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This study was conducted in the fields of Abu-Ghraib
City in Baghdad during the summer of 2022 by
applying a RCBD in a split-plate arrangement with
three replications. The study included two factors, the
first represented glutathione concentrations of 0, 75,
150, and 225 mg L, and the second included three
soybean varieties (Giza 82, Giza 83, and Giza 35). The
results showed that the 225 mg L glutathione had
significant positive efficacy on plant height, branches
per plant, leaf area, pod numbers, seed number per pod,
weight of 100 seeds, individual plant yield, glutathione
content in leaves, SOD enzyme activity, vascular
bundle thickness, and density of starchy matter stored
in the pith (83.22 cm, 7.00 plant shoot?, 23.77 dm?,
74.22 plants pod?, 2.644 seed pod?, 13.733 g, 31.9 ¢
plant?, 11.371 micromole g* fresh weight, 10.211 g*
fresh weight). Also, while the Giza 82 variety was
superior in leaf area and fertility percentage (23.07
cm?, 94.44%), the Giza 35 variety excelled in pod
numbers, individual plant yields, glutathione
percentage in the leaves, and SOD enzyme activity.

Keywords: Anatomy, Enzyme

activity, Glutathione, Soybeans.
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Introduction

Soybean is one of the main leguminous crops due to its nutritional properties
comprising between 30-50% protein, oil (14-24%), in addition to amino acids,
vitamins, and fatty acids (13). Much interest has been shown by researchers in
increasing soybean yields and narrowing the gap between production and consumption
by increasing production per unit area in view of the many problems afflicting the crop,
especially in Iraq where farmers are generally unwilling to grow this crop (9). The
summer crop faces by many obstacles, including the impact of environmental
conditions on growth and production, causing the flowers to fall at the end of the
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season, which harms the yield (10). Most leguminous crops have this problem, and
there is a need to reduce losses and increase production using varieties adapted to local
conditions that offer better yields to encourage farmers to expand the cultivation of this
crop and improve its productivity.

To increase production and reduce pollution from using fertilizers, it is important to
apply materials that increase yields without harming the environment. One method is
the use of glutathione, a tripeptide consisting of three amino acids (glutamic, steine,
and glycine), which helps balance oxidation and antioxidants and regulates many cell
activities and enzymes (12 and 21). It also has an important role in metabolic processes
and cell division, in addition to its resistance to strong metals and pesticides, and in the
flowering of various plants (20). Despite glutathione’s role in increasing agricultural
production by improving growth characteristics and yield (7 and 8) there is a lack of
studies in this aspect in Irag. As such, this study identified the most important varieties
that respond to glutathione and determine the best concentration for achieving the
highest yield in cultivated soybean varieties.

Materials and Methods

This field experiment was conducted in the summer season of 2022 in the pastures
of'a farmer in Iraq’s Abu Ghraib region (longitude 44.21 degrees east and latitude 33.31
degrees north). Based on a randomized complete block design (RCBD) in a split-plot
arrangement with three replications the study sought to evaluate the physiological and
anatomical behavior of three soybeans varieties. The soyabeans were split into 36
experimental units, with three replicates each of 12 experimental units, and planted 2
meters apart. The experimental unit contained four sub plots of 3 m lengths, with a 75
cm distance between each sub plot giving a total experimental unit area of 9 m2. Two
factors were involved in this study. The first one involved spraying three concentrations
of glutathione (0, 75, 150, and 225 mg L) on the plants with one spray after four weeks
of germination (at the stage of forming eight leaves) in the early morning using a 15
liter backpack sprayer.

A 2-gm. concentration water dispersing material (Al-Zahi) was dissolved in 15 liters
of water to raise absorption and minimize the surface density of water until complete
wetness (5). The second factor included three varieties of soybeans (Giza 82, Giza 83,
and Giza 35) planted on 6/1/2022 in the upper third of the farm to avoid suffocation of
the seeds. Three seeds each were planted in 3-cm deep holes spaced 25 cm apart.
Phosphate fertilizer (46% P20) was added to the soil at a rate of 100 kg H before
planting, and mixed with the soil in one batch before planting. Nitrogen fertilizer was
inserted as urea at a level of 60 kg N H! in two batches, the first at sowing, and the
second at the bloom stage for all units (6).

