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Abstract

Background and objectives: Plants are exposed to various environmental stresses during
their growth period in nature and under field conditions. Due to its medicinal and therapeutic
properties, Silybum marianum L. Gaertn. has been used since ancient times for the treatment of
liver and gallbladder diseases. This study aimed to investigate the response of Silybum
marianum to plant growth regulators under different soil moisture conditions.
Methodology: The present study was conducted in the agricultural year 1401-1400 at the
Forests and Rangelands Research Institute research farm located in Karaj, Iran. The research
farm is 5 kilometers southeast of Karaj city at a geographical latitude of 35 degrees and 48
minutes north and a longitude of 51 minutes east, with an elevation of 1320 meters above sea
level. The study was carried out in a randomized complete block design with three replications.
The experimental treatments included different levels of field capacity (90%, 75%, 50%, 25%
FC) and foliar application with plant growth regulators such as salicylic acid (75-150 mg.I-1),
spermine (70-140 mg.I-1), brassinosteroid (C28) (1-1.2 uM), and water (control). Soil moisture
levels were determined daily using the weighing method and TDR (Time Domain
Reflectometry) in the range between field capacity and 25% soil moisture content. Irrigation
was conducted according to the desired treatments throughout the growth period based on the
plotted graph and with the help of TDR. Foliar spraying was performed seven days apart in
three stages, five months after seed sowing in April. At the end of the study, traits including
average leaf number, leaf area, canopy diameter, number of lateral branches, root length, root
collar diameter, days to leaf emergence, fruit antioxidant capacity, fruit color index, seed ash
percentage, leaf sugar content, thousand seed weight, fruit yield, and oil content were measured.
Results: The study showed that the reduction of field capacity (FC) reduced growth and yield
traits in the plant compared to the control treatment. However, the foliar application of plant
growth regulators improved growth traits effectively. For instance, the leaf number in the 25%
field capacity treatment was almost halved compared to the control treatment (90% field
capacity). Foliar spraying with brassinosteroids prevented a significant decrease in leaf number
in the plant under different field capacity levels. The highest leaf area was observed in the
treatment with 140 mg.I-1spermine + 75% field capacity. Foliar spraying with spermine and
brassinosteroids had a significant effect on improving growth traits under stress conditions.
Foliar spraying with spermine or brassinosteroids resulted in the highest oil content in the fruit
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under 50% field capacity conditions. Under 75% field capacity, foliar spraying with
brassinosteroids (1 uM) increased fruit yield in the plant by 71% compared to the control
treatment at the same stress level and by 5.5% compared to the control treatment under 90%
field capacity conditions. The correlation analysis between color indices and fruit antioxidant
capacity showed a positive and significant correlation between the percentage of fruit
antioxidant capacity and brightness index (L), indicating that fruits with darker colors had
higher antioxidant capacity. However, the redness index (a) and yellowness index (b) had a
negative and significant correlation with fruit antioxidant capacity.

Conclusion: The research findings have shown that reducing field capacity reduces plants'
vegetative and reproductive growth parameters. However, foliar spraying plants with plant
growth regulators improves plant growth conditions under water-limited conditions. In general,
based on the research results, foliar spraying of plants with spermine at a concentration of 140
mg.l-1 helps improve the growth and performance characteristics, increasing the plant's
resistance to moisture stress conditions in the soil.
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Table 1. ANOVA of drought and plant growth regulator effects on Silybum marianum morphological traits

Number Number of
Crown Root Canopy Number of
S.0.v. d.f. . of . Leaf area days to leaf
diameter length diameter leaves
branches emergence
Plant growth 0.48™ o o o o o o
42.4 87.0 645 463177 204 2.76
regulator (PGR)
Block 2 0.16 0.34 3.05 155 3860009 14.6 4.76
Experimental error 0.11
a 12 1.44 8.52 22.2 530735 10.0 5.00
Drought stress (D) 3 0.14™ 38.0" 447" 165™ 9.89e+7"" 11098™ 115"
PGR x D 18 0.36" 2597 515" 239” 1.09e+7" 487" 1.82™
Experimental error 42 0.08 6.96 10.7 58.3 640124 8.34 1.01
C.V. (%) 23.52 15.27 23.21 17.69 30.05 6.63 1.33

n.s. and **: non-significant and significant at 1% probability level, respectively.
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Table 2. Means comparison of drought x plant growth regulator interaction on Silybum marianum
morphological traits

