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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.

Keywords: Spermine, salicylic acid, brassinosteroids, foliar spraying.



Vif)\, AL,; &L\)}J‘A’h‘ ory

DU Ay slouniss s b (Silybum marianum L. Gaertn.) m wl obs™ b Jolxo
S Cogby Lalise Wyl b 50

" by sl 5 Fasls e Jolg S S
olal oy S il (2l s o SUEL (tige 5 poke 05 15 5 spmsls -
Sl el o8305LES s 5 sl Mo sl 528 gl e s s i i 5o Sty phs sk 5 — Y
babaszadeh@rifr-ac.ir : 5 S e
Olal ey (IS Sl s 5LeS saSails ( GLel ple oy S Lils -1

\Fey J‘.)J.;:k)zjl‘.lié)\: \f*YQAe:&[L@'C)La\'cuU \Yey ;;szﬁaé\ijs'cu\:

oS

oS S e 13 e ame a5 (o a3 as5 e a5 5 Canb 53 35w s Job s pblS G0 Al
sxlisl (g5l ho 4S5 S laoben plass Hshite 4 plnl ol ) ] ST RPTSIE g.s\-ﬁof}.) o o o)l
S by il Bl s 5o sads skt 4wl ol oSl s Baa b ey cnl Lol sas e
NEFIEY

22 @l 5saS Wl s b K Sliios anje ligios 45550 50 Voo VFeN olys Jle 5o tans cnl (i, 5 olse
48> YA 5 4200 VO Wl i (20 5o 2 S Ol (S sr Stk i 00 @l (Slaios ae) e cal Pl 2 S
Sk bl okts 2 SO S Sspo h Sbsy cal ol 515 Lo e 31 6 WY+ plisl 5 b 48 0V 5 Jlt
b YD 0 INO JA) S ey e b i o ol ST sl i ol SIS an b sl LS
Ve =V M) el (VO Y0 M) Sl sl sl WS s sanS ol U abdsdn 5 (25
om Aol am s S b ol sk ol Jlel Gl s (asls) O 5 (V=1/Y UM) (C28) uis el st
A& i (Time Domain Reflectometry) TDR L ol san 5 435, Sosoa Sos Loy 5 ealazad LZYO U el)s cud b
T b 45 S ol TDR S8 L 5 s 3 5l 508 bl 2 iy 050 JS 5o 55 5,50 slasled 4 a5 L ol
L T | AT Pl s e a3 LU s s Gl Aol wsleciagas)l o Ld caS 5l e ol
i S o 6 5a S ik 5 iy Sk e p S s WS iy b S Sy oS ohas
LS 55 s, ol 5 osme 3 Sdes claln 035 oS a8 lsme s 1S as s s Ky Lasls g GlaS] sl
RERP RIS RY

Il ol b sls (2l 1l Sl L gl 53 1 0 Shas 5 ) Slio oSl b, Ll 40l ol sy, s s
=l B IY0 Sl 53 S sl S (osba g S gats boasle spe s Ak, saiSh L elS el
e 53 sy ml gl 5 Lol sl o il S G o ijb (=hs b b 7a0) wals sl b aslie 5o S
ol VEo MG s 53 8 iy a5l Jam onilon oS 53 8 sl Sl gine (28 51 S nsb, il
s s e 2 Il e s i) ©lio s s s s el sl 5 cme el L olS 3Ll 0 saslia VO FC
(o5 S B IVO Tl e s ad g 53 GEs) ol i S8 4 e (25 SBB T00 Lala 5s e el oS
5 8 i plan 53 als e b alie 53 TVV/F 1 ol s 05 s Shae GV gos Sn V) oy sl L ol o plons
Ch b LK, sboasle Sawn pn ob Gmll ehs cd b Tae Ll s sl [l b oalae 5o 70/


file:///C:/Users/mnaderi.MAINRIFR/AppData/Local/Temp/Rar$DIa0.925/babaszadeh@rifr-ac.ir

