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Abstract 
This experiment was conducted at Shandaweel Agricultural 

Research Station - Agricultural Research Center during the winter season of 

2021/2022, to study the performance of thirteen selected genotypes (families) 

in the F4 generation of two peas populations under two levels of irrigation 

water (100% normal irrigation recommended and 50% from irrigation water 

quantity recommended). The design used in the experiment was a split-plot 

design with three replicates, where irrigation levels (100% of the 

recommended irrigation water quantity and 50% of the recommended water 

quantity for pea irrigation) were on the main plots, while the thirteen peas 

genotypes (families) from each population were randomly distributed on the 

split plots. The results of the statistical analysis of the data showed that 

irrigation levels had a significant effect on most of the studied traits in the two 

populations, except for the No. of days to 50% flowering and the No. of 

branches per plant in population II, the shellout% in population I, and the pod 

filling% in both populations. The highest mean values of fresh pod weight per 

plant (114.98 and 108.22 g) were obtained at 100% of the normal irrigation 

level in populations I and II, respectively. The lowest mean values (102.37 

and 95.69 g) for this trait were obtained at 50% of the irrigation level (water 

stress) in populations I and II, respectively. The genotypes (families) in peas 

had a significant effect on all the studied traits. Genotype (family) # 1 recorded 

the highest mean values of fresh pod weight per plant (175.44 and 162.93 g) 

in populations I and II, respectively. The genotype (family) # 13 gave the 

lowest mean values (66.04 and 65.87 g) for this trait in populations I and II, 

respectively. The interaction between irrigation levels and genotypes 

(families) had a significant effect on all the studied traits. Where the 

interaction between 100% normal irrigation level and genotype (family) #1 

gave the highest mean values of fresh pod weight per plant (182.15 and 180.98 

g), while the interaction between 50% recommended irrigation level and 

genotype (family) #13 recorded the lowest mean values (60.54 and 62.57 g) 

for this trait in populations I and II, respectively. 

Keywords: Genotypes, Families, Irrigation levels, Pisum sativum L., 

Populations and Yield components. 
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INTRODUCTION 

Peas (Pisum sativum L.) is one of the 

most important favorable legume crops grown in 

Egypt during the winter. Fresh pods and dry seeds 

are considered essential sources of protein and 

vitamins (Urbano et al., 2003). The total 

cultivated area of this crop in Egypt was 

estimated at 41841 feddan for fresh peas 

production in the year 2022/2023, with a mean of 

4252 kg per feddan. The estimated area for dry 

seeds was 1233 feddan with a mean production of 

965 kg per feddan (MALR, 2022/2023). In this 

research, we wanted to study the performance of 

thirteen selected genotypes (families) resulting 

from pedigree selection in F4 generation in two 

different populations under two irrigation levels, 

a normal irrigation level (i.e. 100% of the 

recommended irrigation dose) and irrigation level 

under stress (i.e. 50% of the recommended 

irrigation dose) under the conditions of the 

Shandaweel experimental farm in Sohag 

Governorate. Irrigation water is important and 

could be a limiting factor for vegetable 

production in general (Ramírez et al., 2015) and 

peas in particular (Jacques et al., 2023). Water 

deficit has a large impact on the yield of peas 

crop. Even mild and brief periods of drought 

stress affect important aspects such as growth and 

internal trophic relations (Jacques et al., 2023). 

Drought stress affects the productivity and quality 

of crops, including peas. Nowadays, water will be 

the most critical resource in the Middle East, 

including Egypt and the water deficit will be a 

very complicated problem. Water saving became 

a decisive factor for agricultural production. 

Therefore, properly understanding the optimal 

water requirements of various crops is very 

important for the judicious use of scarce water 

resources. Drought is one of the most influential 

environmental factors that hinders plant growth, 

development, and, ultimately. productivity 

(Conforti et al., 2018). Under climate change 

conditions, crops face frequent and severe 

stressful conditions during their growth cycle; 

among these conditions is the frequency of 

drought. Drought reduces photosynthetic activity 

(Zhou et al., 2007) either by closing stomata 

(Flexas et al., 2004) or directly, negatively 

affecting metabolic activities (Bota et al., 2004). 

Drought also induces morphological changes; 

these include reduced leaf expansion and size 

(Alves and Setter, 2004), which results from both 

a lower number of cells and smaller cells, which 

in turn generate less transpiration area (Basu et 

al., 2016). Drought-induced stomatal closure also 

reduces plant transpiration and water loss through 

leaves (Chai et al., 2016). These responses 

depend on the extent of the drought. In mild 

drought, both leaf number and leaf expansion rate 

decrease; in severe drought, leaf growth may be 

stunted (Prasad et al., 2008), and prolonged 

drought may accelerate leaf senescence (Jagadish 

et al., 2015). Moreover, roots, as the first organs 

to sense water stress in the soil (Weemstra et al., 

2016), are also significantly affected by water 

availability (Chapman et al., 2012); under 

moderate water stress, the distribution of 

carbohydrates to the roots is maintained or 

increased, promoting their growth, but this, in 

contrast, is reduced by severe drought (Prudent et 

al., 2016). In this context, Mohamed and Abd El-

Hady (2009) found that increasing both irrigation 

intervals decreased the time till the first picking, 

especially for the Master-B cultivar, which was 

picked earlier than the Progress cultivar. 

Irrigating pea plants every 30 days increased No. 

of branches per plant, plant height (cm), pod 

length (cm), pod diameter (cm), No. of pods per 

plant, No. of seeds per pod, and fresh pod yield 

(ton per fed). Irrigating pea plants every 20 days 

interval led to more water consumption. The 

irrigation Progress pea cultivar at 30-day intervals 

achieved the highest values for vegetative growth 

and fresh pod yield i.e., 5.76 and 5.75 tons per 

fed. of the 2006/2007 and 2007/2008 seasons, 

respectively. Also, El-Noemani et al., (2010), 

studied the effect of different irrigation systems 

(surface drip, subsurface drip, gated pipes, and 

furrow irrigation) and water regimes (100 %, 

80%, and 60 % Eto) on vegetative growth, 

productivity, and WUE of snap bean (Phaseolus 

vulgaris L.). They showed that surface drip 

and/or subsurface drip systems exhibited the 

highest values of plant height, No. of branches per 

plant, No. of pods per plant and pods yield per 

fed. (Kg). Increasing irrigation treatment up to 

100 % Eto exhibited the highest values of 

vegetative growth. However, the highest values 

of pods yield per fed, WUE were achieved by 80 
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% Eto treatment. The Paulista variety exhibited 

its superiority in growth parameters. However, 

the Bronco variety surpassed the Paulista in pods 

yield per fed. and WUE. Therefore, the Bronco 

bean variety was recommended in cultivation (for 

export or local marketing) with irrigation at 80 % 

Eto, corresponding to 1556 m3 per feddan per 

season, using surface or subsurface drip irrigation 

systems due to its superiority in green pods yield 

per feddan with higher efficiency in using water 

(WUE) and finally higher net profits per feddan. 

