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ABSTRACT

This study was carried out during 2018 and 2019 at the Research and Experiment Center, Fac. Agric.,
Benha Univ., Egypt. to analyses the impact of four different water regimes (two, four, six and eight irrigations
supplies) on yield and biochemical compositions studies of four soybean varieties i.e. Crawford, Giza 111, Giza
35, and Giza 21 during both seasons. Four replications of a split-plot design were used to set up the treatments. In
the main-plots, irrigation schedules were distributed at random, whereas soybean varieties were in the sub-plots.
The 10.5 m? sub-plot was made up of 5 ridges that were each 3.5 m long and 60 cm wide. Results revealed that,
as compared to the control plants, all of the different treatments clarified important significant changes in all traits.
Increasing the number of irrigations considerably boosted seed production when compared to the seasons' lowest
number of irrigations. Meanwhile, chemical analysis significantly decreased by increasing number of irrigations,
except for oil content. Soybean varieties were significantly varied in seed yield for both seasons of chemical
analysis which was significant in the leaves and phosphorus percentage of seeds only except for proline content of
leaves. Therefore, it was not sufficiently substantial for irrigation regimes and soybean seed production to interact.
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INTRODUCTION

Improper irrigation schedule for soybean [Glycine
max (L) Merr.] plant is crucial, since this may likely lead to
either severe yield reduction or a waste of water resources, or
both. In addition, this may negatively affect soybean seed
chemical composition, leading to seed quality deterioration.
In semiarid regions of the world (e.g., Egypt, 26.8206° N,
30.8025° E) this is especially true, where furrow irrigation is
the main common watering management practice. In
addition, to appropriately choose soybean cultivar(s), which
have acceptable yield potentials at water stress conditions, and
to understand considered essential crop management
elements for reducing both seed yield and quality losses are
the growth stages (GS) that are most susceptible to water
stress.

Water stress is one abiotic environmental factor that
has a detrimental effect on soybean yield and vyield
components. It causes reduction in both pod growth
(Orlowski et al., 2016) and seed number and size
(Wijewardana et al., 2018a); it, in addition, shortens seed
filling period (Brevedan and Egli, 2003) and negatively affect
seed quality attributes (Wijewardana et al., 2018b). Jumrani
and Bhatia (2018), Wijewardana et al. (2019), and Du et al.
(2020) have reported that water stress negatively influences
both soybean yield and chemical components of both leaves
and seeds. These losses relatively depend upon the severity
of water stress conditions exerted on the soybean plant during
its various growth stages — vegetative and reproductive ones.

Furthermore, water stress affects plant biomass
production via affecting relative growth rate and/or its
duration. Under water stress, leaf expansion and radiation

* Corresponding author.
E-mail address: Ahmed.Saad@fagr.bu.edu.eg
DOI: 10.21608/jpp.2023.184020.1202

interception rate or conversion efficiency indirectly affect
relative growth rate (Giunta et al, 1995). Ludlow etal. (1980)
argued that the extent to which photosynthetic processes are
affected when plants suffer from water deficit or following
water stress release determines the relative dry matter and
crop yield reductions. Day and legg (1983) assumed that
reduction in CO, exchange between plant leaf and air and
deficient energy supply for photosynthesis process during
water stress, this leads to dry matter accumulation reduction.

In soybean, both plant GS and cultivars are quite
influential factors in deciding irrigation schedule (Kranz and
Specht, 2012). Plant growth stages (GS) are primarily
separated into vegetative and reproductive phases. The
reproductive stage (R1-8) begins with the blooming of the
first flower on the plant, whereas the vegetative stage (VE-N)
starts with the germination of seeds and the emergence of
seedlings. The authors stated that the familiarity of these
soybean development stages is quite crucial to apply the GS
procedure to plan for irrigation schedule. Unnecessary extra
amount of irrigation water during vegetative developmental
stages is considered a waste unless water status in soil layers
is quite low prior and/or following planting. Excess watering
might enhance vegetative growth to limits that do not
contribute much, as an effective photosynthate source, to
targeted yield; it is also likely that plants subjected to lodging,
and if it occurs during R4 GS--end of pod elongation—this
likely leads to severe yield loss. Hence, any water stress
soybean plants are subjected to during Rs-Rs, i.e., pod
development and Rs-Rs, i.e., seed filling is considered
detrimental to seed yield and quality. This is due to the
relatively highest evapotranspiration rate, ET (0.32 inch d*)
that occurs during late flowering, R», and early pod, Rs GSs,
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and approximately 65% of total water use occurs during Rys+
reproductive stages, as indicated by Kranz and Specht (2012).
Moreover, they further added that selecting soybean cultivar
which belongs to i) indeterminate, i) semi-determinate, or iii)
determinate growth pattern determines irrigation timing since
these plant developmental patterns are related to soybean
plant developmental stages. Mohamed and Latif (2017),
Farboodi et al. (2018), and Du et al. (2020) have reported that
soybean cultivars, in addition, vary in their seed yield and
chemical components in both leaf and seed.