The anatomical study was carried out at the College of Education for Pure Sciences
Ibn-AL-Haitham/University of Baghdad, in 2022. In the vegetative stage, the stems
were cut from the center to prepare samples for sectioning as (18) with some
modifications according to (17) The stems were cut into thin pieces of 4-6 cm. length
with a razor blade and treated with 0.5% sodium hypochlorite for 10 min to remove the
chlorophyll pigments. Finally, the samples were placed mounted on slides by D.P.X.
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and fixed by a KRUSS light microscope, then photographed using Am scope camera
Model MU 1000.

The following characteristics were studied: plant height, branch numbers, leaf area,
pod numbers, fertility rate, seeds per pod, weight of 100 seeds, individual plant yield,
glutathione content in leaves, superoxide dismutase (SOD) enzyme activity, and
anatomical differences in vascular bundles stem thickness.

SOD enzyme activity was calculated after extracting the highest percentage of
inhibition from the standard inhibition curve and its effectiveness based on the

following equation:
SOD (inhabitation9s) = A25-A1S)-(A2B-A1B) ,

(A2B—A1B)

where,
A1B = blank absorbance value before illumination
A2B = blank absorbance value after illumination
A1S = absorbance value of the sample before illumination
A2S= absorbance value of the sample after illumination
One unit of SOD is defined as the sample quantity VS which decreases nitro blue
tetrazolium (NBT) by 50%. Therefore, SOD value can be expressed as follows:
SOD effectiveness (unit mIt) = (sample inhibition %)/(sample inhibition %)) x
D.F/VS(MI)
D.F. Dilution factor (2000 pl)
U: Unit
Vs: sample volume (40 pl)
Data were analyzed statistically at P<0.05 using Genstat software. Least significant
differences at 5% level of probability (LSD 5%) was used to compare the calculated
averages of the traits (Steel and Torrie, 1980).

Results and Discussion

Plant height (cm): As shown in Table 1, spraying glutathione on the vegetative part
of the plant had a significant effect on increasing the plant height when treated with a
225 mg L™ which gave a high average ranking of 83.22 cm compared to 82.95 cm for
150 mg L. The comparison treatment recorded the lowest average plant height of
79.56 cm. The difference might be due to the high concentration of glutathione,
because it reflects on cell division, elongation, and differentiation until the end of the
plant’s life cycle. This result is consistent with (24), who indicated that spraying plants
with glutathione led to an increase in plant height. The interaction between the study
factors also recorded a significant effect on the average of the Giza 82 varieties sprayed
with a 255 mg L glutathione concentration with plant height reaching 90.33 cm, the
Giza 35 variety without spraying had the lowest average plant height at 74.33 cm.
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Table 1: Impact of glutathione concentrations on plant height of soybean
varieties (cm).

Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 77.33 87.00 74.33 79.56
75 76.85 83.00 82.00 80.62
150 78.18 81.33 89.33 82.95
225 90.33 77.33 82.00 83.22
LSD 5% 4.488 2.184
Average 80.68 82.17 81.92
LSD 5% N.S.

Number of branches per plant or branches plant™: Table 2 indicates that plants
sprayed 225 mg L glutathione concentration were had the highest average for this
trait, reaching 7.002 branches per plant™, while the comparison treatment gave the
lowest number at 6.463 branches per plant™. The increase in the number of branches
when sprayed with glutathione is due to its role in increasing the activity of enzymes
and hormones, as it works to remove toxins from reactive oxygen species (ROS)
through antioxidant enzymes, namely glutathione reductase (GR), glutathione
peroxidase (GPX), and glutathione transferase (GST) (19), which may affect the
longitudinal and transverse cell division and thus reflect on branch numbers. There was
also significant interaction between the varieties and concentricity of glutathione
spraying, as Giza variety sprayed at 225 mg plant™ had 7,590 branches plant?, while
Giza 82 without spraying recorded 5,740 plant branches1.

Table 2: Impact of glutathione concentrations on number of branches per plant
of soybean varieties (per plant?).

Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 5.740 6.497 6.923 6.386

75 7.313 5.790 6.530 6.544

150 6.663 7.527 5.970 6.720

225 6.530 6.887 7.590 7.002
LSD 5% 0.5040 0.1732
Average 6.561 6.675 6.696
LSD 5% N.S.

