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This study aimed to investigate the response of four ecotypes of milk thistle from
Isfahan, Kohgiluyeh va Boyer Ahmad, Khuzestan-Omidiyeh, and Hungary to
three irrigation regimes (irrigation after 40%, 60%, and 80% maximum allowable
depletion of available soil water) evaluated in 2020-2021 under five different
planting dates (September 27, October 17", November 6™, November 26", and
March 10™) at the research farm of Isfahan University of Technology in Iran. The
experiment was conducted as a combined analysis of a split-plot based on
randomized complete block design with three replications. The results showed that
the highest and the lowest grain yield and shoot dry weight of milk thistle plants
were obtained under the October 17" and March 10" planting dates, respectively.
Water deficit at both levels decreased grain yield, shoot dry weight, number of
flowers per plant, plant height, flowering degree-days, and physiological maturity
degree-days, but increased grain and shoot water use efficiencies. The
"Kohgiluyeh and Boyer Ahmad" ecotype exhibited the highest seed yield, shoot
dry weight, seed/shoot water use efficiency, and harvest index, making it a
promising candidate for breeding programs aimed at creating adaptive cultivars of
the milk thistle plant. Based on the study's findings, it can be concluded that milk
thistle should be planted in the fall season from late September to mid-November
under similar climate conditions.
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Mean Squares (MS)
Seed Shoot dry Number of Plant Seed water  Shoot water Harvest The GDD of The . GD.D of
S.0.V df . . . use use . . Physiological
yield weight head flowers Height . . index Flowering .
efficiency efficiency maturity
Irrigation (I) 2 0.0393™  80.18** 5015™ 8148 0.0143™ 18.88™ 0.000013* 3416™ 11655™
Planting date (D) 4 0.2047"  218.3** 46551™ 9693 0.0457* 32477 0.000591* 1968™ 15751™
I*D 8 0.0021™  2.649** 425.2™ 2837 0.007™ 6.603™ 0.000022* 5425ns 84705
Error a 30 0.0000 0.484 86.47 6.944 0.0000 0.1286 0.000004 6540 4611
Ecotype (E) 3 0.0197"  35.14%* 741.8™ 8409™ 0.005" 8.471" 0.00002"* 26478 12300
I*E 6 0.0005"  1.156** 146.5 231.4™ 0.0000"s 0.4299* 0.000011" 77665 14386™
D*E 12 0.0009™  1.935%x* 344 830" 0.0002"* 0.5074™ 0.000008™ 8276 35111
D*E*1 24 0.0001"  0.428"¢ 143.9 227.1" 0.00006™ 0.1531" 0.000005* 9449ns 12152™
Error b 89  0.0000 0.338 78.35 5.27 0.0000 0.0000 0.00000 26591 4348
C.V.% 3.79 6.89 14.14 2.22 4.09 6.91 6.91 341 2.29
Wb Lo )3 S e )3 ()5 Gxe g o yd iy praw (3 (6 iz > Gxe gll pas 0O (i B g F M