Al-Mansor et al. (2015) evaluated the effect of 

surface and subsurface drip irrigation on the yield 

and water use efficiency of the tomato crop under 

deficit irrigation conditions. They reported that 

the use of subsurface drip irrigation techniques 

with deficit irrigation strategies improved 

irrigation water use efficiency and tomato 

productivity. Sahin et al., (2015) studied the 

effects of different irrigation quantities on fruit 

yield and its components, irrigation water use 

efficiency (IWUE), and fruit quality of drip-

irrigated cucumber. Three different treatments 

(T1: 1.0, T2: 0.85, and T3: 0.70) of cumulative 

evaporation from a Class A pan were tested. The 

maximum fruit yield parameters were detected 

with T1 irrigation level. The highest IWUE was 

recorded with a T2 irrigation level. Finally, the 

study recommended using treatment T1 to obtain 

higher fruit yield in semi-arid areas with a cool 

climate, and treatment T2 to obtain higher IWUE 

and fruit quality if water is scarce. Durigon et al., 

(2016), studied the effect of water stress on the 

transpiration of common bean plants. They stated 

that daily, afternoon depression and long-term 

components for the fully irrigated treatment were 

more related to atmospheric forcing variables 

(specific humidity deficit between stomata and 

air, relative air humidity, and canopy 

temperature). Daily and afternoon depression 

components for the deficit-irrigated treatment 

were related to both atmospheric and soil dryness, 

and the long-term component was related to soil 

dryness. Jacques et al., (2023) identified the 

strategies underlying plant responses to water 

stress. They revealed that the type of stress can be 

characterized in leaves or roots by the economic 

imprint of each stress. The increased 

concentration of Mn in leaves seems to be a 

common response of pea plants to water stress, 

whatever the stage of the plant growth cycle or 

type of stress encountered. During acclimation to 

long-term water stress, soil prospection was 

promoted via a higher lateral root number that 

could also be related to high levels of B in this 

organ. Finally, under recurrent stress, the 

recovery period between the two stress periods 

was beneficial for N2 fixation through the 

increase of initiation, which could thus be thus 

considered as an ecophysiological imprint of a 

first stress period. So, the main objective of this 

investigation was to study the performance of 

thirteen selected genotypes (families)in the F4 in 

two peas populations under two irrigation levels, 

normal irrigation level (100 %) and water stress 

irrigation level (50 % of the recommended 

irrigation levels) under Sohag Governorate 

conditions.     

MATERIALS AND METHODS 

The present study was conducted during 

the winter season of 2021/2022 at Shandaweel 

Agriculture Research Station, Sohag 

Governorate, Egypt. Thirteen genotypes 

(families) from the two F2 populations in the F4 

generation through the pedigree selection 

program were selected by Fatma Mohamed 

(2025) during her PhD studies from two F2 

populations derived from (Master-Hindy x Super-

2) and (Progress x Sweet-2). In this investigation, 

the performance of thirteen selected genotypes 

(families) in the F4 generation of two peas 

populations under two levels of irrigation water 

i.e. 100% normal irrigation recommended and 

50% of the irrigation water quantity 

recommended (water stress) was studied. The 

experimental soil was clay loam. Ten random 

samples from the soil at a depth of 45 cm were 

taken. Physical and chemical characteristics of 

the soil were determined before sowing (Table 1) 

 

Table (1): Physical and chemical soil properties of the experimental site.  
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Season Texture CaCO3% Soil pH 
Organic matter 

(O.M %) 

Available nutrients 

in soil (ppm) 

N P K 

2021/2022 Clay loom 7.70 7.80 1.05 20 22 40 

 

A split-plot design with three replications 

was used. The two irrigation levels water i.e., 

100% normal irrigation recommended and 50% 

from irrigation water quantity recommended 

(water stress), were assigned in the main plots. 

The thirteen genotypes (families) were randomly 

distributed in sub-plots. The plot area was 3.5 m 

long and 3 m wide (10.5 m2) with 6 ridges. Seed 

genotypes (families) were sown on the 15th of 

October, in hills 15 cm apart on one side of ridges 

and two seeds per hill. The normal culture 

procedures for peas production over the applied 

treatments were followed. 

The studied traits measurement: 

1) No. of days to 50 % flowering: It was 

measured as the No. of days from the date of 

sowing until the date of  the flower opening 

of 50 % of the plants. 

2) Plant height (cm): It was measured as the 

mean of five plants from the cotyledonary to 

the terminal bud with the last harvest of fresh 

pods at the end of the season 

3) No. of branches per plant: It was measured as 

the mean of No. of branches of five plants, 

with the last harvest of fresh pods at the end 

of the season. 

4) No. of nodes to flowering: It was measured as 

a mean of the nodes of five plants at the time 

of flowering 

5) Pod length (cm): It was measured as the mean 

of ten pods at the time of fresh pod harvest.  

6) Pod diameter (cm): It was measured as the 

mean of ten pods at the time of fresh pod 

harvest. 

7) No. of pods per plant: It was measured as the 

mean of No. of pods of five plants randomly 

taken after each harvest from each 

experimental plot, immediately after 

harvesting their fresh pods. 

8) No. of seeds per pod: It was measured as the 

mean of fresh seeds of ten fresh pods 

immediately after harvesting and peeling 

them at the time of fresh pod harvest.  

9) Fresh pods weight per plant (g): It was 

measured as the mean of the weight of pods 

of five plants randomly taken after each 

harvest from each experimental plot 

immediately after harvesting their fresh 

pods. 

