Research Article SOHAG JOURNAL OF SCIENCES

https://doi.org/10.21608/sjsci.2024.306751.1216

Gibberellic acid improves seed germination and growth of Vicia faba
plants subjected to clethodim herbicide
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Abstract: Hazardous impacts of clethodim herbicide on seed germination, plant growth parameters, and leaf chlorophyll contents
of faba bean cultivars (Vicia faba L. cv. Noubria 4 and Giza 843) as well as the benefit role of gibberellin on clethodim treated
plants were investigated. Clethodim is one of the postemergence systemic herbicides that inhibits acetyl CoA carboxylase
(ACCase). On this, it can indirectly affect the fatty acid synthesis required to build a various new cell membrane of growing
tissues. The results showed that clethodim causes a negative effect on seed germination especially at higher concentration used (1.2
mM). At the seedling stage, the shoot and root lengths of both cultivars significantly decreased with increasing clethodim doses
compared to the control. Combination treatments of GA3 + clethodim to seeds increased seed germination and root length
compared to that only treated with the clethodim. At the growth stage, fresh and dry weights, and leaf area of both cultivars
decreased with increasing clethodim doses, whereas GA3 treatments before three days of Clethodim treatment enhanced fresh and
dry weights, and leaf area of clethodim treated and untreated of both Vicia faba cultivars. Leaf pigment contents of both cultivars
decreased in response to increasing clethodim doses. GAs application (50 uM) to clethodim-treated and untreated plants increased
pigment contents compared to those of the corresponding clethodim-treated and control plants. Among photosynthetic pigments,
the chlorophyll a of both cultivars was much more sensitive to clethodim herbicide. The study suggests that the faba bean is
seriously affected by clethodim treatments, especially at the seedling stage. GA3 spraying improved the seed germination, growth,
and pigment contents of faba bean plants exposed to the clethodim stress.
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function, thereby killing plants [19-21]. Gibberellic acid (GA3)
is an endogenous phytohormone involved in several
physiological processes in plants such as promoting plant cell
elongation and division, stimulating seed germination, and
regulating plant flowering [22]. Moreover, it plays a vital role
in mitigating the disturbances that caused by abiotic stressors
such as drought, salinity, herbicides, and heavy metals in plants
by regulating diverse physio-biochemical and molecular
processes [22]. GAs is active in the ground for extended
periods of time and is generally persistent [23]. GA3 has broad-
spectrum effects, which can reduce the phytotoxic effects of a
variety of herbicides on various crop species [24-29]. GA3
protected winter rapeseed seedlings that subjected to salt and
heat stresses [30]. It also reduced drought stress responses in
tomato, pepper, and mint [31].

1. Introduction

Herbicides are used for the management of undesired plants
in the areas of agriculture, landscaping, forestry, gardening,
and industry [1,2]. In 2020 about 52.5% of the pesticides used
globally were herbicides [3]. Herbicides have the ability to
inhibit several biological processes such as photosynthesis, cell
division, root growth, and the synthesis of proteins, fatty acids,
and  pigments [4-11].  Clethodim  herbicide  (5-
[2(ethylsulfanyl)propyl]-3-hydroxy-2-propionylcyclohex-2-en-
l-one) belongs to the chemical family of the
cyclohexanediones (DIMS) and it is a selective and effective
herbicide for the post-emergent control of annual and perennial
grasses in widespread broadleaf crops including soybean,
cotton, tobacco, sugar beet, maize, and peanuts [12,13].
Clethodim herbicide prevents fatty acid biosynthesis through

the inhibition of enzyme acetyl CoA carboxylase (ACCase; EC
6.4.1.2) [14].

ACCase-inhibiting herbicides are divided into three
chemical families: aryloxyphenoxypropionates (FOPs),
cyclohexanodiones (DIMs), and phenylpyrazole (DENs)
[15,16]. In 1978, the market saw the first of acetyl-CoA
carboxylase (ACCase) inhibitors with the release of diclofop—
methyl [17]. Thus, ACCase-inhibiting herbicide has become a
critical factor in controlling weeds [18]. Herbicides of this
group can cause overproduction of ROS, bind to the
carboxylase transferase domain of the protein and block its
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The greatest weed reduction and wheat grain yield were
obtained from the combination of hormone and herbicide
application. It has been reported that addition of 200 pg GA3
into the leaf sheaths of oats (Avena sativa) 2 days before
spraying with fluozifop or glyphosate increased the efficacy of
both herbicides against weeds [32]. Faba bean (Vicia faba) is a
potentially useful and adaptable leguminous crop belonging to
the Fabaceae family that may be cultivated anywhere in the
world with a variety of climates [33,34]. It is the most widely
grown crop for human and animal consumption in the
Mediterranean region, China, Africa, Europe, and Asia [35].
Faba bean dry seed is a great source of amino acids, protein,
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carbohydrates, minerals vitamins, and other bioactive
phytochemical compounds [36-40]. This work was to study the
alterations in seed germination, growth of faba bean seedlings
and leaf chlorophyll content in response to clethodim herbicide
and the combination effect of clethodim and GA3 on faba bean
plants.

2. Materials and methods:
2.1. Plant materials and treatments

Seeds of Vicia faba (Noubria 4 and Giza 843 cultivars)
were provided by the Agriculture Research Centre, Ministry of
Agriculture, Shandawil, Sohag, Egypt. Seeds of each cultivar
that have the same size were chosen for the experiments of
seed germination, seedling and vegetative plant growth.