wepe)B olS 5 0 g 1503l Calisee il caisST g il Fub gyl ogud slately (Sile duglie .0 Jod
Experiment Seed Shoot dry Number Plant Seed water Shoot water Harvest The GDD of The GDD of
factors Levels yield weight of head height use efficiency use efficiency Index Flowering Physiological
(Kg/m?) (Kg/m?) flowers  (cm) (Kg/m®) (Kg/m®) (%) maturity
Normal 0.228a 9.57a 74.7 a 116 a 0.090 ¢ 342¢ 2.58 ab 2403 a 2918 a
Irrigation Mild stress 0.199b 8.45Db 66.8b 100 b 0.112b 4.34b 2.54b 2376 ab 2872 b
Severe stress 0.177¢  725¢ 56.5¢ 934c 0.120 a 4.45a 2.63a 2356 b 2830 c
September 27 (Mehr 6') 0.226c¢c 9.36Db 53¢ 93.0c 0.120 ¢ 4.38 bc 2.72b 1982 d 2388 d
Planting October 17 (Mehr 26™) 0.266a 10.6a 117 a 128 a 0.119¢ 4.26¢ 2.79 ab 2371 ¢ 2869 ¢
date November 6" (Aban 16™) 0.233b 9.61b 852D 111b 0.131a 4.87 a 271D 2808 b 3332b
November 26" (Azar 6™ 0.210d 8.28 ¢ 49.5¢ 93.0c 0.125b 4440 2.84a 3326 a 3696 a
March 10* (Esfand 20t%) 0.071e 4.28d 24.8d 90.3d 0.045 c 2.42d 1.86 ¢ 1405 e 2081 e
Isfahan 0.208b 893 a 70.17 a 112b 0.111b 430a 2.51cd 2382 a 2855b
Ecotype Khuzestan-Omidiyeh 0.173d 7.12¢ 60.7 ¢ 85.7d 0.093d 343 ¢ 2.62 ab 2379 a 2888 a
Kohgiluyeh va Boyer Ahmad  0.223a 899a 67.9 ab 115a 0.119 a 438a 2.66 a 2385a 2886 a
Hungary 0.202¢ 8.68b 65.4b 99.1c 0.108 ¢ 4.17b 2.54 be 2367 a 2863 ab
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Plantin Seed (Si:'mot Number Plant i::d water stl:::: use Harvest The GDD of
g Irrigation yield M Of head Height . . Index Physiological
date (Kg/m?) weight flowers (cm) efficiency efficiency (%) maturity
g (Kg/m?) (Kg/m®) (Kg/m®) o
Normal 0224c  105b 6050f  985f  0.093h 363 F 2574 2410 ¢
September ~ Mild stress ~ 0.227 e 9.77 cd 5491 f 924¢g 0.116 f 4.50 de 2.59d 2356 £
th
27 SS;::S” 0209¢ 776¢g 4366g  884hi  0.150b 501 ¢ 30la 2397 ef
Normal 0316a 124a 13292 172a _ 0.125de 447 ¢ 2.82b 2881 ¢
October Mild stress 0.259b 10.0 ¢ 113.5b 114 ¢ 0.142 ¢ 4.96 ¢ 2.78 ab 2881 ¢
th
17 Sst‘z:sre 0223e  934de  1065bc  982f  0.088i 334¢g 267cd  2846¢
Normal 0259b 105b 995 ¢ 1176 0103 g 376 276bc 33420
November Mild stress 0237 e 9.55de 88.0d 110d 0.123 ¢ 4.72d 261d 3332b
th
6 SS;::S” 0216f 877f 68.16e  105f  0.168a 6.12a 276bc  3321b
Normal 0237d  926¢ S35f 941g  0.095h 336¢ 2385b 3686 a
November Mild stress  0.208 g 8.40f 53.0f 89.9h 0.128 d 4.66 de 2.77 bc 3706 a
th
26 sstizse;e 0.185h  7.19h 420¢ 87.0i 0.151b 529b 288ab  3696a
Normal 00851  5.02i 275h 982f  0.0361 1.92] 190 e 2270 g
March 10 gfmd stress  0.077]  4.63i 24.83h  924g  0.053] 2.86 h 1.85¢ 2086 h
ster“e[:sre 0052k  3.20j 2233h  884hi  0.045k 249 i 1.84¢ 1887
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o Seed yield Sh?ot dry Plant Shoot v‘vater Harvest The GDD of
