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ABSTRACT 
Water scarcity is a global issue, and agriculture in Iraq, is one of the most affected sectors by rising temperatures and reduced water 

availability. Pumpkin (Cucurbita pepo L.) yield, both fruit and seed, is impacted by irrigation deficits and varying water regimes. 

Therefore, to assess suitability to low water availability, a local cultivar of pumpkin was planted in an experimental farm in Kalar, Iraq. 

The plants during flowering were exposed to two water regimes: full irrigation to maintain the soil at 100% field capacity (FC) and 50% 

FC. Selenium and calcium at concentrations of 1.5 mg/L and 5 mg/L, respectively, were applied separately and weekly during the 

flowering and fruit establishment. A split experiment with a complete randomized block design was implemented with three replicates. 

Results revealed that selenium application statistically improved the total number of branches, the number of pistillate flowers, and fruit 

yield per plant compared to the control treatment under 50% FC and 100% FC respectively. Seed traits, including seed weight per fruit, 

the number of seeds per fruit, the weight of 1000 seeds, and seed yield, enhanced slightly but not significantly when compared with the 

calcium and control treatments under reduced water usage. Calcium content in seeds increased significantly under 50% FC with the 

application of selenium and calcium. Similarly, the highest activity of catalase (CAT) and ascorbate peroxidase (APX) enzymes was 

achieved using calcium in 50% FC. These findings emphasize that selenium demonstrates effectiveness in enhancing certain traits of 

pumpkin morphology, physiology, and productivity, while calcium was more effective in improving biochemical contents. Further 

studies are recommended to identify a sustainable and natural alternative to selenium with a similar function and emphasis the role of 

selenium at the molecular level in pistillate flower development in pumpkin. 

https://creativecommons.org/licenses/by-nc/4.0/ 
Keywords: Reduce Water Utilization, Seed Quality, Selenium, Calcium, Pumpkin.

1 Introduction  

Water scarcity became a global focus, specifically in arid and 

semi-arid regions. Iraq is one of the most impacted countries by 

unstable environment, particularly reduced precipitation. In 

northern Iraq, the groundwater had been falling nearly by half, 

and the supply only satisfied 55% of water demand [1,2]. 

Maintaining yield and crop quality requires the formulation of 

novel ways to enhance water use efficiency to face the water 

scarcity challenge. In water-limited environments, selecting a 

suitable crop to study sustainable farming practices, such as the 

application of plant nutrition, is essential. Therefore, pumpkin 

(Cucurbita pepo L.) is chosen due to its multiuse and nutritional, 

and economic values of its plant parts, particularly, fruits and  

 

seeds.  

Pumpkins belong to the family Cucurbitaceae and are the most 

popular crop during the autumn season and Thanksgiving. 

Nutritionally, pumpkin fruits and seeds contains linoleic acid, 

antioxidant, as well as carotenoids, ascorbic acid, vitamins, 

minerals, dietary fibres, zeaxanthin, and vitamin E [3,4]. The 

pumpkin research has increased dramatically for the last decade. 

A web search resulted in 1,010 findings related to pumpkin 

production in Iraq for the period 2023–2024 and 575 results for 

the period 2013–2014. In Iraq, the cultivated area for pumpkins, 

squash, and gourds went from 9,726 to 10,035 hectares, with a 

production rise from 10,035 to 10,719.8 kg/ha. Similarly, in the 

European Union, the cultivated area increased from 47,288 to 

82,499 hectares, with a yield rise of 31,622.7 to 31,651.3 kg/ha 
[5]. The statistical data on cultivated area and yield, particularly in 

Iraq, necessitate the development of improvement strategies to 

maintain and enhance production, specifically seed quality. 

The growth of pumpkins and the quality of their seeds are 

affected by certain abiotic stressors, such as drought. 
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Morphological, physiological, and plant productivity, including 

flowering, fruiting and seeds inhabit dramatically during the 

decrease of water availability [6,7]. As a result, various methods 

followed to reduce the impact of water scarcity, including the 

application of micronutrients, are becoming increasingly 

significant. 

Selenium (Se) as a non-essential nutrients and calcium (Ca) as an 

essential nutrient play crucial role in mitigating the damage 

caused by abiotic stress including drought [8]. Selenium enhances 

the enzymatic and non- enzymatic antioxidant activities by 

reducing the accumulation of reactive oxygen species, enhances 

water uptake, and sustains photosynthesis and chlorophyll levels 
[9]. Alsamadany et al. [10] found that selenium application to 

pumpkins plants during osmotic and ionic stress greatly lowered 

the amounts of O2•‒, H2O2, and Na⁺. Foliar application of SeO3 
2- on pumpkin plant in the field increased anthocyanin slightly 

and fruit and seed yield were not affected [11]. On the other hand, 

calcium as essential element for plant growth and development, 

contributed in plant abiotic stress through stabilize cell walls and 

membranes; regulate Na+ and K+ ratios; regulate hormone 

levels; maintain photosynthesis; regulate respiratory metabolism 

and root activities; induce stress-resistant gene and protein 

expressions [12]. Feng also demonstrated that under drought 

conditions, plants are less capable of absorbing and translocating 

calcium [12]. Colombari et al. [13] found that foliar application of 

0.2% calcium chloride during flowering stage was increased the 

amount of pollen per flower and also the number of seeds per fruit 

of zucchini (Cucurbita pepo L.).  

