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ABSTRACT 
The present study was carried out at the Experimental Farm of 

Faculty of Agriculture, Minia University, Egypt during two seasons of 

2020 and 2021 to study the response of three soybean cultivars to 

irrigation intervals and planting methods. Irrigation intervals, planting 

methods, cultivars in addition first and second order of interactions 

among them had significant effect on most of growth, yield attributes and 

water relations in both growing seasons. Seed yield feddan
-1

 was 

gradually decreased with prolonging irrigation interval from 14 to 28 

days in both seasons. The reduction percentages in seed yield feddan
-1

 as 

the mean of the two seasons were 23.05 and 49.40% with irrigation by 

interval of 21 and 28 days compared to interval of 14 days, respectively. 

The heaviest seed yield feddan
-1

 was obtained for the planting on ridges 

compared to terraces. The increase percentages of seed yield due to Giza 

111 and Giza 22 almost were 8.00% compared to Crawford in first and 

second seasons, respectively. About the effect of irrigation intervals x 

planting methods interaction on seed yield/fed. in both seasons. It could 

be recommended that irrigation by interval of 14 days with planting on 

ridges can achieve the heaviest seed yield feddan
-1

. 
 

Keywords: Soybean, cultivars, irrigation intervals, planting methods, seed yield. 

 
INTRODUCTION 

Soybean [Glycine max (L.) Merr.] is 

the most important crops for obtaining 

oil and protein worldwide. Its seeds have 

the highest protein content among 

leguminous crops (Sinclair et al. 2014). 

Its oil is used either directly in the 

human consumption or indirectly in the 

many manufactured valuable materials. 

Indeed, soybean seeds has many uses 

such as human food, animal feed. 

However, soybean plants foliage can be 

used as hay, pasture, cover and green 

manure crop (Essa and Al-Ani, 2001).   
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The increase of soybean acreage as a 

summer crop to face the great demand 

for edible oil and poultry feed is very 

difficult because of competition with 

other strategic crops as cotton, corn and 

rice. High yield of soybean per unit area 

is the aim of agronomists and farmers 

under the limited area and water 

resources. Therefore, it is necessary to 

increase the productivity per unit area of 

soybean and/or horizontal expansion in 

newly reclaimed lands. Irrigation 

management is very important nowadays 

owing to shortage in irrigation water 

because of the increase of human and 

agricultural consumption especially in 

the newly reclaimed lands. Therefore, it 

is necessary to determine the optimum 

water requirements and planning the best 

irrigation regime for obtaining maximum 

yield. More attention was paid to 

maintain the water resources by 

minimizing the losses, decreasing the 

water consumption and indicating the 

best schedule soybean irrigation for 

farmers. 

 Irrigation from the critical factors 

affecting growth, yield, and its attributes 

of soybean. Exposing soybean to soil 

moisture stress might cause harmful 

effect on growth, yield, and its 

components especially during pod 

development and seed fill (Kranz et al., 

1998). The growth and yield components 

significantly affected in clay loam soil in 

Egypt by irrigation intervals. Irrigation 

every 14 days gave the greatest values 

for plant height, dry matter plant
-1

, seeds 

plant
-1

 and yield fed
-1

 in comparison with 

irrigation every 7 and 21 days (Ibrahim 

and Kandil, 2007). 

The effect of irrigation every 2 and 3 

weeks on growth and yield attributes of 

soybean plants was studied  by Hussein 

et al. (2019) who, showed significant 

effect for irrigation intervals on plant 

height, branches plant
-1

, leaf area index 

LAI, pods plant
-1

 and  dry weight plant
-1

. 

Days to flowering and maturity, plant 

height, branches and pods plant
-1

, 

seeds/pod, seed index, seed yield feddan
-

1
 and water consumptive use were 

significantly increased with each 

increase in available soil moisture 

ASM% before irrigation from 20 to 50% 

in both seasons. The maximum values 

for water use efficiency WUE were 

recorded for plots irrigated at 35% of 

ASM followed with significant 

differences by that irrigated at 50% of 

ASM (El-Karamity, 1998). Ali and 

Abdel Aal (2021) found significantly 

decreased in leaf area, plant height and 

dry matter plant
-1

, pods plant
-1

, no. and 

weight of seeds pod
-1

, 100-seed weight 

and seed yield plant
-1

 and fed
-1.

 As a 

result, prolonging irrigation interval to 

20 days. It could be save water amounted 

by 18.62% with irrigation every 16 days 

and 27.82% with irrigation every 20 days 

compared to 12 days. Irrigation after 16 

days correlated with hydrogel produced 

the greatest values of WUE meaning it’s 

more effective on consumption 

productivity of water. Soil moisture 

content lower than 75% field capacity 

decreased the net assimilation rate, LAI 

and 100-seed weight. Seed filling stage 

is more sensitive to water shortages than 

the vegetative or flowering stages. At all 

growth stages, a high level of drought 

equals a high reduction in the growth and 

yield of soybean (Aziez and Prasetyo, 

2022).   
The planting methods on ridges and 

terraces have a great importance in 

productivity and saving irrigation water 

compared to flat cultivation. In addition 

to save in the quantity of seeds, speed of 

germination (Madhana et al., 2022), the 
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regular appearance of plants and the 

homogeneity of the distance between 

plants (Kang et al., 2012) as well as ease 

of performing all service operations, 

such as irrigation, fertilization and weeds 

control to increase crop productivity, and 

the planting method on terraces could be 

save the amount of added water 

compared to planting on ridges or flat 

cultivation (Jayapaul et al., 1995 and 

Jain and Dubey, 1998).  
Seed yield plant

-1
 of ridges and 

furrows planting was superior over the 

flatbed sowing method by 9.79% 

(Madhana et al., 2022). The planting on 

furrow and ridge achieved the highest 

values for growth attributes, straw and 

seed yield compared to soybean planting 

on normal flatbed (Dhakad et al., 2015).  

There are wide variations among 

soybean cultivars in seed yield and yield 

components. Therefore, the main factor 

affecting soybean production is selecting 

the suitable soybean cultivar. Hassan et 

al. (2002) indicated that Giza 22 cultivar 

surpassed all tested cultivars in no. of 

pods and seeds and seeds weight/plant. 

However, Giza 111 gave the heaviest 

seed index then Giza 22 then Crawford. 

Mehasen and Saeed (2005) found that 

significantly high values for traits pods 

and weight seeds plant
-1

, seed index and 

seed yield fed
-1

 for CV. Giza 22 

compared to CV. Giza 111. Shaheen 

(2010) indicated that the two cultivars 

Crawford and Giza22 had the tallest 

plants compared to the Toano cultivar. 

Shairef et al. (2010) found that 

Crawford yielded the highest straw yield 

(t/fed). Mostafa (2011) and El-

Karamity et al. (2015) showed that Giza 

22 cultivar gave highest values for plant 

height and branches plant
-1

. Kandil et al. 

(2012) observed that Giza 22 surpassed 

Giza 111 in plant height, pods and seeds 

plant
-1

 and seed yield (ton/fed) in both 

seasons.  

The present study aimed to 

investigate the effect of irrigation 

intervals and planting methods on 

growth, seed yield and its attributes and 

water relations of some soybean cultivars 

under water stress conditions. 

 

MATERIALS AND METHODS 

The current investigation was 

conducted at the Experimental Farm of 

Fac. Agric., Minia Univ., El Minia 

Governorate, Egypt, during the two 

seasons of 2020 and 2021 to investigate 

the response of three soybean cultivars to 

irrigation intervals and planting methods. 

The experiment was conducted in silty 

clay loam soil. The soil analysis is 

presented in Table (1). 

 

 

 

 

Table 1. Mean in both seasons. mechanical and chemical analyses of the soil  

Mechanical analysis 
Clay % Silt % Sand % Texture 

54.74 35.34 9.92 Clay loam 

Chemical analysis 
pH N% P mg / 100 g K ppm 

7.96 0.88 12.87 16.00 

    Source, Soil and Water Lab., Fac. Agric., Minia Univ. 
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    In both seasons, the experiment 

included 18 treatments which the 

combinations of three irrigation 

intervals, two planting methods and three 

soybean cultivars. The experimental 

design was randomized complete blocks 

(RCBD) in split-split-plot arrangement 

with three replicates. The main plots 

occupied three irrigation intervals as 14, 

21 and 28 days. The sub-plots comprised 

the two planting methods on ridges, the 

experimental plot consisted of 6 ridges (4 

m long and 60 cm width) and on 

terraces, the experimental plot consisted 

of 3 terraces (4 m long and 120 cm 

width). The sub-sub plots comprised to 

three soybean cultivars Giza 111, Giza 

22 and Crawford (Table 2). 

 

Table 2. Maturity group, growth habit and pedigree of soybean cultivars  

Cultivars Maturity group Growth habit Pedigree Days to 

maturity 

Giza111 IV Indeterminate Crawford × Celest 115-120 

Giza 22 IV Indeterminate Crawford × Forrest  115-120 

Crawford IV Indeterminate Williams × Columbus 120-125 

 

  The preceding previous crop was 

wheat in both seasons. The experimental 

field was prepared by fertilization with 

phosphorus at rate of 30 kg P2O5/Fadden 

in of calcium superphosphate (15.5% P2 

O5). A starter dose of 15 kg N/feddan in 

urea form (46.5% N) added at sowing. 