Leaf area (dm?): Table 3 shows important dissimilarity among the varieties planted
and sprayed with glutathione, and the interaction among them in the average leaf area
trait. The plants of the Giza 82 excelled by recording the highest leaf area of 23.07 dm?,
while the Giza 83 have the lowest average at 22.02 dm? This could be due to
differences in the genetic composition of the cultivated varieties, and is in line with (3)
who had similar findings. Also, plants sprayed with glutathione at 225 mg L recorded
a high level of leaf area, at 23.77 dm?, while the comparison treatment recorded only
20.92 dm?2. The glutathione activity of many enzymes and hormones help in cell
division and thus growing the leaf area, as well as its role in protecting cells and their
structure from oxidative damage. This finding is in line with (11) who noted the
significant differences from spraying glutathione on the foliage of plant leaves. Also
there was notable reaction on the mean of this trait, as plants of the Giza 82 sprayed
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75% glutathione recorded the highest mean at 26.31 dm?, compared to plants of the
same variety that were not sprayed which recorded a low mean of 20.07 dm?.

Table 3: Impact of glutathione concentrations on leaf area of soybean varieties

(dm?2).
Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 20.07 22.53 20.16 220.9

75 26.31 20.16 22.59 23.02

150 22.86 22.75 23.26 22.96

225 23.03 22.65 25.63 23.77
LSD 5% 0.5040 0.839
Average 23.07 22.02 22.91
LSD 5% 0.594

Number of pods per plant (pods plant™): Table 4 shows the differences among
cultivated soybeans in the mean of this trait. The Giza 35 plants had the highest average
pod numbers at 71.40 per plant compared to the lowest at 68.34 for the Giza 82. The
good performance of the former may be due to its genetic capacity to change the
outcome of the carbon assimilation process into newly formed flowers and pods. This
agrees with (23) that soybean cultivars vary in pod number. Also, spraying the soybean
with glutathione at 225 mg L™ led to significant growth in the pod's number 74.22 pods
plant*, while the comparison treatment had the lowest at 63.61 pods plant™. This higher
figure is due to its role in increasing plant height, branches number and leaves (Tables
1, 2, and 3), which contribute significantly in increasing the processed food and its
transfer to new centers of growth, thus increasing the percentage of nodes, and are
consistent with the findings of (11). The binary interaction also had a noticeable effect
on the mean with the Giza 83 sprayed with 150 mg L™ per plant of glutathione
registering a high mean of 81.15 pods plant™.

Table 4: Interaction of varieties and glutathione concentrations on the number
of pods per plant of the studied soybean.

Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 51.58 65.74 73.52 63.61
75 78.95 54.32 69.96 67.74
150 75.78 81.15 62.04 72.99
225 67.04 75.53 80.08 74.22
LSD 5% 3.271 1.998
Average 68.34 69.19 71.40
LSD 5% 1.751

Fertility rate: Table 5 shows the significant variations among studied varieties and
factors with Giza 82 recording the highest mean for this feature at 94.44%, while Giza
35 had a low mean of 91.42%. This could be attributed to the Giza 82 plants
maintaining pollen viability for a longer period than the other varieties due to their
different genetic compositions, which increases the fertility rate. These results are
consistent with (9) who noted that the varieties differ in the percentage of pod growth.
There was also significant interactions in the study factors for Giza 82 sprayed at 150
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mgL! which recorded a high fertility rate of 94.81% compared with 90.40% for the
unsprayed Giza 35 variety.

Table 5: Impact of varieties and glutathione concentrations on the soybean
fertility rates.

Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 94.14 92.79 90.40 92.44
75 94.47 90.37 91.96 92.26
150 94.81 92.08 91.00 92.63
225 94.33 94.41 92.33 93.69
LSD 5% 1.446 1.998
Average 94.44 92.41 91.42
LSD 5% 0.703

Seed number per pod (seed pod?): As seen in Table 6 there were significant
differences in the binary interaction between glutathione spray concentrations and seed
number per pod. The plants treated with 225 mg L™ was the best yielding a mean of
2.644 seed pod* while the control treatment had a low mean of 2.267 seeds per pod.
These variations may be due to glutathione’s role in regulating the transfer of nutrients
at the beginning of pod formation and increasing the activity of hormones responsible
for flower and seed formation. The interaction among varieties and the concentration
of glutathione also affected the number of seeds per pod. Giza 35 sprayed with 225 mg
L* of glutathione achieved a high mean of 2.833 seeds per pod, while Giza 82 without
spraying had a low mean of 2.100 seeds pod™.

Table 6: Impact of the glutathione concentrations on the number of seeds per
pod of soybean varieties.

Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 2.100 2.267 2.433 2.267

75 2.667 2.200 2.367 2411

150 2.500 2.767 2.267 2.511

225 2.467 2.633 2.833 2.644
LSD 5% 0.1167 0.0577
Average 2.433 2.467 2.475
LSD 5% N.S.

