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Abstract

Issues surrounding water scarcity and malnutrition in the rural household of 
sub-Saharan Africa continue to be a problem and pose threat to food security. In 
such cases, traditional and underutilized crops have been proposed because of their 
likely suitability in these marginal areas of crop production characterized by abiotic 
(drought and heat) and biotic environmental stresses (pest and diseases). Bottle 
gourd is one such crop with multipurpose use and a huge potential to contribute 
to food security. The crop is grown for its leaves, fruits, and seeds from landraces 
providing important nutrition for both humans and livestock. A lot has been docu-
mented about its medical properties. The crop exhibits wide genetic variation for 
qualitative and quantitative traits, which can be used for cultivar development. The 
objective of this review was to provide information on why bottle gourd is an impor-
tant food security crop in sub-Saharan Africa. The first section of the paper presents 
water scarcity, food production, and climate change. This is followed by the section 
on the neglected underutilized crops species. Then the section of drought tolerance of 
the crop is presented, and lastly, the section on potential contribution of the crop to 
food security is presented.

Keywords: calabash, water scarcity, neglected crops, leafy vegetables

1. Introduction

The population of the world is expected to reach 9.1 billion by 2050, and the larger 
percentage of this growth is expected to come from the low-income countries such as 
those in sub-Saharan Africa [1]. Consequently, this will result in more water competi-
tion in these countries, which are already frequently affected by drought stress and 
food insecurities. In South Africa, the rainfall is uneven throughout the country and 
often unpredictable and erratic. The country as a result has been characterized as 
the “water scarce country” with less than 500 mm of rainfall received per annum as 
compared with the world average of 836 mm [2]. The predicted effects of climate 
change in sub-Saharan Africa and the country will make the situation worse due to 
the predicted increase and intensity and frequency of drought stress [3]. Therefore, 
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this is extremely worrying when looked within the context this will have in agri-
cultural production and the vulnerability of the poor rural household and the poor 
urban, because the incident of crop failure will likely rise resulting in food insecuri-
ties within these communities [4]. This suggests that there is a need to continuously 
increase crop production and productivity by developing drought tolerant genotypes 
that are adapted to grow under varying and unpredictable conditions and under 
water scarcity conditions. This has resulted in the renewed efforts to consider the 
“landraces” as possible crops, which can safely guard food security in these marginal 
areas characterized by abiotic (drought and heat stress) and biotic (pest and diseases) 
environmental stress [5].

A review [6] on nutritional status of South Africans has revealed that under- 
(underweight, thinness, and stunting) and over-nutrition (obesity and overweight) 
and diet-related non-communicable diseases [7, 8] coexisted within the same com-
munities and often on the same household. This phenomenon is known as the triple 
burden of malnutrition [9]. This has been exacerbated by the Covid-19 pandemic in 
2020 and 2021 in South Africa where the government has provided R350 grants for 
the poorest affected people. Reportedly, the world hunger rose further in 2021 follow-
ing a sharp upturn in 2020 during the Covid-19 pandemic making worse the existing 
inequalities, which have contributed to setbacks toward achievement of Zero Hunger 
Target by 2030 [10].

The increase in production and intake of traditional leafy vegetables was identi-
fied as the potential solution for addressing the problem associated with poor food 
security and nutritional imbalances in the rural communities [11, 12]. In contrast to 
urban and semi-urban communities, people in rural areas have access to land, which 
they can use to cultivate crops, thus contributing to their food security. However, 
this is usually hampered by a lack of adequate resources in these areas. Information, 
expertise, and low capital to buy agricultural inputs such as seeds, fertilizers, herbi-
cides, and insecticides, as well as infrastructure needed to produce these crops, are 
often limiting in these areas. Under such circumstances, it has been suggested that 
traditional crop species can play a vital role in ensuring food security under such low 
input systems because of their likely suitability to these areas [13–15]. However, most 
traditional crops remain underutilized despite reports that they may be better suited 
to low input systems. This could be due to lack of clear policy instruments encourag-
ing cultivation of these crops, lack of research interest from agricultural scientists, 
and low yields due to poor agronomic practices. Therefore, to promote the use of 
traditional crop species, there is a need to conduct research that will contribute to the 
documentation of optimum agronomic practices of these crops. This would contrib-
ute significantly to food security through increasing productivity of these crops, thus 
promoting balanced diets. Bottle gourd (Lagenaria siceraria (Molina) Standley) is one 
such crop species, which has been under researched in South Africa.