0f0

¥oosles Feoas ol e 5 sl LS lidsy asldas

Db sre 5 St Q_<‘.....~a= shls (L) plas, esle | LS s u‘v\-‘-'s‘gj b b aos oS sls glas oS s u\.,\......(\gj
oexls g aScnl Jys ) o 5V d\wwi b B s o K, b e see 45l ) KL oS ol g

sl e 5 e (Siesed SLo1s sg 1Sl 5T b B L (0) 0,5 5 @) 53

ol bams e 2alS 1 el o Shae 5 iy sbpasle S cugby ol (28I 4S5l olis iy ol s 08 ant
osbay 00 Sl oS da e 5s ol s, Bl s s 4 i ULS Al eSSl eslinad Lol el s s
ot b A 53 p B e VFe e s e el ealindd L olS abse S5 S 0l Gl by @l 4 ar s LIS
A o SaS S s sk, i bl e a4 ol caglie L)l s g0 Ses 5 i, Slao

wa,l;u ‘.&Jjj.w\w\j Sl ol ‘Cx‘f‘ﬁ*“‘ sodS slaely

sTamayo & Diamond, 2007) s,lb 5425

Abdulrazzaq et al., <Anestopoulos et al., 2016
{Lietal., 2019 Kim et al., 2019 2019
Sk Gl olys Lo e oS (e
2o s JopdS S S Bibw cbsas Lo
Garcia-Ramirez et ) » 5o s solazal o v 0o 5 O\l
Fanoudi et al., Pradhan & Girish, 2006 <al., 2018
5 oblE (Porwal et al., 2019 <Patel, 2015 2020
05 asspe hila s s Cand s ass aa; e b
ot ol 0> S gr OB A aa S i (o e
2 A e Gis pnas Sl S Ses i
(Seleiman et al, 2021) .zl . oS (g)00 e
oS Sdsid 5 Sidsose e sbasls
5 5 Ortizet al, 2015) el S 25 35U cow
o Dk & 55 olS iS5 0 Sas O 558 byl
o5 Jlel (Battaglia & Lee, 2018) 8 .« ;15 ,5b
= > (Heliantus annuus L) gls sl oS s Ses
AT ok e o S T e a8
Kiani et ) w8 ai) 5 Gosep ol 4 e Joke
sl i, d >l (Hussain et al., 2009 al., 2007
slaois Lyl 5 blS 5 Sas 5o Hokie 4 aan
S el o3l plis OlWlas 5 s a5 Jame e
P RNy lroaSolis il glyl 2ol 50l
i ole Lol L Aagse, a5l (PGRs)

dodlo
ol s 6;~<w 2 0 sbazis ) sl ol
Fallah Huseini ) sles g solaal bl Calises clag s
Milk thistle .. L el LS (et al., 2023
o L K ke oLS (Silybum marianum L. Gaertn.)
S e wnlia ool oS plsea S s dl
Andrzejewska :Ghavami & Ramin, 2008) s 8 .
Jol> &Y sae (Karkanis et al., 2011 et al., 2011
M i Jl Yeer ) olae asles oS ) )
ool oas e wolimal o1 Slys 5 sl s Sy
oS 5l gl ol 5l (Tamayo & Diamond, 2007)
Lio anS 5 a8 sl ol st 4 je)ls
Abenavoli et al., :Libster, 2002) cwl saz sslizd
WSl 03 ssmse pliendignd (S5 tegs (2010
Jols LS5 5l las saze &S w2 RIp] e
B s A il (silybin) B 5 A b
Oy S Jem 5 (Silydianin) - -5bs Jew (isosilybin)
AzZiz et ) 5,05 3555 0 g0 o Gaas 8 s3 5 (Silychristin)
OS5 Jels oS ope ool ede (@l 2021
SV CHWPIL PPN SWW ke
shls &S axg US4 5 (hydroxycinnamic acids)
Wojdyto et al., 2007) col _slasl sl cdls
L byl 5o goame olWlas (Lucini et al.,, 2016

ol Ol s coleden Gl was 5 bl b

EENP I



('-if)L’ A\.:f ;f‘;’\’,‘-jfk""

