plants, and several important 
commodity crops in many parts of the world such as cucumber, pumpkin and melon 
[1]. Cucurbits, also known as gourds, consist of hundred genera, most of which are 
edible worldwide [2]. The most important edible plants of the family are Cucumber, 
pumpkin, different types of gourds, melons, squash and zucchini. The Cucurbit fam-
ily is a source of dietary fibre such as β-carotene pro-vitamin A, potassium and vita-
min C [3]. It is also a rich source of phytochemicals such as cucurbitacins, saponins, 
carotenoids, phytosterols, polyphenols and antioxidants [4]. Fruit can be consumed 
ripe (e.g. pumpkin) or unripe (e.g. zucchini), raw (watermelon), cooked (squash) 
or pickled (gherkins) and is a type of berry known as pepo [5]. Also, cucurbits are 
consumed fresh for the purpose of dessert (muskmelon and watermelon), in salad 
(cucumber and long melon), cooked (bottle gourd, bitter gourd, pumpkin, etc.), jam 
(pumpkin) or candied (ash gourd). Pumpkin which is also known by other names 
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such as ‘Sitaphal’, ‘Kashiphal’ or ‘kaddu’ [6] is used in traditional medicine systems 
like antidiabetic, antihypertensive, antitumor, antibacterial, antihypercholesterol-
emia, intestinal antiparasitic and anti-inflammation [7]. Bottle gourd is one of the 
largest produced cucurbit vegetables and is also called calabash gourd, trumpet gourd, 
white-flowered gourd and zucca melon [8]. Bitter gourd has high nutritional value 
due to the presence of ascorbic acid and iron contents [9]. Watermelon flesh is thirst-
quenching, highly nutritious and has vitamins C and A in the form of beta-carotene 
[10]. Luffa (Luffa cylindrica (L.)) is commonly called sponge gourd, loofah, vegetable 
sponge, bath sponge or dishcloth gourd [11]. Cucumber (Cucumis sativus L.) is the 
fourth most important vegetable worldwide [12].

Cucurbits are attacked by number of insects and pathogens. Among these, 
Xanthomonas cucurbitae (Bryan) Dowson or Xanthomonas campestris pv. cucurbitae 
causing bacterial spot is emerging as an important pathogen, which is a menace to 
cucurbits cultivation, especially in case of pumpkin, winter squash and bottle gourd 
and causes huge losses in the crops of up to 90 per cent [13]. About 100 per cent loss 
in yield of pumpkin is also reported [14]. The disease is Nationally and internationally 
important especially in bottle gourd and pumpkin, respectively [15]. This disease is 
also reported as an emerging disease of cucurbits [16].

2. Occurrence

Bacterial leaf spot disease was reported for the first time on Hubbard squash in 
New York in 1926 [17]. The disease has since then been reported in various cucurbits 
[18] like on watermelon from Georgia [19]; pumpkin from the United States [20], 
Reunion Island [21], Nepal [22], and Italy [23] and bottle gourd from India [13]. In 
India, the disease was first reported in 1989 from Bihar on cucumber. After that, 
there has no report of the disease in India till 2011 [13]. A survey was conducted 
in 64 areas including five regions of Himachal Pradesh, India, to reveal disease 
severity in the range of 12.50 to 78.33 per cent in bottle gourd [13]. A similar survey 
was conducted in Illinois, USA, between 2010 and 2011 in pumpkin fields, which 
demonstrated the prevalence of bacterial spots in the field on infected fruits with 25 
per cent disease incidence on an average. The survey in Jammu and Kashmir, India, 
including 27 areas revealed disease severity ranging from 14.5 to 33.4 per cent [24]. 
Bacterial leaf spot was also recorded to be a predominant disease in 60 per cent of 
fields of pumpkin surveyed on Caribbean Island with 30 per cent disease incidence 
in the rainy season [25].

3. Losses

Xanthomonas cucurbitae has been reported to cause significant losses in cucurbits 
throughout the world. X. cucurbitae is prevalent during warm and humid conditions 
on different cucurbits. This pathogen can reduce the yield of the crop by up to 90 
per cent by causing severe infection of foliage as well as fruit. Yield losses of up to 20 
per cent have been observed in highly susceptible cultivars with the disease severity 
sometimes reaching up to 50–60 per cent during storage [26]. Ninety per cent yield 
loss has been reported in pumpkin fields in Illinois. [27] Bacterial leaf spot caused 
by X. cucurbitae is an important disease of cucurbits leading to huge crop losses 
especially to bottle gourd, pumpkin and squashes in sub-tropical zone of Himachal 
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Pradesh, India [28]. In the case of bottle gourd, 10 to 70 per cent yield losses have 
been reported in Himachal Pradesh, India by, Jarial et al. [13]. The disease causes great 
havoc in pumpkin fields leading to up to 90 per cent yield loss [29]. It has also been 
reported from the pumpkin fields of Canada leading to 60 per cent yield losses [30].

4. Symptomatology

The disease has been reported to be prevalent on leaves and fruits of different 
cucurbits, such as watermelon, pumpkin, bottle gourd, cucumber and squashes. The 
symptoms of this malady have been described by various researchers on different 
crops. On Hubbard squash, the bacterial leaf spot was described to be mostly pres-
ent on the lower surface of leaves [23]. These small water-soaked areas pierce the 
upper surface of the leaves as ill-defined yellow spots. These spots seem to grow in 
size to form a definite round spot of about 6 or 7 mm in width, even though they are 
restricted by veins, with a bright yellow halo prominent on the upper surface of the 
leaf. The lower surface of the leaf, however, shows spots with water-soaked margins 
or have no evident distinction. The bacterium has been known to enter through 
the stomata on leaves. As the infection spreads, large dead areas are produced by 
the coalescence, but these dead tissues do not drop out. Stems of young plants of the 
summer squashes have also been seen to be attacked by the pathogen. These young 
plants usually succumb to the injury caused to the growing points of the plant when it 
is infected. The symptoms of the disease on winter squash (Cucurbita moschata) [31] 
include fruit surface having circular water-soaked spots of 3 to 6 mm in width. These 
spots are somewhat sunken with the presence of sticky golden exudates.

These marks enlarge and became angular on ageing. Transverse section of the 
spot showed bacteria oozing out of the cut surface. It was later established that the 
symptoms on cucumber resemble that of angular leaf spots in features such as vein 
constraints, water-soaked spots on leaves with or in the absence of yellow halo and 
water-soaked injuries on fruits which may be deformed. The water-soaked spots on 
the leaves expand bit by bit to be later confined by the secondary veins [32].

On watermelon (Citrullus lanatus) leaves, the bacterium gives rise to angular and 
water-soaked spots with a chlorotic halo, which often becomes necrotic [21]. Along 
with this, scab-like lesions were also observed on fruits [20].

In case of bottle gourd, the disease appears on almost all plant parts of the crop [13]. 
Initially, small marginal chlorotic spots are formed on the margins of the leaves of any 
age group, which later merge and enlarge towards the centre of the leaf. In the later 
stages, these chlorotic spots convert into dead brown necrotic lesions and may cover 
the entire leaf lamina. These necrotic lesions do not drop as in the case of angular 
leaf spots. As the disease progresses, symptoms in the form of necrotic lesions may 
be seen developing on other plant parts such as stem/vine, tendrils and floral parts. 
In extreme cases, amber-coloured bacterial ooze is seen splitting the vine in two. In 
case of an attack on female flowers of the crop, the stigma and ovary rot, resulting 
in no fruit formation. On young fruits, the symptoms appear as water-soaked spots, 
which later lead to rotting of the entire fruit. On mature bottle gourd fruit, faint spots 
are visible, which later split to release amber-coloured bacterial ooze. Small, dark 
and angular lesions were observed on bottle gourd leaves, while the skin of the fruit 
showed soft, water-soaked dark green spots, which later changed into watery soft rot.

On pumpkin [26] foremost symptoms observed were small dark brown spots 
on the cotyledons itself. The margins of leaves of adult plants show chlorosis and 
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necrotic spots, which later coalesce and finally give a dead brown colour appearance 
to the leaves. The necrotic areas on leaves do not fall, unlike angular leaf spots. The 
characteristic lesions on fruits begin with small oily, slightly depressed spots with 
a yellow border. The disease is also occasionally seen on stems along with fruits. In 
damp weather, amber-coloured ooze can be seen on the fruits. Lesions on pumpkin 
fruits have been described as scab-like [22]. On the foliage, water-soaked lesions are 
seen, which later turn brown with a prominent yellow halo. On enlarging, the lesions 
are observed to be limited by the veins, becoming angular. Pumpkin leaves develop 
small (1–2 mm) lesions, with indefinite yellow edges that may merge to form bigger 
necrotic areas usually on the leaf edges [17]. On pumpkin fruits, the appearance and 
types of symptoms may vary depending upon rind maturity and the presence of 
moisture. Initial lesions on fruits are small, sunken and circular spots ranging from 
1/6 to 1/4 inch in diameter. These have a beige centre with dark brown halo. Later, the 
cuticle and epidermis break and the abrasion grows in size to be 1/2 inch in diameter. 
These huge lesions have a scab-like appearance and give rise to tan-coloured blisters. 
Bacterial leaf spot symptoms may develop on foliage as well as fruit. Small, round 
water-soaked symptoms can be seen on the underside of the leaves [33]. The corre-
sponding upper surface of the leaf soon develops a yellow spot that later turns brown 
with a distinguished yellow halo. The leaf lesions usually remain small or may increase 
to about 7 mm in width. As they grow, they become angular, due to the constric-
tions offered by leaf veins. Another study outlined pumpkin lesions to have 1–4 mm 
irregular tan lesions with a yellow halo, while the matured ones displayed 1–4 mm 
tan-coloured sunken spots with dark brown borders, which later developed into severe 
soft rot [30]. Three different types of lesions were described on leaves of pumpkins 
based on the variation in colour and size. These ranged from small brown necrotic 
spots (1 mm) on leaves to angular spots (1–4 mm), with brown halo and beige centres. 
Small (1 mm), numerous, angular, tan-coloured necrotic spots on the leaves fall under 
Type 1 lesions. Spots with a beige centre and brown halo with an estimated size of 
1–4 mm fall under Type 2 lesion category. Translucent angular spots with chlorotic 
halo, which are few in number on the leaf and measure up to 4 to 8 mm in diameter, 
fall under Type 3 lesions. Lesions on pumpkin, winter squash and gourd leaves are 
small up to 1.7 mm initially and enlarge to 1.7–3.81 mm in size [29]. Similarly, the 
circular spots on fruits are observed to be 1–2.5 mm initially, which enlarge to about 
15.24 mm in diameter. In another study, symptoms on both upper and lower surfaces 
of the leaves were noticed but not on the fruit [25]. Lesions on the leaves are small, 
marginally sunken round spots with a beige centre and dark brown halo. On fruits, 
small, earthy-coloured spots appear, which later turn into necrotic spots attacked by 
saprophytes ultimately leading to fruit rot. On leaves, chlorotic spots were seen after 
rain storms in July, which later turned necrotic and coalesced (Figure 1) [23].

5. Causal organism

Bacterial spot of cucurbits is caused by Xanthomonas cucurbitae (ex. Bryan) 
Vauterin et al., 1995. Initially, this bacterium was named as Bacterium cucurbitae 
Bryan, Phytomonas cucurbitae (Bryan) Bergey et al., Pseudomonas cucurbitae 
(Bryan) Stapp, Xanthomonas cucurbitae (Bryan) Dowson, Xanthomonas campes-
tris pv. cucurbitae (Bryan) Dye and is internally seed-borne in nature [34]. Gram 
staining test shows that bacterium is Gram-negative. Also, other tests show that it 
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is oxidase-negative and indole-negative, hydrolyses starch and esculin and forms 
pits on crystal violet pectate and carboxymethyl cellulose media [19]. Bacteria are 
rod-shaped and colonies are mucoid, circular, smooth textured, convex and glisten-
ing with entire margins and yellow in colour having a diameter of about 3–4 mm on 
nutrient agar medium. This bacterium hydrolyses esculin, which is clear from the 
blackening of esculin medium within 4 days of inoculation, digests protein which is 
confirmed as appearance of clear solution within 10 days of inoculation and liquefies 
gelatin as indicated by the appearance of a clear zone around bacterial growth [13].