Bottle gourd is a member of the Cucurbitaceae family together with pumpkins and 
watermelons [16]. The crop originates in Africa, and it exhibits a great diversity in 
nature, and this alone indicates wide environmental adaptation [17]. The leaves of 
the crop are consumed the same way as those of pumpkins, watermelons, and other 
popular cucurbits. They are usually consumed as a relish with maize staple. The seeds 
of the crop, on the other hand, are popular snacks in Africa and are reported to con-
tain high levels of proteins as is the case with the seeds of its closest relative pumpkins 
[18]. The mature fruit can be used as a container to store water, food, and as a musical 
instrument [19]. In addition, in Asia, bottle gourd is used as a rootstock in winter 
production of watermelons and squashes to prevent root-borne pathogens such as 
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Fusarium oxysporum [20]. A lot has also been documented about its medicinal proper-
ties, especially in countries such as India and Pakistan. Bottle gourd has been reported 
to contain high levels of choline, which is a compound that is reported to heal mental 
disorders [21]. In India, it has been reported to cure stomach complications [19].

Given all these benefits, it is important to note that the potential of bottle gourd 
landraces as a possible food security crop has been overlooked by many researchers. 
These landraces have been preserved by the communities who have been utilizing 
them for over 100 years and form a possible germplasm resource. They may have 
adapted to ecological niches from which they have been preserved. This makes them 
an important food security crop for cultivation in marginal areas of crop production. 
However, owing to the popularity of exotic members of the Cucurbitaceae family 
(pumpkins, watermelon, butternut, and squashes), the popularity and cultivation of 
bottle gourd landraces have faced neglect. Therefore, is a need to conduct research on 
improvement of this crop and their potential to contribute to food security in mar-
ginal areas of crop production. Therefore, the objective of this chapter is to review the 
research conducted on bottle gourd landraces and highlight their potential contribu-
tion to food security.

2. Water scarcity, food production, and climate change

The climate of the sub-Saharan region is characterized as semi-arid to arid 
with most countries receiving the rainfall that is less than 500 mm per annum. 
Frequent occurrence of drought is common in most countries in the region. This 
in combination with climate change and variability has led to huge losses in local 
food production and has threatened food security [22]. This is important to note 
since larger part of the population in sub-Saharan Africa is still dependent of agri-
culture for subsistence. This is a vulnerable group with low income or no income 
at all, low adaptive capacity to climate change, and facing a great treat to food 
security [23, 24]. The predicted impact of climate change in sub-Saharan Africa is 
that of rising temperature, increased incidence of floods, increased occurrence of 
extreme events such as drought, and increased rainfall variability [25]. Already, 
some of these conditions are experienced in sub-Saharan Africa with the recent 
case of severe floods that have affected many communities in Durban, South 
Africa, in 2021.

In sub-Saharan Africa, most economies are still dependent on agriculture as the 
driver of rural and economic development, and it is argued that current agricultural 
activities within these communities are too mainstream and lack the necessary inno-
vation to allow rural economic development [24]. Reportedly, 95% of the population 
in the region is still dependent on rainfed agriculture, and it is subsistence-based [26]. 
This, therefore, is a huge challenge when viewed with the context of impact this will 
have on agricultural production and vulnerability of the smallholder farmers [22]. 
Therefore, given these challenges, there is a need to embrace new paradigms or alter-
native approaches that promote context-specific, best bet agricultural technology that 
can perform under water scarcity, climate change and provide food and nutritional 
security for the rural household. Those solutions should be practical, sustainable, and 
resilient to the problems facing sub-Saharan Africa such as water scarcity, climate 
change, and food security. As a result, landraces or underutilized crop species such as 
bottle gourd have been promoted in South Africa to cope with water scarcity, climate 
change, and food security.
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3. Neglected underutilized indigenous crop species