O Ay el o5 ol dadihs, pad Ay 5 5L 5
Fujita et ) cuwl 3 sl 2d bedsenl Wy o
(al., 2011

ol,8sa 5 Ghanbari Moheb Seraj a5 s
s oS s S el cd b mls (YeYY)
oo Sleme Ll 3l 4 e (Silybum marianum L.)
Loaolie 5o wlajlia ooy Sl 5 o o geelanns o
oS aldslome ((Sis i Lle 5 oz wele
S0l e Gl Sihdle ad b es
drtdn S5 okS L3 1y Ssanl p*-l“” 5 oS 5 See
wols oS S o3, Wl (Estaji & Niknam, 2020)
O e - VS w5 Sl Lol s w
Coyo & susbs o e 5 olS 6,85 s
oS oo 5 My sasle alS 4 i SV
202 oS b sy Ban b g ol 0 S
Gl Ll s s g, gleasS Gbnoa o el
A el Sl b,

o o9 9 Olge
oo ) Joe

assye o NP NEN el dl D s Gl
20 @ly 558 wle s b K Olidos dun o lisios
SreshS gy 0 (Glais as e ol al el £ S
a3 YO ol a2 0 £ S ol gl Bt
S e \YY- &w)\jéji'@ﬁo\ 5 S aids FA
ol Gl Sl sl oSl sl 1 L ple
sl 65-*3)\-: L 5 Gesmede 4z 0 VY ol o
] e e YYO 550

bl bl P ol
2 e XY oolal 4 Jbe S s LS sla,dy S )
¥ B 5l oSl alols s oldl sl ¥ b Y as
S \.BMJ)J A.Lé\ﬁjjww\-w g ngJJJ) Aols ~rY

085

Slee e 5 el sbaSedslbw glas] ol
Raza et) sss oo (Sis 25 4 Joodi (2153 4 i
Vaidya et al., 2019 Latif et al., 2016 «al., 2012
Veroneze- :Huan et al., 2020 <Hassan et al., 2020
Se & e OLS 5l 58 (Junior et al., 2020
Gl Sl (Siresn Cb b S5 s Shs
S eslaal opl edle 'Jéf@ oS 5o 58 sls 5Je
sshie sl bolardl 5T 5 Lo sl pass SLS 5 ol
(ROS) ¢ 508 Jab slats 8 i 5 ¢ poml Jolas Lais
solisle b o ams s & sl
St 5 o 15 pe5 Sl e 5 a5l ol
(Xiao et al., 2017) > 52 oo ¢ yanizs
S oy (SIsB Lo S Skl sl
Jed 5l (S5 bl 35 ol 53 age 2B
Vicente & Plasencia, 2011) sLS asws 5 A,
Hayat & ) ;. (Jakhar & Sheokand, 2015
o> (Jakhar & Sheokand, 2015 <Ahmad, 2003
Rajjou et ) 5wV SIS 5 00 Soalen by s Jlsl s
Ll s (Vicente & Plasencia, 2011 <al., 2006
5 Skl ) e b Lgaags 51 solas
Sles Sl B (S an 4ol Jass 3]
(Mardani et al., 2012 .Singh & Usha, 2003)
L ooWS sl .(Fayez & Bazaid, 2014
OBl bt 4 6,8 el I ads sl il
oS Ly (Sas w4 sas slnl Glaass
Khamsuk et al., :Lima & Lobato, 2017) .zl .
s bl ads salsl s L sl (2018
2SS ol s a8 ] elE s Ses
Slome 5 ol Giae G GE bl bl
Khamsuk et al., ) cwl 30 5mmss sbalass,
> »,\8 (Talaat, 2020 Lima & Lobato, 2017 2018
NI ST VO { T RN | PRS-+ S VORI IR VS
Yiuetal, 2009) ss 8 o a5 Ll e fow 4 e