2.2. For germination experiment

Seeds of Vicia faba cultivars were surface sterilized for 10
min in 5% v/v chlorox followed by several washes with
distilled water. The sterilized seeds of Vicia faba cultivars were
distributed into 12 groups in Petri dishes. Seeds were immersed
in enough solution containing GAj, clethodim, and GAs +
clethodim separately or in combination as well as dist. water at
20°C under dark conditions for 7 days. The groups of seed
germination treatments were the following:

e Group 1: Control 1, seeds of faba beans were immersed in
dist. water.

e Group 2: Control 2, seeds of faba beans were immersed in
50 uM GA;,

e Group 3: Control 3, seeds of faba beans were immersed in
100 uM GA:.

e Group 4: Seeds of faba beans were immersed in 0.4 mM of
clethodim solution.

e Group 5: Seeds of faba beans were immersed in 0.8 mM of
clethodim solution.

e Group 6: Seeds of faba beans were immersed in 1.2 mM
of clethodim solution.

e Group 7: Seeds of faba beans were immersed in 50 pM
GA3 + 0.4 mM of clethodim solution.

e Group 8: Seeds of faba beans were immersed in 50 uM
GA3 + 0.8 mM of clethodim solution.

e Group 9: Seeds of faba beans were immersed in 50 uM
GA3 + 1.2 mM of clethodim solution.

e Group 10: Seeds of faba beans were immersed in 100 puM
GA3 + 0.4 mM of clethodim solution.

e Group 11: Seeds of faba beans were immersed in 100 uM
GA3 + 0.8 mM of clethodim solution.

e Group 12: Seeds of faba beans were immersed in 100 uM
GA;3 + 1.2 mM of clethodim solution.

At the end of the experimental period (7 days), the % of
seeds germination and seedling shoot, and root lengths were
estimated: The results of germination experiment showed that
a concentration of 50 uM GAj3 had a more positive effect than
a concentration of 100 uM GA 3, therefore, a concentration of
50 uM GA; was used in the vegetative growth experiment.
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2.3. For growth experiment

Seeds of Vicia faba cultivars were sown in a mixture of 2
kg soil (sand and clay (1/1 v/v) in plastic pots. After three
weeks from the seed cultivation, plants with similar growth
were selected and distributed into eight groups. GA3 (50 pM)
sprayed to plants three days before spraying with clethodim.
The identification of the plant groups was distributed as
follows:

e Group 1: Control 1, plants were sprayed with dist water.
e Group 2: Control 2, plants were sprayed with 50 uM GA.

o Group 3: plants were sprayed with 0.4 mM of clethodim
solution.

e Group 4: Plants were sprayed with 0.8 mM of clethodim
solution.

e Group 5: Plants were sprayed with 1.2 mM of clethodim
solution.

e Group 6: Faba bean plants were sprayed with a solution of
50 uM GA; three days before spraying plants with
0.4 mM of clethodim solution.

e Group 7: Faba bean plants were sprayed with a solution of
50 uM GA; three days before spraying plants with
0.8 mM of clethodim solution.

e Group 8: Faba bean plants were sprayed with a solution of
50 uM GA; three days before spraying plants with
1.2 mM of clethodim solution.

Growth measurements of shoot length, fresh shoot weight,

dry shoot weight, leaves fresh and dry weights and leaf area

were estimated after two weeks from the treatments. Plant dry

weight was measured after drying the fresh plant material to

constant weight at 70 °C for 48 h.
Table 1: Effect of clethodim herbicide, GA3, and combination of GAs +
clethodim after one week of treatments on seed germination (%) of Vicia
Faba leaves (L.cv. Noubria 4 and Giza 843). The values are means of three
replicates + standard deviation (SD).

Noubria 4 Giza 843

Tl e Seed germination (%) Seed germination (%)

M + SD M + SD
Control 100.00 | £ 0.00 100.00 | £ 0.00
50 pM GA; 100.00 | + 0.00 100.00 | £ 0.00
100 pM GA; 100.00 | £ 0.00 100.00 | £ 0.00
0.4 mM Clethodim 100.00 | + 0.00 100.00 | £ 0.00
0.8 mM Clethodim 83.33 + 14.43 91.67 + | 1443
1.2 mM Clethodim 75.00%*% | + 14.43 58.33*%% | £ | 28.86
0.4 mM Cle +50 pM GA; 100.00 | + 0.00 100.00 | £ 0.00
0.8 mM Cle +50 pM GA; 91.67 + 14.43 100.00 | £ 0.00
1.2 mM Cle +50 pM GA; 83.33 + 14.43 91.67 + | 1443
0.4 mM Cle +100 pM GA; 91.67 + 14.43 100.00 | £ 0.00
0.8 mM Cle +100 pM GA; 91.67 + 14.43 91.67 + | 1443
1.2 mM Cle +100 pM GA; 83.33 + 14.43 66.67 + | 38.18

Statistical significance of differences compared to the control.
* Significant at P < 0.05.%* Significant at P < 0.01.
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Figure 1: Photograph shows seedlings growth of Vicia faba (L.cv. Noubria 4) treated and untreated with GA3, clethodim and the.
interaction of GA3 + clethodim after one-week treatments
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Figure 2: Photograph shows seedlings growth of Vicia faba (L.cv. Giza 843) treated and untreated with GA3, clethodim and the
interaction of GA3 + clethodim after one - week treatments.
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2.4. Leaf area