This research examines the independent effects of selenium and 

calcium in alleviating the impact of decreased water utilization 

on a local pumpkin, Cucurbita pepo L. The aim is to provide 

insights into which elements are most effective in mitigating the 

impact of water scarcity and optimizing pumpkin cultivation. 

Therefore, plant vegetative growth, flowering parameters, seed 

yield, and seed quality traits were evaluated.  

2 Material and Methods 

2. 1 Experimental Site and Agronomic Practices 

A field experiment was conducted during the summer growing 

season from April to September of 2024 at the experimental farm 

at 34°36’29.30 N, 45°18’04.04 E, and an elevation of 200 m 

above sea level. The soil at the experimental site was 

characterized as sandy clay throughout the profile; see 

supplementary table 1 for some soil physical and chemical 

properties of the experimental site, and supplementary table 2 

shows some water properties of irrigation being used in the 

experimental side. Monthly meteorological data, including 

temperatures, humidity, and wind speed, are shown in 

supplementary table 3.  

Pumpkin seeds (Cucurbita pepo L.), a local variety, were sown 

on April 5, 2024, in seedling trays filled with commercial 

peatmoss, and seedlings were transplanted to the field one month 

later. Each plot (4.3 × 2 m) contained 10 plants grown in two rows 

in the middle of the bed. Seedlings were transplanted by hand 

with 1m row spacing and 0.8 m plant spacing within each plot. 

A split-plot experiment following a completely randomized 

design with three replications was implemented. Irrigation 

regimes were allocated within the main plots, while the foliar 

application of selenium, calcium and control was assigned to the 

subplots. The irrigation regimes were determined by calculating 

the time of water flow, with the flow volume measured per minute 

(36.67 mL/min). Two irrigation regimes were implemented: 

100% and 50% of field capacity (FC), corresponding to irrigation 

durations of 2 hours and 1 hour, respectively. 100 % FC is the 

point that soil capacity to hold maximum water [14].  FC was 

achieved through the application of the required water to maintain 

the FC in both watering regimes. The total water applied under 

the full irrigation regime (100% FC) for (2h) during the growing 

season was 5569.62 m³/ha per irrigation, while the total water 

applied for the reduced irrigation regime (50% FC) for (1h) was 

2784.81 m³/ha per irrigation. Irrigation regimes commenced three 

weeks after transplanting, during the flowering stage, and 

continued for 1 month until the fruits began to colour. 

Selenium in the form of sodium selenate (Na2SeO4), purchased 

from Thomas Baker, India, was applied at a concentration of 1.5 

mg/L. Calcium in the form of calcium nitrate [Ca (NO3)2·4H2O], 

sourced from Casa De Amor, India, was applied at a 

concentration of 5 mg/L. Applications continued for 2–6 weeks 

after the first fruits reached 20 mm in diameter, ensuring the fruit 

surface was thoroughly wetted. Irrigation was discontinued 20 

days prior to harvest. 

Standard agronomic practices, fertilization NPK (20-20-20), 

were used twice, one week before transplanting and after 

transplanting. The complete amount of fertilizer applied each 

time was 48.45 kg/ha. Pest and disease management were 

conducted as the manufacturer recommended for Speed SC and 

Orizon SL from Agrichem, Australia. 

2. 2 Growth Traits 

During growth and development, various morphological 

characteristics were recorded for five randomly chosen plants per 

experimental unit and replicate, including plant height (m), leaf 

area (cm²), which was measured using Fiji (ImageJ 1.54f), stem 

diameter (cm), the number of branches per plant, internode length 

(cm), leaf fresh weight (g), leaf dry weight (g), root length (cm), 

root fresh weight (g), and root dry weight (g). 

2. 3 Flowering Traits 

When 50% of the plants completed flowering, the total number 

of staminate and pistillate flowers and their sex ratio (number of 

staminate / number of pistillates) [15] were recorded. The data 

were collected from 10 plants per experimental unit and replicate.  

2. 4 Fruit Traits 

At an interval of 14 weeks after transplanting, when the majority 

of pumpkin fruits had reached their maturity phase, the following 

fruit characteristics were recorded: fruit weight (kg), fruit 

diameter (cm), fruit length (cm), pulp weight (kg), fibrous strands 

and seed weight (kg), fibrous strands weight (kg), the total 

number of fruits per plant, and fruit yield (tons per hectare).  
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2. 5 Seed Traits 

The seeds from each pumpkin were removed, washed with water, 

dried, and then stored for further analysis and measurements as 

follows: Seed weight per fruit (g), the number of seeds per fruit, 

weight of 1000 seeds (g), and seed yield (kg per hectare). 

Seed size was estimated using SmartGrain version 1.1 

(http://phenotyping.image.coocan.jp/ ) [16]. Images were captured 

using a phone camera and analyzed using the software. The 

following measurements were taken: area size (AS) [mm²], 

perimeter length (PL) [mm], length (L) [mm], width (W) [mm], 

length-to-width ratio (LWR), circularity (CS), and the distance 

between the intersection of length and width (IS) and center of 

gravity (CG) (DS) [mm] (Figure 1). Data were recorded from 5 

randomly selected fruits per experimental unit, with 30 seeds per 

captured photo. 

 

Figure 1: SmartGrain automatically identifies pumpkin seeds within an 

image and measures their shape profiles automatically. 

The whole weight of seeds (achene), kernel, and husk (seed coat) 

was measured using fifty randomly selected seeds of dried seed. 

Analytical balance (Akern and sohn Gmbh, Germany), was used 

for this purpose.   