10) Fresh seeds weight per plant (g): It was 

measured as the mean of the weight of seeds 

of pods of five plants randomly taken after 

each harvest from each experimental plot 

immediately after harvesting and peeling 

them.  

11)  Pod filling (%): It was measured as the mean 

of ten pods at the time of fresh pod harvest and 

determined according to Remison (1978) 

according to the following formula: 

Pod filling (%) = 
No. seeds per pod 

X 100 
Pod length (cm) 

12)  Shellout (%): It was measured as the mean of 

ten random pods at the time of fresh pod 

harvest and was obtained by dividing the seeds 

weight per pod by the entire weight of pods 

multiplied by 100 according to the following 

formula: 

Shellout (%) = 
Seeds weight per pod (g) 

X 100 
Entire weight of pod (g) 

Statistical analysis: 

The data for each experiment were then 

analyzed using the computer MSTAT-C 

statistical analysis package (Freed et al., 1989). 

Mean values were compared by the LSD test at 

the 5% level. Response equations were calculated 

according to Snedecor and Cochran (1988).
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RESULTS 

No. of days to 50 % flowering: 

Data in Table (2) clearly showed that 

irrigation levels significantly affected No. of days 

to 50% flowering only in population I. The 

irrigation level under stress i.e. 50% of the 

recommended irrigation level was earlier in 

flowering (42.54 days) than the normal level 

i.e.100% of the normal irrigation level (45.82 

days) by about three days. Peas genotype (family) 

significantly affected No. of days to 50 % 

flowering in both populations (Table 2). 

Genotype (Family) # 13 was the earliest (31.17 

and 29.67 days) in populations I and II, 

respectively. Meanwhile, genotype (family) # 4 

was the latest (50.17 days) in population I, and # 

6 was the latest (50.00 days) in population II. The 

interaction between irrigation levels and 

genotype (family) showed a significant effect No. 

of days to 50 % flowering (Table 2) in both 

populations. The interaction between 50 % of the 

recommended irrigation level and genotype 

(family) # 13 was the earliest (30.33 and 29.33 

days) in populations I and II, respectively. The 

interaction between 100 % normal irrigation level 

and genotypes (families) # 2 and 3 was the latest 

(52.00 days) of this trait in population I. 

Meanwhile, in population II, the interaction 

between 100 % normal irrigation level and 

genotype (family) # 6 was the latest (50.00 days). 

Table (2): Effect of Irrigation levels on peas genotypes (families) for No. of days to 50 % flowering and 

plant height (cm) at populations I and II during the 2021/2022 season. 

Traits No. of days to 50 % flowering Plant height (cm) 

Genotypes 

Population I Population II Population I Population II 

Irrigation 

levels Mean 

Irrigation 

levels Mean 
Irrigation levels 

Mean 

Irrigation 

levels Mean 

100% 50% 100% 50% 100% 50% 100% 50% 

Family 1 48.00 44.33 46.17 46.67 46.67 46.67 72.53 69.00 70.77 75.00 72.40 73.70 

Family 2 52.00 42.00 47.00 47.67 47.67 47.67 84.00 79.00 81.50 72.80 72.47 72.63 

Family 3 52.00 46.67 49.33 45.00 45.00 45.00 83.33 81.00 82.17 79.77 76.33 78.05 

Family 4 51.67 48.67 50.17 45.67 45.67 45.67 82.50 82.33 82.42 74.87 68.60 71.73 

Family 5 49.00 47.00 48.00 45.67 45.67 45.67 72.20 71.00 71.60 77.93 74.93 76.43 

Family 6 50.67 46.33 48.50 50.00 50.00 50.00 75.02 70.33 72.68 74.68 69.33 72.01 

Family 7 50.33 48.67 49.50 45.00 45.00 45.00 62.67 60.53 61.60 73.78 69.33 71.56 

Family 8 48.00 46.33 47.17 48.33 47.67 48.00 62.13 59.40 60.77 57.60 54.33 55.97 

Family 9 49.00 46.00 47.50 46.67 46.67 46.67 71.47 60.67 66.07 72.63 68.22 70.43 

Family 10 45.00 43.00 44.00 30.00 30.00 30.00 57.13 54.00 55.57 55.27 52.44 53.85 

Family 11 35.00 31.67 33.33 33.00 32.33 32.67 52.33 49.00 50.67 67.13 63.67 65.40 

Family 12 33.00 32.00 32.50 33.33 32.33 32.83 57.40 54.67 56.03 34.67 32.00 33.33 

Family 13 32.00 30.33 31.17 30.00 29.33 29.67 55.50 52.73 54.12 30.33 29.33 29.83 

Means 45.82 42.54  42.08 41.85  68.33 64.90  65.11 61.80  

LSD0.05 

A 
 1.27  NS   1.04  1.27  

B  1.39  1.02   1.97  2.37  

AB  1.96  1.02   2.78  3.18  

 

Plant height (cm): 

Data presented in Table (2) showed that 

irrigation levels significantly affected plant 

height in populations I and II. The 100% normal 

irrigation level was taller (68.33 and 65.11 cm) 

than the under stress, i.e., 50% from the 

recommended irrigation level (64.90 and 61.80 

cm) in populations I and II, respectively. 
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Peas genotype (family) significantly 

affected plant height in both populations (Table 

2). Genotype (family) # 11 was the shortest 

(50.67 cm), while genotype (family) # 4 was the 

tallest (82.42 cm) in population I.  Genotype 

(family) # 13 was the shortest (29.83 cm), 

meanwhile, genotype (family) # 3 was the tallest 

(78.05 cm) in population II. The interaction 

between irrigation levels and genotype (family) 

showed a significant effect on plant height in both 

populations (Table 2). In population I, the 

interaction between 100% of normal irrigation 

level and genotype (family) # 2 recorded the 

highest value (84.00 cm), meanwhile, the lowest 

value of this trait was the interaction between 50 

% of recommended irrigation level and genotype 

(family) # 11 (49.00 cm). In population II, the 

highest value of this trait was the interaction 

between 100 % of normal irrigation level and 

genotype (family) # 3 (79.77 cm). The lowest 

value of this trait was the interaction between 50 

% of the recommended irrigation level and 

genotype (family) # 13 (29.33 cm). 