Therefore, this research aims at evaluating how
soybean cultivars relatively respond to water stress via
varying irrigation frequency during various plant growth
stages for both seed yield and leaf and seed chemical
constituents.

MATERIALS AND METHODS

To determine the impact of water stress at various
growth stages, a study was conducted on four soybean
varieties (Giza 21, Giza 35, Giza 111, and Crawford) at the
Agricultural Experiment Center, Faculty of Agriculture,
Moshtohor, Benha University, Kalubia Governorate, Egypt,
over two growing seasons of 2018 and 2019.

Irrigation regime i.e. four treatments as follows;

1- Two irrigations were added after 40 and 80 days after
sowing at vegetative growth and full flowering,
respectively, each irrigation was add at rate of 300 m? fed™.

2- Four irrigations were added after 30 days (d.) at vegetative
growth, 60 d at beginning of flowering, 90 d. at beginning
of pod formation and 120 d at full pod formation, while,
each irrigation was at rate of 250 m? fed™

3- Six irrigations were add after 30 d. (vegetative growth), 50
d. (beginning and full of flowering), 70 d. (end of
flowering), 90 d (beginning of pod formation), 110 d (full
pod formation) and 130 d. (full seed formation) while, each
irrigation was at rate of 200 m? fed*.

4- Traditional irrigation (8 regular subsequently irrigations)
once every 15 days at all vegetative and reproductive stages.
Utilizing triangle-shaped weirs, irrigation was
regulated (V notch). Water flow had a set height of 30 cm.
According to the equation of Hansen et al. (1980), water
discharge was measured as follows; Q is equal to 0.0138 x
h2.5 x 3.6, where Q is the water discharge in m3 hr-1, 0.0138
and 3.6 are constant values, and 3.6 was added to get Q in m3
hr-1 (cm). According to Hansen et al. (1980), water usage
efficiency (WUE) was calculated as follows:

WUE equals the seed yield kg/total water input mé,
Water saved in m® fed and the percentage of seed yield loss
were calculated for each irrigation technique as compared to
flooding irrigation throughout the course of the whole
growing season.

Four Soybean varieties was as follows; Giza 21, Giza
35, Giza 111 and Crawford. Seeds were provided by the
legume department, Agriculture Research Center, Ministry of
Agriculture, Giza, Egypt.

The design was a split plot (4 replicates) with
irrigation as main plots and varieties as subplots. The area of
sub-plot was 10.5 m? (3X3.5m).

The soil was clay of pH 7.8. Four replications of a
split plot design were employed. The four irrigation methods
were assigned to the main plots, and the four soybean
cultivars were distributed among the sub-plots at random. N
was administered in two equal portions at planting and before
the first watering, at a rate of 20 kg N fed* (as urea 46.5%N).
During soil preparation, P was provided at a rate of 10 kg P
fed? (as Ca-superphosphate 6.8% P), and the soil had a
sufficient K content. In five ridges that were each 3.5 meters
long and 60 cm broad, seeds were manually drilled. Planting
took place on May 23, 2018, and May 28, 2019, respectively.
The Climates Research Station, Agriculture Research Center,
provided the trials with climatic information for the two
growth seasons (Table 1).

Table 1. The Kalubia Governorate’s predominant ambient environmental conditions for each of the two growing

seasons (2018 and 2019).

Seasons Climatic factors during summer 2018 growing season

Climatic factors Temperature (°C) Humidity (%) Pressure (mbar) Dew point Wind
Month Min. Max Max. Min. Max. Min. (°C) km/h
May 2018 318 325 94 7 1017 1001 11 14
June 2018 34.7 269 94 9 1016 1003 15 13
July 2018 35.8 278 89 17 1012 1003 17 12
Aug. 2018 343 275 94 21 1012 1006 19 12
Sep.2018 329 259 94 19 1017 1006 19 13

Climatic data during summer 2019 growing season

May 2019 317 219 83 5 1018 1004 12 15
June 2019 343 26.8 88 15 1020 1005 16 14
July 2019 348 276 84 11 1013 1002 19 12
Aug. 2019 345 276 89 10 1013 1004 20 12
Sep. 2019 320 246 88 24 1019 1006 18 12