In context of the above discussion, neglected and underutilized crop species have 
been recommended to mitigate some of these challenges. According to a report [27], 
neglected and underutilized crop species can be defined as those crops that have 
become indigenized over many years (more than 100 years) cultivation and natural 
and farmers selection within South Africa, thus they have become “landraces.” On 
the other hand, landraces have been defined as the local variety of a plant species that 
evolved largely through selection by farmers in an unstructured way and which has 
become adapted to ecologies where it grows and survives [28]. These crops are some-
times called forgotten crops, neglected crops, orphans crops, underutilized crops, 
etc., as there is no consensus on what these crops should be referred to [22]. In the 
context of this document, landraces and neglected and underutilized crop species will 
be used interchangeable and have the same meaning. These crops currently have low 
level of use that is limited to subsistence farmers, have previously under-researched, 
and have not been previously classified and the major crops [29]. These crops previ-
ously, played an important role in ensuring household food security through provid-
ing alternative food source when the main crop has failed [29]. These crops also 
provided food source during times in-between subsequent harvest. Neglected crops 
species are cultivated from landraces using unimproved landrace varieties mostly by 
subsistence farmers. They are believed to be adapted to a range of ecological niches, 
both biotic, pest, and diseases and abiotic drought and heat stress. Therefore, there 
is a need to conduct more research on these crops and identify the desired traits as 
the initial stage of crop improvement. Therefore, these crops serve as an important 
germplasm for future crop improvements [22].

Promotion of few crops such as maize, wheat, soybeans in the mainstream agri-
culture has occurred at the expense of neglected indigenous crop species. Generally, 
these crops have been ignored in crop improvement programs by agronomist and 
plant breeders, and thus, they have earned the term “underutilized” [5]. There is 
currently little information describing their performance and responses to biotic and 
abiotic environmental conditions. The promotion of these crops will depend mainly 
to the availability of information about their growth and development, and bottle 
gourd is one such crop.

Bottle gourds exhibit large phenotypic variation, and this alone indicates wide 
genetic variation within the species. It is widely cultivated in sub-Saharan Africa for 
multiple uses by smallholder farmers [30, 31]. The crop is cultivated for its fruits, 
leaves, and seeds, and this can be consumed by both humans and livestock. The wide 
genetic variation within the crop provides the opportunity for selection and ideotype 
breeding [30]. There are no commercial varieties available of the crop in the region 
because of the lack of crop improvement programs dedicated into the crop. The crop 
is therefore classified as neglected underutilized crop species because its cultivation is 
mostly done by smallholder farmers using landraces under low input system with no 
improved seed varieties.

4. Drought tolerance of bottle gourd landraces

Larger percentage of the area in sub-Saharan Africa is characterized as arid to 
semi-arid. This therefore necessitate more studies on crop response to drought stress 
if the objective is to promote the neglected underutilized crop species. Drought 
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or water stress in one of the single important environmental factors limiting crop 
production in the region. Drought can be defined as an extended period (months 
or years) where a region experiences a deficiency in water supply whether surface 
or underground water [32]. The plant mechanism to cope with stress is based on 
the choice of response it adopts in responding to developing water stress [22]. The 
responses of plants to water stress are complex [33]. The plant may tolerate, avoid, 
or escape drought stress [34], and the paragraph below sought to explain these 
mechanisms.