In addition, the production value of fruits and seeds was 

determined by estimating the cost of fruit and seed production per 

hectare. The cost was calculated based on a rate of 1 kg = 1000 

IQD. 

2. 6 Minerals and Biochemical Analysis 

For Se and Ca determination in pumpkin seeds, 1 g of dried and 

ground powder was added to 5 mL of 65% nitric acid and 1 ml of 

36.5% hydrochloric acid. The samples were digested using Mars 

Xpress (CEM Corporation, Matthews, USA) microwave oven in 

four stages. The minerals in sample solutions were quantified by 

inductively coupled plasma–optical emission spectrometry (ICP-

OES Optima 7000; Perkin Elmer, USA), in accordance with 

Martinec et al., [17]. Additionally, total protein was quantified 

using Bradford method, the samples were measured at 595 nm by 

ELISA reader (Thermo Scientific Varioskan Flash Multimode 

Reader) [18]. The assessment of catalase (CAT), and ascorbate 

peroxidase (APX) activity was carried out using the procedures 

described by Najafi et al. [18], the activity of CAT and APX were 

measured using spectrophotometer at 240 nm and 290 nm 

wavelength, respectively. All mineral and biochemical analyses 

were executed by the researcher at the University of Tehran, 

College of Agricultural and Natural Resources. 

2. 7 Statistical Analysis 

Data was analyzed using the SPSS software. The data was 

subjected to one-way analysis of variance (ANOVA), and 

Duncan’s multiple range test compared the means of the 

treatments. Graphs were generated using Microsoft Office Excel 

2013 software. 

 3 Results and Discussion  

3. 1 Growth Traits 

During the growing season, the pumpkin plants were monitored 

almost daily. Vegetative growth parameters were recorded at the 

changing colour stage of the fruit. Pumpkin vine length, which 

was represented as plant length, the longest average was (3.25 m) 

when plants were fully irrigated (100% FC) and selenium was 

applied (Table 1). The shortest plant average (2.34 m) was 

recorded when plants were not fully irrigated and treated with 

calcium. Although there are differences in the fully irrigated and 

reduced irrigation on plant height, generally, there are no 

statistical differences between the treatments (Table 1). Leaf area 

was not affected by lowering water utilisation, despite increasing 

the values of leaf area treated with calcium (Table 1). Fully 

irrigated plants treated with selenium increased the value of stem 

diameter, but statistically it was not different from other 

treatments. Similarly, selenium treatment increased the number 

of branches per plant, and the fully irrigated was significantly 

higher when compared with reduced irrigation, calcium, and 

control treatments. Calcium application statistically increased the 

length of internode to about 9.18 cm and selenium to 8.22 cm; 

these values were the highest statistically recorded values when 

plants were fully irrigated in comparison with half-irrigated. 

Additionally, during the growing season, when vegetative 

parameters were collected from April to August, average 

temperature and humidity fluctuated by nearly 15 degrees, and 

solar radiation varied by approximately 52 units (Supplementary 

Table 3). These environmental fluctuations may have contributed 

to the variability observed in the non-significant findings, 

although slight improvements were noted with the applied 

treatments. These results underscore the importance of nutrients 

such as calcium and selenium in plant growth, suggesting that 

their availability—and potentially their uptake—may be 

influenced by water availability and environmental conditions 

during the vegetative stage of pumpkin. This interpretation is 

further supported by previous findings discussed below. 

A study was shown that waterlogging stress inhibited the growth 

of 27 Chinese pumpkins, with significant differences in plant 

length with the average of 0.80 m and minimum 0.448 m, stem 

diameter average 0.76 cm and minimum 0.46 cm, the average of 

root length 0.70 m, aboveground and underground fresh and dry 

weight were reduced [6]. Correspondingly, in this study, the 

statistical reduction of aboveground growth, including plant 

height, the number of lateral branches, and internode length, 
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under the reduction of irrigation level, may correlate to the 

destruction of the metabolism process and unbalanced plant 

hormones and enzymatic and non-enzymatic antioxidants that 

negatively impacted cell division and elongation [19]. In addition, 

selenium showed a positive effect on plant growth whether under 

stress or optimal growth conditions; particularly, the number of 

lateral branches when compared with half-irrigated untreated 

plants (Table 1). Fowmina [20] found the highest vine length 

(214.6 cm), the number of leaves (113.7), and leaf length (15.9 

cm) when cucumber plants were foliar treated with selenium (20 

µg L-1). Similarly, foliar application of squash plants with 

calcium 250 and 500 mg/L and nano calcium 50 and 100 mg/L 

gave the highest values of stem length, diameter, fresh and dry 

weights, and the number of leaves and total leaf area; fresh and 

dry weights; and root length, diameter, and fresh and dry weights; 

and photosynthetic pigments compared with the control [21]. 

Under 50% FC, plant length, stem diameter, fresh leaf weight, 

stem fresh weight, stem dry weight, root fresh weight, root dry 

weight, and plant dry weight were statistically increased with the 

foliar application of CaCl₂, 50 mg/L, in pearl millet [22]. A 

breeding study demonstrated that the main stem lengths are 

positively correlated with yield per plant and have mostly 

additive genetic variance, as did multiple lateral branching of 

some cucurbits [23]. The recorded results of the vegetative traits 

under reduced water usage in this study distinguish that selenium 

improves plant height, stem diameter, the number of branches, 

and the root fresh weight. While the application calcium 

increased the recorded values of leaf area, internode length, leaf 

fresh weight, and leaf dry weight table (1). These findings 

indicate the importance of selenium and calcium on the 

vegetative growth of pumpkins under restricted water availability 

regions. 