Individual leaf was determined following the procedure of
McKee [41]. By measuring the length of leaf blade from its
base to the leaf tip (Leaf L) and the width of the leaf at its
widest point (Leaf W) and multiplying these values with a
correction factor (0.75) as shown in the following equation:

Individual Leaf Area = Leaf L x Leaf W x 0.75
2.5. Estimation of photosynthetic pigments

Photosynthetic pigments (chlorophyll a, b, and carotenoids)
were measured spectrophotometrically in fresh leaf samples
according to Lichtenthaler [42]. Leaf samples (0.1g) were
homogenized in acetone (85% v/v). The extract was
centrifuged at 4,000 x g for 10 min. at three different
wavelengths (663, 645, and 470 nm). The absorbance of the
supernatant was measured in relation to a blank of pure 85%
aqueous acetone. The pigments contents were calculated
according to the following equations and expressed as mg. g!
fresh leaves.

Chlorophyll a= (1 1.75 X Agez - 2.35 x A645) xV /1000 x W
CthI‘Ophyll b= (1861 X A645- 3.96 x A663) x V /1000 x W

Car. = [(1000 * A470) — (2.27 x Chl a) — (81.4 x Chl b)/227] x
V/1000 x W

Where V is the volume of leaf extract (ml), W is the weight of
fresh leaf (g).

2.6. Statistical analyses

The obtained data were tested for significance by using the
ANOVA test. Means were compared by the least significant
difference (LSD) test at levels P < 0.01 and P < 0.05. All
statistical tests were carried out using SPSS (v. 15.0) software.

3. Results and Discussion:
3.1. Germination stage

Herbicides are considered the most widely class of
pesticides applied in the agriculture and have been used by
farmers to control weeds. The increase in the world’s
population in the 20" century must be required an increase in
food production. In the meantime, about one-third of
agricultural products are produced depending on the
application of pesticides [43,44]. Our results revealed that the
seed germination, shoot and root lengths and pigment contents
of faba beans were highly affected by application of clethodim.
In contrast, gibberellic acid showed a protective role against
clethodim herbicide effect. However, the excessive and
unregulated use of herbicides has shown a negative effect on
crop plants [45].

Faba beans (Vicia faba L.cv. Noubria 4 and Giza 843) were
germinated for 7 days (Figs. 1 and 2) in distilled water, GA3
(50 and 100 pM), and different concentrations of clethodim
(0.4, 0.8 and 1.2 mM) herbicide, and in combination of 0.4
mM Cle + 50 uM GA3, 0.8 mM Cle + 50 uM GA3, 1.2 mM
Cle +50 uM GA3, 0.4 mM Cle + 100 uM GA3, 0.8 mM Cle +
100 uM GA3 and 1.2 mM Cle + 100 uM GAs.
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Seed germinations of both cultivars were totally germinated
in water, 50 and 100 GA3, 0.4 mM Clethodim and 0.4 mM Cle
+ 50 uM GAj; (Table 1), while in response to 1.2 mM
Clethodim, the seed germination of both cultivars was
significantly ~decreased. GAjz slightly increased seed
germination of 0.8 and 1.2 mM clethodim treatments compared
to that only treated with 1.2 mM clethodim. Clethodim
treatments significantly decreased seed germination of both
cultivars (Table 1). Comparing between faba been cultivars,
the seed germination of Giza 843 cultivar was more affected by
clethodim treatments than that of Noubria 4. In this respect, at
1.2 mM clethodim, the % of Noubria 4 and Giza 843 seed
germinations was 75 and 58.33 compared to the control (100),
respectively. The % of seed germination at low dose (0.4mM)
clethodim with or without GA3 was 100 % as those of the
control, 50 and 100 pM GA;. In response to 0.8 mM clethodim
with or without GAs3, the seed germination of both cultivars
decreased compared to the control except that of Giza 843,
which treated with 0.8 mM Cle + 50 uM GAj; showed 100 %
as the control. Generally, GA3; with or without clethodim
treatments enhance seed germination of both cultivars (Table
1, Figs. 1 and 2). In this respect, the seed germination of Giza
843 cultivar was much more sensitive to clethodim than that of
Noubria 4. Comparable to other stress, Gibberellic acid (GA3)
enhances seed germination, stem elongation, and flowering of
Solanum melongena [46,47]. Seedling Shoot and root lengths
of the two faba beans cultivars are shown in (Figs. 3-6).
Seedling shoot and root lengths of the control of Giza 843 are
higher than those of Noubria 4.

Comparing the length between shoots and roots of each
cultivar, the roots of two cultivars are taller than their shoots.
With clethodim herbicide treatments, the shoot and root
lengths of both cultivars were sharply decreased (Figs. 3-6).
The lengths of seedling shoot decreased with increasing
clethodim doses. Moreover, Shoots are seriously affected than
roots in response to clethodim. In this respect, at the lowest
dose of clethodim (0.4 mM), seedling shoot and root lengths of
Noubria 4 cultivar decreased by 27.50 and 6.22 % in
comparison with their controls, respectively. At the highest
dose used (1.2 mM), shoot and root lengths decreased by 71.13
and 50.85 %. In the case of Giza 843 seedling, its shoot and
root lengths decreased significantly in response to clethodim
doses (Figs. 5 and 6). The calculations revealed that 0.4 mM
clethodim decreased shoot and root lengths of Giza 843 by
66.02 and 38.1 % respectively, compared to the controls. In
this context, in response to 1.2mM clethodim, the reduction in
shoot and root lengths of Giza 843 were 84.38 and 55.72%,
respectively.