Studied parameters:

Data recorded: In the 2019 season (the second growing
season), fresh shoots were collected at 80 days of plant age to
analyses their chemical composition and chemical analysis.
Proline concentration was determined calculated on a dry
weight basis based on the technique of Bates et al. (1973)
follows:

Proline content (mg/g) = () PPM x_ml Extract volume
2 x Sample dry weight x 100

Enzyme Extraction and Activity: Enzymes of catalase,

peroxidase enzymes in leaves:

- Peroxidase activity (POD, EC 1.11.1.7): Peroxidase
activity was extracted and determined in leaves according
to the methods of (Zhang, 2004).

Calculating formula:

AA470 XVt

POD (U.g_l .FW.min_l) = WxVsx0.01xt

Formula: AA470: change of absorbance in reaction time; Vt: total volume
of extracting enzyme solution, mL; Vs: volume of enzyme liquid, mL; W:
fresh weight of sample, g; t: reaction time, min.
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-The CAT enzyme activity (EC, 1.11.1.6): The CAT
enzyme activity was extracted and determined in leaves
according to the methods of (Zhang, 2004).

Calculating formula:

AA240 xVt

CAT (Ugt FW.min")= ————
0.1XV1xXtxFW

Formula: AA240: difference of absorbance between sample tube and

boiled tube; Vt: total volume of extracting enzyme solution, mL; V1:

volume of enzyme liquid, mL; W: fresh weight of sample, g; t: reaction
time, min.

B- Substances found in soybean seeds to identify their
chemical composition, seeds from the 2019 season (the
second growing season) were collected at harvest time.

-Total nitrogen and crude protein content (%6): Total
nitrogen content was determined in seeds at harvest time by
using wet digestion according to the methods of Piper
(1947). Using microkjeldahil as described by using
(Horneck and Miller, 1998), then calculated as percentage
of dry weight. Then crude protein was calculated according
to the following equation:

Crude protein=total nitrogen x 6.25 by (A.O.A.C. ,1990).

-Phosphorus content (%): Total phosphorus was
determined calorimetrically according to the method
reported by (Sandell, 1950) and calculated as a percentage.

-Potassium content (%6): Potassium was determined by the
flame photometer model Carl-Zeiss according to the
described method of (Horneck and Hanson, 1998) and
calculated as a percentage.

- Total carbohydrates content (%): The amount of total
carbohydrates in seeds was estimated (%) using the phenol-
sulphoric acid technique described by Dubois et al. (1956)
at the time of harvest in the second growing season.

-Total oil content (%): Using the Soxlet apparatus using
petroleum ether as a solvent, the oil % content was
calculated (A.O.A.C. ,1990).

-Statistical analysis: Data from each of the two growth
seasons were subjected to a variance analysis using the
following formula: (Steel and Torrie ,1981). In order to
compare means, the L.S.D. test at the 5% level was applied.

RESULTS AND DISCUSSION

-Effect of water regimes, soybean varieties and their
interactions on:
I-Seed yield:

Results from Table 2 demonstrate the impact of water
regimes on different soybean varieties and how they interact
with seed production during two growing summer seasons.
By increasing the number of irrigations up till conventional
irrigation, the average seed yield improved. Highest yields
were 1537.25 and 1186.16 kg fed® obtained by normal
irrigation in the first and second seasons respectively. Lowest
values were 703.33 and 1012.66 kg fed™. It is generally
noticed that, the traditional irrigation gave the highest seed
yield followed by the 6-irrigation treatment then the 4-
irrigation one the 2-irrigation one. There was no significant
difference between the traditional and the 6-irrigation one
with. ***** These results agree with those by Desclaux et al.
(2000); Gaballah et al. (2008), Ouda et al., (2008) and
Masoumi etal. (2011-a).

Giza 21 gave the highest seed yield (1611.67 and
1355.0 kg fed in seasons 1 and 2 respectively, followed by
Giza 35 variety (1557.33 and 1330.00 kg fed™) then Giza 111
variety (1536.67 and 1270.00 kg fed™) followed by Crawford
yield variety (443.33and 789.66 kg fed?). Crawford variety
gave the lowest seed yield of 625.0 and 896.66 kg fed™
respectively. Differences may be due to their individual
specific genetic make up (Farboodi et al., 2018; He et al.,
2017).

Table 2. Impact of water regimes on soybean varieties for seed yield (kg fed™) at each seasons of 2018 and 2019.