Seeds were inoculated with the specific 

Brady Rhizobium japonicum, 15 minutes 

prior sowing. The commonly known Afir 

method of sowing was used on 25
th

 and 

27
th

 of May in the first and second 

seasons, respectively. Seeds were sown 

in hills of 20 cm apart on both sides of 

the ridge and 4 lines on the terrace. 

Irrigation was done immediately after 

planting. Thinning of seedlings was to 2 

plants/hill, two weeks after sowing to 

attain the desired plant population 

density of 140000 plants /fed. Plots were 

kept free weeds throughout the growing 

seasons. Other recommended agricultural 

practices were conduct for El-Minia 

province. 

The following studied characters were 

recorded: 

- Phenological traits: Days to 50% 

flowering and Days to 95% maturity.  

- Growth measurements: Its were 

recorded according to (Gardner et al. 

1985) at 45, 60 and 75 days after sowing 

(DAS) on 5 randomly guarded plants 

taken from the sampling row of each 

plot. Plant fraction were separated and 

oven dried at 70° C to constant weight as 

follows: Dry weight plant
-1

 (g), leaf area 

index LAI = plant leaf area cm
2
 / plant 

ground area cm
2
 and net assimilation rate 

NAR (mg/cm
2
/day) = [(W2-W1)(Ln A2 – 

Ln A1)]/[(T2-T1)(A2-A1)] Where, W1 and 

W2 refer to dry weight, A1 and A2 refer to 

leaf area of at first t1 and second t2 time 

in days. 

- Yield components: 10 guarded plants 

were chosen randomly from the three 
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middle ridges of each sub-sub plot to 

record the following yield components; 

plant height (cm) (PH), number of 

branches plant
-1 

(NB/P), number of pods 

plant
-1

 (NP/P), number of seeds pod
-1 

(NS/Pod) and 100-seed weight (g) (seed 

index) (SI).  

- Yield per unit area: Seed yield feddan
-1

 

(ton) (SY) and straw yield feddan
-1

 (ton) 

(StY) were estimated on the basis of the 

three middle ridges or the middle 

terraces of each experimental unit.  

-Water relations measurements: 

estimated for each irrigation interval 

during the two seasons as follows: 

1- Water consumptive use (WCU) 

(m
3
/fed). 

The depleted soil moisture was 

detected after each irrigation and the 

water consumptive use WCU = D × Bd × 

(e2–e1) / 100 (Israelsen and Hansen, 

1962): Where: WCU = Water 

consumptive use (ET) in mm., D = Soil 

depth (cm), Bd = Bulk density in g/cm
3
, 

e1, e2 = Soil moisture content before e1 

and after e2 each irrigation. Soil samples 

were taken from 0-20, 20-40 and 40-60 

cm depth with a regular auger from 

planting time to harvest time before and 

48 hours after each irrigation  

to determine soil moisture content  

(Table 3).  

 

Table 3. Soil moisture contents of the experimental site. 

Soil depth(cm) Bulk density g/cm
3
 Field capacity% Wilting point 

0-20 1.25 34.70 16.40 

20-40 1.31 31.55 15.52 

40-60 1.36 24.65 14.11 

 

 

2- Water use efficiency (WUE) in 

Kg/m
3
 = seed yield in Kg fed.

-1
 / WCU 

in m
3 
fed.

-1
 (Pierre et al. 1965).  

Data statistical analysis 

    All obtained data in both seasons were 

subjected to proper statistical analysis 

according to procedures outlined by 

Steel and Torrie (1980) and the 

difference among treatment means were 

compared using Least Significant 

Difference test (L.S.D) at 5% level of 

probability. 

 

RESULTS AND DISCUSSION 

Phenological characters 

  Days to 50% flowering and 95% 

maturity were significantly affected by 

irrigation intervals and planting methods 

in the two seasons except the maturity in 

1
st
 season. Prolonging irrigation intervals 

from to 14 to 28 days decreased 

gradually days to 50% flowering and 

95% maturity. The earliest plants in 

flowering and maturity were recorded for 

irrigation of 28 days, while the latest 

ones were achieved from irrigation every 

14 days (Table 4). 
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  The earliest plants in flowering in 

2
nd

 season and maturity in the two 

seasons were recorded for sowing on 

terrace.   

Soybean cultivars were 

significantly differed for their maturity in 

the two seasons; however, soybean 

cultivar did no show significant 

difference in 50% flowering in the two 

seasons. Concerning the maturity, the 

earliest cultivar was Crawford in both 

seasons. The earliest plants in flowering 

were obtained for Giza 22 and Crawford 

sown on terraces and irrigated every 28 

day in 2020 and 2021 seasons, 

respectively (Fig. 1).  

The interactions among planting 

methods, irrigation intervals and 

cultivars and each other possessed 

significant effect on days to 95% 

maturity in 2
nd

 season (Fig. 2).  

The earliest plants in maturity were 

recorded for plots sown on terrace and 

irrigated by interval of 28 day, while the 

latest one were recorded for plots planted 

on ridges and irrigated every 14 days. 

Moreover, the earliest plants in maturity 

were recorded for Crawford irrigated by 

interval of 28 day. In addition the earliest 

plants in maturity were recorded for plots 

planted with Crawford sown on terrace. 

Absolutely, the earliest plants in maturity 

were recorded for Giza 111 sown on the 

terraces irrigated by interval of 28 day 

(Fig. 2). 

 

Table 4. Effect of irrigation intervals, planting methods and soybean cultivars on days 

to 50% flowering and 95% maturity in 2020 and 2021 seasons. 

Treatments 
Days to 50% flowering Days to 95% maturity 

2020 2021 2020 2021 

Irrigation intervals (days) 

14 days 34.61 34.99 116.89 119.72 

21 days 33.01 32.84 114.39 115.61 

28 days 31.66 30.30 108.39 109.49 

LSD 5% 0.64 0.67 2.98 2.08 

Planting methods 

Ridges 33.40 33.73 114.63 116.29 

Terraces 33.73 31.69 112.56 113.59 

F-test * * NS * 

Cultivars 

Giza 111 33.24 32.50 115.17 115.50 

Giza 22 32.81 32.80 113.83 114.94 

Crawford 33.23 32.82 111.78 114.38 

LSD 5% NS NS 1.38 0.60 
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Fig. 1. Effect of irrigation intervals x planting methods x cultivars interaction on days 

to 50% flowering in 2020 and 2021 seasons. 

 

 

 

 

Fig. 2. Effect of the interactions among irrigation intervals, planting methods and 

cultivars and each other on days to 95% maturity in 2021 season. 
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Growth parameters: 

  Irrigation intervals, planting 

methods and cultivars exhibited 

significant effect on dry matter/plant 

(Table 5) and LAI (Table 6) at three 

different ages of 45, 60 and 75 DAS in 

the two seasons except cultivars effect at 

45 DAS in 1
st
 season. Concerning 

interactions, irrigation intervals x 

planting methods interaction revealed 

significant effect on dry matter plant
-1

 

(Table 5) at 45 and 60 DAS in 2
nd

 season 

and LAI (Table 6) at 45 and 60 DAS in 

the two seasons. Irrigation intervals x 

cultivars interaction had significant 

effect on dry matter plant
-1 

at 60 and 75 

DAS of 2
nd

 and 1
st
 seasons, respectively 

(Table 5) and on LAI at 60 DAS of 1
st
 

season and the three ages of 2
nd

 season 

(Table 6). Planting methods x cultivars 

interaction detected significant effect on 

dry matter plant
-1

 at 60 and 75 DAS in 1
st
 

season and at 45 DAS in 2
nd

 season 

(Table 5) and on LAI at three ages of 

two seasons (Table 6). Irrigation 

intervals x planting methods x cultivars 

interaction had significant effect on dry 

matter plant
-1

 at 60 and 75 DAS in 1
st
 

season (Table 5) and on LAI at three 

ages in the two seasons (Table 6). The 

heaviest dry matter plant
-1

 and LAI was 

recorded for plants irrigated by interval 

of 14 days followed by those irrigated 

every 21 days at different ages in the two 

seasons. The decrease in dry matter 

plant
-1

 may be attributed to the effect of 

irrigation water deficit via prolonging 

irrigation interval (water stress) which 

reflect on physiological and metabolites 

processes, therefore an reduction in 

metabolites could be expected, 

consequently plant dry matter. These 

results are in agreement with those 

reported by El-Shafey (2017) and Ali 

and Abdel Aal (2021). 

Concerning to the effect of planting 

methods, the maximum values of dry 

matter plant
-1

 (Table 5) and LAI (Table 

6) were recorded for the planting on 

ridges at three ages in both seasons. 

While, the contrast was recorded for 

planting on terraces. This may be 

exposing terraces planting to water stress 

which negatively effect on metabolites 

formation, consequently, plant dry 

matter. These results were are agreement 

with those reported by Gajic et al. 

(2018), Basediya et al. (2020) and 

Keerthana et al. )2021). The differences 

in LAI with different water supply is 

mainly due to the variation in total leaf 

area/plant. These results are in agreement 

with those reported by Abdel Reheem et 

al. (2018), Khattab et al. (2019) and Ali 

and Abdel Aal ( 2021). 