Weight of 100 seeds: Table 7 shows that spraying the soybean with 225 mg L™ of
glutathione produced the highest mean weight of 100 seeds at 13.733 grams, while the
control treatment without spraying registered only 12.142 grams. This difference in
weights is related to growth factors such as the higher leaf area (Table 3) which
improve photosynthesis, leading to greater efficiency of the source in forming nutrients
and the ability of the downstream in absorbing these elements, thus increasing the rate
of grain filling. These results agree with (1 and 4). They also confirm that binary
interactions had a significant effect on the weight of 100 seeds, as Giza 83 sprayed with
150 mg L* glutathione gave a high mean of 14.950 grams, while the unsprayed Giza
82 had a low mean of 11.333 grams.
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Table 7: Impact of glutathione concentrations on 100 gr. of seed weight (grams)
in the soybean varieties.

Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 11.333 12.333 12.760 12.142
75 14.233 12.167 12.893 13.098
150 13.450 14.950 11.967 13.456
225 12.667 13.723 14.810 13.733
LSD 5% 0.6746 0.4433
Average 12.921 13.293 13.107
LSD 5% N.S.

Individual plant yield: Table 8 shows the significant differences among the varieties
sprayed with glutathione and the interaction among them in terms of individual plant
yield. Giza 35 had the highest mean at 27.2 gm. plant™® compared with the 22.2 gm.
plant™ for Giza 82. The higher yield was due to the excess number of pods for Giza 35
(Table 4), as well as variations in the genetic composition of varieties. These results
agree with (2 and 25). The concentration of 225 mg L achieved the highest mean of
31.9 gm plant™, while the comparison treatment had the lowest at 17.9 gm plant™. The
results also show a high yield of 47.5 gm plant? for Giza 35 when sprayed with
glutathione, while the unsprayed Giza 82 registered the lowest at 12.3 gm plant™.

Table 8: Impact of glutathione concentrations on individual plant yields (grams)
in the soybean varieties.

Glutathione Cultivars Average
spray Giza 82 Giza 83 Giza 35
concentration
(mg L™
0 12.3 18.4 22.9 17.9
75 30.1 145 21.3 22.0
150 255 33.8 16.9 25.4
225 21.0 27.2 47.5 31.9
LSD 5% 6.62 8.40
Average 22.2 23.5 27.2
LSD 5% 3.52

Percentage of glutathione in leaves (micromole g fresh weight): The percentage of
glutathione in the leaves as shown in Table 9 differed according its concentrations and
the binary interaction of the study factors. Plants sprayed with 225 mg L*
concentrations significantly outperformed others with a mean of 11.371 micromole g
! fresh weight compared to the mean of 8.594 for the unsprayed variety. The variations
in glutathione level in leaves due to spraying with different glutathione concentrations
increased glutathione reductase activity and thus the GSH/GSSH ratio, which in turn
prevents the state of natural oxidation that reduces the rate of cell damages. These
results agree with (25). Spraying Giza 35 with 225 mg L provided a high percentage
of 13.143 micromole g fresh weights, while Giza 82 registered a low mean of 6.630.
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Table 9: Interaction between concentrations of glutathione sprays on the
percentage of glutathione in leaves (micromole g fresh weight) in the soybean

varieties.
Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 6.630 8.110 11.043 8.594
75 12.040 6.933 9.010 9.328
150 11.833 12.917 7.443 10.731
225 9.160 11.810 13.143 11.371
LSD 5% 0.8732 0.8003
Average 9.916 9.942 10.160
LSD 5% N.S

Superoxide dismutase enzyme activity: Table 10 shows the significant variations
among the varieties and concentrations of glutathione sprays and the interaction among
them in the vigor of the SOD enzyme (superoxidase dismutase). The effectiveness of
SOD increased in the Giza 35 variety, registering a high mean of 9.943 absorption units
gm* fresh weight, while that for Giza 82 only had a mean of 9.664. The results in the
same table also showed that the plants sprayed with glutathione at a high concentration
of 225 mg L™ recorded a significant increase in the activity of SOD enzyme, reaching
10.21 absorption units g* fresh weight, while the comparison treatment recorded the
lowest average for this trait, reaching 9.20 absorption units g fresh weight. This may
be due to the role of glutathione in increasing antioxidant activity and its contribution
to protein synthesis, which leads to improving the effectiveness of enzymes, including
the SOD enzyme, in protecting cells from free radical damage and limiting the
oxidation process. These results agree with what (22).