The reduction in shoot lengths is more than that of roots.
The results showed that the Giza 843 cultivar is more sensitive
to clethodim than Noubria 4. It is obvious that using gibberellic
acid with clethodim herbicide alleviated clethodim stress and
increased seed germination, shoot and root lengths of faba bean
(Table 1; Figs. 3-6). In contrast, GA3 decreased the activity of
antioxidant enzymes in glyphosate treated sorghum seeds
through germination [26]. Morphologically, using GA3 with a
concentration of 50 uM is better than 100 uM for protecting
plants against clethodim injuries (Figs. 1 and 2).
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Figure 7: Photograph shows the growth of Vicia faba (L.cv. Noubria 4) treated and untreated with GA3, clethodim and the
combination of GA3 + clethodim at vegetative stage.

A= control, B =50 pM GA3, C = 0.4 mM Clethodim, D = 0.8 mM Clethodim, E = 1.2 mM Clethodim, F = 0.4 mM Clethodim +
GA3, G = 0.8 mM Clethodim + GA3, H=1.2 mM Clethodim+GA3s.

Figure 8: Photograph shows the growth of Vicia faba (L.cv. Giza 843) treated and untreated with GA3 and clethodim and the
combination of GA3 + clethodim at vegetative stage.

A= control, B =50 uM GA3, C = 0.4 mM Clethodim, D = 0.8 mM Clethodim, E =1.2 mM Clethodim, F = 0.4 mM Clethodim +
GAs. G = 0.8 mM Clethodim + GAs. H = 1.2 mM Clethodim + GAa.

Table 2: Effect of GA3, clethodim, and combination of clethodim + GA3 treatments on shoot length, shoot fresh weight and shoot dry
weight of Vicia Faba (L. cv. Noubria 4). The values are means of three replicates + standard deviation (SD).

Shoot length (cm) Shoot F. Wt. (g) Shoot D. Wt. (g)
Treatments M + SD % M £SD % M =+ SD %
Control 2433  + 0.76 100.00 2.14 £ 024 100.00 0.20 £ 0.03 100.00
50 uM GA:; 30.83** £ 2.25 126.71 3.26*% £ 0.31 152.34 0.33*+ 0.09 165.00
0.4 mM Clethodim 23.13  + 2.87 95.07 250 + 0.62 116.82 0.24 + 0.02 120.00
0.8 mM Clethodim 2343 £+ 0.60 96.30 1.75 + 0.50 81.77 0.17 + 0.03 85.00
1.2 mM Clethodim 19.16% =+ 2.87 78.75 1.59 =+ 0.15 74.30 0.17 + 0.04 85.00
0.4 mM Cle +50 pM GA3 30.56%* + 1.77 125.60 276 +£0.40 129.13 0.30 + 0.09 150.00
0.8 mM Cle +50 pM GA3 28.36 =+ 4.5 116.56 2.66 =+ 0.48 124.29 0.27 =+ 0.05 135.00
1.2 mM Cle +50 pM GA3 27.00 + 2.64 110.97 238 + 0.76 111.21 0.22 + 0.08 110.00

Statistical significance of differences compared to the control.
* Significant at P < 0.05.%* Significant at P < 0.01.
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Table 3: Effect of clethodim herbicide, GA3, and combination of GA3 + clethodim treatments on shoot length, shoot fresh weight, and shoot
dry weight of Vicia Faba (L.cv. Giza 843). The values are means of three replicates + standard deviation (SD).

Shoot length (cm) Shoot F. Wt. (g) Shoot D. Wt. (g)
Treatments
M +SD % M + SD % M +SD %
Control 2430 £ 0.60 | 100.00 | 2.55 + 0.68 100.00 0.25 =+ 0.05 100.00
50 pM GAs 31.90%* £ 2.59 | 131.28 3.36%*+£0.18 131.76 0.36* +0.04 144.00
0.4 mM Clethodim 2643 £ 1.60 | 108.76 | 2.63 +0.26 103.13 0.27 +0.06 108.00
0.8 mM Clethodim 2753 £ 0.76 | 113.29 | 2.60 =£0.54 101.96 0.25 +0.08 100.00
1.2 mM Clethodim 22.56 £ 270 | 92.83 233 £0.03 91.37 0.24 +0.02 96.00
0.4 mM Cle +50 pM GA3 31.50%*% £ 2.78 | 129.63 3.22*% £0.52 126.27 0.35*% £0.07 140.00
0.8 mM Cle +50 pM GA3 28.66* =+ 275 | 117.94 | 2.76 +0.18 108.23 032 +0.03 128.00
1.2mM Cle +50 pM GA3 2343 £ 198 | 96.41 250 +0.45 98.03 0.25 +0.04 100.00

Table 4: Effect of clethodim herbicide, GA3, and Clethodim + GA3 treatments on fresh and dry weight (g/ plant) of Vicia Faba leaves (L.cv.
Noubria 4 and Giza 843). The values are means of three replicates + standard deviation (SD).

Noubria 4. Noubria 4 Giza 843 Giza 843

. F. Wt. D. Wt. F. Wt. D. Wt.