6. Pathogenicity and host range

The disease is found and reported on many cucurbits throughout the world after 
its initial discovery [35]. Concentration of 105 to 108 cfu/ml induces diseases in dif-
ferent cucurbit hosts [28]. Incubation period of 3 to 5 days and 5 to 8 days has been 
reported on inoculated leaves and fruits, respectively, in the case of bottle gourd, 
cucumber, pumpkin and squash plants [13], while in inoculated leaves of pumpkin 
plants have been reported in 10 days [30]. Symptoms appear two days later on fruits 
in comparison to leaves [13]. T3SS helps to overcome host immunity to suppress 
MAMPs [36] and to manipulate host genes for infection [37].

Figure 1. 
Symptoms of Xanthomonas cucurbitae on different host: (a) leaf, (b) twig, (c) flower, (d) stem and (e,f,g) fruit 
of bottle gourd. (h) Bacterial spot infected field area (i) leaves of sponge gourd (J,k) leaves and fruit of pumpkin.
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7. Cultural studies

Cultural characteristics of bacterium were studied first by Bryan [17]. He 
described the bacterium as a short, rod-shaped, 0.5 to 1.3 × 0.45 to 0.6 μ in diameter 
with polar flagellum occurring singly in pairs or in short chains. Bacterium is non-
acid fast staining, non spore producing and Gram negative. Colony characters are 
yellow and opalescent on beef agar. Minimum, maximum and optimum temperatures 
were found to be 4–6, 34–36, and 24–30°C, respectively, and a pH of 6.5 to 7 has 
been reported for colony development of X. cucurbitae isolates. [38]. For growth of 
bacteria, an optimum temperature range of 25 to 30°C and pH range of 6–7 has been 
reported in case of bottle gourd and pumpkin [28]. Regarding media, Yeast extract 
calcium carbonate broth has been reported the best followed by nutrient glucose 
broth for both bottle gourd and pumpkin while nutrient sodium chloride broth is for 
bottle gourd only [28]. As far as host range of the pathogen is concerned, the disease 
has been observed on almost all cucurbits including pumpkin, bottle gourd, cucum-
ber, bitter gourd, sponge gourd, watermelon and other melons.

8. Molecular characterisation

Species identification was confirmed by using primers RST2 (5′AGGCCCT 
GGAAGGTGCCCTGGA3′) and RST3 (5′ATCGCACTGCGTACCGCGCGCGA3′)  
in PCR resulting in 1500 bp band. Identification of the pathogen was also identi-
fied by using the same primers resulting in 840-bp band. Also, amplification and 
sequencing of 16s rRNA gene resulted in 98 to 99 per cent similarity to X. cucurbitae 
accessions in GenBank [19]. Amplification of hrpD gene of X. cucurbitae in leaf spot 
disease of pumpkin was successfully carried out in isolates of X. cucurbitae [38]. PCR 
of X. cucurbitae with same primers resulted in 1.4 kb amplicon and gyrB rpoD fyuA 
dnaK resulted in isolate identity [23]. Genome sequencing and functional characteri-
sation of cucurbitae studies lead to the first reference-quality whole-genome sequence 
of the X. cucurbitae, which isolates and showed that for infection in Pumpkin, both 
type II enzymes and type III effectors are necessary for infection [35].

9. Survival disease cycle and epidemiology

X. cucurbitae is internally seed borne [34], but exact location of the bacterium 
in the seed has not been located [27]. It has also been reported to survive on infected 
crop debris [33]. Fifty-three per cent of seed lots collected from pumpkin fields in 
Illinois were infected with X. cucurbitae [39]. The pathogen has been subsequently 
isolated from kernels and shells of naturally infected seeds. It also survives in 
infected leaves and fruit tissues of pumpkin for up to 24 months [40]. Pathogen is 
also known to survive in seed for more than 26 months at 4°C [41] and has been 
isolated from infected seeds even after 2 years of storage [42]. Much work has 
not been done on X. cucurbitae as yet, but available literature on other species of 
Xanthomonas reveals that seed is the most common method of survival for different 
Xanthomonas species.

The bacteria spread very rapidly in fields via rain splash in the soil. Fruit infection 
occurs through a natural opening or wound in young fruits prior to the development 
of a thick, waxy cuticle. Leaf infection, however, does not result in plant death of 
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pumpkin, but likely plays a role in providing inoculum for fruit infection, as leaf 
infection occurs before fruit development. Therefore, control of leaf infection by X. 
cucurbitae may reduce fruit infection [20]. Long distance dispersal of pathogens is 
believed to be by contaminated seeds [34].

Disease development of bacterial spots of cucurbits occurs at temperatures 
ranging from 25–35°C and the pathogen stops spreading above 35°C [43]. The disease 
is favoured by warm humid weather and frequent rainfall [17, 42]. Temperatures 
between 25 and30°C with 90 per cent relative air humidity are favourable conditions 
for disease development [34]. Disease incidence reaches its peak at the end of July and 
the beginning of August [44].

Bacterial spots of cucurbits are affected by various epidemiological factors viz., 
inoculation method, sowing of plant and plant age, which ultimately affect the 
initiation and development of infection. Among various methods of inoculation with 
isolates of the pathogen, syringe method of inoculation resulted in a minimum incu-
bation period (2.33 and 3.33 days) and maximum disease severity (46.33 and 37.97%) 
in both bottle gourd and pumpkin, respectively, followed by pinprick method of 
inoculation. It was found that disease severity decreased with a delay in date of sow-
ing from mid-May to the end of June (27th June) or mid-July (17th July) in pumpkin 
and bottle gourd [21]. A high disease severity was recorded in early sown (17 May and 
7 June) crops [44]. Development of bacterial spots of bottle gourd and pumpkin was 
favoured by temperatures ranging between 30 and 35°C and relative humidity more 
than 80 per cent [21]. The plants of bottle gourd and pumpkin at the age of 10, 20 and 
30 days were more susceptible to infection as compared to the older plants (40, 50 
and 60 days old), which exhibited the presence of adult plant resistance in both the 
crops against X. cucurbitae [21]. It has been found that disease intensity continuously 
increases during vegetative phase and reaches its peak at the end of July or beginning 
of August [34]. Maximum temperature of 33.5°C and 85 per cent RH resulted in the 
increased disease intensity of bacterial spot of bottle gourd [32].

10. Host resistance

No X. cucurbitae-resistant cultivars have been identified to date. However, adult 
plant resistance, an enigmatic phenomenon in which resistance genes confer robust 
resistance at maturity but ineffective at seedling stage of plant [15], has been reported 
in two cultivars of cucumber viz., collection 72–10 and Japanese Long Green which 
are moderately resistant against X. cucurbitae [36]. According to Babadoost, no 
cucurbit cultivar resistant to X. cucurbitae has been found yet [35]. Similar observa-
tions have been documented by Jarial et al. in case of bottle gourd where six different 
genotypes/varieties were observed for disease development and all were found to 
exhibit susceptible reactions towards the disease [45].

11. Management

Successful management of the disease needs integrated disease management to 
keep the disease below the economic threshold [46]. Several workers have mentioned 
various methods for disease management in affected regions of the world including 
cultural, seed treatments and foliar sprays. Crop rotation with non-cucurbitaceous 
crops for 2 years or more will decrease the disease levels [47]. Avoidance of overhead 
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irrigation and working in fields when plants are wet (morning dew or after rain) 
reduces the bacterial spread from diseased to healthy plants [37]. Since the pathogen 
is seed-borne, disease management initiates with the use of pathogen-free seed [33]. 
Out of the various chemicals evaluated as seed treatments or foliar sprays against the 
pathogen, it was found that streptocycline, mancozeb, copper oxychloride, zineb and 
Bordeaux mixture were effective against the bacterium under in vitro experiments 
[16]. A seed dip treatment in a combination of streptocycline (100 ppm) plus copper 
oxychloride (3000 ppm) for 3.0 h has been reported to be quite effective in eliminat-
ing the bacterium from naturally infected seed [48].

Frequent foliar application of preventive sprays can help decrease bacterial spread 
in the field to some extent [37]. It has been reported that eight foliar sprays of chemi-
cals such as plantomycin, paushamycin, streptocycline, Ceresan wet (phenyl mercury 
acetate), Blitox 50 (copper oxychloride) and captan were quite effective in managing 
the disease [39]. A management strategy comprising seed treatment with streptocy-
cline (0.01%) plus copper oxychloride (0.3%) and four foliar sprays of the same com-
bination at 10 days interval along with the removal of diseased plant parts regularly 
during the cropping season is a useful strategy against bacterial spot of bottle gourd 
[45]. In the field trials, copper oxychloride + copper hydroxide (Badge X2 DF), cop-
per sulphate (Cuprofix Ultra 40 DF), oxytetracycline (Mycoshield 40 WSP), copper 
sulfate pentahydrate (Phyton-016B), copper hydroxide (Kocide-3000 46.1 DF) plus 
acibenzolar-s-methyl (ActiGard 50 WG), Kocide-3000 46.1 DF plus famoxadone + 
cymoxanil (Tanos 50D WG), an extract from Reynoutria sachalinensis (Regalia) and 
B. subtilis (Serenade ASO) were more effective in reducing incidence and severity 
of bacterial spot on both leaves and fruit compared to controls [48]. These chemical 
compounds or biocontrol agents may be used in combination with other methods to 
manage X. cucurbitae in pumpkins. It was found that a chemical combination com-
prising streptocycline (100 ppm) + captan (2500 ppm) proved effective in controlling 
the pathogen and disease both under in vitro and pot house conditions [49].

12. Conclusions

The gourd family or Cucurbitaceae is the second largest family among fruits and 
vegetables next to Solanaceae and contains edible crops such as cucumber, pumpkin 
and melon. Bacterial leaf spot is caused by X. cucurbitae and was reported for the first 
time on Hubbard squash in New York in 1926. Initially, the bacterium was named 
Bacterium cucurbitae by Bryan, later Phytomonas cucurbitae (Bryan) Bergey et al., 
Pseudomonas cucurbitae (Bryan) Stapp, Xanthomonas cucurbitae (Bryan) Dowson, 
Xanthomonas campestris pv. cucurbitae (Bryan) Dye. It is one of the most important 
diseases of cucurbits such as watermelon, pumpkin, bottle gourd, cucumber and 
squashes in the world and leads to huge losses of up to 100 per cent. The disease has 
been reported to be prevalent on leaves and fruits of different cucurbits, such as 
watermelon, pumpkin, bottle gourd, cucumber and squashes. The bacterium has 
been known to enter through the stomata on leaves. As the infection spreads, large 
dead areas are produced by the coalescence, but these dead tissues do not drop out. 
Stems of young plants of the summer squashes have also been seen to be attacked by 
the pathogen. These young plants usually succumb to the injury caused to the grow-
ing points of the plant when it is infected. This disease is favoured by warm humid 
weather and frequent rainfall. Bacteria is Gram negative, rod shaped. Colonies are 
yellow, mucoid, circular, smooth textured, convex and entire margins are glistening 
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with diameter of about 3–4 mm diameter, oxidase-negative, indole-negative; hydro-
lyzes starch and esculin and forms pits on crystal violet pectate and carboxymethyl 
cellulose media. Minimum, maximum and optimum temperatures were found to 
be 4–6, 34–36, and 24–30°C, respectively, and a pH of 6.5 to 7 has been reported for 
colony development of X. cucurbitae isolates. Pathogen is internally seed-borne and 
also perpetuates in infected crop debris. Pathogen is also known to survive in seed 
for more than 26 months at 4°C and has been isolated from infected seeds even after 
2 years of storage. Much work has not been done on X. cucurbitae as yet, but avail-
able literature on other species of Xanthomonas reveals that seed is the most common 
method of survival for different Xanthomonas species. No X. cucurbitae-resistant 
cultivars have been identified to date. Since the pathogen is seed-borne, disease 
management initiates with the use of pathogen-free seed. Crop rotation with non-
cucurbitaceous crops for 2 years or more will decrease the disease levels. However, 
Streptocycline reduces the disease severity up to some extent in the field. Current 
research is being conducted on molecular characterisation of different isolates and 
possible management strategies along with antibiotics.
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Abstract