No. of branches per plant: 

Data illustrated in Table (3) showed that 

irrigation levels significantly affected No. of 

branches per plant only in population I. The 

highest mean value (2.59 branches) was obtained 

by 100 % of the normal irrigation level, while the 

lowest mean value (2.38 branches) was obtained 

by 50 % of the recommended irrigation level.  

Table (3): Effect of Irrigation levels on peas genotypes (families) for No. of branches per plant and No. of 

nodes to flowering at populations I and II during the 2021/2022 season. 

Traits No. of branches per plant No. of nodes to flowering 

Genotypes 

Population I Population II Population I Population II 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

100% 50% 100% 50% 100% 50% 100% 50% 

Family 1 3.27 3.17 3.22 3.53 3.33 3.43 9.13 9.20 9.17 7.33 7.20 7.27 

Family 2 2.87 2.66 2.77 2.77 3.07 2.92 8.90 8.80 8.85 8.90 8.00 8.45 

Family 3 3.03 2.93 2.98 3.70 3.73 3.72 8.33 8.13 8.23 9.50 9.30 9.40 

Family 4 3.33 3.13 3.23 4.03 3.29 3.66 8.60 8.23 8.42 9.37 8.30 8.83 

Family 5 3.00 2.87 2.93 4.07 3.87 3.97 9.30 8.87 9.08 10.27 8.63 9.45 

Family 6 2.70 2.43 2.57 1.43 1.33 1.38 8.97 8.70 8.83 8.80 8.37 8.58 

Family 7 2.47 2.07 2.27 3.60 3.17 3.38 8.47 8.33 8.40 8.70 8.70 8.70 

Family 8 3.07 2.70 2.88 2.60 2.17 2.38 8.10 7.83 7.97 9.57 9.20 9.38 

Family 9 3.63 3.17 3.40 2.17 2.10 2.13 9.17 8.77 8.97 11.63 9.73 10.68 

Family 10 2.63 2.23 2.43 1.03 0.97 1.00 9.00 8.47 8.73 9.73 7.23 8.48 

Family 11 1.20 1.13 1.17 1.17 1.10 1.13 8.60 8.40 8.50 10.67 8.53 9.60 

Family 12 1.13 1.00 1.07 1.03 0.97 1.00 8.00 7.70 7.85 11.63 8.55 10.09 

Family 13 1.30 1.23 1.27 1.17 1.10 1.13 7.47 7.20 7.33 8.13 8.10 8.12 

Means 2.59 2.38  2.48 2.32  8.62 8.36  9.56 8.45  

LSD0.05      

A 
 0.09  NS   0.11  0.14  

B  0.20  0.24   0.31  0.20  

AB  0.29  0.34   0.44  0.28  

 

Peas genotype (family) significantly 

affected No. of branches per plant in both 

populations (Table 3). Genotype (family) # 9 had 

the highest value (3.40 branches) while genotype 

(family) # 12 had the lowest value (1.07 

branches) in population I. On the other hand, in 

population II, the highest value (3.97 branches) 

was obtained by genotype (family) # 5, while the 
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lowest value (1.00 branches) was obtained by 

genotypes (families) # 10 and 12. The interaction 

between irrigation levels and genotypes 

(families) showed a significant effect in No. of 

branches per plant (Table 3). The highest mean 

value (3.63 branches) of this trait was the 

interaction between 100 % of normal irrigation 

level and genotype (family) # 9, while the lowest 

value (1.00 branch) was the interaction between 

50 % of recommended irrigation level and 

genotype (family) # 12 in population I. On the 

other hand, in population II, the highest mean 

value (4.07 branches) of this trait was the 

interaction between 100 % normal irrigation level 

and genotype (family) # 5, while the lowest value 

(0.97 branches) was the interaction between 50 % 

recommended irrigation level and genotypes 

(families) # 10 and 12. 

No. of nodes to flowering: 

Data illustrated in Table (3) showed that 

irrigation levels significantly affected 

populations I and II on the No. of nodes to 

flowering. The highest mean values (8.62 and 

9.56 nodes) were obtained by 100 % of the 

normal irrigation level in populations I and II, 

respectively. while the lowest mean values (8.36 

and 8.45 nodes) were obtained by 50 % of the 

recommended irrigation level in populations I and 

II, respectively. Peas genotype (family) showed a 

significant effect on No. of nodes to flowering in 

populations I and II (Table 3).  Genotype (family) 

# 13 had the lowest mean value (7.33 nodes), 

while genotype (family) # 1 had the highest mean 

value (9.17 nodes) in population I. On the other 

hand, in population II, the lowest mean value 

(7.27 nodes) was obtained by genotype (family) # 

1, while the highest mean value (10.68 nodes) 

was obtained by genotype (family) # 9. The 

interaction between irrigation levels and 

genotypes (families) showed a significant effect 

in No. of nodes to flowering (Table 3). The 

highest mean value (9.30 nodes) of this trait was 

the interaction between 100 % of normal 

irrigation level and genotype (family) # 5, while 

the lowest mean value (7.20 nodes) was the 

interaction between 50 % of recommended 

irrigation level and genotype (family) # 13 in 

population I. On the other hand, in population II, 

the highest mean value (11.63 nodes) of this trait 

was the interaction between 100 % of normal 

irrigation level and genotypes (families) # 9 and 

12, while the lowest mean value (7.20 nodes) was 

the interaction between 50 % of recommended 

irrigation level and genotype (family) # 1. 

