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Abstract

Background and objectives: Drought stress is the most critical factor limiting agricultural
and medicinal plants' performance in arid and semi-arid areas. Silybum Marianum L. is a
medicinal plant with antioxidant properties. In addition to the plant's genetic nature, flavonolignan
production and accumulation are affected by various environmental conditions. The accumulation
of secondary metabolites under drought stress was studied concerning the antioxidant defense
system at the biochemical level. The purpose is to evaluate the secondary metabolites of milk
thistle under non-stress conditions and different levels of drought stress and different growth
conditions, as well as to identify the best level of moisture stress and the time of harvesting the
plant to increase the effective compounds.
Methodology: Milk thistle seeds were disinfected and transferred to a Petri dish containing filter
paper and placed in a germinator at 25°C for germination. The germinated seeds were transferred
to the pots and put under controlled temperature and humidity in the greenhouse of Hirmand city,
Shandel village, located 25 km from Zabul city, Sistan, and Baluchistan province. Evaluation of
the effect of drought stress at four different levels of irrigation (25, 50, 75, and 100% of water
requirement respectively severe stress, moderate stress, mild stress, and non-stress) and in 3
growth stages (6, 13 and 20 weeks after planting) on biochemical traits including proline content
(PC), carbohydrates content (CC), total phenol content (TPC), total flavonoid content (TFC),
antioxidant activity and activity of antioxidant enzymes such as catalase (CA), ascorbate
peroxidase (AP), guaiacol peroxidase (GP), superoxide dismutase (SOD) and polyphenol oxidase
(PO) was carried out. The experiment was done as a factorial based on a completely randomized
design with three replications. Data and errors were examined for normality. After confirming the
normality of the data and errors, analysis of the variance of the traits and comparing the mean of
the traits (LSR) was done at the 5% level.
Results: The variance analysis of traits showed that the effect of different levels of irrigation,
harvest time, and their interaction on all traits was significant. Comparison of the average
interaction effect of irrigation treatment and harvest time of traits: proline content, carbohydrates
content, phenol and flavonoid content, and antioxidant activity increased in all growth stages and
the lowest and highest values were respectively observed in the growth stage 6 weeks after
planting in 100 Percentage of water requirement and growth stage 20 weeks after harvesting in
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the condition of 25% water requirement. Therefore, the drought stress factor can be used to
improve the effective substances of this plant. In addition, the final growth stage is the most
appropriate time to harvest this plant due to the accumulation of secondary metabolites at this
stage. The interaction effect of irrigation treatment and harvest time was not significant for the
activity of guaiacol peroxidase enzyme, and for other antioxidant enzymes it showed that the
highest activity of catalase enzyme was at the growth stage 6 weeks after planting in conditions
of 25 and 50% water requirement, for ascorbate peroxidase enzyme, it belonged to the growth
stage 6 weeks after planting in the condition of 100% water requirement, and for polyphenol
oxidase and superoxide dismutase enzymes, it belonged to the growth stage 20 weeks after
planting in the condition of 25% water requirement. These results indicate that antioxidant
enzymes act differently at different growth stages and under various moisture stress conditions.
Conclusion: The evaluation results of milk thistle in 4 irrigation regimes and three growth stages
showed that most biochemical traits increased under stress conditions. This indicates that the milk
thistle plant responds to drought stress through an enzymatic and non-enzymatic antioxidant
defense system. Milk thistle plants had the highest total phenolic and flavonoid content at the final
development stage (20 weeks after planting). Therefore, the best time to harvest is at the final
stage of development, which has the most polyphenolic compounds.

Keywords: Antioxidant enzymes, flavonoid, antioxidant activity, secondary metabolite,
developmental stages.
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M.S.
S.0.V. d.f.

PC cC TPC TFC AA
Irrigation (1) 3 7.08™ 2393 1270™ 14.3™ 103.27™
Harvest time (H) 2 18.80™ 19.20™ 124™ 0.95™ 89.75™
IxH 6 3.96" 15" 39.40™ 0.34™ 12.41™

Experimental error 24 0.06 2.29 8.15 0.06 1.63

C.V. (%) 5.37 3.49 7.01 5.62 1.56

**: Significant at 1% probability level.

PC: Proline content, CC: Carbohydrate content, TPC: Total phenol content, TFC: Total flavonoid content, AA: Antioxidant activity
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ST 5T o 5T cdled

ol ol saimaples oS s g Lls ae Slio cnl sy oLl VUK ] R U BCIN P e P PRV B P
il sb, B s s gsline s Sl Slio ol & Js b Glamd), JSLE laes) ol Sl GYL)



...@Lﬁ_&}ﬁ@bé})&ﬁ;. Yoo
IR w5l cdls 5l e 4 Slio ol ol sias Slao ) LSy ol il 4 0t ks (6515 stme 5l
(Y Joam) caals 5laes), AU Wl Bl Sl o) gas, dilie Jole o

(Silybum marianum) u e )i oLS ol 5T baa 5T cdlad L ctls ol 5 ool S0 Gl ase =Y Jods

Table 2. ANOVA of irrigation and harvest time effects on antioxidant enzymes activity of Silybum marianum

M.S.
SOV, d.f. CAT AP GP PPO SOD
Irrigation (1) 3 0.050™ 0.156" 0.022™ 0.003™ 0.291™
Harvest time (H) 2 0.100™ 3.19™ 0.036™ 0.003™ 1.33"
I xH 6 0.020™ 0.575™ 0.100Ms 0.0008™ 0.204™
Experimental error 24 0.005 0.043 0.112 0.00005 0.006
C.V. (%) - 11.97 10.58 10.06 9.78 8.28
n.s., *, and **: non-significant, significant at 1, and 5% probability levels, respectively.
CAT: Catalase, AP: Ascorbate peroxidase, GP: Guaiacol Peroxidase, PFO: Poly
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Fig 2. Means comparison of irrigation x harvest time interaction on antioxidant enzymes activity of Silybum
marianum
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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