Biological control of plant diseases is an important component of disease management, 
particularly in the today’s’ world of environmental consciousness and awareness. It 
is particularly preferred method of disease management under organic production 
system. Biological control is successful in almost all the crops against a number of 
diseases but soil borne diseases are most responsive to bio-control methods. The agents 
of biological control, known as bio-control agents (BCAs) belong to a vast group 
of micro-organisms, particularly fungi (Trichoderma, Ampelomyces, etc), bacteria 
(Pseudomonas, Bacillus, etc) and actinomycetes. Bottle gourd is an important vegetable 
crop belonging to the family Cucurbitaceae. It suffers from a number of diseases like 
anthracnose, powdery mildew, downy mildew, wilt, etc. The present review shall be an 
attempt to review the biological control of the major diseases of bottle gourd.
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1. Introduction

Fungicides have been used for the management of plant diseases, since the time man 
became interested in diseases of plants, besides invoking gods for protecting them from 
the wrath of diseases. However, the dawn of century saw an increasing awareness and 
consciousness relating to the adverse effects of these chemicals, particularly towards 
our environment. As a result there is advanced advocacy against the use of fungicides 
and search for alternative ways of disease management. Resistance to plant diseases is 
the most preferred way but most of the times not practical due to obvious and inherent 
reasons of disease resistance. Cultural practices have also been used since times imme-
morial, often times without the active consciousness of the producer. However, relying 
on cultural practices alone is not feasible. More so in case of diseases with compound 
interest type of growth. Biological control has immense potential to be used as viable 
and alternative disease management strategy and it can be blended well with the inte-
grated disease management capsules [1–5]. Biological control has proved very effective 
in disease management, more so of soil borne diseases [6–9], diseases of fruits [10–12], 
foliar diseases [13–18] as well as nematode diseases [14, 19, 20], besides innumerable 
other crop diseases and the list is growing day by day.
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Bottle gourd is an important crop grown all over the world for its culinary and 
medicinal properties [21]. However, it is affected by a number of diseases like anthrac-
nose, downy mildew, powdery mildew, bacterial leaf spot, mosaic, etc., all of which lead 
to severe constraints in yield and reduction in the realization of full genetic potential. 
Management has been attempted through use of chemicals [22–25], plant extracts [26, 27], 
resistance [28–30] or integrated disease management [31–34]. However, in the recent past 
focus has shifted on the biological control of plant diseases and bottle gourd is no excep-
tion. In some cases, remarkable success has been obtained through the use of biocontrol 
agents, while in some cases triumphs have been restricted to lab studies. Following is an 
attempt to review biological control of diseases of bottle gourd in the last few decades.

2. Fungi as biocontrol agents of diseases of bottle gourd

A number of fungi have been used efficiently against different diseases of bottle 
gourd. Most commonly used fungi are different species of Trichoderma. These fungi 
have versatile nature, are easy to isolate from native soils and can easily be cultured, 
as a result of which many studies have focused on use of Trichoderma as bio-control 
agents. Also, most of the Trichoderma spp. employ diverse mechanisms for disease 
control like mycoparasitism, competition antibiosis, as well as induction of systemic 
resistance [35, 36].

T. harzianum reduced the mycelial growth of Fusarium moniliforme, the causal 
agent of bottle gourd wilt [37]. Although most of the microbial antagonists viz., 
Trichoderma harzianum, T. viride, Gliocladium virens, Bacillus subtilis and Stachybotrys 
atra significantly reduced seedling mortality and root rot infection of F. oxysporum in 
bottle gourd and cucumber, T. harzianum was found most effective [38]. In Gujarat, 
India, the isolate of T. viride (Sardarkrushinagar) was most effective against F. oxys-
porum followed by y T. harzianum (Junagadh), viride (Junagadh), T. viride (Navsari), 
Bacillus subtilis (Sardarkrushinagar) and Pseudomonas fluorescens (Sardarkrushinagar) 
[39]. Besides being healthy and free from wilt symptoms, the pathogen quantum 
inside the host and soil was reduced in bottle gourd seedlings raised from antagonist 
coated seeds [40]. Besides Trichoderma, Penicillium citrinum and Aspergillus flavus 
appear to effectively reduce mycelial growth of F. solani [41].

The causal organism of anthracnose of bottle gourd, viz. Colletotrichum lage-
narium was inhibited by T. viride [42].

T. hamatum was found more promising than T. harzianum, although both inhib-
ited the growth and sporulation of Alternaria alternata, the causal organism of black 
rot of bottle gourd [43].

Chatur and Anil (2014) reported that seed treatment and soil application of 
Trichoderma harzianum and T. viride were effective for the management of gummy 
stem blight and these treatments also increased fruit yields [44]. Patel et al. (2017) 
reported similar results against the same disease using same bio-agents and reported 
that next in order were Bacillus subtilis and Pseudomonas fluorescence [45]. Soil applica-
tion of spent mushroom substrate enriched with T. harzianum significantly increased 
yield and simultaneously decreased disease incidence of gummosis [46]. Gliocladium 
virens was found most effective in reduction of seed and root infection caused by 
Lasiodiplodia theobromae, whereas, B. subtilis helped in the reduction of seed and 
seedling infection of bottle gourd under in vitro conditions [47].

Seed priming by aqueous solutions of culture filtrates of Trichoderma can 
be used for vegetable seed treatment, including bottle gourd, for controlling 
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seed-borne fungal infection [48]. Seed treatment with T. harzianum resulted in the 
induction of systemic resistance [49]. Besides, Trichoderma increases the germina-
tion percentage of treated seeds [50]. As a result of these studies, it has been recom-
mended that seed treatment with Trichoderma, may be included in the IPM schedule 
to increase the net return of farmers [51]. Trichoderma enriched bio-fertilizers 
promote crop cultivation of bottle gourd with subsequent reduction in the usage of 
nitrogen fertilizers [52].

The fungus Paecilomyces lilacinus had better rate of success against second stage 
juveniles of root knot nematode infesting bottle gourd than either Trichoderma or 
Pseudomonas [53]. Tricho-compost was effective in reducing the root knot severity 
and increasing plant growth and yield of bottle gourd [54].

3. Bacteria as biocontrol agents of diseases of bottle gourd

In Japan, the root systems of an associate crop of welsh onion or Chinese chive 
were dipped in broth cultures of Pseudomonas gladioli and then bottle gourd was 
mixed cropped with the associate crop. It was observed that by this treatment, the 
occurrence of Fusarium wilt was suppressed to a large extent [55].

Pseudomonas fluorescens as foliar spray has been used for the management of 
Alternaria leaf blight of bottle gourd [24]. Along with some other fungal biocontrol 
agents, particularly Trichoderma, bacterial biocontrol agents like Bacillus subtilis con-
trolled the pre- and post-emergence infection of Lasiodiplodia theobromae in seedlings 
of bottle gourd under both in vitro and in vivo conditions [47]. In another experiment 
on the efficacy of biocontrol agents against gummy stem blight of bottle gourd, it was 
found that although the bacterial biocontrol agents were not much effective against 
the disease, but treatment with Bacillus subtilis and Pseudomonas fluorescens did 
increase the fruit yield over control [45]. Combined treatment of bottle gourd with 
carbendazim (seed treatment), mancozeb (foliar spray) and Pseudomonas fluorescens 
(foliar spray) resulted in minimum disease incidence and minimum disease severity 
of Alternaria blight with maximum disease control [24].

A study by Rani et al. (2022) revealed that bacteria like Bacillus amyloquefaciens, 
B. megaterium, P. fluorescens, and P. putida, could be used for the management of root 
knot nematode both under in vivo and in vitro conditions [56]. Seed treatment with 
Bacillus subtilis reslted in the reduction of seed borne fungi of vegetable seeds includ-
ing bottle gourd [57]. Pseudomonas fluorescens was the second best bioagent after 
Paecilomyces lilacinus for causing the most mortality of second stage juveniles of root 
knot nematodes [53].

4. Mechanism of biocontrol

The biocontrol agents utilize a variety of mechanisms for reducing the pathogen 
populations and promote plant growth. The general mechanisms of biocontrol agents 
have been reviewed by a number of scientists [58, 59]. Most of the mechanisms can be 
categorized as (a) antibiosis, (b) competition for food and space, (c) hyperparasitism 
or mycoparasitism, (d) cell wall degrading enzymes and (e) induction of systemic 
resistance. The mechanisms of action of BCAs have been demonstrated using micro-
biological, microscopic and biochemical techniques. In the recent past, development 
and use of molecular techniques have yielded significant results [60].
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In some cases, biocontrol efficacy can be increased by the use of more than one 
biocontrol agent with more than one mode of action. An example of this situation is 
the use of a yeast (Pichia guilermondii) which caused inhibition of conidial germina-
tion of Botrytis cinerea, and the bacteria (Bacillus mycoides) that caused breakdown and 
destruction of conidia [61]. However, we have to tread this path with caution because it 
has been found that in combined use of BCAs, antagonistic interactions among BCAs 
are more likely to occur than synergistic interactions [62]. For example, it has been 
found that DAPG from Pseudomonas fluorescens strains enhanced nag1 N-acetyl-β-d-
glucosaminidase, but not ech42 endochitinase expression, whereas an unknown sub-
stance from P. fluorescens CHA0 repressed expression of both Trichoderma chitinases [63].

The production of plant growth promoting metabolites as well as antagonistic 
potential of different BCAs varies with respect to disease control of bottle gourd is 
expected. Kotasthane et al. (2015) found that the production of metabolites in 20 
different isolates of Trichoderma did not corelate with enhanced growth on cucumber, 
bottle gourd and bitter gourd [64]. The isolate viz. T. viride isolate (T14) was identi-
fied as highest producer of inorganic phosphate, IAA and siderophore and exhibited 
high antagonistic and plant growth promoting ability. T. harzianum strain T-A66 pro-
moted growth of bitter gourd and induced disease resistance to Fusarium oxysporum 
by inducing quick H2O2 burst and callose deposition, as well as increasing antioxidant 
enzyme activities and phenolic compounds content [65]. Munir et al. (2019) dem-
onstrated the inhibitory role of chitinolytic enzyme extracts of Trichoderma against 
fungal pathogens of bottle gourd, whereas, Shah et al., showed the inhibitory effect of 
various Trichoderma isolates on the mycelia of pathogens of bottle gourd [66, 67].

In another study on powdery mildew of Cucurbitaceae, it was found that the 
antagonistic strain of Bacillus subtilis confers protection against cucurbit powdery 
mildew by the production of reactive oxygen species and cell wall reinforcement 
and by activation of jasmonate and salicylic dependent responses [68]. The scanning 
electron micrographs revealed that the antagonistic bacteria colonized the leaves by 
forming orderly microcolonies following epidermal cell junctions and were closely 
attached to Podosphaera fusca conidia and hyphae resulting in the collapse of latter 
[69]. The lipopeptides produced by B. subtilis are also able to reduce the disease by 
arresting conidial germination, probably due to induction of cytological alterations 
[70]. Similarly, the epiphytic yeast Pseudozyma aphidis proliferated on the infected 
tissue and its long hyphae parasitized the powdery mildew hyphae and spores as an 
ectoparasite, besides producing antibiotics [71].

Ongena et al. (1999) suggested that antifungal compounds induced by inoculation 
of cucumber roots with fluorescent Pseudomonas sytrains protected the cucumber 
plants against Pythium aphanidermatum and siderophores or antibiosis had minimal 
role in protection against disease [72].

In case of bacterial diseases compounds like iturin like lipopeptides have been 
found to be of considerable importance. The antibacterial activity is absent in iturin 
deficient mutants. Fluoresence and transmission electron microscopic studies have 
revealed that these compounds are cytotoxic to the bacterial plasma membrane [73]. 
Iturins have also been implicated in the antagonism of B. subtilis towards P. fusca [74].