The heaviest dry matter plant
-1

 was 

recorded for Giza 111 cultivar at 60 and 

75 DAS in both seasons (Table 5). These 

results may be attributed to genetic 

construction of studied cultivars and its 

interaction with environment condition 

prevailed during growth seasons. Giza 22 

gave the greatest values for LAI at 45 

DAS age in both seasons in addition to 

60 DAS age in the 2
nd

 season. However, 

Giza 111 surpassed all studied cultivars 

at 60 DAS in the 1
st
 season and at 75 

DAS in both seasons (Table 6). The 

present findings may be due to the 

differences in total leaf area per plant 

among the studied genotypes. These 

results are in agreement with those 

reported by Ibrahim (2014), Khattab et 

al. (2019) and Saad et al. (2023) . 

Concerning interaction, it is worthy 

to note that the greatest dry matter plant
-1
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and LAI was achieved with irrigation by 

interval of 14 days with planting on 

ridges at three ages in both seasons 

(Tables 5 and 6). With regard to 

irrigation intervals x cultivars 

interaction, the highest values of dry 

matter plant
-1 

were recorded for Giza 111 

irrigated every 14 days at 60 DAS and 

Crawford at 75 DAS in 2020 season. 

The highest values for LAI were 

recorded for irrigation every 14 days 

with planting Giza 22 at 45 DAS in 1
st
 

season and Giza 111 at 75 DAS in 2
nd

 

season. However, the highest LAI was 

recorded for Giza 22 and Giza 111 

irrigated every 14 days at 60 DAS in the 

1
st
 and 2

nd
 seasons, respectively  

(Table 6).  

With regard to planting methods x 

cultivars interaction effect, the maximum 

values of dry matter plant
-1

 were 

recorded for Giza 111 planted on ridges 

at 60 and 75 DAS in 1
st 

season (Table 5). 

The highest values of LAI were recorded 

for planting on ridges for each of 

Crawford and Giza 22 at 45 DAS in 1
st
 

and 2
nd

 seasons, respectively, Giza 111 at 

75 DAS in both seasons and Giza 111 

and Giza 22 at 60 DAS in 1
st
 and 2

nd
 

seasons, respectively (Table 6). 

   For the 2
nd

 order of interaction, the 

highest values of dry matter plant
-1

 was 

recorded for irrigation every 14 days and 

planting on ridges for each of Giza 22 at 

45 DAS in 2
nd

 season and at 60 DAS in 

1
st
 season and Crawford at 75 DAS in 1

st
 

season (Table 5). The highest values of 

LAI were recorded for irrigation by 

interval 14 days and planting on ridges 

for each of Crawford and Giza 22 at 45 

DAS in 1
st
 and 2

nd
 seasons, respectively. 

In addition to Giza 111 and Giza 22 at 60 

DAS in 1
st
 and 2

nd
 seasons, respectively. 

However, Giza 111 irrigated every 14 

days planted on ridges gave the highest 

LAI at 75 DAS in two seasons (Table 6). 

Irrigation intervals had significant 

effect on net assimilation rate NAR at 

the two periods of (45-60) and (60-75) 

DAS in both seasons in addition to 

cultivars at two periods of 2
nd

 season and 

planting methods at (60-75) DAS in 2
nd

 

season (Table 7).  

 Irrigation intervals x cultivars 

interaction had significant effect on NAR 

at 1
st
 period in both seasons and at 2

nd
 

period of 2
nd

 season (Table 7). 

 The 2
nd

 order effect of interaction 

had significant effect on NAR at two 

periods in the 2
nd

 season, in addition to at 

the 2
nd

 period in the 2
nd

 season (Table 7).  

The heaviest values of NAR 

(mg/g/cm
2
) were recorded for plants 

irrigated by interval of 14 days compared 

to 21 and 28 days. The present findings 

may be due to the effect of water deficit 

on dry matter accumulation during 

growth cycle of plant, in addition to the 

variation in total leaf area / plant. These 

results are in agreement  with those 

reported by Gajic et al. (2018), Ali and 

Abdel Aal ( 2021) and Saad et al. 

(2023). 

The maximum values of NAR were 

recorded for the planting on ridges at the 

2
nd

 period in 2
nd

 season compared to 

terraces (Table 7). These results are in 

agreement with those reported by 

Basediya et al. (2020) and Keerthana 

et al. )2021).  

 

 

 

 

 

 

 

 



El-Karamity, A.E  
 
et. al, 2023 

 

 

- 798 - 

Table 5. Means of dry matter plant
-1

 (g) of soybean cultivars (C) as affected by 

irrigation intervals (A), planting methods (B), and their interactions at (45, 

60 and 75) days after sowing in 2020 and 2021 seasons 
Irri. 
Int. 
(A)  

Planting 
method 

(B) 

2020 season 2021 season 
Soybean cultivars (C) Soybean cultivars (C) 

G111 G22 Crawford Mean G111 G22 Crawford Mean 
45 DAS 

14  
days 

Ridges 16.28 15.71 16.54 16.18 13.05 13.13 12.07 12.75 
Terraces 14.27 17.19 15.37 15.61 12.57 11.88 11.95 12.13 
Mean 15.27 16.45 15.95 15.89 12.81 12.51 12.01 12.44 

21 
days 

Ridges 15.43 14.16 13.48 14.36 11.8 11.32 11.22 11.45 
Terraces 13.1 13.10 11.95 12.72 10.96 10.82 10.09 10.63 
Mean 14.27 13.63 12.72 13.54 11.38 11.07 10.66 11.04 

28  
days 

Ridges 9.10 9.51 9.51 9.67 9.05 8.89 8.44 8.79 
Terraces 9.73 9.50 9.28 9.50 7.75 7.63 6.57 7.32 
Mean 9.86 9.51 9.40 9.59 8.40 8.26 7.51 8.06 

Mean 
B 

Ridges 13.90 13.13 13.18 13.40 11.3 11.76 10.58 11.21 
Terraces 12.37 13.26 12.20 12.61 10.43 10.11 9.54 10.02 

Mean C 13.13 13.19 12.69 13.01 10.86 10.93 10.06 10.62 
  Season A C AB AC BC ABC  B 

LSD 
5% 

2020 0.31 NS NS NS NS NS 
F-test 

* 
2021 0.28 0.13 1.08 NS NS 0.67 * 

60 DAS 

14  
days 

Ridges 29.25 29.75 27.40 28.80 27.53 25.86 25.82 26.40 
Terraces 27.40 25.70 27.50 26.87 24.69 23.58 23.42 23.90 
Mean 28.33 27.73 27.45 27.83 26.11 24.72 24.62 25.15 

21 
days 

Ridges 23.20 23.05 20.37 22.21 20.42 21.28 19.76 20.48 
Terraces 20.60 21.10 21.25 20.98 19.85 19.43 18.80 19.36 
Mean 21.90 22.08 20.81 21.59 20.14 20.36 19.28 19.92 

28  
days 

Ridges 15.20 13.28 14.30 14.26 13.13 13.27 12.72 13.04 
Terraces 14.25 12.50 11.70 12.82 11.61 11.57 10.89 11.36 
Mean 14.73 12.88 13.00 13.54 12.37 12.42 11.81 12.20 

Mean 
(B)  

Ridges 22.55 22.02 20.69 21.75 20.36 20.13 19.43 19.98 
Terraces 20.75 19.77 20.15 20.22 18.72 18.20 17.70 18.21 

Mean C 21.65 20.90 20.42 20.99 19.54 19.17 18.57 19.09 
  Season A C AB AC BC ABC  B 

LSD 
5% 

2020 0.79 0.59 NS NS 0.87 1.63 
F-test 

* 
2021 0.56 0.26 2.13 0.66 NS NS * 

75 DAS 

14  
days 

Ridges 54.02 57.88 59.30 57.07 52.26 51.55 48.65 50.82 
Terraces 54.68 51.47 52.30 52.82 49.38 46.55 45.52 47.15 
Mean 54.35 54.68 55.80 54.94 54.35 50.82 49.05 47.09 

21 
days 

Ridges 48.2 38.64 37.00 41.28 44.47 40.69 39.97 41.71 
Terraces 37.25 37.30 36.66 37.07 36.15 36.70 34.61 35.82 
Mean 42.72 37.96 36.83 39.18 42.73 40.31 38.70 37.29 

28  
days 

Ridges 23.55 22.10 23.50 23.05 23.05 22.10 22.00 22.38 
Terraces 22.64 18.76 18.50 19.97 18.73 18.76 17.97 18.49 
Mean 23.09 20.43 21.50 21.51 23.10 20.89 20.43 19.98 

Mean 
(B)  

Ridges 41.92 39.54 39.93 40.47 39.93 38.11 36.87 38.30 
Terraces 38.19 35.84 35.82 36.62 34.75 34.00 32.70 33.82 

Mean C 40.06 37.69 37.88 38.54 40.06 37.34 36.06 34.79 
  Season A C AB AC BC ABC  B 

LSD 
5% 

2020 2.28 1.82 NS 0.86 1.83 4.27 
F-test 

* 
2021 3.07 1.33 NS NS NS NS * 
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Table 6. Means of leaf area index of soybean cultivars (C) as affected by irrigation intervals (A), 

planting methods (B), and their interactions at (45, 60 and 75) days after sowing in 