1S Sl del U Jag e 05 i oS 55 e



oy

ISl el Sl sy 4 Jols oslas las] sl

o eolizad (Y- 1) o,&an 5 WU 25, 51 DPPH sl3]
e Vol sylas 5l il e ) & g A e s
SAN3 5 oS5 3 e 5w Lol DPPH G e
Aids Yo S 4 SOU Jal a5 U1 Gles 5o b s
8oy by gl OV e Jsb L3 bidises Cis
T8O+ UVIVIS ) i swilss gy s
BB L4 5 .(Spectrometer PG Instruments Ltd
2z oLL Lo as ela] wele W leea o)lae
aloe Jaly; ) eslizad § DPPH o151 JISGsl, )l
R

St IR TR R Y- R VR VRN B U
Irigoyen et al., ) w8 o Soslul K)ol giond]
2ol e b8, 5l e Sk 00 Tzl (1992
e ool 5l e s bl 720 Jsll P 2 S 0
538 Byme il e ¥ U ol sylas 51l e </
Seoslow deal e Ver 3l 8 e N0
o Jols las gam als o 50 s 5 bolsa (VY
oLl oz eals I3 aes ol plam o aids Ve O
bus sl £Y0 oo Jsb 5o Jols oz Gl
T80+ UV/VIS Spectrometer ) g Sl ol5aws
S 5 Jsloe 3 luie .0z skl (PG Instruments Ltd
2 oSk ey S sl i ) eslisl

ol oS o bl g sy gl paal skt 4
sl s Veee Jols sos 5l p S Y 450 5os S
w4 A Ve O 4 Jols Jilse s wlol gl
Joloe Ode pl 5o &S el S5 LB s el oSS
i St 2 8 ol oS sl anss 00 sles 5o Jols
238 I Jslow 5 (085)) VL cand ol 51 e
.(Parry et al., 2006)

Lo S bauy oS 5 alsslze o5 s Seslul ol
Sl s el sbal Gl 51 5 ol

6Lbj\d)>)‘wﬁo\,§)30w)ﬂ&.&~w\?u

¥oosles Feoas ol e 5 sl LS lidsy asldas

Sligos ane 5l LS Sbasdy s jmsle £r i,
K casS oloy31 Sl a3 5 4 5508 &l b S
S bazal LS el 5 b Sl sl 5l e
Cd B Y0 5 oy e b Aol um s S b,
L olesen 5 alie, Oygon Sos Lha Ol ealanal b el
R Jf o= TDR (Time Domain Reflectometry)
iy oo B B s bl Wl gs)L..v.T
o) s ol TDR SKS'L 5 o e 5 Dbogs bl
Al el s o Lo S oo 4 ey
sloles s el 1SS an b gola LS laSob
e 5 VO O YO oll (it Cobe Jols bl
Sebedle s fola pabd o 5 2l b b s
Ve N molt) el (VO -NO- mgl?)
wle glsea O 5 (V05 S VY 5 )) ads il sl
55 (ole cutigoa)l) Hd cutS 5l uy ole O 2l sl s s
(ad Fooele GLK 5oy can Gl dol 4 cuyoan
A r\.?d‘

b 5 andllas 350 Olaw

sEbdslw Sl e sl Ny LA eSSl e bl Y
Sis g B S, phe S sl Olis Sl
b oy olaw asoh ls o Job o3 sl sluw olS
o S5 el o plaeSl Sl s b Sy seb
lasls 0oy WS a8 Glyme g xS aoo
i 5 S o3l ol 3 e s ol s 5 0 g > Shae

) s Sladl sl cod b o Seslul sl s,
D il 7 el oS snd Ol g 5
Al 2N 5 JSLelAD ol ] Jgilie G\f'aw\
e 4 Jole Jsle 0] 5l e s 6Ll Szl
23 5 & o F w4 Fogles Lo el YY
oo by o oYL Olis J gl
4 2L Ol Jdow Gai gl 5l e sl 5ea gl
.(Bakhshi & Arakawa, 2006) w3 3 Jite o5 See
b b e shn 4wl ilssll G e