Water regime 2018 Season
Soybean Variety (V)

W) Giza21 Giza 35 Giza1ll Crawford Means
Two irrigations at (V.G.S. and F.F.S) 775.0 7433 670.0 625.0 703.3
Four irrigations at (V.G.S., B.F.S,, B.P.S.and F.P.F.S) 1186.7 1088.3 961.7 880.0 1029.2
Six irrigations at all vegetative and reproductive stages 1540.0 1510.0 1400.0 13833 1458.3
Traditional 1611.7 1557.3 1536.7 1443.3 1537.3
Means 1278.3 1224.7 1142.1 1082.9 1182.0
LS.D.at5%: W= 3158,V =14.50 WV =29.0
Water regime 2019 Season
W) i i So_ybean Variety (V)

Giza2l Giza 35 Gizalll Crawford Means
Two irrigations at (V.G.S. and F.F.S) 1105.0 1061.7 987.3 896.7 1012.7
Four irrigations at (V.G.S., B.F.S,, B.P.S.and F.P.F.S) 1226.0 1203.3 1100.0 1030.0 1139.8
Six irrigations at all vegetative and reproductive stages 1324.0 1275.0 1160.0 1087.3 12116
Traditional 1355.0 1330.0 1270.0 789.7 1186.2
Means 1252.5 12175 1129.3 950.9 11375

L.S.D. at 5% for:

W=N.S, V=86.5 and WV=N.S

Giza 21 variety when irrigated with the traditional
way produced the highest seed yield Lowest was by the
Crawford variety when irrigated of two irrigations. Ranking
order in respect to the applied irrigation water regimes: two
irrigations, then four irrigations, followed by the six
irrigations. Giza 21 was more productive variety as compared
with the other three varieties (Giza 35, Giza 111 and
Crawford). Results are in agreement with those by
Chowdhury et al., (2016-b) and Anda et al. (2020).

- Proline content:

Proline content was determined in plants of the second
season only (Table3). Results show lowest of 281.0 mg g? in
the traditional irrigation Giza 21. The highest was 416.0 given
by Crawford of 4 irrigations. Ranks of averages for irrigations
show two irrigations (413.16) > four irrigations (405.33) > six
irrigations (387.50) > traditional  (315.25).Averages for
varieties ranked. Ranks of averages by varieties are Crawford
(391.0) > Giza 111 (387.6)> Giza 35(375.8)> Giza 21(366.8).
These results agree with those by Bates et al. (1973), Trinchant
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etal. (2004), Lobato etal., (2008), Hossain etal (2014), Mokter
etal. (2014) Sheshbahre (2017), Wijewardana etal. (2019) and
Sarkar et al. (2015)..Differences reflect individual specific

genetical make up . The obtained findings agree with those of
the reported by Masoumi et al., (2011-b) and Devi et al. (2015).

Table 3. Impact of water regimes on soybean varieties for proline content (mg g*) at 2019 season.

W. . 2019 season
(V?/;er regime Soybean Variety (V)

Giza21 Giza35 Gizalll Crawford Means
Two irrigations at (V.G.S. and F.F.S) 420.3 408.0 416.0 408.3 413.2
Four irrigations at (V.G.S., B.F.S,, B.P.S.and F.P.F.S) 396.3 399.0 410.0 416.0 405.3
Six irrigations at all vegetative and reproductive stages 369.7 402.7 3833 394.3 3875
Traditional 2810 2937 341.0 3453 3153
Means 366.8 375.8 387.6 391.0 380.3

L.S.D. at 5% for: W=21.70, V=N.Sand WV=N.S

-The Peroxidase enzyme activity (U.g™* .FW.min™%):

Results for the second growing summer of 2019 are
shown in Table 4 and indicate the effects of water regime for
soybean varieties and their interaction on peroxidase enzyme
activity (U.g 1.FW.min 1) in soybean leaves (4).

Table shows the average values of peroxidase enzyme
activity in soybean leaves as influenced by water regimes (4).
The second season’s leaves' considerable peroxidase enzyme
activity effect was made clear by the irrigation strategy. The
second season's highest mean value of peroxidase activity
was 6.06 with six irrigation treatments, after which 6.37 with
four irrigation treatments. When regular watering (control)
was used in the second season, the lowest mean value of

peroxidase activity in leaves was 4.43 were noted during the
second season of routine irrigation (control).

The four irrigations and the two irrigations that were
applied appear to have nothing in the way of noticeable
distinctions. The current findings support those made by
(Naya et al., 2007; Masoumi et al., 2011-a).