Canopy Crown

F.C. Plant growth Number  Leaf area diameter Number of  Root length diameter
(%) regulator of leaves (cm?) (cm) branches (cm) (cm)
Control 71.66° 4017.7 52.20°T 16.837" 19.667° 1.70%¢
Br (1 pM) 69.00% 6980.1™ 35.80™ 18.71°¢ 14.26%" 1.14%*
Br (1.2 uM) 71.00° 3846.7' 58.66% 18.25%" 17.53¢ 1.23%
90 SA (75 mgL™?) 71.00° 2078.59 54.27%¢ 22.66™ 14.85%" 1.16%*
SA (150 mgL™) 67.50°° 8291.3% 36.57" 17.50%¢ 18.83*¢ 1.99%
SP (70 mgL™) 71.50° 4761.2° 33.16j¢ 35.50° 14.13°" 1.09%%
SP (140 mgL™) 69.50% 6364.2° 61.86° 25.81° 23.01° 1.87%¢
Control 65.50™ 6143.1% 54,03%° 15.94% 17.56"° 1.85%°
Br (1 pM) 63.50° 6895.8° 41.82% 19.25% 11.50%" 1.44%
Br (1.2 uM) 65.00" 4021.1" 49.41%9 11.31" 12.65™" 0.99"%
75 SA (75 mgL™) 65.00™ 6385.1% 39.93" 12.75%% 16.60™" 1.39%
SA (150 mgL™) 58.50° 516.0" 32.90% 13.58%* 16.66™" 1.20%*
SP (70 mgL™) 56.00% 5438.4% 39.72" 19.16™ 11.129" 0.80¢
Sp (140 mgL™) 57.50% 9451.7° 46.72" 11.99™ 19.02%¢ 1.62%¢
Control 50.50" 1578.9" 55.30%° 15.25% 16.59°7 2.05°
Br (1 uM) 43.50" 1426.09" 45.32% 13.31" 15.05%9 1.40%
Br (1.2 uM) 53.00°" 2132.5¢ 38.18% 14.49™ 10.71" 1.05™*
50 SA (75 mgL™) 48.50" 1791.1%" 37.35% 8.25¢ 14.15°" 0.95%
SA (150 mgL™) 44.00%" 2269.9° 41.05% 18.58" 15.45%9 1.55"°9
SP (70 mgL™) 42.50" 1426.8%" 24,554 11.58™ 14.24%" 1.13™
Sp (140 mgL™) 37.50' 1502.39" 53.62%¢ 13.99™ 14.77°" 1.17%%
Control 34.50' 1161.3™ 34.85™ 9.25" 7.48' 0.90%
Br (1 uM) 20.54! 1276.79" 44,56 9.06"" 16.88™" 1.48%
Br (1.2 uM) 18.00° 2070.4° 47.81°" 9.25"" 15.37°¢ 1.45%"
25 SA (75 mgL™) 16.00% 1760.49" 41.82% 7.28' 14.04%" 0.95*
SA (150 mgL™) 12.50¢ 2008.1¢ 16.10¢ 12.72%% 16.80"" 0.92%
SP (70 mgL™) 9.00' 1146.49" 52.25%" 16.50%" 17.69¢ 1.59%"
Sp (140 mgL™) 12.50¢ 1083.19" 49.869 16.77%" 20.21* 1.52"

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
Soil moisture percentage based on the farm agricultural capacity is considered as a criterion for different levels of dryness.
Br: brassinosteroid; SA: salicylic acid; SP: spermine
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Table 3. Means comparison of drought and plant growth regulator effects on number of days until leaf
emergence of Silybum marianum

F.C. (%) Number of days to leaf emergence PI?:;u%;)gth Number of days to leaf emergence

90 94.78° Control 97.62®

a

7 o (L2 o e
t (o

: it
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z S (140 mgl ) o575

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).
Soil moisture percentage based on the farm agricultural capacity is considered as a criterion for different levels of dryness.
Br: brassinosteroid; SA: salicylic acid; SP: spermine
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Table 4. ANOVA of drought and plant growth regulator effects on leaf carbohydrate content and
some seed traits of Silybum marianum

Leaf soluble  1000- Seed L.
Seed . Antioxidant
S.0.V. d.f. carbohydrate  seed oil ) a b |
. capacity
content weight content
Plant growth
regulator 6 238" 16.07™ 222.8™ 164.7" 509.8™ 116.9™ 2075 4557
(PGR)
Block 2 0.60 0.807 55.08 2.97 6.69 0.012 13.10 8.20
Experimental
0.261 2.55 5.65 0.31 2.62 0.614 11.22 13.53
error a
Drought N x o o o o o .
1.79 33.13 341.9 688.4 578.4 265.2 147.51 288.6
stress (D)
PGR x D 18  2.027 11.06"™ 145.1™ 106.0” 390.29™ 1635" 67537 29187
Experimental
0.077 7.59 4250 0.082 4.38 2.03 10.81 12.64
error
C.V. (%) 5.95 25.85 24.73 10.11 11.54 6.69 14.73 7.24

n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively.