Table 10: Glutathione concentrations and their interactions on the rate of SOD
enzyme activity in the soybean varieties.

Glutathione spray Cultivars Average
concentration (mg L) Giza 82 Giza 83 Giza 35
0 8.500 9.150 9.963 9.204

75 10.483 8.730 9.560 9.591

150 9.373 10.273 10.863 10.170

225 10.300 10.950 9.383 10.211
LSD 5% 0.3904 0.1625
Average 9.664 9.776 9.943
LSD 5% 0.2271

Anatomical study: In terms of anatomy (Table 1), Figures 1 - 6 show that cross-
sections of the stems in the studied soybean had quadrilateral shapes and polygonal
angles. They were composed of a thin layer of cuticle, followed by the epidermis layer,
composed of a single layer of oval-shaped cells, followed by the cortex, and then the
vascular cylinder. In both varieties, the vascular bundle is continuous, being in the stage
of secondary growth between early and complete. The xylem vessels during the
secondary xylem are not of equal diameter, which is known as the ring-pours wood
type. In the center of the stem lies the pith, which is composed of parenchymal cells
(Figure 1A).
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The study revealed the presence of variations in the growth of the vascular bundle
and density of the starchy substance stored in the pith region during the different
glutathione treatments and also among the different cultivated soybeans. The stems of
plants sprinkled with 225 mg L glutathione concentration in all the cultivated
soybeans (Giza 82, Giza 83, and Giza 35) were in an early secondary growth stage and
can be distinguished from the other bundles. The vascular bundle reached 315, 299,
and 318 um, respectively (Figures 1B, 2B, and 3B) compared to the control treatment
at 309, 279, and 301 um. The plants treated with glutathione concentration of 75 mg
L were 188, 301, and 272 pum respectively while that with 150 mg L™ concentrations
had 242, 295, and 282 um where the vascular bundles had complete growth and could
not be distinguished (Figure 1, 2, 3 C, D and Diagram 1) (14).

There was also an increase in the starch stored in the stem pith in plants treated with
225 mg L™ glutathione concentration (Figures 4B, 5B, and 6B) and a decrease for other
concentrations in all the cultivated soybean (Figure 4, 5, 6 A, C, and D). The 225 mg
L concentration had the best results keeping the vascular bundle in an active stage for
the transport process and delivering the absorbed materials and nutrients to the rest of
the plant. This is clear from the amount of starch present in the stem pith, which was
accompanied by a broader leaf area (Table 3), thus enhancing the process of food
synthesis in the leaf and storing the excess in various plant tissues, including the
parenchyma cells in the stem pith (16). In contrast to other concentrations, this level
accelerated secondary growth of the stem, where xylem vessels form in the aging stage
and new vessel formation decreases during the process of transporting nutrients to the
rest of the plant. This is reflected in the amount of starch stored in the pith of the stem
(15).

V.B. thickness

Mgiza35 Mgiza 82 Mmgiza 83

control Glutathione Glutathione  Glutathione 75
225 ml/L 150ml/L ml/L

Diagram 1: Vascular bundle thickness in the soybean varieties.
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Figure 1: Stem cross sections of the Giza 35 soybean. A: control treatment; B:
225 mg Lt; C: 125 mg L1; D: 75 mg L%; E: epidermis; C: cortex; V: vascular
bundle; P: pith.

Figure 2: Stem cross sections of the Giza 82 soybean. A: control treatment; B:
225mgL?t; C:125mg Lt D: 75 mg L.
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Figure 3: Stem cross sections of the Giza 82 soybean. A: control treatment; B:
225mgL?t; C:125mgL?t; D: 75mg L.

Figure 4: Magnified portion of the pith of the Giza 35 stem. A: control; B: 225
mg L1; C: 125 mg L?; D: 75 mg L1; S: simple starch grains; C: complex starch
grains.
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Figure 5: Magnified portion of the pith of the Giza 82 stem. A: control; B: 225
mgL?; C:125mg LY D: 75 mg L.

Figure 6: Magnified portion of the pith of the Giza 35 stem. A: control; B: 225
mg L?; C:125mg Lt; D: 75mg L.

Conclusions

Although the varieties did not differ in most growth characteristics, they produced
different plant yields. The Giza 35 excelled with an average 27.2 gm plant™, as well as
in the characteristics of glutathione ratio in the leaves and effectiveness of the SOD
enzyme (10.16 micromole g fresh weight and 9.94 SOD). Moreover, a high
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glutathione concentration led to significant benefits in terms of growth, anatomical
characteristics, and yield.
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