Irrigation  Ecotype (Kg/m?) weight Height (cm) use efficiency Index Physiological
(Kg/m?) (Kg/m®) (%) maturity
Isfahan 0.237b 10.1a 129 a 3.62d 2.53 cd 2902 be
Normal Khuzestan-Omidiyeh 0.191 g 7.99¢ 926 f 2.86¢ 2.58bcd 2928 ab
Kohgiluyeh va Boyer Ahmad 0.255a 10.1a 129 a 3.62d 2.73a 2975 a
Hungary 0.230 ¢ 10.0a 112b 3.61d 249d 2866 c-f
Isfahan 0207 e 9.13b 107 ¢ 4.68b 249d 2851 efg
Mild stress Khuzestan-Omidiyeh 0.169 1 7.22d 85.4h 3.70d 2.52d 2897 bed
Kohgiluyeh va Boyer Ahmad 0.219d 8.79b 110b 4.49 be 2.68 ab 2857 c-g
Hungary 0.200 f 8.75b 96.5¢ 4.49 be 2.49d 2884 b-e
Isfahan 0.180 h 7.56d 99.5d 46d 2.55cd 2813 g
Severe Khuzestan-Omidiyeh 0.158j 6.16¢ 79.1j 3.74d 2.75a 2838 efg
stress Kohgiluyeh va Boyer Ahmad 0.194 g 8.09¢ 106 ¢ 5.04a 2.58bcd 2827 fg
Hungary 0.177 h 7.21d 884 ¢ 442 ¢ 2.66 abc 2839 efg
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Planting Seed yield Shoot dry Number Plant Seed water use Shoot water use Harvest The GDD of
date Ecotype (Kg/m?) weight Of head Height efficiency efficiency Index (%) Physiological
(Kg/m?) flowers (cm) (Kg/m?) (Kg/m®) maturity
Isfahan 0.232 ef 10.2 cd 588 f 974 ¢ 0.122 de 4.76 cde 2.57 gh 2437d
September Khuz?stan-Omidiyeh 0.191 7.72 hi 48.4 gh 801 0.1011 3.631 2.78 a-f 2366 e
27t Kohgiluych va 0.263 be 10.1d s46fg  111f  0.138b 4.77 cde 2.89abc 2395 de
Boyer Ahmad
Hungary 0220 g 9.4 ef 50.1 gh 83.5k 0.117 fg 4.36 fg 2.66 e-h 2352 ¢
Isfahan 0.283 a 113 a 127 a 150 a 0.127 ¢ 4.57 ef 2.76 b-f 2889 ¢
Khuzestan-Omidiyeh 0.231 ef 9.41 ef 106 ¢ 91 jj 0.103 i 3.77 hi 2.74 c-f 2858 ¢
October 17 Kohgiluyeh va 0.283 a 10.9 ab 114 be 143b  0.126cd 437 fg 2.88abc 2873 ¢
Boyer Ahmad
Hungary 0.266 b 10.7 bc 123 ab 129 ¢ 0.119 ef 432 1fg 2.76 c-f 2858 ¢
Isfahan 0.241d 9.88 de 924d 123d 0.135b 4.99 be 2.72 d-g 3314 b
November Kthjcstan-Omidiyeh 0.196 1 7.75h 71.4¢ 92.71 0.111h 393 h 2.82 a-e 3228 b
6th Kohgiluych va 0.258 ¢ 10.3 cd 90.8 d 117¢  0.145a 530a 276 c-f  3314b
Boyer Ahmad
Hungary 0.237 de 10.4 bed 86.1d 110 f 0.134b 5.24 ab 2.54 h 3370 b
Isfahan 0217 g 9.19 fg 52.1 fgh 9261 0.129 ¢ 4.92 cd 2.63 fgh 3696 a
November Khuz§stan-0midiyeh 0.187] 7.191 48.1 gh 84.8 k 0.113 gh 3.83 hi 2.93 ab 3669 a
26 g(‘)’]y‘frﬂz{fmhavda 0.229 f 8.66 ¢ 537f¢  951h  0.136b 4.69 de 2.94a 3722a
Hungary 0.206 h 8.09 h 44 h 88.8] 0.122 ¢ 430 g 2.84 a-d 3696 a
Isfahan 0.6811 4.01k 204 974 ¢ 0.042 k 2.25k 1.891 1940 1
Khuzestan-Omidiyeh 0.578 m 3.54k 29.51 801 0.0361 2.01 k 1.82 1 2218 f
th -
March 10 gg?f;lzﬁ‘avda 0.796 k 4.84 257 11f  0.050] 278 1.83 i 2128 ¢
Hungary 0.819 k 4.74 23.714j 83.5k 0.050j 2.65] 1.92 1 2038 h
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