2020 and 2021 seasons. 
Irri. 
Int. 
(A)  

Planting 
method 

(B) 

 2020 season   2021 season   
 Soybean cultivars (C)   Soybean cultivars (C)  

G111 G22 Crawford Mean G111 G22 Crawford Mean 
45 DAS 

14 
days 

Ridges 1.63 1.60 1.70 1.64 1.85 1.95 1.78 1.86 
Terraces 1.49 1.63 1.44 1.52 1.74 1.82 1.68 1.75 
Mean 1.56 1.61 1.57 1.58 1.80 1.88 1.73 1.80 

21 
days 

Ridges 1.48 1.42 1.44 1.45 1.52 1.59 1.50 1.54 
Terraces 1.40 1.43 1.43 1.42 1.45 1.43 1.41 1.43 
Mean 1.44 1.43 1.43 1.43 1.48 1.51 1.45 1.48 

28 
days 

Ridges 1.21 1.16 1.21 1.19 1.21 1.16 1.08 1.15 
Terraces 1.15 1.14 1.10 1.13 1.06 1.05 1.02 1.04 
Mean 1.18 1.15 1.16 1.16 1.13 1.10 1.05 1.10 

Mean 
(B)  

Ridges 1.44 1.39 1.45 1.43 1.52 1.57 1.45 1.51 
Terraces 1.35 1.40 1.32 1.36 1.42 1.43 1.37 1.41 

Mean C 1.39 1.40 1.39 1.39 1.47 1.50 1.41 1.46 
  Season A C AB AC BC ABC  B 

LSD 
5% 

2020 0.05 NS 0.19 NS 0.03 0.07 
F-test 

* 
2021 0.02 0.02 0.08 0.04 0.03 0.06 * 

60 DAS 

14 
days 

Ridges 3.24 2.99 3.11 3.11 4.11 4.30 3.71 4.04 
Terraces 2.68 2.68 2.45 2.60 3.77 3.73 3.24 3.58 
Mean 2.96 2.84 2.78 2.86 3.94 4.01 3.48 3.81 

21 
days 

Ridges 2.26 2.21 2.17 2.21 2.96 2.89 2.72 2.86 
Terraces 2.26 2.12 2.24 2.21 2.74 2.75 2.69 2.73 
Mean 2.26 2.17 2.21 2.21 2.85 2.82 2.71 2.79 

28 
days 

Ridges 1.59 1.55 1.61 1.58 2.22 2.16 2.10 2.16 
Terraces 1.58 1.61 1.50 1.56 2.05 2.06 2.03 2.05 
Mean 1.58 1.58 1.55 1.57 2.13 2.11 2.06 2.10 

Mean 
(B)  

Ridges 2.36 2.25 2.30 2.30 3.09 3.12 2.84 3.02 
Terraces 2.17 2.14 2.06 2.12 2.85 2.85 2.65 2.78 

Mean C 2.27 2.19 2.18 2.21 2.97 2.98 2.75 2.90 

  Season  A  C   AB   AC   BC  
 

ABC 
 B 

LSD 
5% 

2020 0.03 0.03 0.12 0.06 0.04 0.1 
F-test 

* 
2021 0.04 0.02 0.16 0.05 0.03 0.08 * 

75 DAS 

14 
days 

Ridges 4.79 4.47 4.38 4.55 5.50 5.19 5.06 5.25 
Terraces 4.50 4.36 4.41 4.42 5.07 5.10 5.02 5.06 
Mean 4.64 4.42 4.39 4.48 5.29 5.15 5.04 5.16 

21 
days 

Ridges 3.68 3.94 3.46 3.69 4.76 4.79 4.72 4.76 
Terraces 3.60 3.22 3.23 3.35 4.57 4.54 4.38 4.50 
Mean 3.64 3.58 3.34 3.52 4.67 4.66 4.55 4.63 

28 
days 

Ridges 2.53 2.45 2.63 2.54 3.94 3.92 3.69 3.85 
Terraces 2.48 2.46 2.25 2.40 3.57 3.75 3.22 3.51 
Mean 2.51 2.45 2.44 2.47 3.75 3.83 3.46 3.68 

Mean 
(B)  

Ridges 3.67 3.62 3.49 3.59 4.73 4.63 4.49 4.62 
Terraces 3.53 3.35 3.30 3.39 4.40 4.46 4.21 4.36 

Mean C 3.60 3.48 3.39 3.49 4.57 4.55 4.35 4.49 
  Season A C AB AC BC ABC  B 

LSD 
5% 

2020 0.04 0.11 NS NS 0.14 0.4 
F-test 

* 

2021 0.29 0.04 NS 0.07 0.07 0.15 * 
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The maximum values of NAR were 

recorded for Giza 111 cultivar at the two 

periods in the 1
st
 season beside the 2

nd
 

period in 2
nd

 season. However, the 

heaviest NAR was recorded for 

Crawford cultivar in the 1
st
 period of the 

2
nd

 season (Table 7). The present 

findings of the 1
st
 season may be due to 

these cultivars belong to the same 

maturity group. The present findings are 

in agreement with those reported by El-

Karamity (1996), Khattab et al. (2019) 

and Saad et al. (2023). 

For the effect of irrigation intervals x 

cultivars interaction on NAR, the 

greatest values of NAR were recorded 

for irrigation every 14 days  for each of 

Giza 111 and Crawford cultivars at 1
st
 

period in 2020 and 2021 seasons, 

respectively, in addition to Giza 22 at  

the 2
nd

 period in 2
nd

 season. For the 

effect of the 2
nd

 order interaction, 

irrigation intervals x planting methods x 

cultivars, the greatest values of NAR 

were recorded for Crawford at 1
st
 period 

irrigated by interval 14 days and planted 

on ridges in 1
st
 season. In 2

nd
 period of 

1
st
 season planting on ridges for each 

Crawford irrigated after 14 days and 

Giza 111 irrigated after 21 days recorded 

the highest NAR without significant 

difference between them by 1.92 

mg/g/cm
2
. In addition Giza 111 at 2

nd
 

period of 2
nd

 season irrigated by interval 

21 days and planted on ridges achieved 

highest NAR by 1.41 mg/g/cm
2
. 

Meaning that these cultivars Giza 111 

and Crawford save half of water amount 

and achieve highest NAR (Table 7).  

 

Yield components: 

Irrigation intervals, planting methods 

and soybean cultivars possessed 

significant effect on plant height, no. of 

branches plant
-1

 no. of pods plant
-1

, no. 

of seeds pod
-1

 and seed index in both 

seasons except soybean cultivars on 

plant height in 1
st
 season (Table 8). 

Irrigation intervals x planting methods 

interaction had significant effect on pods 

plant
-1

 in the 2
nd

 season (Fig. 5) and on 

branches plant
-1

and seed index in both 

seasons (Fig. 4 and 7) in addition seeds 

pod
-1

 in 1
st
 season (Fig. 6). Irrigation 

intervals x cultivars interaction showed 

significant effect on plant height and 

pods plant
-1

 in both seasons (Fig. 3 and 

5) in addition seeds pod
-1 

in 2
nd

 season 

(Fig. 6). Planting method x cultivars 

interaction exhibited significant effect on 

seeds pod
-1 

and seed index in 1
st
 season 

(Fig. 6 and 7). Irrigation intervals x 

planting methods x cultivars interaction 

exerted significant effect on seed index 

in the two seasons (Fig. 7) and plant 

height and pods plant
-1

 in the 2
nd

 season  

(Fig. 3 and 5). 
Concerning irrigation intervals effect, 

the maximum values for PH, NB/P, 

NP/P, NS/Pod and SI were recorded for 

plants irrigated by interval of 14 days in 

both seasons compared to those irrigated 

every 21 and 28 days in both seasons 

(Table 8). The reduction in these traits 

due to shortage of water may be 

attributed to the harmful effect of 

inadequate water supply on different 

physiological processes, in addition 

shortage of water depressed translocation 

of metabolites from source to sink which 

reflect on cell division and elongation. 

The reduction in number seeds per pod 

by exposing soybean plants to medium 

or high water shortage might be 

attributed to the fact that the 

development of pod was accompanied by 

some of physiological processes that are 

affected by moisture stress at the early 
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stage of developing flowers primordial 

till ovules fertilization which would lead 

to the reduction in number of seeds per 

pod. Subjecting the plants to high water 

deficit via irrigation by interval of 28 

days gave the lightest 100-seed weight. It 

is well known that translocated 

metabolites from source to different 

organs of soybean plant to the 

developing seeds during pod formation 

stage was depressed with exposing 

soybean plants to water deficit which 

might account much more reduction of 

its weight throughout minimizing the 

amounts of translocated metabolites. In 

this connection, these results are in 

acceptance with those reported by El-

Karamity and Hammad (1997), El-

Karamity (1998), El-Shafey (2017), 

Khattab, et al. (2019) and Ali and 

Abdel Aal (2021). 

Regarding planting methods, the 

highest values for PH, NB/P, NP/P, 

NS/Pod and SI were recorded for the 

plots planted on ridges compared to 

terraces in both seasons (Table 8). The 

differences in plant height according to 

terraces method may be due to the 

shortage of irrigation water which cause 

harmful effect on different physiological 

processes, consequently cell division and 

elongation. These results may be due to 

the abortion of some flowers for terraces 

planting as a result of the relationship 

between soil moisture stress and 

different physiological processes which 

occurs inside plant. The increase in 

number of pods per plant for planting on 

ridges might be attributed to the more 

availability of minerals from the soil to 

the root hairs owing to increase soil 

moisture which in turn enhancing 

vegetative growth and branching 

capacity, consequently number of pods 

per plant. These results are in accordance 

with those obtained by Gupta et al. 