Soil moisture percentage based on the farm agricultural capacity is considered as a criterion for different levels of dryness.

a: Redness index, b: Yellow index, and I: light (brightness) index.
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Table 5. Means comparison of drought x plant growth regulator interaction on some seed traits of Silybum marianum

F.C. (%) Plant growth Seed ash Seed yield Seed il Antioxidant capacity a b |
T regulator (%) 1000-seed weight (g.m?) content (%)
Control 5.25%" 23.91%W 24,82 4.10% 86.75% 16.66%" 13.14' 47.66%"
Br (1 pM) 5.14f9% 20.13% 21.11%¢ 2.95™ 87.32% 5.37' 17.06°" 27.72'
Br (1.2 uM) 5.05%" 20.82°% 16.57°" 12.79° 75.92° 6.53 15.02" 4955
90 SA (75 mgL™?) 5.19 23.63%™ 19.03>¢ 8.94" 86.79% 18.19%9 17.64% 71.33°
SA (150 mgL™) 6.40° 45.79%® 18.97¢ 3341" 86.84% 8.00% 16.67% 42.79"
SP (70 mgL™}) 4.45™ 46.41° 50.10° 1097¢ 86.13%® 6.601 15.85f" 47.75"
Sp (140 mgL™) 4,59™° 21.722%1 19.05"¢ 14.96° 87.70% 18.69°¢ 14.42¢1 71.64°
Control 6.05™ 18.93™ 15.2877 4,249 87.18® 17.77%9 15.99%" 49.45™
Br (1 pM) 5.35¢" 19.50 26.23° 11.79° 84.28° 21.94% 18.61" 58.39%¢
Br (1.2 uM) 5.65°¢ 31.77¢ 5.78" 7.641 86.99%° 17.47%" 28.29" 62.93"
75 SA (75 mgL™) 4.68%" 20.40°% 8.58"« 10.60¢ 85.66% 17.418" 19.43%9 63.15%
SA (150 mgL™) 464" 26.36°0f 12.75% 8.50" 87.03%® 31.72° 35.42a 36.00
SP (70 mgL™) 5.50%9 30.53% 14.024 0.30" 88.27° 4.76' 17.16e-i 47.28%"
Sp (140 mgL™) 4.85™ 24.20%1 19.11b¢ 15.62° 85.09%° 17.17% 17.03e-i 68.27%
Control 7.55° 16.74™ 9.77% 3.75¢ 87.89° 18.83%9 17.31% 50.15™"
Br (1 uM) 4.85™ 19.25 7.919% 1155 64.86° 6.75" 16.77% 48.32"
Br (1.2 uM) 4.80™" 21.91%M1 12.60°%7 1.90¢ 26.73° 32.33° 32.41%® 36.08%
50 SA (75 mgL™?) 7.67° 21.12%0 5.88" 3.85K 88.03° 18.86¢ 18.26%" 45.63"
SA (150 mgL™) 4,74 24.43%1 18.710¢ 11.67" 86.84% 27.90° 23.30% 40.23%
SP (70 mgL™) 4.56™° 16.16" 5.20 30.60° 86.13% 19.16% 15.42" 52.90%9
Sp (140 mgL™) 5.55%f 35.86" 11.57%K 26.92° 86.94% 12.48' 14.42¢ 53.53%"
Control 5.39%7 14.64° 6.97" 0.23" 87.93° 18.17°9 15.04'" 50.16™"
Br (1 pM) 5.020™ 16.13% 6.85"« 0.18" 78.83° 15.17" 14.00%" 57.82°¢
Br (1.2 uM) 5.82 21.10% 16.119 0.13" 86.13% 22.90° 24,03% 59.28%
25 SA (75 mgL™) 4.72%n 22.47%1 3.92¢ 0.13" 85.85% 18.17%¢ 15.04™ 50.16""
SA (150 mgL™) 4,65 20.74%1 12.20%* 0.14" 87.98° 8.47* 16.35°" 48.98""
SP (70 mgL™) 4.17° 20.82°% 14.99%" 0.26" 88.03 19.67% 21.35% 61.34°
Sp (140 mgL™) 5.12™ 19.62 14.27" 0.24" 87.03% 9.63’ 13.48" 4925

In each column, means with common letters are in the same statistical group at 5% probability level (LSD test).

Soil moisture percentage based on the farm agricultural capacity is considered as a criterion for different levels of dryness.
a: Redness index, b: Yellow index, and I: light (brightness) index.

Br: brassinosteroid; SA: salicylic acid; SP: spermine
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Table 6. Means comparison of drought effects on leaf carbohydrate content of Silybum marianum
F.C. (%) 90 75 50 25
Leaf soluble carbohydrate content 11.64% 11.242 8.80° 10.76%
Means with common letters are in the same statistical group at 5% probability level (LSD test).
Soil moisture percentage based on the farm agricultural capacity is considered as a criterion for different levels of dryness.
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Table 7. Correlation between color indices and antioxidant capacity in Silybum marianum seed
Color index Antioxidant capacity | a
[ 0.358" 1 -
a -0.264" 0.050 1
b 0.316™ -0.179 0.656"
*and **: significant at 1 and 5% probability levels, respectively.
a: Redness index, b: Yellow index, and I: light (brightness) index.
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