M =+ SD M =+ SD M =+ SD M =SD
Control 3.66 +0.66 0.50 = 0.07 3.94 £ 091 0.52 + 0.05
50 pM GA:; 391 £ 041 0.56 = 0.06 4.83 + 0.44 0.59 + 0.09
0.4 mM Clethodim 3.86 £ 0.13 0.48 + 0.05 4.15 + 0.52 0.55 + 0.03
0.8 mM Clethodim 3.31 £ 0.77 0.42 £ 0.01 3.92 + 0.70 0.53 + 0.07
1.2 mM Clethodim 2.67 + 0.49 0.39 + 0.05 3.86 + 0.86 0.50 = 0.06
0.4mM Cle +50 uM GA; 3.88 + 0.52 0.50 = 0.02 4.66 + 0.05 0.59 + 0.03
0.8mM Cle +50 uM GA; 3.59 +£ 049 0.50 + 0.01 4.06 + 0.14 0.57 + 0.11
1.2mM Cle +50 pM GA3 335 £ 024 0.47 + 0.02 391 + 0.92 0.55 + 0.11

Table 5: Effect of GA3, clethodim, and combination of GA3 + clethodim treatments on pigments content of Vicia Faba leaves (L. cv. Noubria 4).
The values are means of three reolicates + standard deviation (SD).

Chla Chl b Carotenoids Chl
Treatments a/b Total %

M <+ SD M + SD M + SD ratio
Control 1.14 £ 0.01 0.40 =+ 0.09 0.54 £ 0.06 2.97 2.06 100.00
50 uM GA; 1.26%* + 0.01 0.49%* + 0.01 0.61%* + 0.07 2.55 2.37 115.04
0.4 mM Clethodim 1.05%* + 0.03 039 =+ 0.05 0.51%* + 0.01 2.69 1.96 95.14
0.8 mM Clethodim 1.04%* + 0.03 039 =+ 0.01 049 =+ 0.06 2.62 1.95 94.66
1.2 mM Clethodim 0.95%* + 0.04 037 + 0.02 0.46** + 0.02 2.54 1.79 86.89
0.4mM Cle +50 pM GA3 1.16 =+ 0.01 043 + 0.04 0.55 = 0.13 2.67 2.15 104.85
0.8mM Cle +50 pM GA3 1.15 + 0.11 042 + 0.03 0.54 = 0.03 2.60 2.14 103.88
1.2mM Cle +50 pM GA3 1.05%* + 0.03 0.38 =+ 0.02 049 =+ 0.05 2.85 1.95 94.66

Statistical significance of differences compared to the control.
* Significant at P < 0.05.** Significant at P <0.01.
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Table 6: Effect of clethodim herbicide, GA3, and combination of GA3 + clethodim treatments on pigments content of Vicia Faba leaves
(L.cv. Giza 843). The values are means of three replicates + standard deviation (SD).

Chla Chl b Carotenoids . .
Treatments M : sp M : sD M : sp Chl a/b ratio | Total %o
Control 1.52  +0.09 0.54 +0.05 0.66 + 0.03 2.71 2.73 100.00
50 pM GA:; 1.73** + 0.05 0.58 £0.04 073 £ 0.08 3.04 3.04 111.35
0.4 mM Clethodim 1.22** + 0.08 048 +0.03 0.57* =+ 0.04 2.27 2.27 83.15
0.8 mM Clethodim 1.12** + 0.06 0.42** £ 0.03 0.52** + 0.02 2.06 2.06 75.45
1.2 mM Clethodim 1.00** + 0.03 0.43** £ 0.05 0.53** + 0.06 1.96 1.96 71.94
0.4mM Cle +50 pM GA3 1.39** + 0.07 0.53 £0.04 0.64 £ 0.03 2.56 2.56 93.77
0.8mM Cle +50 pM GA3 1.37** + 0.03 0.52 £0.01 063 £ 0.02 2.52 2.52 92.30
1.2mM Cle +50 uM GA3 1.22** + 0.05 047 +£0.06 058 =+ 0.07 2.27 2.27 83.15

Statistical significance of differences compared to the control.
* Significant at P < 0.05.%* Significant at P < 0.01.

3.2. Growth parameters

Weeds are competed with the crop for the source of plant
growth requirements (water, nutrients and light), causing a
reduction in the yield of crops [48,49]. So, herbicides are
considered a one of the effective applications to control weeds
that grow with crops. However, the excessive application of
herbicides can affect all stages of plant growth and
development, which leads to yield loss [50]. The high
concentrations of herbicide suppress seed germination, reduce
shoot and root growth, and disrupt physiological functions and
induces oxidative stress [51].

On the other hand, seed germination is controlled by a
number of mechanisms and is necessary for the growth and
development of the seed embryo [52]. One of these
mechanisms is Plant hormones which affect different plant
activities including seed dormancy and germination [S3]. Our
results of fresh and dry weight of leaves, leaves area, shoot
length, shoot fresh and dry weights of faba plants decreased
significantly in response to clethodim stress treatment,
especially at high concentrations compared to control plants
(Tables 2-4; Fig. 9). GA3 (50 uM) spraying enhanced fresh and
dry weight of leaves, leaf area, shoot length, shoot fresh and
dry weights of faba plants compared to control plants or to that
growing under clethodim stress conditions.