(2017), Gajic et al. (2018), Basediya et 

al. (2020) and Madhana et al. ( 2022) 
For the soybean cultivars effect, Giza 

22 cultivar gave the highest values for 

plant height, no. of seeds pod
-1

 and seed 

index followed by Giza 111 with 

significant differences between them in 

both seasons. Giza 22 and Giza 111 

cultivar gave the greatest number of 

branches per plant in 1
st
 and 2

nd
 seasons, 

respectively (Table 8). Giza 111 and 

Giza 22 gave the greatest number of 

pods per plant in 1
st
 and 2

nd
 seasons, 

respectively (Table 8). The differences in 

plant height among genotypes might be 

attributed to the growth habit of each 

cultivar which is governed by genetical 

factors and its interaction with 

environmental conditions as discussed 

previously. The present findings are in 

agreement with those reported by El-

Haggan (2014),  Khattab et al. (2019) 

and Saad et al. (2023).  
Concerning the interaction between 

irrigation interval x planting methods, 

irrigation after 14 days with planting on 

ridges achieved highest values for each 

of NB/P and SI in both seasons (Fig. 4 

and 7), NP/P in 2
nd

 season (Fig. 5), 

NS/Pod in 1
st
 season (Fig. 6). 

For irrigation interval x cultivars 

interaction, irrigation by interval 14 days 

gave maximum values for PH with 

planting Crawford in 1
st
 season and Giza 

22 in 2
nd

 season (Fig. 3), highest NP/P 

with planting Giza 22 in both seasons 

(Fig. 5) and highest NS/Pod with 

planting Giza 22 in 2
nd

 season (Fig. 6). 

The effect of interaction between 

planting methods and cultivars, planting 

on ridges gave the maximum values for 

each of number of seeds pod
-1

 for Giza 

22 in 2020 season (Fig. 6) and seed 

index for Giza 111 in 1
st
 season (Fig. 7). 

Concerning to the effect of second 

order interaction, irrigation by interval 
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14 days with planting Giza 22 on ridges 

was achieved the highest values for each 

of PH and NP/P in 2
nd

 season (Fig. 3 and 

5) and SI in both seasons (Fig. 7). 

 

Table 7. Means of Net Assimilation Rate (NAR) (mg/g/cm
2
) of soybean cultivars (C) as 

affected by irrigation intervals (A), planting methods (B) and their 

interactions at (45-60) and (60-75) DAS in 2020 and 2021 seasons. 

 

Irri. 

Int. 

(A)  

Planting 

method 

(B) 

2020 season 2021 season 

Soybean cultivars (C) Soybean cultivars (C) 

G111 G22 Crawford Mean G111 G22 Crawford Mean 

(45-60) DAS 

14 

days 

Ridges 1.32 1.26 1.14 1.24 1.14 0.95 1.16 1.08 

Terraces 1.33 0.87 1.33 1.18 1.03 1.03 1.07 1.04 

Mean 1.33 1.07 1.24 1.21 1.08 0.99 1.12 1.06 

21 

days 

Ridges 0.90 1.15 0.90 0.98 0.89 1.02 0.93 0.94 

Terraces 0.88 1.09 1.01 0.99 0.97 0.95 0.98 0.97 

Mean 0.89 1.12 0.95 0.99 0.93 0.98 0.95 0.96 

28 

days 

Ridges 0.81 0.62 0.76 0.73 0.55 0.61 0.62 0.59 

Terraces 0.71 0.43 0.44 0.53 0.57 0.58 0.65 0.60 

Mean 0.76 0.53 0.60 0.63 0.56 0.60 0.64 0.60 

Mean 

(B)  

Ridges 1.01 1.01 0.93 0.99 0.86 0.86 0.90 0.87 

Terraces 0.97 0.80 0.93 0.90 0.86 0.85 0.90 0.86 

Mean C 0.99 0.90 0.93 0.94 0.86 0.86 0.90 0.87 

  Season A C AB AC BC ABC  B 

LSD 

5% 

2020 0.13 NS NS 0.05 NS NS 
F-test 

NS 

2021 0.04 0.03 NS 0.01 NS 0.08 NS 

(60-75) DAS 

14 

days 

Ridges 1.39 1.67 1.92 1.66 1.15 1.29 1.17 1.20 

Terraces 1.73 1.65 1.67 1.68 1.25 1.17 1.14 1.19 

Mean 1.56 1.66 1.79 1.67 1.20 1.23 1.15 1.19 

21 

days 

Ridges 1.92 1.17 1.34 1.47 1.41 1.03 1.10 1.18 

Terraces 1.30 1.48 1.53 1.43 0.97 1.06 1.01 1.01 

Mean 1.61 1.32 1.43 1.45 1.19 1.05 1.06 1.10 

28 

days 

Ridges 1.20 1.36 0.94 1.17 0.73 0.67 0.73 0.71 

Terraces 0.89 0.50 1.02 0.80 0.57 0.58 0.61 0.59 

Mean 1.05 0.93 0.98 0.99 0.65 0.62 0.67 0.65 

Mean 

(B)  

Ridges 1.50 1.40 1.40 1.43 1.10 1.00 1.00 1.03 

Terraces 1.30 1.21 1.41 1.31 0.93 0.94 0.92 0.93 

Mean C 1.40 1.31 1.40 1.37 1.01 0.97 0.96 0.98 

  Season A C AB AC BC ABC  B 

LSD 

5% 

2020 0.25 NS NS NS NS 0.41 
F-test 

NS 

2021 0.08 0.04 NS 0.02 NS 0.12 0.05 
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Table 8. Effect of irrigation intervals, planting methods and soybean cultivars on 

plant height, no. of branches plant
-1

, no. of pods plant
-1

, no. of seeds pod
-1

 

and seed index in 2020 and 2021 seasons.  

Treatment

s 

PH NB/P NP/P NS/Pod SI 

2020 2021 
202

0 

202

1 
2020 2021 

202

0 

202

1 
2020 2021 

Irrigation intervals (days) 

14 days 
86.9

0 

92.9

7 
3.16 2.61 

69.4

5 

74.4

0 
2.68 2.63 

16.8

9 

16.7

8 

21 days 
79.3

1 

80.5

7 
2.67 2.23 

58.0

7 

63.8

2 
2.32 2.37 

15.4

2 

14.9

6 

28 days 
71.2

4 

68.8

7 
1.73 1.52 

38.1

3 

41.3

7 
1.69 1.78 

13.5

2 

13.4

0 

LSD 5% 5.40 2.68 0.20 01.0 3.32 0.65 0.05 0.07 0.37 0.21 

Planting methods 

Ridges 
80.6

3 

83.7

9 
2.62 2.22 

58.8

1 

63.1

6 
2.43 2.36 

15.6

5 

15.3

9 

Terraces 
77.6

7 

77.8

2 
2.43 2.01 

51.6

3 

56.5

7 
2.22 2.16 

14.9

0 

14.7

0 

F-test * * * * * * * * * * 

Cultivars 

Giza 111 
78.3

7 

79.1

5 
2.55 2.19 

63.3

7 

61.6

2 
2.34 2.30 

15.3

2 

15.1

7 

Giza 22 
80.4

2 

80.8

4 
2.63 2.18 

62.1

6 

63.1

4 
2.40 2.38 

15.4

8 

15.3

9 

Crawford 
78.6

6 

83.6

5 
2.38 1.99 

55.2

2 

54.8

3 
2.23 2.11 

15.0

3 

14.5

8 

LSD 5% NS 0.88 0.09 0100 1.67 1.42 0.04 0.04 0.22 0.17 
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Fig. 3. Effect of the interactions between irrigation intervals, planting methods and 

cultivars on plant height in 2020 and 2021 seasons. 

 

  

Fig. 4. Effect of the interactions between irrigation intervals and planting methods on 

number of branch plant
-1

 in 2020 and 2021 seasons. 
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Fig. 5. Effect of the interactions between irrigation intervals, planting methods and 

cultivar on number of pods plant
-1

 in 2020 and 2021 seasons. 

 

 
Fig. 6. Effect of the interactions between irrigation intervals, planting methods and 

cultivar on number of seeds pod
-1

 in 2020 and 2021 seasons. 
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Fig. 7. Effect of the interactions between irrigation intervals, planting methods and 

cultivar on seeds index in 2020 and 2021 seasons. 

Seed and straw yield feddan
-1

: 

Irrigation intervals, planting methods, 

soybean cultivars and irrigation intervals 

x planting methods interaction possessed 

significant effect on seed and straw 

yields feddan
-1

 in both seasons except 

planting effect on straw yield in 1
st
 

season (Table 9). Irrigation intervals x 

cultivars and planting methods x 

cultivars interactions had significant 

impact on seed and straw yields feddan
-1

 

in 2
nd

 season. The 2
nd

 order interaction, 

irrigation intervals x planting method x 

cultivars had significant effect on straw 

yield feddan
-1

 in 2
nd

 season (Table 9). 