Pod length (cm): 

Data presented in Table (4) showed that 

irrigation levels significantly affected pod length 

in both populations. Whereas the highest mean 

values of pod length (10.91 and 11.99 cm) were 

found in 100 % of normal irrigation levels in 

populations I and II, respectively. The lowest 

mean values of pod length (10.46 and 11.52 cm) 

were obtained by 50 % of the recommended 

irrigation levels in populations I and II, 

respectively. Peas genotypes (families) showed a 

significant effect on pod length in populations I 

and II (Table 4). Genotype (family) # 13 was the 

shortest in a pod (9.29 and 11.15 cm) in 

populations I and II, respectively. Meanwhile, 

genotype (family) # 6 was the tallest in a pod 

(11.85 cm) in population I, but in population II, 

genotype (family) # 5 was the tallest in a pod 

(12.36 cm). 
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Table (4): Effect of Irrigation levels on peas genotypes (families) for pod length (cm) and pod diameter 

(cm) at populations I and II during the 2021/2022 season. 
Traits Pod length (cm) Pod diameter (cm) 

Genotypes 

Population I Population II Population I Population II 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

100% 50% 100% 50% 100% 50% 100% 50% 

Family 1 11.76 11.33 11.55 12.24 11.95 12.09 1.32 1.01 1.17 1.38 1.36 1.37 

Family 2 11.99 10.96 11.47 12.29 11.75 12.02 1.28 1.02 1.15 1.40 1.32 1.36 

Family 3 12.03 11.61 11.82 11.73 11.67 11.70 1.27 0.99 1.13 1.43 1.07 1.25 

Family 4 11.98 11.00 11.49 12.19 11.72 11.96 1.26 0.98 1.12 1.44 1.35 1.40 

Family 5 11.75 11.29 11.52 12.48 12.24 12.36 1.24 1.02 1.13 1.48 1.40 1.44 

Family 6 12.05 11.64 11.85 11.36 11.51 11.43 1.18 1.00 1.09 1.39 1.40 1.40 

Family 7 10.47 10.17 10.32 11.53 11.03 11.28 1.19 1.06 1.13 1.22 1.01 1.12 

Family 8 9.96 9.74 9.85 11.74 11.78 11.76 1.21 1.04 1.13 1.34 1.41 1.38 

Family 9 9.83 9.62 9.73 12.38 11.13 11.76 1.19 1.08 1.14 1.32 1.28 1.30 

Family 10 9.74 9.56 9.65 12.00 11.08 11.54 1.19 1.01 1.10 1.24 1.33 1.29 

Family 11 10.42 10.05 10.24 12.23 11.56 11.90 1.17 1.03 1.10 1.30 1.29 1.30 

Family 12 10.32 9.95 10.13 12.10 11.73 11.92 1.16 1.01 1.09 1.38 1.34 1.36 

Family 13 9.48 9.11 9.29 11.62 10.68 11.15 1.14 0.97 1.06 1.24 1.10 1.17 

Means 10.91 10.46  11.99 11.52  1.22 1.02  1.35 1.28  

LSD0.05      

A 
 0.03  0.14   0.05  0.02  

B  0.24  0.20   0.04  0.05  

AB  0.34  0.28   0.06  0.07  

 

The interaction between irrigation levels 

and genotypes (families) (Table 4) showed a 

significant effect on the pod length trait. In 

population I, the highest mean value (12.05 cm) 

was recorded in the interaction between 100 % of 

normal irrigation level and genotype (family) # 6. 

The lowest value (9.11 cm) was recorded in the 

interaction between 50 % of the recommended 

irrigation level and genotype (family) # 13. In 

population II, the interaction between 100 % 

normal irrigation level and genotype (family) # 5 

recorded the highest mean value (12.48 cm). The 

lowest mean value (10.68 cm) of this trait was the 

interaction between 50 % of the recommended 

irrigation level and genotype (family) # 13. 

Pod diameter (cm) 

Data illustrated in Table (4) showed that 

irrigation levels significantly affected pod 

diameter trait. Data showed that the highest mean 

values (1.22 and 1.35 cm) were obtained by 100 

% of the normal irrigation level in populations I 

and II, respectively. The lowest mean values 

(1.02 and 1.28 cm) were obtained by 50 % of the 

recommended irrigation level in populations I and 

II, respectively. Peas genotypes (families) 

showed a significant effect on pod diameter in 

both populations (Table 4). Genotype (Family) # 

13 had the lowest mean value (1.06 cm) while 

genotype (family) # 1 had the highest mean value 

(1.17 cm) in population I. On the other hand, in 

population II, the lowest mean value (1.12 cm) 

was obtained by genotype (family) # 7, while the 

highest mean value (1.44 cm) was obtained by 

genotype (family) # 5. The interaction between 

irrigation levels and genotypes (families) showed 

a significant effect in pod diameter (Table 4). The 

highest mean value (1.32 cm) of this trait was the 

interaction between 100 % of the normal 

irrigation level and genotype (family) # 1, while 

the lowest mean value (0.97 cm) was the 

interaction between 50 % of the recommended 

irrigation level and genotype (family) # 13 in 

population I. On the other hand, the highest mean 

value (1.48 cm) of this trait was the interaction 

between 100 % of normal irrigation level and 

genotype (family) # 5, while the lowest mean 

value (1.01 cm) was the interaction between 50 % 

of the recommended irrigation level and genotype 

(family) # 7 in population II. 
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No. of pods per plant: 

Data presented in Table (5) showed that 

irrigation levels significantly affected No. of pods 

per plant in both populations. Data showed that 

the highest mean values (25.64 and 26.04 pods) 

were obtained by 100 % of the normal irrigation 

level. The lowest mean values (23.76 and 23.70 

pods) were obtained by 50 % of the recommended 

irrigation level in populations I and II, 

respectively. Peas genotypes (families) showed a 

significant effect on No. of pods per pod in both 

populations (Table 5). Genotype (Family) # 1 had 

the highest mean values (36.63 and 46.50 pods) 

in populations I and II, respectively. The lowest 

mean values (15.31 and 15.48 pods) were 

recorded by genotypes (families) # 12 and 11 in 

populations I and II, respectively. Peas genotypes 

(families) showed a significant effect on No. of 

pods per pod in both populations (Table 5). 

Genotype (Family) # 1 had the highest mean 

values (36.63 and 46.50 pods) in populations I 

and II, respectively. The lowest mean values 

(15.31 and 15.48 pods) were recorded by 

genotypes (families) # 12 and 11 in populations I 

and II, respectively. The interaction between 

irrigation levels and genotypes (families) showed 

a significant effect in No. of pods per plant (Table 

5). The highest mean values (37.87 and 48.00 

pods) of this trait were the interaction between 

100 % of normal irrigation level and genotype 

(family) # 1 in populations I and II, respectively. 

The lowest mean values (15.00 and 14.67 pods) 

of this trait were the interaction between 50 % of 

the recommended irrigation level and genotypes 

(families) # 13 and # 11 in populations I and II, 

respectively. 