It is abundantly evident that the observed variations in
peroxidase activity in leaves for each of the produced soybean
varieties may be attributed to their unique genetic make-up
and the distinct particular patterns of the environmental
circumstances at the time. These results matched those
published by Devi et al. (2015) and Moloi et al. (2016).

Table 4. Impact of water regimes on soybean varieties for POD enzyme activity at 2019 season.

Water regime 2019 Season
(W) Soybean Variety (V)
Giza2l Giza35 Giza1ll Crawford Means

Two irrigations at (V.G.S. and F.F.S) 6.49 6.60 6.63 6.67 6.06
Four irrigations at (V.G.S., B.F.S.,B.P.S.and F.P.F.S) 5.97 6.53 6.58 6.39 6.37
Six irrigations at all vegetative and reproductive stages 5.28 5.82 6.10 6.79 5.99
Traditional 442 4.35 4.33 4.62 443
Means 554 5.82 5.19 6.12 5.71

L.S.D. at 5% for:

W=2.09, V=0.16 and WV=0.33

-The Catalase enzyme activity (U.g™ & FW.min™ %) in
soybean leaves:

Results for the second growing summer season's
effects of soybean varieties' water regimes and their
interactions on CAT enzyme activity (U.g 1.FW.min 1) in
leaves are shown in Table (5).

Table (5) shows the mean value of CAT enzyme
activity in soybean leaves as influenced by water regimes. For
the second season, the CAT enzyme activity in leaves varied
significantly depending on irrigation scheme. The greatest
mean value of CAT enzyme activity in leaves was commonly
seen to be 123.43 when employing two irrigation treatments,

followed in the second season by 101.35 when using four
irrigation treatments, respectively. While the second season's
administration of standard irrigation treatment resulted in the
lowest mean value of CAT enzyme in leaves of 95.71. As can
be shown in Table 5, drought stress caused POD activity in
leaves at the V.G.S. and F.F.S. (two irrigations); the rate of
increase accelerated as the stress level increased. ***** Such
obtained result are along the same line with those of (Zhang
and Kirkham, 1995; Apel and Hirt, 2004 ; Sharma and
Dubey, 2005; Moller et al., 2007; Naya etal., 2007 ; Masoumi
etal.,2011-a).

Table 5. Impact of water regimes on soybean varieties for the CAT enzyme activity at 2019 season.

Wat . 2019 season
(V\a/)er regime Soybean Variety (V)

Giza2l Giza35 Giza 111 Crawford Means
Two irrigations at (V.G.S. and F.F.S) 114.13 118.23 131.83 129.53 123.43
Four irrigations at (V.G.S., B.F.S.,,B.P.S.and F.P.F.S) 99.52 98.61 101.20 106.06 101.35
Six irrigations at all vegetative and reproductive stages 94.53 100.79 104.03 96.13 98.87
Traditional 94.43 93.82 99.39 95.22 95.71
Means 100.65 102.86 109.11 106.73 104.84
L.S.D. at 5% for: W=323, V=155 and WV=311

CAT enzyme levels in second-season leaves differed
substantially across the soybean cultivars under investigation
(Table 5). In the second season, the Giza 111 variety had the
highest levels of CAT enzyme in leaves (131.83), followed

by the Crawford variety (129.53), and the Giza 35 variety
(with the lowest levels of CAT enzyme activity) (118.23).
The Giza 21 variety, using the two irrigations in the second
season, recorded the lowest value (114.13). However,
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findings suggested that the four soybean types may be
grouped as follows in declining order of their leaf CAT
enzyme activity: There are notable distinctions between the
Giza 111 variety, Crawford variety, Giza 35 variety, and Giza
21 variety. It is abundantly evident that the observed
variations in CAT enzyme in soybean leaves for each variety
planted may be related to their unique genetic makeup and
how it interacts with the relevant environmental factors in
distinct particular ways. These results concur with those
mentioned by (Masoumi et al., 2011-b; Devi et al., 2015 ;
Moloi et al., 2016).

The interplay between water regimes and varieties in
the second season had a considerable impact on the CAT
enzyme in soybean leaves (Table 5). The second season's
application of two irrigations for the Giza 111 variety,
followed by irrigations for the Crawford variety, the Giza 35
variety, and the Giza 111 variety with no discernible
difference between them, may have produced the highest
CAT activity in leaves of 131.83, whereas the second season's
application of a standard irrigation treatment at the flowering
stage for the Giza 21 variety produced the lowest value of
CAT enzyme activity in leaves of 94.43.