5. Conclusion

Biological control has minimized the safety concerns regrading chemical fungi-
cides and pesticides. Bio-control agents do not leave harmful residues in soil, are long 
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lasting, environment friendly and self-sustaining in the long run. The problem of 
disease resistance is minimized and most of the biocontrol agents have plant growth 
promoting properties as well. However, they can be less effective than chemicals, 
particularly when time has to be taken into consideration. Although biological control 
proves to be cheaper in the long run, the initial investment and startup production 
costs limits its Commercialization and formulation of successful biocontrol agents 
pose another problem. There is the problem of culturing biocontrol agents in large 
quantities. They cannot be stored for long periods of time and hence have low shelf 
life. Moreover, there is very little evidence that biological control in itself is sufficient 
for practical management of plant diseases. In most of the cases, biological control 
needs to be integrated with other methods of disease control for effective manage-
ment of diseases. It also has to be planned well in advance and is not efficient strategy 
for mitigation of emergencies like outbreaks of blights where the disease progresses at 
an exponential rate.

Biological control is the latest and most interesting strategy that is being used in 
the management of diseases of plants including bottle gourd. However, at present 
very little literature is available on the biological control of different diseases of bottle 
gourd and the work on plant growth promoting microbes is scantier. The need of the 
hour is to accelerate work on this aspect and search for BCAs with excellent biocontrol 
potential against maximum diseases of bottle gourd with bio-stimulatory action as 
well. These microbes need to be formulated and commercialized for the benefit of 
mankind in general and farmers in particular.

© 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. 
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Chapter 5

Fruit Cracking in Melon
Lija Maryomana and Salmabeevi Suhara Beevy

Abstract

Melon (Cucumis melo L.) is an economically profitable crop in temperate and tropical 
regions. Melons vary in shape, size, and skin texture; they are classified under dif-
ferent varieties. Fruit cracking is a general problem of melon fruit grown worldwide. 
This physiological disorder intensively affects the production and marketable value 
of fruits. Studies revealed that fruit cracking causes a 70% loss in the economy of the 
melon fruit industry. The cracking becomes more visible when the fruits reach matu-
rity; no single factor is known to prevent it effectively. The severity of fruit cracking 
depends on the nature of the variety, climate zone, where the variety is grown, fruit 
growing patterns, and cultural practices. It has also been linked to improper irriga-
tion, environmental factors, and nutritional deficiencies, particularly boron, calcium, 
zinc, and potassium. Horticultural practices, such as spraying growth promoters, 
micronutrients, antitranspirant, and regular drip irrigation with mulching, have been 
recommended to avoid fruit cracking in melon. Although fruit cracking is a significant 
economic risk, research on its cause and management in melon is limited compared 
to other fruit crops. Hence, the present chapter summarizes the underlying causes of 
melon fruit cracking and potential control strategies to reduce melon fruit cracking.

Keywords: Cucumis melo, fruit cracking, physiological disorder, nutrient deficiency, 
morphological characters

1. Introduction

Melon (Cucumis melo L.), a major cucurbit cultivated around the world, exhibits sig-
nificant morphological, physiological, and molecular variations at the cultivar subgroup 
level [1–3]. Considering the most significant character, i.e., ovary harness, that distin-
guishes the taxa, the species Cucumis melo is divided into subspecies Cucumis melo ssp. 
melo and Cucumis melo ssp. agrestis at the intraspecific level [4–6]. This subspecies was 
further classified into different botanical groups or variants, resulting in quadrinomial 
nomenclature (e.g., Cucumis melo ssp. agrestis var. momordica) [7] as per the studies done 
by Hammer et al.; Pitrat et al., Pandey and Anju [8–10] five melon types are included 
under Cucumis melo ssp. Agrestis, while 12 botanical variants are enlisted in Cucumis melo 
ssp melo. The intraspecific classification of melon varieties is depicted in Figure 1 [11].

Melon cracking is a physiopathy that causes both internal and external changes 
in the fruit by disrupting the water balance and nutrient homeostasis. Fruit cracking 
occurs naturally at the end of fruit development, just after ripening and before seed 
dispersal [12]. It is a physiological disorder that affects the exocarp and mesocarp and 
can be distinguished from epidermis cracking, which is more superficial and includes the 
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cuticle and epidermal tissue [13]. Deeper cracking is distinguished by an opening to the 
pulp’s interior, known as splitting [14, 15]. The fruit rind is pertinent for crack resistance, 
portability, storability, and quality during storage (shelf-life quality) [16]. Thin-rind 
varieties, such as var. momordica, var. conomon, and var. hami, are more prone to cracking 
and causing more damage during transportation or retail display. As part of the dehiscent 
mechanism, climacteric varieties are predisposed to blossom end cracking [17].

Fruit cracking may be caused by high evapotranspiration, low relative air humid-
ity (R.H.), water imbalance, and sharp temperature fluctuations during fruit growth 
and development [18]. It has also been linked to improper irrigation, environmental 
factors, and nutritional deficiencies, particularly boron, calcium, zinc, and potash 
[19, 20]. When the fruits reach maturity, the cracking becomes more visible [21, 22]. 
Several horticultural practices, such as spraying growth promoters, micronutrients, 
antitranspirants, and regular drip irrigation and mulching, have been recommended 
for fruit cracking management [23].

This book chapter reviews the research and information on fruit cracking, an 
essential physiological disorder of melon varieties, in terms of different patterns of 
cracking, factors associated with it, and management practices to control its intensity.

Figure 1. 
Intraspecific classification of Cucumis melo.
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Figure 2. 
(A) Pattern of fruit cracking in Indian snapmelon. (B) Fruit cracking in culinary melon and water melon.
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2. Patterns of melon fruit cracking

Cracking is a notable disorder that can result in significant losses of marketable yield 
and revenue in the fruit industry. Variations can also be seen in the cracking pattern. 
Longitudinal cracking, burst cracking, ring or concentric cracking, crazing or russet-
ing, star or radial cracking, and core failure are the different types of fruit cracking 
in melon. Snap melon has a wide variety of cracking patterns (Figure 2a and b) [24]. 
Melon fruit cracking or splitting around the distal (blossom-end) is thought to be a seed 
dispersal mechanism associated with post-climacteric senescence [17, 25–27]. These 
include both longitudinal and random cracking patterns that begin around the fruit’s 
equatorial region.

3. Factors affecting fruit cracking in melon

The severity of melon fruit cracking depends on the nature of the variety, the 
climate zone where the variety is grown, fruit growing patterns, cultural practices, etc. 
It has also been linked to improper irrigation, environmental factors, and nutritional 
deficiencies, particularly boron, calcium, zinc, and potassium (Figure 3).

3.1 Plant factors

3.1.1 Plant morphological characteristics

Fruit cracking is influenced by the morphology of the fruit’s surface. 
Characteristics such as netting, netting density, and sutures all play essential roles in 
melon fruit cracking. Deeply sutured melon cultivars are more vulnerable than non-
sutured melon cultivars. The deep, sutured, and thin rind of Canary melon causes 
it to crack early. Thick cuticle deposition on the netted region reduces rind elasticity 
during fruit expansion, whereas rapid water intake raises turgor pressure in the flesh 
and makes the fruit more susceptible [28].

The shape of melon fruits impacts cracking. Martinez et al. [17] reported that 
round melons are less susceptible to cracking than oblong melons. Many morphological 

Figure 3. 
Factors affecting fruit cracking.
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characteristics influence cracking sensitivity, including cuticle thickness and physical prop-
erties, the number of hypodermal layers [29], fruit shape, and fruit size [30–32]. However, 
calcium content and pectin value, cell wall structure and component [33], and the quantity 
and volume of intercellular spaces could all influence these properties [34]. Skin’s biome-
chanical properties play an important role in maintaining internal pressure and resisting 
fruit cracking. According to Lane et al. [35], the fruit skin’s role in cracked resistance is 
related to the calcium content of epidermis cells, which increases cell integrity.

Many physical characteristics contribute to fruit cracking resistance. The sensitive cul-
tivar had thinner skin, a higher seed-to-skin weight ratio, and was significantly smaller in 
size. According to Aloni et al. [36] & Matthews et al. [37], when exposed to water stress, 
peel mechanical properties change, with decreased peel extensibility leading to thicker 
and stiffer peel. These changes may account for the cracking of pomegranate fruits [38].

3.1.2 Varietal influence on melon fruit cracking

Fruit cracking susceptibility is thought to be inherited and the severity of cracking 
varies greatly between varieties; Cuartero et al. [39] discovered that genetic charac-
teristics influence fruit cracking. Fruit cracking is more or less common in different 
cultivars [40]. Multiple genes regulate fruit cracking [41]. Intraspecific classification 
of melon species revealed about 16 varieties of melon, with significant variation in 
their cracking pattern. Thin rind melon types, such as Hami melon, snapmelon, and 
conomon group, were found to be more prone to cracking than thick rind melon types 
such as reticulatous indorous and group. The high intensity of cracking may also be 
due to Hami melon’s high sweetness (total soluble solids 11–15%). Cracking disorder 
in thin-rind cultivars is exacerbated when cracks form after harvest, during trans-
portation, or during retail display. As a result, such cultivars require special handling 
during transportation, in the laboratory and at retail.

Snapmelon, an Indian native, is also known as ‘Phoot,’ which means ‘to split,’ and 
has a variety of cracking patterns. In this variety, the presence of incipient fruit crack-
ing or splitting indicates harvest readiness or fruit maturity [42]. Cracking occurs in 
the Charentais-type cultivar Vedrantais as a result of high ethylene production as part 
of the seed dispersal mechanism [25]. During harvest or transportation, an explosive 
type of cracking was observed in an indorous variety, known as Piel de Sapo-type 
cultivar T111. It is a cultivar with deep sutures that cracks easily [43].

3.1.3 Hormonal influence on melon fruit cracking

Ethylene is a naturally occurring plant growth regulator that has a variety of 
effects on the growth, development, and storage life of many fruits. Climacteric fruit 
ripening in melon is associated with induced ethylene biosynthesis. Ethylene peak 
within 2 hours in the senescent overripe fruits of snapmelon and cantaloupe melon 
fruit in the open field is usually associated with stem end cracking in. According to 
Fernandez Trujillo [44], a small burst of ethylene production more significant than 
1–4 Pmol/kg/g in melon is a sign of fruit splitting or other mechanical damage.

Fruit cracking has also been linked to an imbalance of auxins, gibberellins, and 
cytokinins in various crops [45]. Normal fruits contain more gibberellins and less ABA 
[41, 42], and an imbalance between the two causes fruit cracking [46]. Gibberellin 
(GA3) can increase cell wall plasticity, promoting cell growth and cell extension and pos-
sibly preventing fruit creasing [47]. Yilmaz and Ozguven [48] discovered that the ABA 
content of the peel was higher in cracked fruits than in healthy (non-cracked) fruit.
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3.2 Environmental factor

According to Ikram et al. [49], direct sunlight raises the temperature and evapo-
transpiration of the fruit surface, resulting in high moisture loss and increased 
cracking susceptibility. Fruit cracking susceptibility increases in the field when the 
day temperature exceeds the light temperature at the end of the ripening process [50]. 
Intense solar radiation significantly raises the temperature of the fruit, which raises 
the internal turgor pressure of the pulp inside the rind. Landg and During [51] sug-
gested the effect of intense solar radiation as a cause of melon fruit cracking.

A high relative humidity (R.H.) prevents transpiration, which causes a high pressure 
inside the fruit, causing the epidermis to crack [52], especially during prolonged periods 
of 99–100% R.H., alone or in combination with rain. Due to transpiration-inhibiting 
effects, high relative humidity conditions in the air have been observed to cause fruit 
cracking, both in the field and in storage [15]. This effect becomes more pronounced 
whenever nighttime temperatures drop [53]. Fruit cracking can occur during storage 
due to abrupt changes in R.H. or temperature [15], mainly when the R.H. is high.

Temperature increases, hot, dry winds, a downpour after a dry season, and 
significant differences in day-night temperatures with temperatures greater than 38°C 
combined with an R.H. of 60% all favor fruit cracking in most of the crops [54].

3.3 Relative water content on the fruit surface and soil

Fruit cracking is caused primarily by high water content in fruit, especially during 
the monsoon season or after the first rains after a dry season [15]. Excessive water can 
cause classic watermelon fruit split incidents. This is common in melons, as well as 
tree fruits such as plums. Irrigation must be applied evenly, especially during the last 
2 weeks of growth. Too much water at this stage may cause the fruit to crack.