Table (5): Effect of Irrigation levels on peas genotypes (families) for No. of pods per plant and No. of seeds 

per pod at populations I and II during the 2021/2022 season. 
Traits No. of pods per plant No. of seeds per pod 

Genotypes 

Population I Population II Population I Population II 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

100% 50% 100% 50% 100% 50% 100% 50% 

Family 1 37.87 35.40 36.63 48.00 45.00 46.50 10.10 9.87 9.98 8.90 8.53 8.72 

Family 2 35.37 32.93 34.15 46.33 42.73 44.53 9.77 9.33 9.55 8.50 8.67 8.58 

Family 3 33.17 30.40 31.78 24.47 23.20 23.83 9.00 8.90 8.95 9.73 9.30 9.52 

Family 4 29.80 27.23 28.52 29.38 26.58 27.98 10.33 9.53 9.93 8.77 8.60 8.68 

Family 5 27.27 25.33 26.30 29.10 25.93 27.52 9.50 9.20 9.35 9.47 9.13 9.30 

Family 6 24.40 23.00 23.70 18.27 16.33 17.30 10.03 9.37 9.70 8.07 7.77 7.92 

Family 7 22.50 22.53 22.52 23.85 21.20 22.52 6.83 7.03 6.93 9.40 9.27 9.33 

Family 8 23.57 20.83 22.20 23.83 22.22 23.03 7.83 7.37 7.60 8.63 7.40 8.02 

Family 9 26.33 24.30 25.32 25.40 23.64 24.52 7.33 7.30 7.32 9.30 7.83 8.57 

Family 10 22.63 20.53 21.58 17.07 15.27 16.17 7.73 7.10 7.42 8.60 7.56 8.08 

Family 11 17.47 16.30 16.88 16.30 14.67 15.48 8.50 7.77 8.13 8.67 7.10 7.88 

Family 12 15.59 15.03 15.31 18.20 16.33 17.27 7.93 7.53 7.73 8.43 7.40 7.92 

Family 13 17.33 15.00 16.17 18.27 15.00 16.63 6.80 6.50 6.65 10.10 9.73 9.92 

Means 25.64 23.76  26.04 23.70  8.59 8.22  8.97 8.33  

LSD0.05      

A 
 0.35  0.60   0.15  0.28  

B  1.32  1.74   0.33  0.34  

AB  1.86  2.46   0.47  0.49  

 

No. of seeds per pod: 

Data presented in Table (5) showed that 

the irrigation levels significantly affected No. of 

seeds per plant in both populations. Data showed 

that the highest mean values (8.59 and 8.97 seeds) 

were obtained by 100 % of the normal irrigation 

level. In comparison, the lowest mean values 

(8.22 and 8.33 seeds) were obtained by 50 % of 

the recommended irrigation level in populations I 

and II, respectively. Peas genotypes (families) 

showed a significant effect on No. of seeds per 

pod in populations I and II (Table 5). Genotype 

https://jsasj.journals.ekb.eg/


Journal of Sohag Agriscience (JSAS)                                                                        https://jsasj.journals.ekb.eg 

 

 
(Family) # 1 had the highest value (9.98 seeds), 

while genotype (family) # 13 had the lowest value 

(6.65 seeds), in population I. Genotype (family) # 

13 had the highest value (9.92 seeds). Genotype 

(family) # 11 had the lowest value (7.88 seeds) in 

population II. The interaction between irrigation 

levels and genotypes (families) showed a 

significant effect in No. of seeds per pod (Table 

5). The highest mean value (10.33 seeds) of this 

trait was the interaction between 100 % of the 

normal irrigation level and genotype (family) # 4. 

The lowest mean value (6.50 seeds) of this trait 

was the interaction between 50 % of the 

recommended irrigation level and genotype 

(family) # 13 in population I. In population II, the 

highest value (10.10 seeds) was obtained by the 

interaction between 100 % of the normal 

irrigation level with genotype (family) # 13. The 

interaction between 50 % of the recommended 

irrigation level and genotype (family) # 11 

recorded the lowest mean value (7.10 seeds). 

Fresh pods weight per plant (g): 

Data illustrated in Table (6) showed that 

irrigation levels significantly affected fresh pods 

weight per plant (g) in both populations. Data 

showed that the highest mean values (114.98 and 

108.22 g) were obtained by 100 % of the normal 

irrigation level in populations I and II, 

respectively. The lowest mean values (102.37 and 

95.69 g) were obtained by 50 % of the 

recommended irrigation level in populations I and 

II, respectively. Peas genotypes (families) 

showed a significant effect on fresh pods weight 

per plant (g) in populations I and II (Table 6). 

Genotype (Family) # 1 had the highest values 

(175.44 and 162.93 g) in populations I and II, 

respectively. Genotype (family) # 13 had the 

lowest values (66.04 and 65.87 g) in populations 

I and II, respectively. The interaction between 

irrigation levels and genotypes (families) showed 

a significant effect in fresh pods weight per plant 

(g) (Table 6). The highest values (182.15 and 

180.98 g) of this trait were the interaction 

between 100 % of the normal irrigation level and 

genotype (family) # 1, in populations I and II, 

respectively. The lowest values (60.54 and 62.57 

g) of this trait were the interaction between 50 % 

of the recommended irrigation level and genotype 

(family) # 13 in populations I and II, respectively. 