Seed and straw yields feddan
-1

 were 

gradually decreased with prolonging 

irrigation interval from 14 to 28 days in 

both seasons (Table 9).  

The heaviest seed and straw yields 

feddan
-1

 was produced for plants 

irrigated by 14 days interval, while 

frequent irrigation by interval of 28 days 

gave the lightest seed and straw yields 

feddan
-1

 in both seasons (Table 9). It is 

important to note that the reduction 

percentages in seed yield / feddan were 

23.35 and 49.10 % in 1
st
 season and 

22.75 and 49.7% in 2
nd

 season with 

irrigation by interval of 21 and 28 days 
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compared to interval of 14 days, 

respectively (Table 9). The reduction in 

seed yield with exposing soybean plants 

to water deficit via prolonging irrigation 

interval might be directly attributed to 

the reduction in dry mater accumulation 

and yield components i.e., number of 

branches, pods and seeds per plant, 

number of seeds per pod and seed index 

as discussed previously. It is obvious that 

straw yield is a function of plant height, 

branches/plant, leaf area/plant and total 

dry matter accumulation. All these 

characters should be increased under non 

stress conditions, consequently 

maximum straw yield could be expected 

with irrigating by interval of 14 days. 

These results are in harmony with those 

reported by El-Karamity (1998), 

Hussein et al. (2019), Khattab et al. 

(2019) and Ali and Abdel Aal ( 2021). 

Concerning the effect of planting 

methods, it is worthy to notice that the 

heaviest seed and straw yields feddan
-1

 

were obtained for the planting on ridges 

compared to terraces in both seasons 

(Table 9). The reduction percentages in 

seed yield feddan
-1

 due to planting on 

terraces were 11.85% in the two seasons 

compared to planting on ridges. These 

results may be due to water deficit in 

planting on terraces tended to decrease 

the potential of plants in using 

environmental conditions related to 

metabolic processes which in turn on dry 

matter formation, the reduction in dry 

mater accumulation and yield 

components i.e., number of branches, 

pods and seeds per plant, number of seed 

per pod and seed index, consequently 

produced smaller seed yield and lighter 

in their mass. These results are in 

accordance with those obtained by 

Basediya et al. (2020) and Madhana et 

al. (2022).       

 Concerning the effect of soybean 

cultivars, Giza 111 and Giza 22 cultivars 

gave the heaviest seed yield in 1
st
 and 2

nd
 

seasons, respectively. The increase 

percentages of seed yield due to Giza 

111 were 0.78% and 7.44% compared to 

Giza 22 and Crawford in the first season, 

respectively. In the second season, these 

increases due to Giza 22 were 8.26% and 

1.55% compared to Crawford and Giza 

111 cultivars, respectively (Table 9). The 

differences in seed yield due to studied 

cultivars may be attributed to their 

potentiality in producing more yield 

attributes i.e., number of branches, pods 

and seeds per plant which reflect on seed 

yield. These results are in agreement 

with those reported by Khattab et al. 

(2019) and Saad et al. (2023). 

   Crawford and Giza 22 cultivars 

gave the heaviest straw yield in 2020 and 

2021 seasons, respectively (Table 9). 

These results may be due to the genetical 

differences among studied genotypes 

which reflect on growth habit, 

consequently growth characters 

responsible for straw yield i.e., plant 

height, number of branches and leaves / 

plant. These results are in agreement 

with those reported by El-Haggan 

(2014), Khattab et al. (2019) and Saad 

et al. (2023). 
About the effect of irrigation interval 

x planting methods interaction, the 

heaviest seed and straw yields feddan
-1

 

were obtained for plots irrigated by 

interval of 14 days planted on ridges in 

both seasons. (Fig. 8 and 9). 

With regard to the effect of irrigation 

intervals x cultivars interaction, in the 2
nd

 

season, the greatest seed yield feddan
-1

 

and straw yield feddan
-1

 were recorded 

for Giza 22 cultivar irrigated by interval 

of 14 days (Fig. 8 and 9).  

For the planting methods x cultivars 

interaction effect, irrigation by interval 
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14 days was achieved the greatest seed 

and straw yields feddan
-1

 with planting 

Giza 22 cultivar on ridges in 2
nd

 season 

(Fig. 8 and 9). 

The effect of the 2
nd

 order of 

interaction, it is could be detected that 

the for Giza 22 cultivar planted on 

terraces and irrigated every 14 days in 

2
nd

 season recorded heaviest straw yield 

feddan
-1 

(Fig. 9). 
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Table 9. Means of seed yield and straw yield (ton) feddan
-1

 of soybean cultivars (C) as 

affected by irrigation interval (A), planting methods (B) and their 

interactions in 2020 and 2021 seasons. 

 

Irri. 

Int. 

(A) 

(Days

) 

Planting 

method 

(B) 

2020 season 2021 season 

Soybean cultivars (C) Soybean cultivars (C) 

G11

1 

G2

2 

Crawfor

d 

Mea

n 

G11

1 
G22 

Crawfor

d 

Mea

n 

Seed yield (ton) per feddan 

14 

days 

Ridges 1.75 
1.7

5 
1.66 1.72 1.74 1.77 1.69 1.73 

Terrace

s 
1.64 

1.6

4 
1.57 1.62 1.62 1.64 1.57 1.61 

Mean 1.70 
1.7

0 
1.62 1.67 1.68 1.71 1.63 1.67 

21 

days 

Ridges 1.50 
1.5

1 
1.28 1.43 1.49 1.50 1.27 1.42 

Terrace

s 
1.18 

1.1

3 
1.09 1.13 1.20 1.20 1.10 1.17 

Mean 1.34 
1.3

2 
1.19 1.28 1.35 1.35 1.18 1.29 

28 

days 

Ridges 0.87 
0.9

3 
0.86 0.89 0.91 0.93 0.86 0.90 

Terrace

s 
0.86 

0.8

0 
0.77 0.81 0.78 0.80 0.76 0.78 

Mean 0.87 
0.8

6 
0.81 0.85 0.84 0.86 0.81 0.84 

Mean 

(B)  

Ridges 1.37 
1.4

0 
1.27 1.35 1.38 1.40 1.27 1.35 

Terrace

s 
1.23 

1.1

9 
1.14 1.19 1.20 1.21 1.15 1.19 

Mean C 1.30 
1.2

9 
1.21 1.27 1.29 1.31 1.21 1.27 

  Season A C AB AC BC 
AB

C 
 B  

LSD 

5% 

2020 0.06 
0.0

4 
0.22 NS NS NS F-test *  

2021 0.03 
0.0

2 
0.11 0.04 0.03 NS  *  

Straw yield (ton) per feddan 

14 

days 

Ridges 3.14 
2.9

4 
2.94 3.01 2.41 2.41 2.40 2.41 

Terrace 2.93 2.9 2.89 2.92 2.41 2.46 2.37 2.41 
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s 5 

Mean 3.04 
2.9

5 
2.92 2.97 2.41 2.44 2.39 2.41 

21 

days 

Ridges 2.62 
2.8

9 
3.06 2.86 2.32 2.33 2.32 2.32 

Terrace

s 
2.93 

3.0

5 
2.99 2.99 2.30 2.41 2.04 2.25 

Mean 2.78 
2.9

7 
3.03 2.92 2.31 2.37 2.18 2.29 

28 

days 

Ridges 2.92 
2.5

9 
3.02 2.84 1.92 1.92 1.71 1.85 

Terrace

s 
2.79 

2.7

1 
2.49 2.66 1.67 1.77 1.49 1.65 

Mean 2.86 
2.6

5 
2.75 2.75 1.80 1.85 1.60 1.75 

Mean 

(B)  

Ridges 2.90 
2.8

1 
3.01 2.90 2.22 2.22 2.14 2.19 

Terrace

s 
2.88 

2.9

0 
2.79 2.86 2.13 2.21 1.97 2.10 

Mean C 2.89 
2.8

5 
2.90 2.88 2.17 2.22 2.06 2.15 

  Season A C AB AC BC AB  B  

LSD 

5% 

2020 0.06 
0.0

4 
0.22 NS NS NS 

F-test 

NS  

2021 0.07 
0.0

4 
0.25 0.1 0.06 0.14  * 
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Fig. 8. Effect of the interactions between irrigation intervals, planting methods and 

cultivar on seed yield feddan
-1

 in 2020 and 2021 seasons. 
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Fig. 9. Effect of the interactions between irrigation intervals, planting methods and 

cultivar on straw yield feddan
-1

 in 2020 and 2021 seasons. 
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Water relations measurements 

 Irrigation intervals, planting 

methods, soybean cultivars and irrigation 

intervals x planting methods interaction 

had significant effect on water 

consumptive use WCU and water use 

efficiency WUE in both seasons except 

planting methods in 1
st
 season. Planting 

methods x cultivars interaction had 

significant impact concerning WCU in 

2020 season. Irrigation intervals x 

cultivars interaction had significant 

influence on WUE both seasons. 

Irrigation intervals x planting methods x 

cultivars interaction had significant 

effect on WCU in 2
nd

 season (Table 10). 