B- Chemical properties of soybean seeds:
-Nitrogen content (%6):

Results on the effect of water regimes for soybean
varieties and their interaction on nitrogen content (%) in
soybean seeds during the second growing summer (2019) are
displayed in Table (6).

Table (6) gives the mean value of the nitrogen content
of soybean seeds as impacted by water regimes. In the second
season, the nitrogen concentration (%) in seeds varied
significantly depending on irrigation practises. The maximum
mean nitrogen content (%) in seeds was found when two
irrigation treatments were applied, at 5.54%, and the lowest
value was 4.80% when four irrigation treatments were applied
in the second seasons. While the administration of the six
irrigation treatments in the second seasons resulted in the
lowest mean value of nitrogen content in seeds (4.28%).
Similar results were reported by (Purcell and King, 1996 ;
Streeter, 2003; Naya et al.,2007 ; Wijewardana et al., 2019).

According to Table 6's findings, there were no
appreciable changes in the four types' total nitrogen
concentration in seeds during the second growing season.

In the second season (2019), the Giza 35 variety
recorded the greatest N content (%) in seeds (5.70%) by
applying two irrigations, while the Giza 21 variety recorded
the lowest amount (4.03%) by applying six irrigations. The
remaining two varieties were in the middle as a single group.
It was determined that the Giza 35 variety and the Crawford
variety had higher N content (%) in their seeds when the two
irrigation treatments were used. It is evident that the observed
variances in nitrogen content (%) for each variety of growing
soybeans were, of course, the result of the genetic makeup of
each variety, which interacted uniquely and differently with
the environmental variables under investigation in a variety of
distinct patterns.

Table 6. Impact of water regimes on soybean varieties for the nitrogen content (%) at 2019 season.

Wat . 2019 season
(V\?) er regime Soybean Variety (V)

Giza2l Giza 35 Gizalll Crawford Means
Two irrigations at (V.G.S. and F.F.S) 5.29 5.70 5.60 557 5.54
Four irrigations at (V.G.S., B.F.S,, B.P.S. and F.P.F.S) 473 4.90 4.76 481 4.80
Six irrigations at all vegetative and reproductive stages 4.03 4.04 451 455 4.28
Traditional 4.58 4.75 4.68 4.46 4.62
Means 4.65 4.85 4.89 4.85 4.81
L.S.D. at 5%: W=0.17, V=N.S and WV =N.S

-Protein content (%6):

Table shows the findings regarding the impact of
soybean variety water regimes and their interactions on the
protein % in seeds during the second growing summer
seasons (7). The table below provides the mean value of the
protein content (%) in soybean seeds as influenced by water
regimes (7). The second season's irrigation program revealed
notable variations in the protein content of seeds. The
administration of two irrigation treatments during the

blooming stage resulted in the greatest mean value of protein
content in seeds (34.63%), which was followed by the
application of four irrigation treatments during the second
season, which produced a value of (30.01%). The second
season’s administration of the six irrigation treatments
resulted in the lowest mean value of protein content in seeds
(26.78%). Similar results were also obtained by (Streeter,
2003; Naya et al.,2007; Wijewardana et al., 2019).

Table7. Impact of water regimes on soybean varieties for protein content (%) at 2019 season.

Water regime 2019 season
Soybean Variety (V)

W) Giza21 Giza 35 Gizalll  Crawford Means
Two irrigations at (V.G.S. and F.F.S) 33.08 35.64 34.99 34.82 34.63
Four irrigations at (V.G.S., B.F.S,, B.P.S.and F.P.F.S) 29.56 30.64 29.76 30.08 30.01
Six irrigations at all vegetative and reproductive stages 25.20 25.28 28.20 2845 26.78
Traditional 28.62 29.70 29.26 2791 28.87
Means 20.11 3031 30.55 3031 30.07

L.S.D. at 5% for:

W=11 V=NS andWV =N.S

The four varieties under study were not significant in
their protein content in seeds in the second season (Table 7).
The greatest protein content which was (29.25%) for Giza 21
variety followed by Giza 35 (35.64%) then Giza 111 variety
(34.99%). The lowest value was recorded by Giza 21 variety

33.08%, when application of two irrigation treatment. The
differences among the varieties were almost significant.
Moreover, in the second season. It is also clear that there was
a slight difference between the four varieties were observed
as follows: Giza 35 variety was of the top with highest protein
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content, followed by Giza 111 variety then Crawford variety
with significant superiority of Giza 35 and Giza 21 varieties
were of the last in this arrangement with lowest protein
content for the application of the two irrigation treatments.