Fruit cracking in apples and sweet cherries occurs as a result of excessive cell 
enlargement of the fruits following a significant increase in soil moisture [55]. The 
strength of the skin is affected by changes in soil moisture during fruit develop-
ment. When the moisture content of the soil is reduced, skin strength improves. 
Skin strength, on the other hand, decreases with increasing soil moisture content 
[56, 57]. The plant water gradient induces the process of water loss from the plant to 
the atmosphere via the fruit surface or leaf area surface in the soil-plant-atmosphere 
continuum, which dramatically influences water relations, and thus leads to the inci-
dence of cracking in fruits because the high demand for water during fruit growth and 
development is met by the leaf via the source-sink relationship [58]. The development 
of high hydrostatic pressure in the fruit (turgor pressure) more remarkable than the 
tensile strength of the cell walls under conditions of high-water availability and low 
evaporative demand has been attributed to the cracking or splitting of fruits caused by 
unseasonal rainfall [59].

3.4 Nutritional factors

Fruit cracking is caused by excessive nitrogen fertilization combined with insuf-
ficient potassium or calcium in the field [60]. Premature cracking in melon cultivars is 
caused by an insufficient supply of nitrogen and potassium in the open field (Figure 4) 
[39]. The phosphorus (P) content of peel during the fruit cracking period is positively 
related to the rate of fruit cracking. The fruit peel becomes thinner as the P level rises. 
When citrus fruit lacks phosphorous, it shrinks, and the peel becomes rougher.
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Potassium can maintain high osmotic and turgor pressures, which can provide 
energy for cell division, cell wall extension, and cell expansion, thereby accelerating cell 
growth. A high potassium content can increase fruit size and make the peel thick and 
smooth; on the other hand, a low potassium content can cause fruit cracking and drop-
ping, resulting in smaller fruit, thinner peel, and a reduction in soluble solids content 
(SSC), organic acids, and vitamin C [61]. However, some studies have found that the 
potassium content of cracked fruit peels is higher than that of regular fruit peels [62].

Boron is essential for the promotion of cell division and the synthesis of cell 
walls [63]. Because of the association of cell wall composition, boron may aid in the 
maintenance of cell wall integrity and toughness [64–66]. According to Wu et al. 
[67], boron can enhance the regulatory function of endogenous growth regulators. 
Increased boron content in the fruit peel reduces fruit cracking.

Calcium is required for proper plant growth and development because it per-
forms metabolic functions in nutrient uptake, as well as abiotic and biotic stress 
resistance. Calcium, an important component of cell walls, contributes to cell 
wall cohesiveness and strength [64], and its concentration was higher in normal 
fruit than in cracked fruit [68]. Calcium is most likely involved in the increased 
elasticity, strength, and thickness of epidermal cell walls. Calcium also aids in the 
deposition of pectin, making fruit more resistant to cracking under the higher 
rates of turgor pressure seen during water stress. Calcium and magnesium are in 
charge of strengthening the bonds between epidermal and other fruit cells, result-
ing in increased strength and decreased cracking [69]. Furthermore, Ca’s role in 
preventing the formation of an abscission zone between fruit pedicles and bearing 
branches, as well as regulating enzyme activity and photosynthesis [70–72], could 
result in fruit splitting percentage control.

Figure 4. 
Premature cracking in var. momordica and var. acidulus.
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Zinc is also essential in regulating water absorption by plant roots. Fruit cracking 
has been reduced by a concurrent antitranspirant. Antitranspirants reduce transpira-
tion and regulate fruit skin elasticity by reducing stomatal opening and increasing 
leaf resistance to water vapor diffusion without affecting carbon dioxide uptake. 
It also reduces the absorption of radiant energy, lowering leaf temperatures, and 
transpiration rates; wax emulsions on fruit form thin transparent films that hinder 
the escape of water vapor from the fruit surface and prevent stomata from opening 
fully and lowering transpiration [73]. These may be possible reasons for lowering the 
incidence of fruit cracking in pomegranates.

4. Managemental practices to control fruit cracking

• Orchard floor management should be implemented to prevent rapid changes in 
soil moisture to protect susceptible fruits from cracking [74]. Drip irrigation, 
mulching with organic and inorganic sources, spreading compost or manure over 
the soil, green manuring, and growing cover crops are all good ways to conserve 
soil moisture by reducing evaporation, protecting the soil from heat and sun-
light, and making good use of the available water.

• Cracking occurs due to excess solar radiation, and sunburn can be minimized by 
shade nets, bagging of individual fruits, or spraying the entire crop with particle 
films such as kaolin, aluminum silicate clay, or calcium carbonate [75]. These 
shade nets and particle film reduces radiation stress in crops by protecting the 
foliage and fruit from ultraviolet and infrared radiation. Excessive evapotrans-
piration from the fruit surface results in excessive moisture loss when exposed 
to direct heat. Bagging also aids in the prevention of cracking, the protection of 
fruit from insects or pests, and the improvement of fruit quality [76].

• Growth regulators, such as forchlorfenuron (CPPU), a cytokinin, and benzo-
thiadiazole, are effectively used in watermelon and Hami melon, respectively, in 
China in order to control premature cracking.

• Balanced nutrition: Adequate potassium and calcium can promote the develop-
ment of thicker rinds that are less susceptible to cracking because potassium and 
calcium play a crucial role in membrane and cell wall integrity. Foliar application 
of calcium and potassium during fruit development and the maturation stage 
improves melon fruit texture through turgor maintenance [77].

• Foliar application of micronutrients, such as calcium, zinc, and boron, is effectively 
used to control melon craking in C. melo cv. Grand Riado (Sakata) in Spain [78].

• Recent advances in nanotechnology indicate that using nanomaterials in agri-
culture may aid in increasing productivity. Furthermore, nanofertilizers and 
nanonutrients can help to reduce fruit cracking. Davarpanah et al. [79] inves-
tigated the effects of foliar fertilization with nano-nitrogen and urea fertilizers 
containing nanoparticles (nN) on pomegranates, finding that fruit quality and 
yields improved. Furthermore, they also reported that foliar treatment with the 
nano-calcium fertilizer significantly reduced fruit cracking in pomegranates 
when compared to the control treatment.
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• Grafting of susceptible cultivars with resistant rootstock with a vigor root system 
reduces the incidence of cracking [80].

5. Conclusion

The problem of fruit cracking in melons is a complex phenomenon that is caused 
by a variety of factors. Advances in research on fruit cracking in terms of causes, 
physiology, and effective management clearly demonstrate that the problem cannot 
be considered in isolation but that both external and internal conditions must be 
considered holistically. For fruit cracking management, horticultural practices such 
as spraying growth promoters, micronutrients, antitranspirants, and regular drip 
irrigation with mulching have been recommended. Each factor can only be advocated 
as being sufficiently effective in controlling fruit cracking. At best, the role of inte-
grated orchard management, which aims to reduce water, nutrition, and physiological 
factors that contribute to fruit cracking, should be considered. Several studies have 
confirmed that nanoparticle-based fertilizers have the potential to increase crop 
yield and quality under various biotic and abiotic stress conditions. However, the use 
of nano-based fertilizers to prevent fruit cracking is still in its infancy. Despite the 
fact that it is a natural occurrence, proper monitoring and development of accurate 
management practices are required to overcome the severity of this natural threat and 
avoid massive economic loss in the melon fruit industry.
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Abstract

An increase in heavy metals (HMs) pollution due to agricultural and industrial 
activities has become a serious environmental problem. Heavy metal poisoning and 
its accumulation in food chains are one of the major environmental and health prob-
lems of modern societies. Heavy metal poisoning and its accumulation in food chains 
are major environmental and health risks. Among these metals, lead and cadmium 
are the metals with the most concern due to their toxicity potential for animals and 
plants even for humans. The effect of seed aging on the germination and growth of 
Cucurbita pepo L. seedlings has been evaluated in an experiment with a completely 
random design where seeds were exposed to deterioration at 45°C and 95% humidity 
for 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 days. The measured characteristics included 
germination percentage and speed, germination uniformity, and days to reach 10 and 
50% of germination. Changes in seed viability were evaluated by using the tetrazo-
lium test. The results of the analysis of variance showed that aging had a significant 
effect on all studied characteristics at the level of 1%. It was also observed that during 
aging, the amount of color accepted by the seed tissue is decreasing, which indicated a 
decrease in the vigor and viability of seeds.

Keywords: C. pepo, accelerating aging, tetrazolium test, heavy metals, cadmium

1. Introduction

An increase in heavy metals (HMs) pollution due to agricultural and industrial 
activities has become a serious environmental problem in the current world [1–3]. 
Heavy metal poisoning and its accumulation in food chains are major environmental 
and health problems in modern societies [3–5]. Among these metals, lead and cad-
mium are the metals with the most concern due to their toxicity potential for animals 
and plants [6, 7]. The most significant effects of heavy metal toxicity are oxidative 
stress, pigment dysfunction, and change in protein activity [8].

Plants are equipped with antioxidant defense systems to eliminate or reduce 
oxidative damage [9]. The plant antioxidant system is composed of antioxidant 
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enzymes such as superoxide dismutase (SOD), ascorbate peroxidase (APX), guaiacol 
peroxidase (GPX), and catalase (CAT) [10]. It has been shown that high cadmium 
concentrations disrupt most physiological processes in plants [11]. As cadmium 
concentration increased, there is a significant increase in catalase and peroxidase. As 
it was shown in our previous study There have been reports that pumpkin tends to 
collect small amounts of heavy metals [12] and also showed that concomitant use of 
humic acid reduced the destructive effects of heavy metals on the C. pepo L. by reduc-
ing cadmium uptake by seeds.

C. pepo L. is one of the most important crops that belong to the Cucurbitaceae 
family, an herbaceous, perennial, and polymorphic vegetable that grows in tropical 
conditions [13, 14]. Pumpkin fruit contains large amounts of vitamins, minerals, and 
biologically active substances [15]. The pumpkin seed oil contains high amounts of 
unsaturated fatty acids and is effective in treating intestinal worms, prostate hyper-
trophy, stomach, intestinal inflammation, and atherosclerosis lowers LDL levels, 
prevents irregular heart contractions, reduces common blood clots, and reduces the 
risk of bladder and kidney stone formation [16, 17].

Medicinal plants are the main reservoirs of many medicinal compounds and 
substances, which are influenced by environmental factors in addition to genetic 
factors. C. pepo L. is one of the valuable medicinal plants in the pharmaceutical 
industry and its oil is used in medicine. The most important components of the oil 
of this plant are linoleic and oleic fatty acids, sterols, micronutrients, vitamins, and 
carotenoids [18].

Seedling germination and growth are one of the most important stages of plant 
growth, which determines the degree of success of agricultural systems [19]. These 
stages are strongly influenced by seed quality (viability and seed vigor) [20]. 
Temperature, relative humidity of the environment, and seed humidity are the main 
factors in the preservation and viability of seeds during storage [21]. Increasing 
the amount of seed moisture causes an increase in the aging speed [22] therefore if 
the temperature and relative humidity of the environment are high, the seeds will 
deteriorate sooner and they will be closer to death while reducing the quality. The 
reduction of plasma membrane integrity, molecular changes in the structure of 
nucleic acids and stimulation of lipid peroxidation, and reduction of the activity of 
hydrolytic enzymes are among the most important changes that occur in the seed 
during deterioration. These changes can lead to a decrease in seed quality, percentage, 
and speed of germination, and slower growth of seedlings [23].

In the deteriorated seeds due to disturbances in cellular organelles such as 
mitochondria and glyoxysomes, the production rate of reactive oxygen species and 
superoxide radicals increases, which causes damage to cells [24]. The tetrazolium 
test is used to estimate the viability of seeds. In this test, dead and alive tissues are 
distinguished based on their relative respiration rate in the condition that they have 
absorbed water.