In this context, application of 50 uM GAj; significantly
increased shoot length, shoot fresh weight and shoot dry
weight of Vicia faba (L. cv. Noubria 4) by 26.71, 52.34 and
65%, respectively, compared to the control (Table 2). The
shoot length as well as the shoot fresh and dry weights of
clethodim doses (0.4 and 0.8mM) more or less, unaffected
significantly. While in response to 1.2 mM clethodim, the
shoot length significantly decreased by 21.75%. Due to the
combination effect of 0.4 mM clethodim + 50 pM GA3;, the
shoot length, shoot fresh weight and shoot dry weight of
Noubria 4 cultivar significantly increased by 25.60, 29.13 and
50.00%, respectively, compared to those of the control.
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Also, the combination of 50 uM GA3; with 0.8 or 1.2 mM
clethodim caused an insignificant increase in the previous
parameters (shoot length, shoot fresh and dry weights). The
results of shoot length, shoot fresh weight and shoot dry weight
of Vicia faba (L. cv. Giza 843) are shown in table 3. Spraying
of 50 uM GA3 increased shoot length, shoot fresh weight and
shoot dry weight of Vicia faba (L. cv. Giza 843) by 31.28,
31.76 and 44.00%, respectively, compared to those of the
control (Table 3). In response to 0.4 and 0.8 mM clethodim,
shoot length, shoot fresh weight and shoot dry weight slightly
increased, while at 1.2 mM clethodim decreased compared to
the control. Due to the combinations of 50 uM GAj3 with 0.4
and 0.8 mM clethodim, the Shoot length, shoot fresh weight
and shoot dry weight of Vicia faba (L. cv. Giza 843), in most
cases, significantly increased compared to the control. In
response to the combination of 50 uM GA3; + 1.2 mM
clethodim, the value of shoot length and shoot fresh weight
decreased compared to the control, while the shoot dry weight
had the same value of the control (100%).

3.3. Photosynthetic pigments

Generally, the photosynthetic pigment contents (ch! a, chl b
and carotenoids) of Vicia Faba leaves (L.cv. Giza 843) are
higher than those of (L.cv. Noubria 4.). Spraying of 50 uM
GA; increased chl a, chl b and carotenoids of both cultivars
compared to their control (Tables 5 and 6). Comparing
between the two cultivars, the pigments contents (chl a, chl b
and car) of Giza 843 are much more affected by clethodim
treatments than those of Noubria 4, especially chlorophyll a.
In details, the photosynthetic pigment contents (chl @, ch/ b and
car) of the two cultivars decreased in response to various doses
of clethodim herbicide used compared to the control.
Photosynthetic pigments decreased with increasing clethodim
doses.

Changes in photosynthetic pigment contents are responsible
for stress — induced color changes in leaves [54-57], or might
be occurred as a response of direct pigment degradation and
suppression biosynthesis of Chls and car.
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At low dose of clethodim 0.4 mM, Chl a, chl 4 and
carotenoids of Noubria 4 cultivar decreased by 7.89, 2.5 and
5.56%, respectively. On the other hand, Giza 843, the chl a, chl
b and carotenoids of Giza 843 decreased by 19.74, 11.11 and
13.64% compared to those of the control plants, respectively.

At high dose 1.2 mM of clethodim, the chl a, chl  and
carotenoids decreased significantly by 16.67, 7.5, 14.81%,
respectively, but in case of Giza 843 cultivar the chl a, chl b
and carotenoids decreased by 34.21, 20.37 and 19.7% in
comparison with that of the control, respectively. Herbicides
affect physiological processes of plants, specifically their
photosynthetic machinery, changes in leaf color or bleaching
due to stress is mostly related to alterations in photosynthetic
pigment contents disorganization of chloroplast thylakoids and
inhibition of electron transport of Photophosphorylation
[54,58]. In this context, clethodim lowered the carotene (Cars)
content of leaves. ACCase enzyme is in part responsible for
synthesizing precursors of carotene and the phytol group for
Chl and thus, inhibition of the ACCase enzyme by clethodim
caused disorganization in structure and function of chlorophyll
molecules and decrease in pigments contents.

Moreover, carotene (Cars) (known to be important
quenchers of highly reactive triplet chlorophyll or singlet
oxygen) protect Chls from photodamage [59-61]. External
application of GAj3 has been shown to delay the breakdown of
proteins and  chlorophyll, reduce the amount of
malondialdehyde (MDA), and delay plant senescence [62].
Application of GAj3 three days prior clethodim treatment
caused an increase of all pigment fractions. leaves pigment
contents treated with GA3 before clethodim application are
quite similar to the control plants (Tables 5 and 6). In this
respect, Mark et al. [63] reported that GA3; maintained the
metabolism of redox homeostasis inside Hordeum vulgare and
Himalaya grains.

4. Conclusion

Clethodim  herbicide significantly inhibited seed
germination and negatively impacted growth parameters and
leaf chlorophyll contents of faba bean cultivars. The plant
hormone gibberellins are necessary for seed germination and
plant growth. Moreover, gibberellin application mitigated the
phytotoxic effects of clethodim by increasing seed germination,
plant growth and pigment contents. In contrast, the study
showed that the faba bean is seriously affected by clethodim
treatments, especially at the seedling stage. GAj3 treatment
improved the seed germination, growth, and pigment contents
of faba bean plants exposed to the clethodim stress. Further
research is needed to fully elucidate the mechanisms involved
and develop effective strategies to minimize herbicide injury
on this economically important crop.

CRediT authorship contribution statement:

Supervision and conceptualization, K.A. Fayez, F. A. Faheed
and D. E. M. Radwan; Methodology, investigation and data
analysis, A. Edrees; Data duration and writing the manuscript,
A. Edrees, K. A. Fayez, F. A. Faheed and D. E. M. Radwn;
Revised the manuscript, K. A. Fayez; All authors have read
and agreed to the published version of the manuscript.