Table 1: Effect of reduced water usage and separate applications of selenium and calcium on vegetative growth traits of pumpkin. 

FC Treatment 

Plant length  

(m) 
Leaf Area (cm2) 

Stem Diameter 

 (cm)  

Number of 

Branches  

Internode length 

(cm) 

Leaf Fresh 

Weight (g) 

Leaf Dry 

Weight(g) 

Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE 

100% 

Selenium 3.25 a 0.12 124.35 a 
11.8

4 
3.04 a 0.04 7.03 a 0.37 8.22 b 0.33 4.40 a 0.17 0.84 a 0.06 

Calcium 
3.13 
ab 

0.14 133.29 a 9.83 2.79 a 0.46 6.97 a 0.09 9.18 a 0.15 4.46 a 0.23 0.88 a 0.03 

Control 
2.75 

abc 
0.31 108.11 a 9.79 2.41 a 0.19 6.43 ab 0.12 7.24 c 0.16 4.14 a 0.39 0.82 a 0.08 

50% 

Selenium 2.37 c 0.23 104.72 a 2.10 2.52 a 0.21 6.23 ab 0.61 6.49 c 0.19 3.84 a 0.15 0.84 a 0.05 

Calcium 2.34 c 0.09 115.95 a 
12.9

0 
2.73 a 0.07 5.43 bc 0.26 6.64 c 0.24 4.23 a 0.40 0.96 a 0.11 

Control 
2.49 
bc 

0.24 110.64 a 2.52 2.48 a 0.15 5.17 c 0.15 6.72 c 0.49 3.97 a 0.20 0.94 a 0.09 

 Means in the same column with different letters are significantly different at α = 0.05. 

 

3. 2 Flowering Traits 

Flowering stage was initiated at a very early stage of growth. The 

pumpkin plants show a monoecious phenomenon. At node 12, the 

fully irrigated and selenium-treated plants produced their first 

pistillate flower. They continued to alternately produce pistillate 

and staminate flowers until node 35, when they again produced 

staminate flowers (Figure 2A). The fully irrigated plants with 

calcium treatment produced the first pistillate flowers at node 10, 

then the second at node 15; from node 17, the plant produced 

pistillate flowers alternately with staminate flowers until node 36 

(Figure 2B). The control treatment, which received full irrigation, 

produced the first pistillate flower at node 15, the second at node 

17, and then alternated with staminate flowers until node 36 

(Figure 2C). The half-irrigated plot with selenium treatment led 

to the production of the first pistillate flowers at node 10, the 

second at node 17, the third at 19, and then, alternatively, 

staminate flowers until node 32 (Figure 2D). When half the 

irrigated plot received the calcium treatment, node 18 produced 

the first pistillate flowers, node 22 produced the second, and node 

43 recorded the last pistillate flower (Figure 2E). Under the 

control treatment, node 7 produced the first pistillate flower, node 

12 produced the second, node 17 produced the third, and node 38 

produced the last pistillate flower (Figure 2F). Generally, the 

results showed that the first pistillate flower at node 7 with 

lowered water utilisation and untreated plant (control), and the 

last one at node 43 with calcium treatment. The appearance of the 

first flower in fewer days than expected suggests an abnormal 

phenomenon known as early or stress-induced flowering. 

Although the genetic makeup of the local pumpkin variety plays 

a role, environmental fluctuations may have disrupted hormonal 

balance during the early growth stages, leading to what is 

commonly referred to as stress-escape flowering [24]. 

Plants half-irrigated and treated with calcium produced the 

highest number of staminate flowers (145.8), but statistically, this 

value did not differ from other values recorded from other 

treatments. The highest number of pistillate flowers, 13.20, was 

compared to the lowest number, 7.73, recorded with half-irrigated 

land, plants treated with selenium, and fully irrigated with the 

control treatment, respectively. Consequently, the fully irrigated 

and control treatment recorded the highest sex ratio of staminates 

to pistillates (18.92), while the half irrigation and selenium 

treatment recorded the lowest (11.34) (Figure 3). These results 

indicate that treating pumpkin plants with selenium or calcium 
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stimulates pistillate flower production in comparison to the 

control treatment. In general, reduced water use had no statistical 

effect on the number of pistillate flowers. 

The flowering stage in pumpkin was continued almost eight 

weeks after planting, starting from May to mid of August; with 

the highest flowering pick occurring in June and July (data not 

shown). Pumpkin flowering is sensitive to drought [25]. In this 

study, the plants were exposed to reduced water usage to 

determine the local pumpkin in Iraq to drought tolerance, in 

addition, selenium and calcium were applied weekly during 

flowering stage to evaluate their impact on mitigating the effect 

of lower usage of water and the flowering dynamics. Figure (2) 

shows the higher number of staminate and pistillate flowers at 

fully irrigated plot than half irrigated plots. Pistillate flowers 

represented by red dots impacted dramatically by reducing water 

usage, the number of staminate flowers were higher than the 

pistillate flowers under both conditions (Figure 2). This result 

aggresses with previous study demonstrate that during the 

flowering period, the staminate flowers were higher than pistillate 

flower bud production, and drought led to reduction of pistillate 

flowers by threefold and staminate by almost onefold [25]. 