A28y 50 593 Yoo v



('-if)\-’ A\.:f ;f‘;’\’,‘-jfk""

a8 )5 a8 s, oaS i ol goe 5 Sl
N Jsam) (pO.01) Wi s ina 71 Jlaiml e L

slaws o i &S sl ol Slio ke 4l c,u
(als sls) S el e b 74 Lle 5 8,
oS elis Ciliien S5 5,8 a2 sy (e VA/$9)
2 S el e b jalS s sanlie a8 as,
Sl rals oS s 1) S olaw Sl s sba oS
Cad B Y0 Sles L3 ol S slaw p 1S &S (65 5ba
B rjfsk*‘ Vo) omeel b p2bidshn 5 S 25
Y0 Sls 53 Sy slaw (SIS jsba (sas 4) 5y (1)
Cd B 740) bale Sl b anglis 5o S ey e b
sl S i a L (el

FE VG U I A K S T
ol ) (s il o s gy aal sl
Goshol sl Jem cailas oS 55 S slaw ls gae
Slas bl gme Soli Hlag cpl o 5;.' Slaws a8 358 s
culn S ey s b 70 5 VO ijaw 5wl
Y Jsa)

gl it S o ol S e b bs e 2l
el 5 S o5 b B IVO s 55 oS 55 S
(e ol AFON) s sanliae (ad 5 p 8 Joe VF)
78+) wls s b oalie 5ol ol oo 3,: cﬁw
B Y ;\M(@fﬂ@suf«\v)(g\,; o b
oo e b Ive Ll s oS Sl S sba
Jlel s 568 5 S, clzw ol Bl e S
S oy < BUY0 5 70 pske o im Ll
Sosba s S oS 5 S, é‘ Sasme Sl 4 i
5 40+ (ahdgoe 286) wals Sl s S, b S
WEY 5 VOVA e S el e b UYo
clﬂw 9 ol 0 oblS il by rr Festle
S oghe Db S 5l S ey e b
bl sl e s S, che 2S5 S s
oo e b mae s sl Jls b gl pae sl
LY Jsox) culis S

OFA

.Aﬁwchwvbb)b&;jh)éé\%\}

oS o pn il o pe K, slagasls adllas ki 4
S 02 B 5 LTI RS 5 s S B 4 e
Ao e o s el L3 K wie Jba) Sl O b
TES-135A Juo (2w, oSiws Lwy sgm dm
Ol WS L CIE=l k@ b o)ab a8 cala
Loys s Gb 5 s ashh i e
S8 sexlea &S as awlse (Hue=aratanb(b*/a*))
FS o Sl gl ol 305 pasla b
e K p—.’.j“’)u' oAk O 00 ) pf Vol 50 e
s hl s Sl pe S 035 oM S 3 e e
B R B R e - PR P S R F T
ol o) ol oSl K a8 Sy b es $
039 4 b ad eals S5 H5s 53 o5lss 5 £l 088
dlome 55 Jse b e sy o5 uSls so ) ey il
.(Beheshti et al., 2014) .z

S=(Ws-W1)/(W2-W1)x100
S e JseS 03 Wi S asys S
(8,8 I s Wl g JewS 035 W2
380,58 5l am 1uSls 5 m JguS 055 Wa

6JL°T Jedod se 520

DBl e sl eslid b s bl Jlospa 2
31 eslizad b 55 Wosls 5 &iks 4glis oz ol IMP-8
238 ol 70 Jlas] s 53 LSD 5505

Lils s oS 65505 4 ol ol sy cb

BICE) 6\-“’“"4-'5@3'5 308 5 S cugb, S
B Loba oS s adles 5,50 K55l lio
sl Dlio SKle &S &S50 b Al o o5
(A Bl ol oS iy £b S, e S,
=5 e b Plise 1 5b cos 5k by ai, Jsb