It could be concluded that Giza 35 and Giza 111
varieties were superior in assimilating protein percentage
content in soybean seeds as compared with the Crawford and
Giza 111 varieties. It is crystal evident that the observed
variances in protein content for each of the growing soybean
varieties may have resulted from their unique genetic makeup
and how that made them interact with the varied
environmental variables under consideration.

-Phosphorus content (%6):

Results are shown in Table 8 for the impact of
soybean variety water regimes and their interactions on
phosphorus content in seeds during the second growing
summer season (2019). As a function of water regime, the
mean values of phosphorus content (%) in soybean seeds are
shown in Table (8).

In the second season, the phosphorus content (%) of
seeds was significantly impacted by irrigation practices. The

use of two irrigation treatments produced the greatest mean
value of phosphorus content in seeds (1.42%), which was
followed by the administration of four irrigation treatments,
which produced a value of 1.20% in the second season. The
second season's typical irrigation treatments produced the
lowest mean value of phosphorus content in seeds, which was
0.49 percent. These outcomes were corroborated by those
mentioned in (Wijewardana et al., 2019).

The recorded results in Table (8) made it abundantly
evident that there were no appreciable changes in the second-
season phosphorus content (%) of seeds among the examined
soybean types. When the two irrigation treatments were
applied in the second season, Crawford and Giza 111 types
reported the highest values (1.70 and 1.49%), followed by
Giza 35 and Giza 21 kinds (1.36 and 1.14%). While the
lowest values were of those Crawford variety in the second
season. It was evidently clear that the observed variations in
phosphorus content for each of the four produced soybean
varieties may have resulted from those varieties' unique
genetic makeups, which interact in diverse specific ways with
the environmental variables under study.

Table 8. Impact of water regimes on soybean varieties for phosphorus content (%) at 2019 season.

Water regime 2019 Season
(W) Soybean Variety (V)
Giza2l Giza 35 Gizalll Crawford Means

Two irrigations at (V.G.S. and F.F.S) 114 1.36 149 1.70 142
Four irrigations at (V.G.S., B.F.S,, B.P.S.and F.P.F.S) 112 1.28 1.28 113 1.20
Six irrigations at all vegetative and reproductive stages 115 114 114 111 113
Traditional 0.84 0.26 0.55 0.30 0.49
Means 1.06 101 111 1.06 1.06

L.S.D. at 5% for :

W=0.14, V=N.S and WV =0.20

-Potassium content (%6):

Table gives information on how water irrigation
affects different soybean varieties' potassium content in seeds
during the second growing summer (9).

Table gives the mean values of the potassium content
in soybean seeds as influenced by the water regime (9). The
potassium content of seedlings varied significantly between
irrigation regimes in the second season. The application of the

six irrigation treatments produced the greatest mean value of
potassium content in seeds of 3.40%, while the administration
of the standard irrigation treatments produced the second-
highest value of 3.36%. The two irrigation treatments in the
second season had the lowest mean potassium level in seeds,
which was 2.68%. The outcomes were in line with what was
discovered by (Wijewardana et al., 2019).

Table 9. Impact of water regimes on soybean varieties for potassium content (%) at 2019 season.

Water regime 2019 Season
(W) Soybean Variety (V)
Giza2l Giza 35 Giza1ll Crawford Means

Two irrigations at (V.G.S. and F.F.S) 2.72 2.25 2.95 2.79 2.68
Four irrigations at (V.G.S., B.F.S,, B.P.S.and F.P.F.S) 3.20 3.14 313 2.84 3.08
Six irrigations at all vegetative and reproductive stages 321 3.38 3.36 3.65 340
Traditional 334 358 3.08 3.46 3.36
Means 311 3.09 313 3.19 313

L.S.D. at 5% for:

W=0.10, V=N.S and WV=0.24

The potassium content of the seeds for the four
varieties under study did not differ significantly in the second
season (Table 9), with Crawford variety having the highest
potassium content (3.65%) after applying the six irrigation
treatments, and Giza 35 variety having the lowest potassium
content (3.58%) after using regular irrigation. The Giza 35
variety received the lowest value (2.25%) when the two
irrigation treatments were used. It is evident that there were
small, but noticeable, changes between the kinds. When the
arrangement of the four kinds was studied for the second
season, Crawford variety had the highest potassium content,
followed by Giza 35 variety and Giza 111 variety, with
Crawford variety clearly outperforming the others. The Giza

21 variety came up at number four in terms of potassium
content. It is abundantly evident that the observed variations
in potassium content for the various soybean cultivars may be
related to their unique genetic makeups, which interact with
the relevant environmental factors under study in a variety of
distinct ways.