Drought avoidance is associated with reduction in water loss while enhancing 
or maintaining the uptake by the roots [22]. Drought escape on the other hand 
is associated with timing of key phenological stages. Crops can escape drought 
by having short growing season, and this allows them to complete their life cycle 
before water stress becomes terminal, and flowering time is an important trait 
related to drought escape [35]. While drought avoidance involves the responses of 
crop such as the regulation of stomata and the enhanced water capture, prolifera-
tion, and extensive root system [36]. Root thickness, root length, and root depth 
are some of the characteristics associated with enhanced water capture during 
drought stress [37]. Plant morphological changes such as number of leaves, plant 
height, leaf area, and leaf area index are reduced during drought stress, thereby 
assisting the plant to lose less water (or avoid drought) during water limiting 
conditions [38]. However, these mechanisms do not occur in isolation as drought 
avoidance can be associated with reduced leaf number and reduced season period, 
which is a trait of drought escape [34]. Finally, drought tolerance, which has been 
defined as the capacity of the plant to maintain metabolic activities under water 
scarcity or drought stress [34]. This is different from drought escape in that it does 
not show signs or evidence of yield reduction [34]. Drought tolerance is charac-
terized by antioxidant defense system (i.e., reactive oxygen species and reactive 
nitrogen species) and osmotic adjustment (i.e., proline) [39]. Therefore, the 
understanding of all these mechanisms involved in water stress is important for 
strategic breeding of bottle gourd landraces and the release of improved varieties 
of the crop.

Bottle gourd in sub-Saharan Africa is grown by smallholder farmers from land-
races. These landraces are believed to be adapted to stressful conditions of arid and 
semi-arid characterized by water stress and salinity. The recent studies conducted in 
South Africa on the response of the crop to water stress have shown some level of tol-
erance to these conditions [40–42] as compared to other cucurbits crops. As a result, 
it is suggested [31] that strategic crosses between drought-tolerant landrace accessions 
may enhance the level of drought tolerance and development of well-adapted hybrid 
varieties. This coupled with the understanding of the physiological mechanisms to 
drought tolerance can assist in effective screening and identification of the novel 
genes in the crop for breeding purposes. The accumulation of secondary metabolites 
such as cucubitacins during drought stress has been observed in the crop [40, 41] and 
can be associated with drought tolerance in bottle gourd landraces. In contrast, the 
concrete evidence that suggests their role in conferring drought tolerance is limited 
in cucurbit crops including bottle gourd landraces. Cucurbitacins E and I have been 
found to increase in response to water deficit [42], and the authors suggested that this 
may be the potential physiological marker of selection and identification of the crop 
for drought tolerance breeding. Thus, full understanding of the function of cucur-
bitacins during water deficit may assist in identification of the novel genes that confer 
drought tolerance [31].
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5. Economic and medicinal uses

In South Africa, about 30 years ago, the crop was planted for the pipe making 
industry [43]. The necks of the fruits were bent in such a way that they grow to form 
bowls of pipes, and when the fruits were dry and ripe, the necks sawn off, cleaned, 
and exported to pipe markets overseas [43]. In Malaysia, rural farmers have been 
reported to increase their income due to planting and selling bottle gourd leaves and 
fruits [44]. A lot has been reported on medical properties of the crop. Bottle gourd 
has been shown to contain triterepenoide cucurbitanics B, D, G, and H, two sterols 
(fucosterol and campesterol), aerpene, byonolic acid, flavone-C glycosides, and 
lagenin [19]. The extract from the seed was found to contain antibiotic properties, 
and the fruit juice is helpful in constipation, premature graying hair, urinary disor-
der, and insomnia. To date, the crop has been found to contain high levels of choline 
[19, 21]. Choline serves as a precursor of the neurotransmitter acetylecholine, which 
in turn is important for retaining and enhancing memory. Further, a report [19] 
indicated that bottle gourd juice helped to regulate blood pressure in hypertensive 
patients because of its high potassium content, reducing weight quickly because of 
its high diet fiber and low fat and cholesterol content. Furthermore, the crop has 
been reported to lower blood cholesterol. In addition, the antihyper lipidemic effects 
(anti-lipids effect) of four different extracts have been explored [45]: chloroform, 
petroleum ether, alcoholic and aqueous extract from bottle gourd. They found that 
both chloroform and alcoholic extract had a significant effect on lowering total cho-
lesterol, triglycerides, and low-density lipoprotein along with increase in high density 
lipoprotein as compared to others. Their results also suggested marked antihyperlip-
idemic and hypolipidemic effects of the extract.