Table (6): Effect of Irrigation levels on peas genotypes (families) for fresh pods weight per plant (g) and 

fresh seeds weight per plant (g) at populations I and II during the 2021/2022 season. 
Traits Fresh pods weight per plant Fresh seeds weight per plant 

Genotypes 

Population I Population II Population I Population II 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

100% 50% 100% 50% 100% 50% 100% 50% 

Family 1 182.15 168.73 175.44 180.98 144.88 162.93 137,00 130.33 130.33 135.31 97.46 116.39 

Family 2 164.69 141.00 152.85 170.97 137.25 154.11 132.00 112.67 122.34 128.64 92.93 110.79 

Family 3 146.67 133.00 139.84 111.18 91.10 101.14 108.33 97.33 102.83 82.5 58.86 70.68 

Family 4 128.24 104.41 116.33 109.44 96.85 103.15 82.26 66.00 74.13 75.79 72.41 74.10 

Family 5 120.94 102.61 111.78 92.32 90.44 91.38 79.33 72.33 75.83 76.91 73.23 75.07 

Family 6 110.32 104.65 107.49 95.91 88.99 92.45 75.61 69.00 72.31 72.01 56.46 64.24 

Family 7 108.41 98.41 103.41 98.38 85.16 91.77 78.41 67.74 73.08 73.94 66.86 70.40 

Family 8 105.95 100.95 103.45 100.07 98.38 99.23 79.24 69.62 74.43 72.12 74.40 73.26 

Family 9 105.5 99.17 102.34 98.17 95.77 96.97 82.08 68.84 75.46 71.11 80.58 75.85 

Family 10 98.38 89.38 93.88 96.19 88.37 92.28 72.22 66.25 69.24 71.52 68.85 70.19 

Family 11 77.52 64.85 71.19 84.07 80.19 82.13 51.12 46.73 48.93 61.09 53.37 57.23 

Family 12 74.43 63.10 68.77 99.95 84.07 92.01 49.77 46.47 48.12 69.65 52.16 60.91 

Family 13 71.54 60.54 66.04 69.17 62.57 65.87 45.54 42.10 43.82 50.39 44.46 47.43 

Means 114.98 102.37  108.22 95.69  82.53 73.49  80.08 68.62  

LSD0.05      

A 
 1.67  1.47   5.04  2.94  

B  5.85  4.99   5.25  3.10  

AB  8.27  7.05   7.43  4.38  

Fresh seeds weight per plant (g): Data presented in Table (6) showed that 

irrigation levels significantly affected fresh seeds 
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weight per plant (g) in populations I and II. Data 

showed that the highest mean values (82.53 and 

80.08 g) were obtained by 100 % of the normal 

irrigation level in populations I and II, 

respectively. The lowest mean values (73.49 and 

68.62 g) were obtained by 50 % of the 

recommended irrigation level in populations I and 

II, respectively. Peas genotypes (families) 

showed a significant effect on fresh seeds weight 

per plant (g) in populations I and II (Table 6). 

Genotype (Family) # 1 had the highest values 

(130.33 and 116.39 g) in populations I and II, 

respectively. Genotype (Family) # 13 had the 

lowest value (43.82 and 47.43 g) in populations I 

and II, respectively. The interaction between 

irrigation levels and genotypes (families) showed 

a significant effect on fresh seeds weight per plant 

(g) (Table 6). The highest mean values (137.00 

and 135.31 g) of this trait were the interaction 

between 100 % of the normal irrigation level and 

genotype (family) # 1 in populations I and II, 

respectively. The lowest mean values (42.10 and 

44.46 g) were the interaction between 50 % of the 

recommended irrigation level and genotype 

(family) # 13 in populations I and II, respectively. 

Pod filling (%): 

Data presented in Table (7) showed that 

irrigation levels did not significantly affect pod 

filling % in populations I and II. Peas genotypes 

(families) significantly affected Pod Filling % in 

populations I and II (Table 7). Genotypes 

(Families) # 1 and 13 had the highest mean values 

(86.48 and 89.07%) in populations I and II, 

respectively. The lowest mean values (67.19 and 

66.14%) were obtained from genotypes (families) 

# 7 and 11 in populations I and II, respectively.  

Table (7): Effect of Irrigation levels on peas genotypes (families) for pod filling (%) and shellout (%) at 

populations I and II during the 2021/2022 season. 
Traits Pod filling (%) Shellout (%) 

Genotypes 

Population I Population II Population I Population II 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

Irrigation 

levels Mean 

100% 50% 100% 50% 100% 50% 100% 50% 

Family 1 85.88 87.08 86.48 72.73 71.38 72.06 74.29 77.23 75.76 74.79 67.31 71.05 

Family 2 81.45 85.18 83.32 69.18 73.78 71.48 74.99 79.99 77.49 72.28 67.76 70.02 

Family 3 74.79 76.64 75.72 83.02 79.66 81.34 75.37 73.18 74.28 77.10 64.74 70.92 

Family 4 86.28 86.64 86.46 71.92 73.38 72.65 66.96 63.33 65.15 73.60 74.91 74.26 

Family 5 80.86 81.51 81.19 75.86 74.57 75.22 67.01 70.52 68.77 79.14 81.14 78.64 

Family 6 83.32 80.45 81.89 71.04 67.48 69.26 68.56 65.94 67.25 76.40 63.46 69.93 

Family 7 65.23 69.14 67.19 81.53 83.98 82.76 72.17 68.81 70.49 75.26 78.52 76.89 

Family 8 78.62 75.67 77.15 73.49 62.83 68.16 71.99 68.95 70.47 74.12 75.88 75.00 

Family 9 74.56 75.91 75.24 75.11 70.40 72.76 73.22 69.41 71.32 72.56 84.18 78.37 

Family 10 79.40 74.29 76.85 71.65 68.24 69.95 70.73 75.47 73.10 72.68 78.33 75.51 

Family 11 81.57 77.25 79.41 70.84 61.44 66.14 71.47 72.12 71.80 73.68 66.55 70.12 

Family 12 76.85 75.85 76.35 69.66 63.11 66.38 72.07 73.70 72.89 69.70 62.01 65.86 

Family 13 71.75 71.53 71.64 86.98 91.16 89.07 71.00 69.52 70.26 70.84 71.02 70.93 

Means 78.51 78.24  74.85 72.42  71.53 71.40  74.01 71.99  

LSD0.05 

A 
 NS  NS   NS  3.37  

B  2.93  2.85   5.18  4.31  

AB  4.14  4.03   7.33  6.09  

 

The interaction between irrigation levels 

and genotypes (families) showed a significant 

effect in pod filling % (Table 7) in populations I 

and II. The highest mean values (87.08 and 

91.16%) of this trait were the interaction between 

50 % of the normal irrigation level and genotypes 

(families) # 1 and 13 in populations I and II, 

respectively. The lowest mean value (65.23%) of 

this trait was the interaction between 100 % of the 

normal irrigation level and genotype (family) # 7 
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in population I. In population II, the interaction 

between 50 % of the recommended irrigation 

level and genotype (family) # 11 recorded the 

lowest mean value (61.44 %) 

Shellout (%): 