 The highest values of WCU and 

WUE were recorded for plants irrigated 

by interval of 14 days. The irrigation by 

interval of 21 days decreased water 

consumptive use by 565.65 and 617.22 

m
 3

 / fed. which led to save 21.30% and 

23.34% of irrigation water compared to 

irrigation every 14 days in 2020 and 

2021 seasons, respectively. However, the 

respective values for irrigation every 28 

days were 847.79 and 984.91 m
3
/fed. 

which led to save 35.73% and 43.26% in 

1
st
 and 2

nd
 seasons, respectively (Table 

10). The reduction in WUE may be due 

to decreased on seed yield compered to 

WCU. These results are in harmony with 

those reported by Abdel Reheem et al. 

(2018), Hussein et al. (2019) and Ali 

and Abdel Aal (2021).  
 Concerning to the effect of planting 

methods, the highest values of WCU and 

WUE were obtained for the planting on 

ridges compared to planting on terraces 

in both seasons. The planting on terraces 

decreased WCU by 138.89 m
3
/fed which 

led to save which represent 5.22% 

irrigation water compared to planting on 

ridges in 2
nd

 season (Table 10). These 

results may be due to the differences 

between the added irrigation water in 

addition to result for losses from the 

transpiration processes in the plant and 

evaporation for the soil surface. These 

results are in accordance with those 

obtained by Gajic et al. (2018), 

Basediya et al. (2020) and Madhana et 

al. ( 2022).  
    Concerning the effect of soybean 

varietal differences, Giza111 cultivar 

consumed the greatest values of WCU in 

both seasons and Giza 22 cultivar gave 

the greatest values of WUE in both 

seasons (Table 10). These results may be 

due to the differences among studied 

genotypes in growth habit and response 

of each one to environmental conditions 

prevailed during the growing season 

which controlled by genetical factors. 

These results are in agreement with those 

reported by Khattab et al. (2019), Ali 

and Abdel Aal ( 2021) and Saad et al. 

(2023). 

For the effect of irrigation interval x 

planting methods interaction, plots 

planted on ridges gave highest WCU 

when irrigated by interval of 14 days in 

both seasons (Fig 10) and highest WUE 

with irrigation every 21 days in both 

seasons and irrigated every 14 days in 2
nd

 

season (Fig 11). 

Irrigation intervals x cultivars 

interaction, the highest values of WUE 

were recorded for Giza 22 cultivar 

irrigated by 14 days interval in both 

seasons.   

 About that the planting methods x 

cultivars interaction, the maximum of 

WCU were recorded for Giza 111 

cultivar planted on ridges in 2
nd

 season.  

Irrigation intervals x planting 

methods x cultivars interaction, the 

maximum WCU was recorded for Giza 

111 cultivar planted on ridges irrigated 

by interval 14 days in 2021 season.  
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Table 10. Means of water consumptive use (WCU) and water use efficiency 

(WUE) of soybean cultivars (C) as affected by irrigation intervals 

(A), planting methods (B) and their interactions in 2020 and 2021 

seasons 

Irri. 
Int. 
(A) 

(Days) 

Planting 
method 

(B) 

2020 season 2021 season 

Soybean cultivars (C) Soybean cultivars (C) 

G111 G22 
Crawfor

d 
Mean G111 G22 

Crawf
ord 

Mean 

Water Consumptive Use WCU (m3/fed) 

14 
days 

Ridges 3270.32 3265.55 3134.34 3223.40 3426.99 3331.68 3267.67 3342.11 

Terraces 3292.98 3130.16 3233.34 3218.83 3192.98 3183.50 3166.67 3181.05 

Mean 3281.65 3197.86 3183.84 3221.12 3309.98 3257.50 3217.17 3261.58 

21 
days 

Ridges 2690.62 2669.15 2656.26 2672.01 2690.62 2669.10 2656.26 2672.01 

Terraces 2633.36 2627.40 2656.03 2638.93 2633.36 2627.40 2589.36 2616.71 

Mean 2661.99 2648.27 2656.15 2655.47 2661.99 2648.27 2622.81 2644.36 

28 
days 

Ridges 2417.47 2380.49 2312.50 2370.15 2417.47 2380.49 2332.50 2376.82 

Terraces 2361.40 2424.62 2343.51 2376.51 2261.40 2124.62 2143.51 2176.51 

Mean 2389.44 2402.56 2328.01 2373.33 2339.44 2252.56 2238.01 2276.67 

Mean 
(B)  

Ridges 2792.80 2771.73 2701.03 2755.19 2845.02 2793.77 2752.14 2796.98 
Terraces 2762.58 2727.40 2744.29 2744.76 2695.91 2645.17 2633.18 2658.09 

Mean C 2777.69 2749.56 2722.66 2749.97 2770.47 2719.47 2692.66 2727.54 

  Season A C AB AC BC ABC   B 

LSD 
5% 

2020 60.15 25.57 225.82 NS 30.09 NS 
F-test 

NS  

2021 21.91 24.3 83.53 NS NS 49.27 *  

Water Use Efficiency WUE (kg/m3) per feddan 

14 
days 

Ridges 0.51 0.53 0.52 0.52 0.53 0.53 0.53 0.53 

Terraces 0.51 0.51 0.50 0.51 0.50 0.53 0.49 0.50 

Mean 0.51 0.52 0.51 0.51 0.52 0.53 0.51 0.52 

21 
days 

Ridges 0.55 0.56 0.48 0.53 0.56 0.57 0.48 0.53 

Terraces 0.46 0.46 0.43 0.45 0.45 0.43 0.41 0.43 

Mean 0.51 0.51 0.45 0.49 0.50 0.50 0.44 0.48 

28 
days 

Ridges 0.38 0.39 0.37 0.38 0.36 0.39 0.37 0.37 

Terraces 0.35 0.38 0.36 0.36 0.37 0.33 0.33 0.34 

Mean 0.36 0.38 0.36 0.37 0.36 0.36 0.35 0.36 

Mean 
(B)  

Ridges 0.48 0.49 0.45 0.48 0.48 0.50 0.46 0.48 
Terraces 0.44 0.45 0.43 0.44 0.44 0.43 0.41 0.42 

Mean C 0.46 0.47 0.44 0.46 0.46 0.46 0.43 0.45 

  Season A C AB AC BC ABC   B 

LSD 
5% 

2020 0.03 0.02 0.11 0.04 NS NS 
F-test 

NS  

2021 0.02 0.01 0.08 0.03 NS NS *  
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Fig. 10. Effect of the interactions between irrigation intervals, planting methods and 

cultivar on water consumptive use (WCU) in 2020 and 2021 seasons. 
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Fig. 11. Effect of the interactions between irrigation intervals, planting methods and 

cultivar on water use efficiency (WUE) in 2020 and 2021 seasons. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



El-Karamity, A.E  
 
et. al, 2023 

 - 817 - 

REFERENCES 

Abdel Reheem, H. A.; Ahmed, Y. M.; 

Mohamed, M. A. and Hassan, A. 

F. (2018).Yield response of 

soybean crop to irrigation regime 

and planting dates in El-Minia 

Region – Middle Egypt. Nat. Sci. 

16(10): 55-63.  

Ali, O. and Abdel Aal, M. (2021). 
Importance of some soil 

amendments on improving growth, 

productivity and quality of soybean 

grown under different irrigation 

intervals. Egyptian Journal of 

Agronomy. 43(1): 13-27.  

Aziez, A. F. and Prasetyo, A. (2022). 
The effect of drought stress on the 

growth and yield of soybean 

(Glycine max L.). Applied ecology 

and Environ. Res., 20(4):3569-

3580. 

Basediya, P.; Kumar, P.; Gupta, R.; 

Bhargava, M. K.; Singh, P. and 

Kushwaha, N. K. (2020). Study 

the effect of ridge and furrow 

system on soybean cultivation in 

Shivpuri district of MP Int. Arch. 

App. Sci. Technol, 11, 111-115.  

Dhakad, S.S.; Badaya, A. K.; 

Chouhan, S. S. and Gathiye, G. S. 

(2015). Effect of ridge and furrow 

system on growth characters and 

yield of rainfed soybean (Glycine 

max) in Madhya Pradesh. Indian J. 

of Ecology. 42(1): 230-232. 

El-Haggan, E. A. (2014). Effect of 

micronutrients foliar application on 

yield and quality traits of soybean 

cultivars. Int. J. Agric. Crop Sci. 

7(4): 908-914 

El-Karamity, A. E. (1996). Potential 

productivity of some soybean 

genotypes at different dates of 

planting and harvesting. Assiut J. 

of Agric. Sci., 27(4): 57-76 

El-Karamity, A. E. (1998): 

Performance of some soybean 

cultivars at different soil moisture 

levels. Zagazig. J. Agric. Res., 

25(2): 195-210.  

El-Karamity, A. E. and Hammad, A. 

M. M. (1997). Effect of soil 

moisture levels and inoculation 

with root nodule bacteria combined 

with micronutrient on nodulation, 

growth and yield of soybean. J. 

Agric. Res Tanta Univ., 23 (1):80-

94. 

El-Karamity, A. E.; Salem, M. A. and 

Mohamed, A. A. (2015). Response 

of some soybean cultivars to 

bacterial inoculation combined with 

N- fertilization. Minia J. of Agric. 

Res. & Develop.35 (2): 195-205. 

El-Shafey, A. (2017). Response of 

soybean to water stress conditions 

and foliar application with salicylic 

and ascorbic acids. Zagazig. J. 