However, most of the pistillate flowers were aborted before fruit 

set and the flower color was brownish- yellow; this may be the 

consequences of the high temperature (supplementary table 3) in 

the open field experiment and lead to the pistillate bud not 

developing to anthesis [26]. Therefore, in this study, selenium and 

calcium improved the formation of pistillate buds (Figure 2) 

compared with the control plants. The highest number of pistillate 

buds developed to anthesis was found on plants treated with 

selenium (Figure 3). This results in agreement with previous 

finding by Abedi et al. [27], which showed that the application of 

selenium nanoparticles increased the number of flowers in 

chicory (Cichorium intybus L.).  These results may also correlate 

to the impact of the foliar application of selenium on its level in 

the pistil and stamen and also pollinator visitor. A study was 

shown that the higher level of selenium in hyperaccumulated 

selenium plant specifically in reproductive organs elevate the 

selenium in nectar and increase the pollinator visitor in Stanleya 

pinnata [28]. On the other hand, calcium was demonstrated as an 

essential macronutrient for pollen grain germination, fertilization 

and flower and fruit set of pumpkin [13]. The percentage 

differences under full irrigated plot and treated plants with 

calcium was 31.88% pistillate and 1.66% staminate flowers when 

compared with control. Under half irrigated plots with calcium 

treatment was 6.76% pistillate and 2.59% staminate flowers, 

respectively when compared with control (Figure 3). This 

indicate that calcium increased the number of pistillate flower set 

under fully and half irrigated plots, although statistically the data 

show non-significant differences. As a compression between 

selenium and calcium effect on mitigate the impact of reduced 

water on pistillate flowers, the result conclude that selenium is 

more effective on increasing the set of pistillate flowers of 

cultivated local pumpkin and the percentage increased 

differences was 25.64% and 32.26% of pistillate flowers under 

half irrigated plot compared with the calcium and control 

treatments, respectively.

 
Figure 2: Effect of reduced water usage and separate applications of selenium and calcium on the number of pistillate and staminate flowers 

per node of pumpkin. A, B and C represent the values of flowers under fully-irrigated area and plant treated with selenium. 
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Figure 3: Effect of reduced water usage and separate applications of selenium and calcium on the number of pistillate and staminate flowers 

and sex ratio per plant of pumpkin. Means in the same bar with different letters are significantly different at α = 0.05. 

3. 3 Fruit Traits 

The data related to fruit characteristics showed no statistical 

differences between the full and half-irrigated areas and selenium 

and calcium when compared with the control (Table 3). However, 

the fruit parameters including; fruit weight (kg), fruit diameter 

(cm), fruit length (cm), pulp weight (kg), fibrous strands and 

seeds weight (g), and fibrous strands weight (g) show the higher 

values when the plants were fully irrigated compared with lower 

or half-irrigated and treated plants with selenium, calcium, and 

control. 

The average fruit weight obtained under fully irrigated plots and 

plants treated with selenium and calcium was 1.78 kg and 1.69 

kg, respectively. The average fruit weight under reduced 

irrigation time and selenium and calcium treatments was 1.53 kg 

and 1.29 kg. The increased percentage differences between 

selenium and calcium under fully irrigated conditions were 

5.68% and under reduced irrigation conditions were 17.40% 

(Table 2). These results indicate that despite the non-significant 

impact of drought on fruit characteristics, selenium was much 

more effective at reducing the impact of reduced water usage than 

calcium. 

Furthermore, the total number of mature fruits per plant was 

recorded when plants were fully irrigated and treated with 

selenium; the average was 2.34 fruits per plant (Figure 4 A). This 

value was statistically higher than the control in fully irrigated 

and half-irrigated plants treated with selenium calcium and 

control, respectively. These values reflected the total yield, which 

ranged from 12.50 to 48.79 tonnes per hectare from fully irrigated 

with selenium treatment and half-irrigated with control, 

respectively (Figure 4 B). 

Fruit set was improved statistically when pumpkin plants were 

treated with selenium and calcium and grown under fully 

irrigated and reduced irrigation conditions compared with the 

control treatment, respectively. The flower abortion was 

increased dramatically with the reduced water usage and the 

control treatment, respectively (Figures 2 and 3). Under the fully 

irrigated conditions, the highest fruit set percentage (20.43%) was 

recorded with the treatment of selenium, with the average value 

of the total number of fruits being 2.37 fruits out of 11.60 

pistillate flowers. Under reduced water conditions, the lowest 

fruit set percentage (6.61%) was recorded with the treatment of 

control, with the average value of the total number of fruits being 

0.63 fruits out of 9.53 pistillate flowers. Our results indicate an 

enormous reduction of fruit set when compared with a previous 

study, which shows that under field conditions the average of fruit 

set was 50.9% among six studied cultivars of pumpkin in Ithaca, 

New York [29]. However, this data may agree with previous 

studies that indicate that selenium improves the pollinator visitors 

and calcium stimulates the egg cell fertilisation [28,13]. 

Correspondingly with the number of fruits per plant, the total fruit 

yield (tonne/ha) was reduced with the lowered water usage 

conditions (Figure 4 B). A comparison study among twenty 

genotypes of pumpkin under drought stress recorded the lowest 

and highest fruit weight of 0.54 kg and 1.80 kg, fruit length 8.13 

cm and 20.87 cm, and fruit width 9.30 cm and 14.53 cm, and 

demonstrated that drought reduced all fruit characteristics 

statistically when compared with the plant grown under irrigated 

conditions [7]. In this study, under lowered water usage 

conditions, the range of fruit weight was from 1.29 to 1.79 kg, 

fruit diameter 51.03 to 55.63 cm, and fruit length 21.81 to 23.35 

cm (Table 2). This indicates that the local cultivar from Iraq used 

in this study recorded slightly higher values of fruit-related 

features in comparison to the recorded fruit-related features by 

Seymen et al. [7]. Contrary to the non-statistical differences in 

fruit characteristics of pumpkins among fully irrigated and 

reduced or half-irrigated conditions, previous studies have shown 

a significant statistical reduction in fruit weight specifically under 

deficit irrigation conditions when compared with irrigated  

conditions [30,31].
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Table 2: Effect of reduced water usage and separate applications of selenium and calcium on fruit traits of pumpkin. 