084

Dlas b asglie 5o 1 ol 5o o3 wle slaw (2] o
(3ae VO/AF) S ol cud b CE“ oler 5y aals
b B A0 s s Ll LYY 5 UY /NS s s
53 25 10) Sl sl 8 Sl el
a5 1 8 s L 48l slass (sae VA/OA) (Ll
VO/Y0) S ey b b mhae plas s el Sl L
S Ll s b Gl ol pae sba (sus
dred 5 ool b oS il sl 55 S el 0 b
2 oA Bl ol b e Gl 4 e Shddl
Y o) s i Ckﬂ oles 5 aals Sl b vl
S ol plas oS o &40 Jb 5 Ay Job SO
— Msb k5 an, Job sl S b e a8
roy SenzSdis b S el S o) | sl
sad olS 5o gai; Ll sse 4 e il LS
BE pé.f)u' oS s ady; Job cn it &S Gosba o
s chle VG s e el L olS sibd sl Sl
5 A8 5o saslie S el e b UY0 L e
Sheslial b olS abdglme 5 S o)y s b TV
Wl 4 e o e Gad 5o 2 8 e VE ) e el
Ao le Dl b aglie 5o as, Jsb gao,s MY
G (Y i) an S el e bl pla
ol 4 e S ey s b mals S s ol
A Jga) s S olS 53 S 55eb U 5s, ol Ll gime

¥oosles Feoas ol e 5 sl LS lidsy asldas

S b a8 A sl gl oS iy £l S e
O gl A ol el 4 e S el
S AN NP A RPN
2 p Sk VF) el b il sl 5 S s
S i oslal reile #V/AP) sa eanlans (2]
sibdsloe (el cd b UY0) as Clzw AL s
A e S Ve 5 Ve lacdle s el b olS
BEIVA R IPIVA SV RERGE OV PRN K e L~
Sk el el b cjﬂ—" olea oo wals Hlas b ansli
(Y Jsam) sls Lzl 3l (£Y0 FC)
L olS abdshn o5 sl ol oS0l anlie mls
Y r;‘;\.u VP 5 Ve slackle s el 5l eslad
PRVA N VA WV VU SR WS R WA VRN
23 (il 8L) sals Jlas b oaslis 5o OY/Y
Soslal ol mll S ey e b A Ll
VO chile s Skl sl S eslinad oS s
S IVR/E 1, oS s e s sl slaw 58 s 0 Sk
Syl Bl (pabdl=e w86) sele [l boali.
slhaw Sl gae a4 e S el e b malS
L olS aldslome Jo cal b ans S lS s o 3 sl
Ll s 5s s ol Gl 4 zie olS a GlaeasS ks
LS el S el cs b VO
R Vo) el 5 GV 505 Sn V) 55 el st

s ol oS K5 m Slio A it saSliy y (Ss b Gl s ) Joas
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™ - - - e . -
424 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™ 25.9™ 51.5™ 239 1.09e+7*" 48.7 1.82n8
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