-Total Carbohydrates content (%6):

Results on the influence of water regimes of soybean
varieties and their interaction on total carbohydrates content
in soybean seeds for the second growing summer (2019) are
provided in Table (10).

The table showed the average amount of total
carbohydrates in soybean seeds and how it was affected by
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the water regime (10). Depending on irrigation techniques,
the total amount of carbohydrates in seeds from the second
growing season varied greatly.

The administration of a normal irrigation treatment in
the second season (32.49%) was followed by six irrigation
treatments, which produced the highest mean value of the
total carbohydrates contained in seeds (34.38%). The lowest
mean value of the total carbohydrate content in seeds
(26.65%) was produced by the application of two irrigation
treatments in the second season. Similar studies were
conducted by (Dehnavi and Sheshbahre, 2017 ; Wijewardana
etal., 2019; Du et al., 2020).

The amount of total carbohydrates in the second
season's seeds of the four studied soybean types did not differ
substantially from one another (Table 10). It is more likely the
case that, after applying six irrigation treatments, the Giza 21
variety had the highest total carbohydrate content (36.07%),

followed by the Giza 35 variety (35.51%). Two irrigation
treatments were used, and the Crawford variety's lowest
figure (25.69%) was noted. In the second season, the
variations' differences hardly made a difference. The best
arrangement of the four kinds was evident, and the Giza 21
variety ranked first in terms of total carbohydrates%
(27.85%)), followed by the Giza 35 variety (26.90%) and the
Giza 111 variant (26.16%), with a clear advantage for the
Giza 21 variety. With a 25.69% carbohydrate content after
two irrigation treatments, Crawford variety was the fourth and
final in this combination. It is abundantly evident that the
observed variations in total carbohydrate content for the
various soybean cultivars may be related to their unique
genetic makeups, which interact with the relevant
environmental factors under study in varied particular ways.
These outcomes matched those that were reported by (Du et
al.,2020).

Table 10. Impact of water regimes on soybean varieties for total carbohydrates content (%6) at 2019 season.

Water regime 2019 Season
(W) Soybean Variety (V)

Giza2l Giza 35 Giza1ll Crawford Means
Two irrigations at (V.G.S. and F.F.S) 289 279 272 26.7 217
Four irrigations at (V.G.S., B.F.S., B.P.S. and F.P.F.S) 2.7 30.3 30.2 314 311
Six irrigations at all vegetative and reproductive stages 37.1 36.5 346 334 354
Traditional 34.1 332 326 341 335
Means 33.2 32.0 311 314 319
L.S.D. at 5% for: W=17, V=NS and WV=N.S

-Total Oil content (%0):

Table (11), which presents results for the second
growing summer (2019), illustrates the effects of water
regime, soybean varieties, and their interactions on the total
oil content in soybean seeds (11). The average values of the
total oil content in soybean seeds as affected by water regimes
are shown in the table (11). Irrigation practices during the
second season had no observable effects on the total oil
content of seeds.

The greatest mean value of total oil content (31.86%)
was obtained with the use of four irrigation treatments, which
was followed by 31.12% with the use of two irrigation
treatments in the second season. The lowest mean value of
total oil content in seeds—30.64%—was produced in the
second seasons by the application of frequent watering

treatments. Mohamed and Latif discovered comparable
results (2017).

The results in Table 11 demonstrated that there were
no discernible differences in the total oil content (%) of seeds
across the four soybean kinds in the second season. The Giza
111 variety had the highest total oil content in seeds with
33.01% after four irrigation treatments in the second season,
followed by the Giza 35 variety with (32.01%), with no
obvious distinction across soybean kinds. In the second
season, there were no observable differences among the
soybean varieties, with the Giza 35 variety generating the
lowest figure for the total oil content in seeds (30.08%). These
results corresponded to those that were stated by (Mohamed
and Latif , 2017).

Table 11. Impact of water regimes on soybean varieties for total oil content (%) at 2019 season.

Water regime 2019 Season
(W) Soybean Variety (V)

Giza21 Giza 35 Giza 111 Crawford Means
Two irrigations at (V.G.S. and F.F.S) 321 321 318 325 321
Four irrigations at (V.G.S., B.F.S,, B.P.S.and F.P.F.S) 319 330 34.0 325 329
Six irrigations at all vegetative and reproductive stages 317 322 312 322 318
Traditional 313 311 321 321 316
Means 318 321 323 323 321
L.S.D. at 5% for: W=N.S, V=N.S and WV=N.S
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