FC Treatment 
FW (kg) FD (cm) FL (cm) PW (kg) FS+S W (g) FS W (g) 

Mean ±SE Mean ±SE Mean ±SE Mean ±SE Mean ± SE Mean ± SE 

100% 

Selenium 1.78 a 0.10 55.30 a 1.49 24.06 a 0.48 1.84 a 0.13 68.15 a 3.89 46.32 a 5.35 

Calcium 1.69 a 0.07 54.92 a 2.27 23.65 a 0.46 1.68 a 0.07 80.13 a 13.52 63.01 a 14.07 

Control 1.77 a 0.17 56.94 a 1.40 24.00 a 1.00 1.85 a 0.22 78.87 a 10.39 56.51 a 5.31 

50% 

Selenium 1.53 a 0.20 54.62 a 1.95 22.35 a 1.23 1.56 a 0.31 63.65 a 20.84 49.82 a 12.73 

Calcium 1.29 a 0.23 51.03 a 4.21 21.81 a 0.77 1.50 a 0.15 60.11 a 21.17 52.52 a 17.64 

Control 1.79 a 0.41 55.63 a 7.09 23.35 a 5.11 1.95 a 0.42 61.84 a 13.88 50.70 a 8.90 

(FW)Fruit Weight (kg), (FD) Fruit Diameter (cm), (FL) Fruit Length (cm), (PW) Pulp Weight (kg), (FS+S W) Fibrous Strands and Seeds Weight (g), and (FS W) Fibrous 

Strands Weight (g). Means in the same column with different letters are significantly different at α = 0.05. 

 
Figure 4: Effect of reduced water usage and separate applications of selenium and calcium on fruit productive traits of pumpkin. A. the total 

number of fruits per plant, B. the fruit yield ton per ha. Means in the same bar with different letters are different at α = 0.05. 

3. 4 Seed Traits 

The study focuses on seeds and their potential involvement in 

pumpkin plantation and productivity value. Due to the high 

number of replicates and uncontrolled open field environments in 

this study, the error bar fluctuated, making it difficult to clearly 

represent the statistical differences in Figure 5. In fully and half-

irrigated areas, the highest seed weight (g per fruit) values with 

untreated (22.37), (11.14) and selenium-treated (21.82), (11.14), 

compared to the calcium treatments (17.12), (7.56), respectively, 

were recorded (Figure 5 A). The number of seeds per fruit ranged 

between 104.26 and 170.72; the two values were recorded from 

plants treated with calcium with half and fully irrigated areas, 

respectively. However, statistically there were no differences 

between the treatments (Figure 5B). The weight of 1000 seeds 

were statistically higher when plants were fully irrigated and 

control treatment (160.04 g), and the lowest value was recorded 

when plants were half irrigated and treated with calcium (72.81 

g) (Figure 5 C). Using selenium in a fully irrigated area yielded 

the highest seed yield, while selenium also increased in a half-

irrigated area when compared to calcium and control treatments 

(Figure 5 D). 

In general, there were percentage differences between selenium 

and calcium, as well as selenium and control, in both fully and 

half-irrigated areas. In fully irrigated areas, the seed weight per 

fruit with selenium application was 24% higher than with calcium 

and 2.5% higher than the control, and in half-irrigated areas, 38% 

and 0%, respectively (Figure 5 A). The number of seeds per fruit 

was 1.4%, 2.5%, 6.8%, and 3.1%, respectively (Figure 5B). The 

weights of 1000 seeds were 25%, 11.5%, 43%, and 20.3%, 

respectively (Figure 5 C). Seed yield (kg per hectare) was 56%, 

37%, 60%, and 91%, respectively (Figure 5 D). The percentage 

differences indicate that selenium was much more impactful than 

calcium in enhancing the seed traits under fully and reduced water 

usage conditions. 

The seed area size (AS) (mm²), seed perimeter length (PL) (mm), 

seed length (L) (mm), seed width (W) (mm), seed length-to-width 

ratio (LWR), seed circularity (CS), and seed distance between 

intersection of length and width (IS), centre of gravity (CG) (DS) 

(mm) for thirty randomly selected seeds from fruits were 

calculated. The analysis revealed no significant differences 

between the treatments; however, the selenium treatment resulted 

in the largest seed size under full irrigation (Table 3). 

Contrary, the statistical analysis demonstrates a clear, significant 

difference when seeds were dried and fifty seeds were randomly 

selected. The whole seeds and kernel weight were recorded as the 

highest values for selenium and calcium treatment under fully and 

reduced water usage conditions, respectively (Table 4). The 

highest fifty kernel weight (5.76 gm) was recorded with selenium 

treatment under half irrigated conditions. Statistically, there were 

no significant differences between the treatments in husk weight 

(Table 4). 
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Selenium and fully irrigated plants reached the highest 

production value of 48792144.70 IQD and 593644.57 IQD for 

fruits and seeds, respectively. Control treatment under reduced 

water usage conditions recorded the lowest values, which were 

12500144.8 IQD and 67875.19 IQD for fruits and seeds, 

respectively (Figure 6). 