6. Potential contribution to food security

In most parts of the world and in South Africa, bottle gourd is grown mainly 
as a vegetable for human consumption. Leaves of the crop are consumed the same 
way as those of popular cucurbits (watermelon, pumpkin, and squashes) and other 
popular leafy vegetables (spinach, Amaranthus spp., spider flower, chines cabbage, 
etc.). The young fruit of the crop is a popular vegetable in many parts of the world 
[46]. According to others [17], the leaves of the crop can also be added fresh and 
mixed with maize porridge in southern Africa, and they can also be dried and stored 
for later use in the off season. The seeds of the crop have been reported to contain 
high levels of oil that is comparable to those of sunflower and grape oil [47]. Other 
reports [48] indicated that bottle gourd was rich in protein, oil, and energy. Apart 
from these nutritional uses, bottle gourd has been used for decades in Asia as a root 
stock for watermelon to promote the root system under stressful conditions of water 
deficit and salinity [49], low temperature [50], as well as root-borne pathogens (Han 
et al., 2004 use numbers to cite references). In South Africa and the neighboring 
countries (Botswana and Zimbabwe), the oil is extracted from the seed and used as 
an alternative for vegetable oil [51]. According to other reports [17], the defatted cake 
can be used as a protein supplement in rural communities. L. siceraria seeds have been 
reported to contain about 45% oil and 35% proteins. [46] argued that the potential 
for bottle gourd as a food security crop lay on the use of its seed kernel in food and 
livestock industry. Given such benefits of the crop, it is a wonder that in South Africa, 
the benefits of the crop have not yet been fully exploited. The country is still faced 
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with the problem of malnutrition. In recent years, obesity has increasingly become 
problematic in both rural and urban communities. High incident of stunted, under-
weight children, and increasing infant mortality due to marasmus and Kwashiorkor 
have been reported [17]. The use of bottle gourd seeds or defatted cake could help 
in mitigating protein deficiencies in rural communities. Oil extracted from bottle 
gourd is reported to be rich in sterolic compounds and fatty acids [47]. Thus, the use 
of bottle gourd seeds could contribute significantly in providing much needed amino 
acids in the diets of vulnerable communities. Nutritionists have argued that inclusion 
of leafy vegetables in diets could increase dietary diversity, nutrient availability, and 
absorption contributing to the reduction of malnutrition [52]. A report [19] indicated 
that the crop to form excellent diet that is rich in iron, vitamins, and minerals. In 
addition, the seeds and fruit of the crop can also be used to supplement livestock feeds 
in rural communities where grazing land is also becoming a problem. Observations 
in Zimbabwe have shown that leaves, seeds, and fruits are being used to supplement 
livestock feeds [53]. It has also been reported [17] that bottle gourd also contained 
sodium, potassium, essential elements, and trace minerals. They concluded that the 
crop could be useful to hypertensive patients since it contained high levels of potas-
sium and sodium. Global population and that of South Africa continue to increase 
rapidly. This necessitates the production of more food to meet the growing demand 
by the increasing population. To achieve this, it is necessary for the country to look 
at the diversity that exists in traditional crops. Another problem that the country 
and the world face is that of climate change. It is important therefore to also look for 
diverse crops that can withstand high temperatures and possible outbreak of diseases 
in order to ensure food security, especially in the marginal areas of crop production. 
This makes bottle gourd attractive for a range of uses.

7. Conclusions

Bottle gourd landrace is an underutilized crop with a huge potential to contribute 
to food security. This crop has been growing in marginal areas of crop production 
characterized by water stress and salinity for hundreds of years, and thus, it is 
believed to be adapted to these conditions. The crop can strive well in the field with 
minimal agricultural inputs such as water and fertilizer and the use of herbicides and 
pesticides. The crop contains beneficial nutrients and medicinal properties that are 
beneficial to humans. The crop seeds have also been used in livestock supplements 
where the seed served as the protein source. Therefore, with the countries in sub-
Saharan Africa faced with the problem of malnutrition, it is important to investigate 
the diversity of crops that are suited in these areas characterized by drought stress 
while at the same time providing enough nutrition to safeguard food security.
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