©2025 Sohag University

sjsci.journals.ekb.eg

SOHAG JOURNAL OF SCIENCES

Vicia faba leaf area
300
250 | &

200 *

E 150
(5]

100

50

Treatments

B Noubria4 B Giza 843

Figure 9: Effect of clethodim herbicide, GA3, and combination of
GA;+ clethodim treatments on leaf area of Vicia Faba leaves
(L.cv. Noubria 4 and Giza 843).

Acknowledgments:

The authors are thankful to the editor and reviewers for their
valuable comments towards improving this paper.

Data availability statement:

The data used to support the findings of this study are available
from the corresponding author upon request.

Declaration of competing interest:

The authors declare that they have no known competing
financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

[17J. Pretty, Biological Sciences,363 (2008) 447-465.

[2] P. Thrall, J. Oakeshott, G. Fitt, S. Southerton, J. Burdon, A.
Sheppard, Evolutionary Applications, 4 (2011) 200-215.

[3] M. Douibi, A. Krishtammagari, M. J. Sdnchez-Martin, M. S.
Rodriguez-Cruz, J. M. Marin-Benito, Science of the Total
Environment, 892 (2023) 164749.

[4] K. A. Fayez, U. Kristen, Environmental and Experimental Botany,
36 (1996) 71-81.

[S]1K. A. Fayez, Pesticide Biochemistry and Physiology, 66 (2000)
105-115.

[6] K. A. Fayez, A. M. Hassanein, Photosynthetica, 38 (2000) 37-44.

[7]1 K. A. Fayez, Z. Abd-Elfattah, Int. J. Agri. Biol, 9 (2007) 631-634.

[8] A. M. Hassanein, K. A. Fayez, A. M. Ahmed, Phyton (Horn), 2
(1998) 167-179.

[9] M. Xiang, S. Chen, L. Wang, Z. Dong, J. Huang, Y. Zhang, R.J.
Strasser, Plant Physiology and Biochemistry, 65 (2013) 81-88.

[10] K. A. Fayez, D. E. M. Radwan, A. K. Mohamed, A. R. M.
Abdel-Rahmana, Journal of Environmental Studies, 11 (2013)

Sohag J. Sci. 2025, 10(1), 24-33 32


https://sjsci.journals.ekb.eg/

Research Article

27-36.

[11] K.A. Fayez, D.E. Radwan, A.K. Mohamed, A.R.M. Abdel-
Rahmana, Journal of Environmental Studies, 6 (2011) 55-61.

[12] S. B. Clewis, S. D. Askew, J. W. Wilcut, Weed science, 50
(2002) 378-385.

[13] E. P. Prostko, W. C. Johnson, B. G. Mullinix, Weed Technology,
15(2001) 36-41.

[14] L. Twataki, Cyclohexanedione herbicides: their activities and
properties,CRC Press: Boca Raton, FL, 1992.

[15] U.Hofer, M. Muehlebach, S. Hole, A. Zoschke, Zeitschrift fur
Pflanzenkrankheiten und Pflanzenschutz Sonderhelft, 20 (2006)
989.

[16] F. E. Dayan, A. Barker, R. Bough, M. Ortiz, H. Takano, S.O.
Duke, Plants, 8 (2019) 341.

[17] S. S. Kaundun, Pest Management Science, 70 (2014) 1405-1417.

[18] P. Neve, S. Powles, Theoretical and Applied Genetics, 110
(2005) 1154-1166.

[19] H. Zhang, B. Tweel, L. Tong, Proceedings of the National
Academy of Sciences, 101 (2004) 5910-5915.

[20] L. P. Yu, Y. S. Kim, L. Tong, Proceedings of the National
Academy of Sciences,107 (2010) 22072-22077.

[21] K. A. Fayez, D. E. M. Radwan, A. K. Mohamed, A. M.
Abdelrahman, Photosynthetica, 52 (2014) 548-554.

[22] S. H. Shah, S. Islam, F. Mohammad, M. H. Siddiqui, Journal of
Plant Growth Regulation, 42 (2023) 7352-7373.

[23] C. Schwechheimer, B. C. Willige, Current opinion in plant
biology, 12 (2009) 57-62.

[24] M. M. N. Alla, N. M. Hassan, Plant Physiology and
Biochemistry, 36 (1998) 809-815.

[25] R. E. Wilkinson, Pesticide Biochemistry and Physiology, 32
(1988) 25-37.

[26] M. P. Gomes, E. M. Bicalho, F. V. Da Silva Cruz, A. M.
Souza, B. M. R. Silva, C. De Almeida Gongalves, Q. S. Garcia,
Chemosphere, 233 (2019) 905-912.

[27] Q. Zeng, X. L. Deng, S. F. Zhou, C. Wang, L. Yang, Y. Tang, L
.F. Wang, L. F. Agrochemicals, 58 (2019) 519-522.

[28] A. Maggio, G. Barbieri, G. Raimondi, S. De Pascale, Journal of
plant growth regulation, 29 (2010) 63-72.

[29] Z. Akman, Journal of animal and veterinary advances, 8 (2009)
362-367.

[30] M. Leul, W. J. Zhou, Journal of Plant Growth Regulation, 14
(1999) 9-18.

[31] A. F. Abdelkader, Egyptian Soc. Exp. Biolo, 11 (2015) 217-225.