Water is the main element that controls plant growth and 

development. Pumpkin plants are known as a resistant plant to 

low soil moisture; however, there are differences in drought 

tolerance between genotypes and the time of exposure to water 

stress [7]. In this study the pumpkin plants were exposed to 

drought during flowering; this treatment shows a dramatic 

decrease growth and development in control treatment under 

reduced water usage in comparison to fully irrigated conditions. 

The reduction percentage of seed weight (g/fruit) (67%), seed 

count per fruit (35%), weight of 1000 seeds (g) (54%), and seed 

yield (Kg/ha) (143%). This reduction may be a consequence of 

the inhibition of translocation and not adequate nutrition and 

growth to produce seeds, as also the effect of lowering water 

usage conditions was shown to reduce morphological vegetative, 

flowering, and fruit traits (Table 1, 2) (Figure 1, 2, 3). Previous 

study showed a loss of approximately 80% in average seed yield 

when pumpkin plants of different genotypes were exposed to 

drought during the flowering period [7]. The lowest weight of 

1000 seeds were (92 g) under controlled lowered water usage 

conditions (Figure 4 C); simultaneously, deficit irrigation during 

fruiting statistically reduced the weight of 1000 seeds (128.5 g) 

and seed yield (816 kg/ha) when compared with deficit irrigation 

during flowering (137.5 g) (788.6 kg/ha) and control (175.5 g) 

(817.1, respectively) [30]. Statistical analysis of seed-related traits 

shows non-significant differences among pumpkin plants treated 

with selenium and calcium under fully irrigated and reduced 

water usage conditions (Figure 5). In line with the present results, 

no significant improvement in fruit and seed yield was reported 

for different biofortification treatments with SeO₃²⁻ and 

SeO₄²⁻ [11]. Contrary, whole dried seed and kernel significantly 

increased with selenium compared to the control (Table 4). Golob 

et al. indicated that selenium can have positive effects on 

different plants when applied at the correct concentrations by 

their simultaneous addition on plant physiology and biochemistry 
[11]. This statement may align with the result of whole seed and 

kernel weight and the ability of selenium mobility within the 

plant, and antioxidant properties may affect translocation and 

nutrient accumulation in the seeds. On the other side, calcium 

improved the whole seed and kernel weight under fully irrigated 

conditions (Table 4), but its effect was not significant under 

reduced water usage conditions. This indicates that calcium effect 

was less effective compared with selenium. However, the main 

effect of calcium shows improvement of seed-related traits 

compared to control; this is in agreement with Colombari et al. 

[13], who demonstrate that calcium has a low mobility in plants, 

and calcium improves the number of seeds per fruit due to its 

impact on the number of pollen grains of pumpkin flowers.

 
Figure 5: Figure 5. Effect of reduced water usage and separate applications of selenium and calcium on seed traits of pumpkin. A seed weight 

g per fruits, B the number of seeds per fruits, weight of 1000 seeds g, D seed yield kg per ha. Means in the same bar with different letters are significantly 

different at α = 0.05. 

Table 3: Effect of reduced water usage and separate applications of selenium and calcium on seed size of pumpkin. 
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Seed Area size (AS)[mm2], Seed Perimeter length (PL)[mm], Seed Length(L)[mm], Seed Width(W)[mm], Seed Length-to-width ratio (LWR), Seed Circularity (CS)and 
Seed Distance between IS and CG (DS)[mm]. Means in the same column with different letters are significantly different at α = 0.05. 

Table 4: Effect of reduced water usage and separate applications of selenium and calcium on seed size of pumpkin. 

FC Treatment 
Whole seed (gm) Kernel (gm) Husk (gm) 

Mean ± SE Mean ± SE Mean ± SE 

100% 

Selenium 7.56 a 0.31 5.76 a 0.13 1.80 a 0.18 

Calcium 7.29 a 0.34 5.30 a 0.27 1.99 a 0.08 

Control 6.03 b 0.20 4.17 b 0.23 1.86 a 0.04 

50% 

Selenium 5.96 b 0.00 4.46 b 0.06 1.51 a 0.06 

Calcium 4.97 c 0.03 3.33 c 0.01 1.63 a 0.02 

Control 5.08 c 0.21 3.42 c 0.11 1.66 a 0.32 

Fifty dried whole seeds were weighted and the kernel were extracted to measure whole seed weight (gm), kernel weight (gm) and husk (gm). Means in the same column 
with different letters are significantly different at α = 0.05. 

 
Figure 6: Effect of reduced water usage and separate applications of selenium and calcium on production value of pumpkin. Solid black line 

(Primary axis): Fruit production value IQD per hectare, and solid blue line (secondary axis): Seed production value IQD per hectare. Means in the 

same line with different letters are significantly different at α = 0.05. 