In the tetrazolium test, seed viability is determined based on the activity level of 
dehydrogenase enzymes. The dehydrogenase enzyme reacts with the precursors dur-
ing respiration and causes the release of hydrogen ions into the oxidized and colorless 
salt solution. These ions are combined with tetrazolium and turn this colorless salt 
into red formazan salt. The continuation of the viability of the seeds is determined 
based on the staining pattern of the embryo and the intensity of its staining [25]. 
Therefore, we use the tetrazolium test to study the viability and aging process of 
pumpkin seeds as a complementary test to our previous study with accumulations of 
cadmium in pumpkin seeds and the effect of humic acid.
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2. Materials and methods

2.1 Seeds germination and tetrazolium test

Pumpkin seeds for this experiment were obtained from Pakan Bazr Isfahan 
Company, Isfahan, Iran (32°38′41”N51°40′03″ E).

This experiment was carried out in the form of a completely random design with 
three repetitions. In order to perform aging, an accelerated aging test was used. In 
this method, the seeds were kept in a mesh container in a seeds germinator (RICO, 
Scientific Instruments, Germany) with a relative humidity of 95% and with a temper-
ature of 45°C for 2, 4, 6, 8, 10, 12, 14, 16, 18, and 20 days. To carry out the germination 
test, the seeds were disinfected with 1% sodium hypochlorite for 3 minutes and then 
25 seeds were placed in a 9 cm Petri dish with two layers of Whatman paper and were 
transferred to the germinator with a temperature of 25°C. Counting of germinating 
was done daily for 14 days and the criterion of germinating was 2 mm of the root.

The Germinator software was used to calculate the trait characteristics related 
to seed germination. This software calculates Gmax (maximum germination), T50 
(time required to reach 50% germination) and T10 (time required to reach 10% 
germination), CU (uniformity of germination = the time interval for germination 
rate to reach from 25–75%) and AUC (germination speed). Regarding germination 
uniformity, the lower the number obtained, the more uniform the germination of the 
seeds is [26].

The tetrazolium test was used to evaluate the seed viability and vigor. For this 
purpose, seeds were first soaked in distilled water for 24 hours to increase their 
respiratory activity. Then, the seeds were kept for 2 hours in 5 ml of 1% tetrazolium 
solution (2,3,5triphenyl tetrazolium chloride (TTC)) with 0.05 M phosphate buffer 
(pH 3.7) and then their viability and dyeability were evaluated [27].

Analysis of data was done using SAS 9.2 software and a comparison of means was 
done using an LSD test at a 5% probability level. The graphs were drawn with Excel.

3. Results and discussion

Germination (P ≤ 0.1), (Table 1). Aging caused a decrease in the percentage 
of germination. So that in the conditions of nonaging and up to 2 days after aging, 
pumpkin seeds germination was 92%. However, with the increase in seed, the results 

MS

SOV df Gmax T50 T10 CU AUC

Accelerated 
aging

10 0/17** 2568/57** 4327/9** 939/28** 521/39**

Error 22 0/0005 13/96 35/47 19/73 1/95

CV (%) — 13/7 13/2 7/37 9/72 9/66

**Significant at the 1% level p < 0.01 probability level. Gmax: max of germination, T10 and T50 days: 10 and 50% 
of germination; CU: germination uniformity, AUC: speed of germination. SOV: the source of variation; MS: the mean 
square; CV: the coefficient of variation.

Table 1. 
Analysis of the variance of pumpkin seeds aging.
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of the analysis of variances showed that accelerated aging had an effect on the 
maximum aging time, germination decreased and reached its minimum value of 29% 
in 20 days of aging (Figure 1). Gholami and Benny [15] also reported a reduction of 
germination during seed deterioration. During the deterioration, the production of 
reactive oxygen species, causing lipid peroxidation and damage to the cell membrane, 
and the increase of released fatty created a disturbance in the process of seed imbibi-
tion, which causes an increase in the leakage of seed reserves and a decrease in germi-
nation [28]. Govender et al. [29] also showed that corn seed storage for 1 year under 
natural conditions caused a decrease in germination percentage. They stated that the 
reason could be the presence of disease-causing fungi in natural storage conditions. 
It has been shown in research that the activity of enzymes, especially hydrolytic 
enzymes, decreases during seed aging, which can cause a decrease in germination 
[30], and also reported a reduction of germination during seed deterioration. During 
the deterioration, the production of reactive oxygen species, causing lipid peroxida-
tion and damage to the cell membrane, and the increase of released fatty created a 
disturbance in the process of seed imbibition, which causes an increase in the leakage 
of seed reserves and a decrease in germination [31]. Govender et al. [32] showed that 
corn seed storage for 1 year under natural conditions caused a decrease in germina-
tion percentage. They stated that the reason could be the presence of disease-causing 
fungi in natural storage conditions. It has been shown in research that the activity 
of enzymes, especially hydrolytic enzymes, decreases during seed aging, which can 
cause a decrease in germination [19]. It has also been reported that deterioration 
causes a decrease in seed vigor and can disrupt the activity of antioxidant enzymes in 
pumpkin seeds [15].

The germination period was also influenced by seed aging, so aging at the level of 
1 percent was significant in the time required to reach 10 and 50 percent germination 
(Table 1). The comparison of the means showed that accelerated aging for 20 days 
caused an increase in the time of germination (Figures 2 and 3). The highest rate of 
germination about time was obtained in the control treatment, and its value reached 
its lowest value from thy 16 of deterioration (Figure 4). Being high in this quality, 
in addition to showing high germination, is also an expression of high germination 

Figure 1. 
Effect of accelerated aging on the maximum germination of pumpkin seed.
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speed. Accelerated aging at the level of 1 percent also had a significant difference in 
the uniformity of germination (Table 1). In general, it can be said that accelerated 
aging caused a decrease in the uniformity of germination (Figure 5).

A high germination time indicates a lower germination speed, which indicates 
low seed quality. The faster emergence of crops on the farm, the better the establish-
ment of the seedlings. High germination speed gives agricultural plants the possibility 
of better competition against weeds, reduces their damage, and increases the yield of 
agricultural products. Soltani et al. [33] showed that increasing the storage time of 
wheat seeds at a temperature of 40°C caused an increase in the average germination 
time. It has been said that the reason for the decrease in seed germination speed 
under high temperatures and temperatures is the loss of seed viability due to the loss 
of membrane health [34]. Veselova and Veslovesky [35] noted increasing the storage 

Figure 2. 
Effect of accelerated aging on T50 (day to 50% germination) of pumpkin seed.

Figure 3. 
Effect of accelerated aging on T10 (day to 10% germination) of pumpkin seed.
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time of seeds under the conditions of accelerated aging causes an increase in seed 
deterioration and a decrease in the percentage and speed of germination.

According to the results of biochemical tests, as a result of aging, the dyeability 
of the seed tissues is reduced, which indicates the reduction of seed viability and 
vigor. The results show that 2 days of aging did not affect seedling axis tissues in the 
embryo, but the differences with the increased aging time. At the lower level of aging, 
the first part whose dye ability decreases is part of the root and shoot. The increase 
in the aging time causes the expansion of the area of noncoloring to the center of the 
seed and cotyledons. The results showed that the dyeability of the seed tissues is the 
same as the results of the germination test, no significant frequencies were observed 
between the low levels of aging in terms of dyeability and germination.

At the beginning of germination, the rate of seed respiration increases by absorb-
ing water during the imbibition process. An increase in respiration causes an increase 

Figure 5. 
The effect of accelerated aging on the germination uniformity of pumpkin seed.

Figure 4. 
The effect of accelerated aging on the germination speed of pumpkin seed.
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Figure 6. 
Effect of accelerated aging on the viability of pumpkin seed using Tetrazolium test. The size bar is 1 mm. A No 
aging, B is 2 days C is 4 days. D is 6 days, E 8 days, F 10 days, G is 12 days, H is 14 days, I 16 days, F 18 days, and 
K is 20 days of aging.
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in the reaction of the hydrogen produced during respiration with the hydrogenase 
enzyme, which causes the tetrazolium salt to create a colored compound that causes 
different parts of the seed to be colored. The higher the level of coloring, the higher 
the respiration in the seed and the higher the vigor and viability. Other studies have 
shown that during aging, the activity of hydrolytic enzymes decreases, which can 
cause a decrease in respiration [31]. As a result, the increase of H2O2 and free radicals 
in the cytoplasm of aging cells causes photosynthetic activities to become inactive. 
Protein binding decreases, and the sensitivity of proteins to proteolytic enzymes 
increases, which ultimately leads to a decrease in the viability of seeds [24].

Aging, in addition to the decrease in germination ability, caused a decrease in seed 
vigor. In fact, seed vigor is the first factor that decreases during aging [36]. The staining 
of the tissues during the tetrazolium test can be an indicator of seed vigor. The higher the 
coloring of the seed tissues, the higher the enzyme activity and the higher seed’s vigor.

According to the results in Figure 6 it can be seen that during the aging, the 
coloring of the seed tissues was reduced, which can be an indicator of the reduction of 
the vigor of this seed. The results of seedlings’ growth also showed that their growth 
rate of them decreased due to aging. The decrease in the growth rate of seedlings can 
be caused by the decrease in seed vigor during aging. The growth of the seedlings 
showed that there is not much difference between the low levels of aging as well as the 
germination ability and seed survival and the length of their roots and stems was also 
the same, but the increase in the aging time caused a decrease in the growth rate of 
the seedlings (Figure 7). The length of the stems is one of the attributes that indicate 
a seed vigor. The seeds with low vigor may germinate, but due to the reduction in the 
length of the stem, they cannot emerge, and in this way, the percentage of emergence 
in the field is reduced. On the other hand, short stems have less emerging power due 
to their lower dry weight compared to long stems [23]. Soltani et al. [33] reported that 
the dry weight of seedlings decreased with increasing storage periods. The decrease 

Figure 7. 
Effect of accelerated aging on the growth of pumpkin seedlings (a: Non-aging, B: 2 days aging, C: 4 days aging, 
D: 6 days aging, E: 8 days aging, F: 10 days aging, G: 12 days aging, H: 14 days aging, I: 16 days aging, J: 18 days 
aging, K: 20 days aging).
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in the dry weight of seedlings can be due to the decrease in the seed reserve or the 
decrease in the conversion efficiency of the dynamic reserve due to the decrease in the 
activity of hydrolytic enzymes during aging.

4. Conclusions

In conclusion, it can be confirmed that C. pepo L. in the tetrazolium test showed 
that aging causes a decreased percentage of germination, the uniformity of germina-
tion, and an increase in the average time required for germination, which ultimately 
causes a decrease in the viability of seeds. The decrease in the uniformity of germina-
tion caused the decrease in seed vigor due to aging, which ultimately causes a decrease 
in the growth of seedlings. Seed aging with the production of active oxygen species 
causes damage to the cell membrane and the activity of seed enzymes especially 
hydrolytic enzymes, which reduces the vigor of seeds and their viability.
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Chapter 7

Plant Virus-Based Tools for 
Studying the Function of Gene and 
Noncoding RNA in Cucurbits
Ling-Xi Zhou, Xiang-Dong Li and Chao Geng

Abstract

Cucurbits are economically important crops worldwide. The genomic data of 
many cucurbits are now available. However, functional analyses of cucurbit genes 
and noncoding RNAs have been impeded because genetic transformation is difficult 
in many cucurbitaceous plants. The cucurbits-infecting plant viruses can be modi-
fied into useful tools for functional genomic studies in cucurbits, which provide 
alternative ways for rapid characterization of gene and noncoding RNA functions. 
This review will focus on the advancement and application of plant viruses-based 
gene silencing, gene expressing, and noncoding RNA regulation tools for studying the 
development, fruits, and stress of cucurbits. The features, advantages, and disadvan-
tages of different plant virus vectors will be discussed in detail. We hope this review 
will provide guidance for studies on cucurbitaceous plants.

Keywords: plant virus vector, VIGS, VbMS, TRSV, Potyvirus, Tobamovirus, ALSV, 
cucurbits

1. Introduction

Cucurbitaceae is one of the most genetically diverse plant families worldwide, 
which is viewed as the second-largest fruit and vegetable family after Solanaceae [1]. 
Biotechnological advances could empower the molecular characterization of func-
tional genes in cucurbits and will inform new methods of breeding cucurbit species 
[2]. In recent years, intensive high-throughput genomic sequencing studies have made 
considerable advances in molecular phylogeny and genomics. The completion of 
genome sequencing of several cucurbitaceous crops increases the need for rapid gene 
function analysis tools [1, 3, 4].