[32] R. L. Dickson, M. Andrews, R. J. Field, E. L. Dickson, Weed
Science, 38 (1990) 54-61.

[33]R. K. Arya, Forage Res, 44 (2018) 60-62.

[34]R. K. Arya, R. Kumar, J. S. Hooda, J. M. Sutahya, G. S.
Dahiya, V. Vandana, S. P. Singh, Ekin, journal of crop breeding
and genetics, 8 (2022) 17-26.

[35] E. S. Jensen, M. B. Peoples, H. Hauggaard-Nielsen, Field crops
research, 115 (2010) 203-216.

[36] D. Martineau-Co6té, A. Achouri, S. Karboune, L. L’Hocine,
Nutrients, 14 (2022) 1541.

[37] S. Multari, D. Stewart, W. R. Russell, Comprehensive Reviews in
Food Science and Food Safety, 14 (2015) 511-522.

[38] K. A. Rahate, M. Madhumita, P. K. Prabhakar, 4 comprehensive
review Lwt, 138(2021) 110796.

[39] B. D. Oomah, G. Luc, C. Leprelle, J. C. Drover, J. E. Harrison,
M. Olson, Journal of Agricultural and Food Chemistry, 59
(2011) 3763-3771.

[40] P. H. Mattila, J. M. Pihlava, J. Hellstrom, M. Nurmi, M. Eurola,
S. Mikinen, A. Pihlanto, Food Quality and Safety, 2 (2018)
213-219.

[41] G. W. McKee, Agronomy Journal, 2 (1964)56.

©2025 Sohag University

sjsci.journals.ekb.eg

SOHAG JOURNAL OF SCIENCES

[42] H. K. Lichtenthaler, Methods in Enzymology,148 (1987) 350-

382.

[43] R. L. Zimdahl, Weed-crop competition: A review 2 nd, Center
Oregon state University, 2007.

[44] M. Tudi, H. Daniel Ruan, L. Wang, J. Lyu, R. Sadler, D.
Connell, D. T. Phung, International journal of environmental
research and public health, 18 (2021) 1112.

[45] M. Hasanuzzaman, S. M. Mohsin, M. B. Bhuyan, T. F.
Bhuiyan, T. I. Anee, A. A. C. Masud, K. Nahar,
Agrochemicals detection, Phytotoxicity, environmental and
health hazards of herbicides: challenges and ways forward,
Bangla Agricultural University, 2020.

[46] H. Inayat, H. Saif, S. Danish, S. Al Obaid, M. J. Ansari, Journal

of Plant Stress,13 (2024) 100503.

[47] S. Kumar, J. Kumar, V. J. Silas, S. Mohd, A. A. Quatadah, R.
Khan, S. Singh, International Journal of Advanced Biochemistry
Research, 8 (2024) 461-46.

[48] I. Khan, G. Hassan, and M. I. Khan, Pakistan Journal of Weed
Science Research,10 (2004) 33-38.

[49] R. S. Chhokar, R. K. Sharma, 1. Sharma, Journal of Cereal
Research, 4 (2012) 1-21.

[50] Q. Wang, C. Li, C. Chen, J. Chen, R. Zheng, X. Que,
Environmental Science and Pollution Research, 25 (2018) 7672-
7680.

[51] A. S. Lukatkin, A. N. Gar’kova, A. S. Bochkarjova, O. V.
Nushtaeva, J. A. Da Silva, Pesticide biochemistry and physiology
Journal, 105 (2013) 44-49.

[52] M. Miransari, D.L. Smith, Environmental and experimental
botany, 99 (2014) 110-121.

[53] K. Graebe, K. Nakabayashi, E. Miatton, G. Leubner-Metzger,
W. J. Soppe, Plant, cell and environment, 35 (2012) 1769-1786.

[54] D. E. M. Radwan, D. M. Soltan, Photosynthetica, 50 (2012)
171-179.

[55] D. E. M. Radwan, K. A. Fayez, Photosynthetica, 54 (2016) 307-
316.

[56] F. A. Faheed, A. M. Hassanein, A. A. El-nagish, J. Salem,
Journal of Environmental Studies, 20 (2020) 7-20.

[57] R. Khalilzadeh, R. Seyed Sharifi, J. Jalilian, Journal of Plant
Interactions, 11 (2016) 130-137.

[58] C. Fedtke, S. O. Duke, Plant toxicology: Herbicides,
Germany,2004.

[59] 1. Domonkos, M. Kis, Z. Gombos, B. Ughy, Progress in lipid
research, 52 (2013) 539-561.

[60] Y. Nakajima, S. Yoshida, T. A. Ono, Plant and cell physiology,
37 (1996) 673-680.

[61] P. Barry, A. J. Young, G. Britton, Journal of experimental
botany, 41(1990)123-129.

[62] Y. Wang, W. Shen, Z. Chan, Y. Wu, Frontiers in Plant Science,
6 (2015) 1004.

[63] C. Mark, K. Zér, A. Heiskanen, M. Dufva, J. Emnéus, C. Finnie,
Analytical Biochemistry, 8 (2016) 515.

Sohag J. Sci. 2025, 10(1), 24-33 33


https://sjsci.journals.ekb.eg/
https://www.sciencedirect.com/bookseries/methods-in-enzymology
https://www.sciencedirect.com/science/article/pii/B9780081030172000039
https://www.sciencedirect.com/science/article/pii/B9780081030172000039