3. 5 Biochemical analysis The mineral contents of the seeds varied significantly across 

different treatments and field capacity (FC) levels. The highest 

FC Treatment 
(AS)[mm2] (PL)[mm] (L)[mm] (W)[mm] (LWR) (CS)  (DS)[mm] 

Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE Mean ± SE 

100% 

Selenium 147.31 a 6.39 49.87 a 0.95 
18.22 

a 
0.27 

11.29 

a 
0.32 1.62 a 0.02 0.74 a 0.00 1.45 a 0.04 

Calcium 146.96 a 13.16 49.61 a 1.89 
18.15 

a 
0.55 

11.21 

a 
0.61 1.63 a 0.04 0.74 a 0.01 1.39 a 0.04 

Control 159.06 a 2.94 51.64 a 0.51 
18.71 

a 
0.19 

11.74 

a 
0.13 1.60 a 0.02 0.74 a 0.00 1.46 a 0.05 

50% 

Selenium 126.66 a 7.09 46.10 a 1.37 
16.84 

a 
0.62 

10.52 

a 
0.19 1.6 a 0.04 0.74 a 0.01 1.43 a 0.07 

Calcium 137.10 a 20.30 47.60 a 3.49 
17.33 

a 
1.24 

10.90 

a 
0.85 1.60 a 0.06 0.75 a 0.01 1.29 a 0.18 

Control 145.35 a 4.69 49.63 a 0.78 
18.18 

a 
0.29 

11.19 

a 
0.22 1.63 a 0.02 0.74 a 0.01 1.54 a 0.06 
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value of selenium in pumpkin seeds were recorded when plants 

were fully irrigated (100% FC) and treated with calcium (2.66 

ppm), while the lowest selenium level was found when plants 

were half irrigated (50% FC) and control treatment (Figure 7 A 

Solid black line). Plants treated with calcium under fully 

irrigation and half irrigation, statistically, resulted in the highest 

level of calcium in seeds (2389.96 ppm) and (2247.13 ppm) when 

compared with selenium and control treatments, respectively 

(Figure 7 A Solid blue line).  

In comparison with the half-irrigated area, the 100% field 

capacity increased the soluble protein content in seeds by 14.81% 

and 6.90 % when selenium and calcium were applied (Figure 7 B 

solid blue line). The application of selenium and calcium, under 

50% field capacity increased the values of CAT by (37.5%, 

51.43%) and APX by 51.04 %, 62.85%) when compared with the 

control treatment, respectively (Figure 7 B).     

The value of calcium and selenium determined in the seeds in this 

study are higher from values found in previous studies [11, 32, 33]. 

The variability of the recorded values maybe is due to the 

particular local cultivar and the environment sever fluctuation 

during growing session which the minimum temperature 

increased almost by half from April to August (Supplement table 

3). In addition, the selenium and calcium content in soil and 

irrigation water (Supplement table 1,2), may had crucial 

involvement in cation and anion exchange rate in the rhizosphere 

region. This suggestion agrees with previous studies found that 

“selenium content in tea plant organs is indicated to be strongly 

associated with the selenium content in the main roots” [34]. 

Furthermore, researchers found that the protein contents on seeds 

of some species of Cucurbitaceae varieties ranged 30 to 36 %, 

within the amino acids, glutamic acid ranged from 33.03 to 34.76 

g per 100 g of protein [33, 35, 36]. In this study, irrigation level show 

non-significant effect on soluble protein content of pumpkin 

seeds (Figure 7 B) and this in agreement with previous results 

show the depleted moisture from 20 to 100% reduced the protein 

content from 34.7 to 32.3 % [37]. This explains that irrigation level 

may have no or moderate impact on protein level of pumpkin 

seeds. The half-irrigated plants and treated with selenium and 

calcium increased the CAT and APX values significantly. 

Increasing the activity of antioxidant may have greater resistant 

against oxidative damage and improve the growth and 

development of the plant and consequently improve the nutritious 

quality of seeds [18]. Correspondingly, it was found that 

waterlogging stress increased the activities of superoxide 

dismutase (SOD), peroxidase (POD), catalase (CAT), and 

ascorbate peroxidase (APX) and the contents of proline, 

pyruvate, total chlorophyll, and carotenoids in pumpkins, which 

were higher in waterlogging-tolerant pumpkins than in 

waterlogging-sensitive ones [6].

 

Figure 7: Figure 7: Effect of reduced water usage and separate applications of selenium and calcium on biochemical contents in seed traits of 

pumpkin. (A) Selenium (primary axis) and calcium (secondary axis) content. (B) The soluble protein, CAT (primary axis) and APX (secondary axis) 

in seeds. Means in the same line with different letters are significantly different at α = 0.05. 

In general, selenium and calcium play crucial roles in 

physiological and biochemical processes in plants; their impact 

on pumpkin productivity and seed yield under irrigated and 

reduced usage of water conditions may vary due to the 

experimental environmental conditions, and this experiment was 

conducted in an open field with the very hot summer temperature. 

Therefore, the time of application and research performance and 

the concentration of the elements may have a direct contribution 

to the results. 
 

4 Conclusion 

Water scarcity is impacting the cultivation practices in the 

Kurdistan region. Pumpkin, as a summer-based vegetable crop, is 

exposed to the longest fluctuating environment in the open field. 

The reduction of water usage and the application of selenium and 

calcium partially enhanced vegetative growth, flowering, fruit 

set, seed traits, and biochemical contents under both 100% FC 

and 50% FC. The yield and nutritious quality of seeds were 

improved by upgrading the production values of fruits and seeds 

and the nutritious values and antioxidant values of seeds. The 

results have considerable significance for sustainable agriculture, 

tackling environmental concerns and economic prospects 

globally, and particularly for Iraqi pumpkin production. 

However, further research is needed to address critical challenges 

such as water scarcity and to develop optimal agricultural 

practices that enhance productivity of local vegetable crops in 

Kurdistan region, Iraq. 
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