Traditional transgenic approaches and CRISPR/Cas9-mediated genome editing 
technologies accelerated gene function characterization and crop improvement [5], 
while most economically important cucurbit crops are difficult to transform, or the 
transformation efficiency remains very low [2]. Since plant virus vectors could systemi-
cally infect host plants, fragments or the full length of the target genes of interest would 
be delivered into the whole plants to modulate gene expression within a short time by 
using simple operations [6]. Now, plant virus-mediated gene delivery systems have 
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been successfully employed as alternative biotechnology tools for gene function studies, 
particularly in plant species recalcitrant for genetic transformation, including cucurbit 
plants [7]. Viruses can replicate in plant cells, and offer numerous advantages in gene 
overexpression, including their maximum levels of multiplication and concomitant 
levels of transient gene expression from viral genomes [8]. In the past years, several 
plant virus-based protein expression vectors have been widely used in gene overexpres-
sion to understand their functions. Furthermore, the discovery of posttranscriptional 
RNA silencing (PTGS) [9] and the development of modern sequencing tools spurred 
the development of virus-induced gene-silencing (VIGS) screens to knock down the 
specific host genes, which accelerated advances in investigating their functions [10, 11]. 
In addition, VIGS can also be used to study the roles of particular genes in metabolic 
pathways [12]. In plants, phytoene desaturase (PDS) is involved in the carotenoid bio-
synthesis pathway, and Knockdown of this gene results in albino phenotypes due to the 
absence of chlorophylls [13], making it widely used as an indicator for VIGS in plants.

MicroRNAs (miRNAs) are essential noncoding riboregulators of gene expression 
in plants, which influence the development and physiology of plants and responses to 
biotic and abiotic stresses [14]. Although much progress has been made in revealing 
miRNA functions in some model plans, their roles are still incompletely understood, 
especially in crop plants [15]. Compared with constitutive expression in transgenic 
plants, viral vectors have advantages in production and potentially rapidly. In the past 
years, plant viruses have been engineered into virus-based miRNA silencing (VbMS) 
vectors to inhibit the miRNA function in many plants, which are suitable for high 
throughput of analyzing miRNA function [16–18].

Recently, several plant viruses have been harnessed for CRISPR/Cas9-based 
genome editing of plants, which could both express Cas9 protein and deliver single-
guide RNA (sgRNA) for genome editing [19–22]. This type of virus-based strategy 
for gene editing is termed virus-induced genome editing (VIGE). Compared with 
traditional transgenic approaches, the VIGE process is more efficient and faster 
because the virus replication would give rise to high yields of sgRNAs and Cas 
 proteins [23, 24].

Above all, the development of plant virus-based vectors has great implications for 
plant functional genomic studies. Different strategies are required for constructing 
virus vector-based systems due to their expression strategies and biological limita-
tions [12], which lead to different suitable scenarios for the application of virus 
vectors. This review will discuss several plant virus-based tools used in cucurbits, 
including their construction strategies and examples of their applications.

2. Tobacco ringspot virus

Tobacco ringspot virus (TRSV) is the most well-characterized species of the genus 
Nepovirus in the family Comoviridae, which consists of a bipartite positive-strand RNA 
genome. Each RNA encodes a large polyprotein, which is proteolytically processed into 
mature proteins that encode different functions [25]. RNA1 is usually 8.1 to 8.4 kilobase 
(kb) nucleotides (nt) in length and encodes replication-related proteins, while RNA2 
with a length from 3.4 to 7.2 kb nt usually encodes the capsid (CP) and movement 
protein (MP). TRSV can infect a wide range of plants, including cucurbits.

Zhao and co-authors developed TRSV virus-based vectors for foreign gene expres-
sion and VIGS in 2016. In the past few years, the application of viral 2A peptide allows 
the co-expression of multiple proteins from a single open reading frame (ORF), 
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which prevents homologous recombination due to duplicated sequences for the 
protease cleavage sites, improving the stability of the vector [26]. In this research, 
they developed a vector with the 2A sequence upstream of the CP coding region 
to express green fluorescence protein (GFP). The 2A peptide could cleave the GFP 
protein from the polyprotein to produce partially free GFP. In addition, TRSV-based 
vectors showed the recovery phenotype, so GFP expression would decrease in the late 
infestation period [27]. To overcome this drawback, Fang et al. engineered TRSV vec-
tors co-expressed GFP and heterologous viral suppressors of RNA silencing (VSRs) 
separated through two different 2A peptides in tandem, which produced stronger and 
more stable GFP expression in plants [16].

However, symptom recovery could be an advantage in the VIGS system for gene 
silencing experiments as viral symptoms usually confuse the silencing phenotypes. To 
develop the TRSV-based VIGS vector, researchers created a cloning site downstream 
of the CP stop codon for inserting the silencing gene sequence. This TRSV-based 
VIGS system caused clear silencing phenotypes and long duration of VIGS pheno-
type in cucurbits [16, 27]. Since TRSV-based VIGS vector was developed, it has been 
increasingly used in cucurbit crop studies such as the molecular mechanisms of 
defense-related genes and the multicellular trichome development due to its excellent 
silencing efficiency [28, 29].

In 2021, Fang et al. further developed the TRSV vector used for studying the 
function of miRNA in cucurbits. The phenotypes induced by TRSV-based miRNA 
silencing vector are obvious, and the efficiency of most TRSV-based miRNA silencing 
is high in both model plants and cucurbit plants. The silencing efficiency of miRNA 
was about 75.0–87.6% in loofah (Luffa aegyptiaca), and 68.8–75.0% in melon(Cucumis 
melo), which provides potential solutions for the functional study of cucurbit miR-
NAs [16]. It is noteworthy that this is the first report for the VbMS vector for the 
miRNA silencing in cucurbit plants.

3. Tobamoviruses

The genus Tobamovirus belongs to the family Virgaviridae, tobamoviruses assemble 
rod-shaped particles that are approximately 300–310 nm long and 18 nm wide and 
encapsidate a single-stranded, positive-sense RNA of 6.3–6.6 kb nt in length as its 
genome. Tobamoviruses can easily yield a large number of viral particles within a 
short time after they infect host plants [30], so these viruses can be used as good tools 
for the overexpression of genes [31]. Tobacco mosaic virus (TMV), the most well-
characterized member of the genus Tobamovirus, has been extensively used for assess-
ing gene function [32]. Tobamoviruses encode a 130-kDa protein (small replicase 
subunit), a 180-kDa readthrough protein (RNA-dependent RNA polymerase), an MP, 
and a CP. MP and CP were expressed via subgenomic RNAs (sgRNA) during infec-
tions [33]. Researchers showed that the most highly expressed viral gene is controlled 
by the CP subgenomic promoter (SGP) [34]. To establish a virus-based expression 
system, the foreign genes could replace CP. However, the recombinant viruses with 
genes only multiply in inoculated leaves [35]. It could be a good choice to place the 
heterologous gene at the terminal end of CP to express as a fusion coat protein if the 
protein expressed is small [36, 37]. The foreign genes could also be inserted in frame 
between MP and CP sequences, and the SGP in the CP gene was used to drive foreign 
gene expression. In the meanwhile, to prevent homologous recombination, CP SGP 
of other tobamoviruses was usually used to drive CP expression [38]. It is noteworthy 
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that the length of the SGP should be empirically studied, as SGP length could affect 
virus accumulation and gene expression levels in plants [39]. TMV vectors designed 
with a duplication of the TMV 3′-UTR between the foreign ORF and the CP gene 
could increase the expression of the foreign gene [40].

3.1 Cucumber green mottle mosaic virus

Cucumber green mottle mosaic virus (CGMMV), which mainly infects cucurbits 
under natural conditions, is a member of the genus Tobamovirus, CGMMV has 
been extensively exploited as suitable gene silencing and overexpression vectors in 
cucurbits [39]. In the early period, CGMMV was used to express the small protein in 
muskmelon. The expression of dengue virus type 2 envelope (E) protein and hepatitis 
B surface antigen (HBsAg) was achieved by inserting into the multiple cloning sites 
to cover the stop codon of CP and resulted in the expression of the target gene as a 
readthrough CP-fused protein. However, the T7-promoter-driven infectious clone 
used in these studies needs in vitro transcription to obtain the viral RNA transcripts 
then mechanically inoculated into muskmelon, which makes it inconvenient to use 
[36, 37]. In 2015, Zheng et al. developed a CGMMV infectious clone tagged with GFP 
under the transcriptional control of the CaMV 35S promoter, which can establish 
infection in cucumber (Cucumis sativus), watermelon (Citrullus lanatus), bottle gourd 
(Lagenaria siceraria), and Nicotiana benthamiana plants via agroinoculation [41]. 
The GFP coding region was placed in frame between the coding sequences between 
MP and CP. They chose 234 nt before the CP initiation codon as the CP 5′ subgenomic 
promoter based on their rapid amplification of cDNA ends (RACE) result and the 
sequences of CP SGP of TMV and constructed three vectors with different lengths of 
the 5′-proximal CP ORF to drive GFP expression, which successfully infected bottle 
gourd and displays strong green fluorescence in symptom leaves. However, GFP was 
easily deleted from the viral genome due to the recombination of duplicated SGP 
along with infection [41].

Shortly after that, Liu et al. developed a CGMMV-based VIGS vector that silences 
PDS in watermelon, melon, cucumber, and bottle gourd. They adopted a similar 
strategy with TMV VIGS vectors previously reported to generate a series of CGMMV 
VIGS vectors, which explored different lengths of CP SGP. Their results indicated that 
the PDS gene fragments induced a more robust silencing phenotype when the vector 
contained a 190-bp duplicated copy of the putative CP SGP. The length and structure 
of the insert sequence could affect the silencing efficiency. Their results showed that 
the CGMMV vectors harboring the PDS gene sequence of 300 bp in length had the 
highest silencing efficiency in cucurbits, and the silencing phenotypes could persist 
for at least one month [42]. Up to now, the CGMMV-based VIGS system has been 
widely used in cucurbits studies, such as the tolerance to salinity stress, chilling toler-
ance, and functional analyses of resistance-related genes [43–45].

3.2 Cucumber fruit mottle mosaic virus

Cucumber fruit mottle mosaic virus (CFMMV), which is also a member of the 
genus Tobamovirus, mainly infects cucurbits. As CGMMV, CFMMV has also been 
constructed as virus vectors for functional genomic studies in cucurbits. In 2016, Rhee 
et al. constructed a CFMMV vector, which could express enhanced green fluorescent 
protein (EGFP) in cucumber, melon, and watermelon. They tested the active region 
of CP SGP and found that the region from −55 to +100 nt was identified as the active 
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core promoter. Then, they chose CP SGP with 93 nt before the CP initiation to express 
the CP of CFMMV, and CP SGP with 100 nt to drive the EGFP expression. The EGFP 
can be expressed in hypocotyl and leaf veins, but the expression level is low in meso-
phyll cells. They also found that co-infiltration with the P19 RNA silence suppressor 
could enhance EGFP expression [38].

Recently, Rhee et al. further constructed an efficient CFMMV VIGS vector that 
exhibits high gene silencing efficiency and long-lasting PDS-silenced phenotype in 
cucurbit plants. The CFMMV VIGS vector adopts a similar strategy as the CFMMV 
overexpression vectors they previously developed. They found that the best vec-
tor to express EGFP was also the best VIGS vector to silence PDS. The vector could 
effectively silence the corresponding PDS gene in melon, cucumber, and watermelon, 
resulting in photobleaching in leaves and reproductive organs. It is worth noting that 
they used this optimized system to identify genes involved in male sterility, which 
suggests that VIGS in watermelon is functional [46].

Although some tobamoviruses vectors show significant overexpression and 
silencing effects in cucurbits soon after inoculation, the repeated CP SGP sequences 
would result in homologous recombination. In the future, the effect of CGMMV-
based gene overexpression and silencing will be improved by replacing the native 
SGP of CGMMV CP with the SGP of other tobamoviruses CP to stabilize the inserted 
fragments.