Agric. Res., 44(1), 1-22.  

Essa, T. A. and Al-Ani, D. H. (2001). 
Effect of salt stress on the 

performance of six soybean 

genotypes. Pak. J. Biol. Sci, 4(2): 

175-177.  

Gajic, B.; Kresovic, B.; Tapanarova, 

A.; Zivotic, L. and Todorovic, M. 

(2018). Effect of irrigation regime 

on yield, harvest index and water 

productivity of soybean grown 

under different precipitation 

conditions in a temperate 

environment. Agric. Water 

Management, 210, 224-231.  

Gardner, F. P.; Pearce, R.B. and 

Mitchell, R. L. (1985). Physiology 

of crop plants. Iowa state 

University Press, Ames, Iowa 

50014, USA. 

Gupta, R.; Gupta, B. S.; Kulmi, G. S.; 

Somvanshi, S. P. S. and  

Basediya, A. L. (2017). Influence 



El-Karamity, A.E  
 
et. al, 2023 

 

 

- 818 - 

of broad bed furrow seed drill on 

growth characters and yield of 

soybean (Glycine max L.) in 

Mandsaur district of Madhya 

Pradesh. Prog. Res. Int. J., 12, 

2675-2678.  

Hassan, M. Z.; Al-Assily, K. A.; 

Mohamed, M. S. A. and Sharaf, 

A. E. (2002). Performance of some 

soybean cultivars under different 

sowing dates at the newly 

reclaimed lands of East Owinat and 

Kharga [Egypt]. Arab Univ. J. of 

Agric. Sci., 10(1):173-179. 

Hussein, H.; Nour El-Din, Nemat A.; 

Abd Rabou, R. T. and Abd El-

Hady, M.A. (2019). Response of 

soybean growth to nano-mineral 

fertilizers under two irrigation 

intervals. Arab Univ. J. Agric. Sci. 

Ain Shams Univ. 27(6): 1405-

1422. 

Ibrahim S.A. and Kandil, H. (2007). 
Growth, yield and chemical 

constituents of soybean (Glycin 

max L.) plants as affect by plant 

spacing under different 

 irrigation intervals. Res. J. 

Agric. Biolo. Sci., 3(6): 657-663. 

Ibrahim, M. M. (2014): Response of 

some soybean cultivars to plant 

density and phosphorus 

fertilization. Minia. J. of Agric. Sci. 

Dev., 34(3): 369-383. 

Israelsen, O.W. and Hansen, V.E. 

(1962). Irrigation Principles and 

Practices Third Ed., John Willey 

and Sons., New York.  

Jain, M.P. and Dubey, A.K. (1998). 
Productivity and economic viability 

of soybean with respect to planting 

systems and cultivars in Vertisol. 

Crop Research 16:102-22. 

Jayapaul, P.; Uthayakumar, B.; 

Devasagayam, M.M.; Pandit, 

B.J.; Palchamy, A. and 

Balakrishanan, A. (1995). Effect 

of land configuration methods, 

irrigation regimes and soil moisture 

conservation amendments on 

soybean (Glycine max L. Merrill) 

yield and quality characters. Crop 

Research 11: 253-57. 

Kandil, A. A.; Sharief, A. E.; Morsy, 

A. R. and El-Sayed, A. M. (2012). 

Performance of some promising 

genotypes of soybean under 

different planting dates using 

biplots analysis. J. of Basic & 

Applied Sci., 8(2):  379-385 

Kang, J. S.; Singh, A. and Kaur. M. 

(2012). Studies on growth and yield 

of soybean (Glycine max L. 

Merrill) under different planting 

methods and fertility 

levels. Legume Research-An 

International Journal, 35(3): 265-

267.  

Keerthana, S. M.; Ramakrishnan, R. 

S.; Pathak, N.; Ghosh, D.; Koutu, 

G. K.; Nagre, S. and Jain, V. 

(2021). Soybean physiology and 

yield response to seed rate and 

sowing method. International 

Journal of Plant & Soil 

Science, 33(15): 18-27.  

Khattab, E. A.; Essa, R. E. and 

Ahmed, M. A. (2019). Drought 

tolerance of some soybean varieties 

in newly land. Iraqi J. of Agric. 

Sci., 50(3): 741-752  

Kranz, W. L.; Elmore R. W. and 

Specht J. E. (1998). Irrigation 

soybean Univ. of Nebraska–

Lincoln Extension educational 

programs. 

Madhana, S. k.; Ramakrishnan, R. S.; 

Kumar, A.; Pathak, N. and 

Ghosh, D. (2022). Seed rate and 

sowing method induced variation in 



El-Karamity, A.E  
 
et. al, 2023 

 - 819 - 

phenology, Seed yield and seed 

quality of soybean [Glycine max 

(L.) Merill]. Biological Forum – An 

Inter. J., 14(4a): 541-547. 

Mehasen, S. A. S. and Saeed. N. A. 

(2005). Effect of mineral nitrogen, 

farmyard manure and bacterial 

inoculation on two soybean 

cultivars. Ann. Agric. Sci., 43: 

1391-1399 

Mostafa, A. (2011). Effect of sowing 

dates and growth regulators on seed 

yield and quality of some soybean 

cultivars. Ph.D. Thesis, Fac. of 

Agric., Kafr El-Sheikh Univ., 

Egypt. 

Pierre, W. H.; Kirkham, D.; Pesek. J. 

and Shaw. R. (1965). Plant 

Environment and Efficient Water 

Use. Am. Soc. Agron. Madison, 

Wisc., 259-274 

Saad, A.; Saad. S.; Maaty, A. and El-

Hadary. A. (2023). Biochemical 

studies on some soybean cultivars 

under water stress conditions. J. of 

Plant Production 14(3):107–15.  

Shaheen, A.M.E. (2010). Effect of 

Rhizobial inoculation, sources of 

nitrogen fertilization and post-

harvest to threshing period on yield 

and seed quality of some soybean 

cultivars. Ph.D. Thesis, Fac. of 

Agric., Kafr El-Sheikh Univ., 

Egypt. 

Shairef, A. E. M.; El-Kalla, S. E.; 

Salama, A. M. and Mostafa, E. I. 

(2010). Influence of organic and 

inorganic fertilization treatments on 

productivity of some soybean 

(Glycine max (L.) Merr) cultivars. 

Crop Sci. Environ., 1:6-12 

Sinclair, T. R.; Marrou, H.; Soltani, A. 

and Valdez,V. (2014). Soybean 

production Africa. Glob. Food 

Biol. 

Steel, R. G. D. and Torrie, J. H. 

(1980). Principle and Procedures of 

Statistics. A Biometrical approach 

2
nd

. Ed., McGraw-Hill Book 

Company, New York. U.S. A.  

 

 



El-Karamity, A.E  
 
et. al, 2023 

 

 

- 820 - 

 الملخص العربً

 

 لبعض اصناف فول الصوٌا ومكوناته صفات النمو والمحصول تأثر  تقٍٍم

  بفترات الري وطرق السراعة

 

 

ذ الحمٍذ السٍذ القرامٍطً ، محمذ عمر زهري ، حسن محمذ فؤاد مصطفىعب  
يصز -جايعح انًٍُا  –كهٍح انشراعح  –لسى انًحاصٍم   

 

 

 .202و  2020يصز خلال يىسًٍٍ  –جايعح انًٍُا  –أجزٌد انذراسح فً يشرعح انرجارب تكهٍح انشراعح 

وطزق انشراعح ، ووجذخ ذأثٍزاخ يعُىٌح نفرزاخ انزي  نذراسح اسرجاتح ثلاثح أصُاف يٍ فىل انصىٌا نفرزاخ انزي

وانثاٍَح تٍُهى عهى يعظى صفاخ انًُى وانًحصىل  الأونًتالإضافح إنى ذفاعلاخ انذرجح  والأصُافوطزق انشراعح 

وانعلالاخ انًائٍح فً كلا انًىسًٍٍ ، وأظهزخ انُرائج حذوز َمص ذذرٌجً فً يحصىل انثذور نهفذاٌ يع إطانح فرزج 

ٌىو فً كلا انًىسًٍٍ ، وكاَد َسة الاَخفاض فً يحصىل انثذور نهفذاٌ كًرىسط  22ٌىو إنى  1.انزي يٍ  

عهى انرزذٍة ، وأدخ  ٌىو 1.ٌىو يمارَح تفرزج انزي  22و  .2% يع انزي تفرزاخ 14110و  2.105نهًىسًٍٍ 

انشراعح عهى خطىط إنى انحصىل عهى أعهى وسٌ نًحصىل انثذور نهفذاٌ يمارَح تانشراعح عهى انًصاطة ، وسجهد 

يمارَح تانصُف  22شج وجٍ ...% تشراعح انصُفٍٍ جٍشج 2100سٌادج فً يحصىل انثذور نهفذاٌ ذمزٌثاً تُسثح 

ٌىو يع انشراعح عهى انخطىط  1.كزاوفىرد فً انًىسى الأول وانثاًَ عهى انرزذٍة ، وًٌكٍ انرىصٍح تأٌ انزي تفاصم 

 ًٌكٍ أٌ ٌحمك أعهى إَراجٍح يٍ انثذور نهفذا1ٌ

  

 

 