Data presented in Table (7) showed that 

irrigation levels significantly affected shellout % 

only in population II. The highest mean value 

(74.01%) was obtained by 100 % of the normal 

irrigation level. The lowest mean value (71.99 %) 

was recorded by 50 % of the recommended 

irrigation level. Peas genotypes (families) 

significantly affected shellout % in populations I 

and II (Table 7). Genotype (Family) # 2 had the 

highest mean value (77.49 %), while genotype 

(family) # 4 had the lowest mean value (65.15 %) 

in population I. In Population II, genotype 

(family) # 5 had the highest mean value (78.64 

%), while genotype (family) # 12 had the lowest 

mean value (65.86 %). The interaction between 

irrigation levels and genotypes (families) 

significantly affected shellout % (Table 7) in 

populations I and II. The highest mean values 

(79.99 and 84.18%) of this trait were the 

interaction between 50 % of the recommended 

irrigation level and genotypes (families) # 2 and 

9 in populations I and II respectively. The lowest 

mean values (63.33 and 62.01%) of this trait also 

were the interaction between 50 % of the 

recommended irrigation level and genotypes 

(families) # 4 and 12 in populations I and II, 

respectively.  

DISCUSSION 

Performance of thirteen genotypes 

(families) resulting from one cycle after the 

pedigree selection from two different populations 

was studied under normal irrigation level (100%) 

and water stress irrigation level (50% of the 

recommended irrigation level). Our data 

presented in Tables (2, 3, 4, 5, 6 and 7) showed 

that irrigation levels significantly affected all 

studied traits in thirteen genotypes (families) 

from populations I and II, except for No. of days 

to 50 % flowering and No. of branches per plant 

in population II and shellout % in population I. 

Meanwhile, irrigation levels had no significant 

effect on pod filling % in the two populations. 

These results were in line with those obtained by 

Mohamed and Abd El-Hady (2009), who found 

that increasing the irrigation level up to 100 % 

increased vegetative growth. The strong influence 

of increasing irrigation up to the maximum level 

on plant height could be explained as a result of 

enhancing cell division and enlargement, which 

require more water supplies. El-Noemani et al., 

(2010) also found that increasing the irrigation 

rate may increase water availability in the root 

zone, resulting in improved plant water status and 

better stomatal conductance, which eventually 

reflects on photo assimilate production. On the 

other hand, the early flowering observed in both 

traits (آNo. of days to 50% flowering and lower 

No. of nodes to flowering) associated with 

drought is thought to be due to the fact that many 

plant species resort to accelerating flowering as a 

survival mechanism to ensure reproduction under 

adverse conditions. This phenomenon, known as 

drought-induced flowering, is caused by changes 

in hormonal signals, especially increased levels 

of abscisic acid (ABA) and modifications of 

gibberellin and ethylene. These hormonal shifts 

induce the expression of flowering-related genes, 

such as FLOWERING LOCUS T (FT), which 

promotes flowering even under limited water 

availability (Guo et al., 2020). Additionally, 

drought stress can induce oxidative stress, leading 

to the accumulation of reactive oxygen species 

(ROS), which act as secondary messengers to 

activate flowering pathways (Riboni et al., 2013). 

While this adaptation is beneficial for 

reproduction in water-scarce environments, it can 

negatively impact yield and quality due to shorter 

vegetative growth periods. The reduction in yield 

and yield components associated with drought is 

also thought to be caused by a decrease in 

photosynthate assimilation and poor 

carbohydrate partitioning to the developing grain 

because of drought stress. The strong association 

between photosynthate assimilation and better 

remobilization of carbohydrates by drought-

tolerant genotypes permits them to maintain high 

fresh pods weight irrespective of the moisture 

content of the soil (Durigon et al., 2016). These 

results are also similar to those of (Prasad et al., 

2008; Lipiec et al., 2013; and Conforti et al., 

2018), who reported that drought is one of the 

most impactful environmental factors that impair 

plant growth, development, and, finally, plant 
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yields. Moreover, impacts of recurrent water 

stress on different physiological variables linked 

to overall growth and yield, on physiological 

processes such as photosynthetic activity, 

transpiration, osmotic regulation, and antioxidant 

system, have been studied in several crop species, 

including wheat (Wang et al., 2014; Abid et al., 

2016; Abid et al., 2017; Abid et al., 2018), corn 

(Virlouvet et al., 2018), rice (Auler et al., 2017; 

Aihemaiti et al., 2019; Auler et al., 2021), 

sugarcane (Marcos et al., 2018), sugarbeet 

(Leufen et al., 2016), potato (Ramírez et al., 

2015), and peas (Jacques et al., 2023). 

CONCLUSION 

The performance of thirteen selected 

families from each of the two peas populations 

was studied in the F4 selective generation under 

two levels of irrigation water (100% of the normal 

irrigation level and water stress, i.e., 50% of the 

recommended irrigation level). The results 

showed that irrigation levels had a significant 

effect on all of the studied traits in the two 

populations, except for the No. of days to 50% 

flowering and the No. of branches per plant in 

population II, the shellout% in population I, and 

the pod filling% in both populations. The 

genotypes (families) in peas had a significant 

effect on all the studied traits. There were three 

(#11, 12, and 13) and four (#10, 11, 12, and 13) 

promising peas genotypes (families) among the 

thirteen families selected in the F4 generation in 

each population, early flowering in populations I 

and II, respectively.. In population I, they 

flowered in a range from 31.17 days in family # 

13 to 33.33 days in family # 11. While in 

population II, they flowered in a range from 29.67 

days in family # 13 to 32.83 days in family # 12. 

There were nine (#1, 2, 3, 4, 5, 6, 7, 8 and 9) and 

four (#1, 2, 3 and 4) promising peas genotypes 

(families) among the thirteen families selected in 

F4 generation in each population, high in fresh 

green pod yield, as they have a fresh pods weight 

per plant greater than 100 g. There were three (# 

1, 2 and 3) and two (# 1 and 2) promising peas 

genotypes (families) among the thirteen families 

selected in the F4 generation in each population 

high in fresh green seed yield, as they have fresh 

seeds weight per plant greater than 100 g). The 

interaction between irrigation levels and 

genotypes (families) had a significant effect on all 

the studied traits. 
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