4. Apple latent spherical virus

Apple latent spherical virus (ALSV) is a member of the genus Cheravirus (family 
Comoviridae), which is known for the presence of atypical members. ALSV contains 
two single-stranded RNA (ssRNA) species and three capsid proteins. RNA 1 has 
a single ORF encoding a polypeptide, which contains the consensus motifs of the 
protease cofactor, the NTP-binding helicase, the cysteine, protease, and the RNA 
polymerase. RNA 2 also has a single ORF encoding a polypeptide of 119 K/108 K 
containing a 53 K/42 K movement protein on the N-terminal side and three capsid 
proteins (Vp25, Vp20, and Vp24) [47].

In the early period, researchers constructed ALSV vectors to express GFP allowing 
us to trace the cell-to-cell and long-distance movement of ALSV in infected plant tis-
sues of N. benthamiana [48, 49]. As ALSV is a kind of latent virus and does not induce 
any obvious symptoms in most host plants, it can be used for functional genomics in 
the host plants. This is one of the requirements for plant virus vectors used for VIGS 
[50]. ALSV was developed into VIGS vectors by Igarashi et al. in 2009. The target gene 
fragment can be inserted between 42KP and Vp25. The ALSV vector induced highly 
uniform phenotypes induced by knocking down the subunit of magnesium chelatase 
(SU) and PDS in plants, including cucurbit species such as cucumber, watermelon, 
zucchini (Cucurbita pepo), loofah, and bottle gourd. ALSV-based VIGS vector can 
induce a highly obvious and stable gene-silenced phenotype throughout plant growth 
in infected plants. Recently, they further developed an efficient virus-induced gene 
silencing system using ALSV in pumpkins (Cucurbita spp.) [51].

However, ALSV vectors have several limitations, such as the ALSV vector is 
difficult to use for high-throughput functional genomics since ALSV proteins are 
expressed by polyprotein proteolytic processing and the inserted gene sequences 
cannot produce stop codon in the open reading frame of ALSV. Another disadvantage 
is that ALSV-cDNA clones are less efficient for direct inoculation into host plants [52].



Biological and Abiotic Stress in Cucurbitaceae Crops

92

5. Potyviruses

Potyvirus is a genus that belongs to the family Potyviridae. Potyviruses exist 
as flexuous rod-shaped particles ranging from 720 to 900 nm in length with an 
ssRNA genome of approximately 10 kb. Potyviruses have only an ORF encoding 
a large polyprotein, which is processed into ten functional proteins by three viral 
proteinases [53]. P3N-PIPO protein is produced using a viral polymerase slippage 
mechanism [54]. Now, lots of potyviruses have been developed into infectious clones 
for potyviral studies expression vectors [54]. The foreign gene fragments are usually 
inserted between the first protein (P1) and helper component-proteinase (HC-Pro) or 
between nuclear inclusion protein b (NIb) and CP cistrons [55, 56]. Potyviruses are 
considered promising expression vectors since their proteolytic processing strategy 
of gene expression ensures that the foreign protein can be produced in equal amounts 
with viral proteins [57]. Compared with other known viral vectors that cause severe 
symptoms to host plants, attenuated mutants with a mutation in HC-Pro, which is 
both a major virulence determinant of potyviruses and RNA silence suppressor, make 
it possible for the potyviruses to be the environmentally safe virus vector for the 
expression of various foreign genes in plants [58].

5.1 Zucchini yellow mosaic virus

Zucchini yellow mosaic virus (ZYMV), which belongs to the genus Potyvirus, 
has been used as expression vector in cucurbit plants for a long time. In 2001, 
Arazi et al. exploited ZYMV to develop a novel virus-based vector system for the 
expression of foreign genes in cucurbits. The virus vectors in this study were gener-
ated from an attenuated mutant (AG) [57], which accumulates to the same virus 
accumulation level as the severe ZYMV strain in cucurbits, without eliciting any 
phenotypic and developmental impairment [59]. This vector could express GFP, 
uidA (β-glucuronidase; GUS), and human interferon-alpha 2 (IFN) in leaves, stems 
roots, male flowers, and fruits of squash (Cucurbita spp.) or cucumber. In the same 
year, they further expressed the bar gene using this vector in melon, cucumber, 
squash, and watermelon, which confer these plants’ resistance against glufosinate 
ammonium-based herbicides [60]. In 2006, this vector was used both for overexpres-
sion- and down-regulation of Trichoderma-induced MAPK (TIPK) gene expression 
in cucumber [61]. In 2016, Kang and coauthors expressed GFP and bar in zuc-
chini by simple rub-inoculation of plasmid DNAs of the ZYMV-based expression 
constructs [62].

5.2 Watermelon mosaic virus

Watermelon mosaic virus (WMV) is also a member of the genus Potyvirus, which 
exhibits a wide host range and is one of the most prevalent viruses in cucurbits world-
wide [63]. In 2019, Aragonés and coauthors characterized a WMV isolate that induces 
mild symptoms in cucurbits [64], and then they developed a VIGS vector based on 
the mild isolate. Melon PDS fragments were inserted between NIb and CP in the form 
of sense, antisense, and hairpin. PDS fragments in sense and antisense orientations 
were more stable in the viral progeny, and the sense construct triggered the best 
silencing effect compared to those constructs with antisense and hairpin fragments. 
They further confirmed this result by lytargeting melon Magnesium chelatase subunit 
I (CHLI) using the VIGS vector. Silencing of CHLI can be easily tracked by a foliar 
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decoloration phenotype, as a consequence of deficient chlorophyll accumulation, 
which exhibited decolored spots. The results showed that the VIGS vector constructed 
based on the mild isolate WMV could be a useful tool in cucurbit gene studies [65]. As 
with other potyviruses, WMV could also be used as an expression vector in cucurbits 
[58, 66].

Potyviruses are the largest group of plant RNA viruses, with approximately 200 
species [67]. However, relatively few VIGS vectors have been derived from potyvi-
ruses, as potyviruses possess a strong RNA silencing suppressor that usually precludes 
VIGS. Some nonsynonymous mutants in HC-Pro can abolish HC-Pro’s RNA silencing 
suppression (RSS) activity [67]. Therefore, a reliable potyvirus-based VIGS vector 
could be developed by introducing site-directed mutations to the HC-Pro gene, which 
attenuates virus virulence [65].

6. Tobacco rattle virus

Tobacco rattle virus (TRV) is one of the members of the genus Tobravirus. The 
genome of TRV is divided into two positive-sense, ssRNAs, each of which is encap-
sidated separately into rod-shaped particles. The genome of TRV RNA1 encodes 
replicase, 1a and 1b, which is sufficient for replication and movement within the host 
plants. The genome of RNA2 encodes CP, which can produce virus particles, and 
allows nematode-mediated transmission between hosts [68, 69]. TRV induces very 
mild symptoms and is suitable for gene silencing in most plants. The nonessential 
29.4 k and 32.8 k genes of RNA2 can be replaced with an MCS for the insertion of the 
target gene sequence [68].

In 2019, a TRV-VIGS system was applied in cucumber using a new infection 
method with a special agroinfiltration solution, which provides an efficient and easy 
method for functional analysis of genes in cucumber [70]. PDS and glycerol-3-phos-
phate 2-O-acyltransferase 6 (GPAT6) gene were successfully silenced with this VIGS 
system in cucumber. The silencing of GATP6 resulted in the resistance to autotoxin 
stress mimicked by cinnamic acid (CA) in cucumber. This TRV-VIGS system enables 
efficient silencing of cucumber genes at the whole-plant level without time-consum-
ing transformation or manipulation [71]. In the same year, Liao et al. developed tran-
sient overexpression and VIGS systems for oriental melon using the sprout absorption 
method. They successfully overexpressed and silenced candidate lipoxygenases (LOXs) 
gene in oriental melon using TRV-based VIGS they modified [72]. The overexpression 
of CmLOX10 could trigger cell death responses in oriental melon. The disadvantage 
of the TRV-based VIGS vector is that, it’s difficult to infect cucurbits via traditional 
inoculation method. The infection method used in these researches was established 
based on the whole cotyledonary node method of regeneration described by Ma and 
Wu [70, 73], which is operation complexity and time-consuming.

7. Cucurbit chlorotic yellows virus

Cucurbit chlorotic yellows virus (CCYV) is a recently discovered cucurbit-
infecting virus, which belongs to the Crinivirus genus in the family Closteroviridae. 
CCYV has characteristic long, flexuous rod-shaped virions, ranging in size from 700 
to 900 nm or 650–850 nm. The genome of CCYV contains two RNAs. RNA1 includes 
two ORFs, ORFs 1a and 1b, which encode papain-like cysteine proteinase (PRO), 
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methyltransferase (MTR), helicase (HEL), and RdRp, respectively. RNA2 includes 
seven ORF that individually encodes CP (major coat protein), CPm (minor coat pro-
tein), 70-kDa heat shock proteins (Hsp70h), and P59, which are essential for virion 
structural components, movement, and vector transmission. CCYV causes chlorotic 
leaf spots and yellowing symptoms on cucurbit leaves [74]. Respectively, Wei et al. 
constructed a CCYV vector for GFP expression. They inserted different subgenomic 
RNA promoters and a GFP coding sequence into the upstream of the CP coding 
sequence to initiate the expression of GFP and CP expression. The GFP fluorescence 
was only detectable in cucumber leaf veins and surrounding cells [74]. As the infec-
tion of CCYV is limited in the phloem, CCYV-based vectors are specifically useful for 
studying the function of gene localized in the phloem [75].

8. Bean yellow dwarf virus

Bean yellow dwarf virus (BeYDV) belongs to the Mastrevirus genus of the family 
Geminiviridae. BeYDV comprises monopartite or bipartite circular single-stranded 
circular DNA (ssDNA) viruses characterized by their germinate particles comprised 
of two joined incomplete icosahedra [76]. The circular ssDNA of BeYDV is 2.5–2.7 kb 
in length and encodes MP, CP, and replication associated proteins A and B (RepA and 
RepB) [77]. BeYDV uses a rolling circle mechanism to replicate its genome, result-
ing in a very high yield of copies, which has been used to boost protein expression in 
transgenic plants and for efficient transient expression of foreign protein plants [78, 
79]. BeYDV has a broad host range in plants, including many cucurbits. Yamamoto 
et al. developed a transient expression system that combines geminiviral replication 
and a double terminator, which could improve the protein expression in melon. In 
particular, the expression level was the highest when the HSP and Ext terminators 
were used as double terminators [80]. However, this vector cannot infect melon 
systemically, which could only be used for transient expression.

9. Conclusion

Most cucurbit plants possess very low transformation efficiency [81]. Plant 
virus-based tools have been used in gene silencing and overexpression in cucurbits. 
Up to now, TRSV and ALSV vectors, which have been used in different research 
groups, display good performance in cucurbit plants [16, 28, 29, 51, 82]. The effi-
ciency of other virus vectors infecting cucurbit plants is relatively low. However, 
the VIGS capacity of CFMMV-based vectors has been enhanced recently, which 
provides guidance for the modification of other viral vectors [46]. In addition, 
VIGE technologies have been developed to overcome the bottleneck caused by tissue 
culture [24]. Some plant viruses mentioned in this review that infect cucurbits such 
as BeYDV and TRV have been harnessed for VIGE in N. benthamiana, Arabidopsis 
thaliana, potato (Solanum tuberosum), and tomato (Solanum lycopersicum) [83–86]. 
However, these VIGE tools have not been implemented in cucurbit crops yet. TMV 
has been constructed to deliver biologically functional single guide RNAs (sgRNAs) 
through the CP subgenomic promoter in N. benthamiana in 2017 [22]. As members 
of Tobamovirus, CGMMV and CFMMV also have the potential of delivering sgRNA. 
Because the correlation between the stability of virus vectors and the size of foreign 
genes is negative, it is difficult for most plant viruses to directly deliver large proteins 
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such as Cas9 [87]. Up to now, most types of plant virus vectors were used to deliver 
gRNAs into Cas9-overexpressed plants for VIGE [24]. However, TRSV-based vectors, 
which have displayed powerful capacity to knock down genes and miRNAs in cucur-
bits, were recently reported to express SaCas9 in N. benthamiana without comprising 
virus stability [16]. Therefore, with the development of biology technology, plant 
virus-based tools will further facilitate the study of cucurbit plants.
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