F.C. Plant growth Number  Leaf area dci:::;)a?gr Number of  Root length d?;r:]\évtzr
(%) regulator of leaves (cm?) branches (cm)
(cm) (cm)
Control 71.662 4017.7° 52.202f 16.83%" 19.66%¢ 1.702d
Br (1 puM) 69.002 6980.1b° 35.80"k 18.71¢%¢ 14.268" 1,148k
Br (1.2 uM) 71.002 3846.7f 58.662 18.25¢f 17.53b¢ 1,230k
90 SA (75 mgL™?) 71.002 2078.59 54,2724 22.66 14,8540 1.168%
SA (150 mgL™?) 67.50%¢ 8291.3% 36.57"k 17.50%9 18.832d 1.992
SP (70 mgL1) 71.502 4761.2¢f 33.16j% 35.502 14.13h 1.099k
SP (140 mgL™t) 69.502 6364.2¢d 61.862 25.81° 23.012 1.87%¢
Control 65.50° 6143.1% 54.03%¢ 15,944 17.56"¢ 1.85%¢
Br (1 uM) 63.50° 6895.8°¢ 41.82¢%1 19.25¢ 11.5091 1.44¢
Br (1.2 uM) 65.00¢ 4021.1f 49.4139 11.31" 12,65 0.99+«
75 SA (75 mgL™?) 65.00° 6385.1¢% 39.93 12,759 16.600f 1.39¢1
SA (150 mgL™) 58.504 516.0" 32.90k 13.58% 16.660f 1.208%
SP (70 mgLY) 56.00% 5438 .4d 39.72" 19.16¢ 11.12¢1 0.80K
Sp (140 mgL™Y) 57.500% 9451.78 46,725 11.99™ 19.022d 1.62%¢
Control 50.50f 1578.99" 55.308°¢ 15.25¢ 16.590f 2.05?
Br (1 uM) 43.50" 1426.09" 45.32¢1 13.31% 15.05%9 1.40¢1
Br (1.2 uM) 53.00¢f 2132.59 38.1897 14.49%i 10.71N 1.05Mk
50 SA (75 mgL-%) 48.501 1791.19%h 37.35¢1 8.25K 14.158h 0.950k
SA (150 mgL™) 44.009" 2269.99 41.0597 18.58¢%f 15.45¢4-0 1,550
SP (70 mgL1) 42.50" 1426.89" 24.55K 11.58™ 14.24%" 1.13%
Sp (140 mgLY) 37501 1502.3¢" 53,6224 13.99%i 14.77¢h 1.17¢k
Control 34.50' 1161.39" 34.85" 9.25H 7.481 0.90%
Br (1 uM) 20.54 1276.79" 44,56° 9.06/" 16.880" 1.48¢7
Br (1.2 uM) 18.00i 2070.49 47.81°h 9.25H 15.37¢9 1.45¢
25 SA (75 mgL?) 16.00k 1760.49" 41.82% 7.28' 14,04 0.95k
SA (150 mgL™?) 12.50¢ 2008.19 16.10¢ 12.729% 16.800f 0.92k
SP (70 mgLt) 9.00' 1146.49" 52.25%f 16.50% 17.690¢ 1.59%f
Sp (140 mgL™?) 12.50¢ 1083.19" 49.86%9 16.77%h 20.21% 1,520

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

ﬁ,ﬁ)l"5;))‘3al.:f&jj)}@.bUJ}J)‘Mﬁ@&MJ@ﬁW}&JQEngA...u.iu.ﬁ—v J}»
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 Plf:;u%;)c\:\fh Number of days to leaf emergence

90 94.78° Control 97.62%®

a

7 o (L2 a7
-1 C

% s
-1 c

2 S5 (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 Seed . Antioxidant
S.0.V. d.f. carbohydrate  seed ) oil ) b |
i yield capacity
content weight content
Plant growth
regulator 6 2.38" 16.07™ 222.8™ 152.2™  164.7" 509.8™ 116.9"  207.5™ 4557
(PGR)
Block 2 0.60 0.807 55.08 75.59 2.97 6.69 0.012 13.10 8.20
Experimental
0.261 2.55 5.65 5.71 0.31 2.62 0.614 11.22 13.53
error a
Drought . - - - - - - - "
1.79 33.13 341.9 881.5 688.4 578.4 265.2 147.51 288.6
stress (D)
PGR x D 18  2.02™ 11.06™ 145.1™ 1755™ 106.0™ 390.29™ 163.5™ 67.53™ 291.8™
Experimental
0.077 7.59 42.50 26.78 0.082 4.38 2.03 10.81 12.64
error
C.V. (%) 5.95 25.85 2473 4865 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%fg 24.82b¢ 4,10k 86.75% 16.66%9" 13.14i 47.669"

Br (1 uM) 5.14fok 20.13¢f0 21.11bd 2.95m 87.32% 5.37' 17.068" 27.72!

Br (1.2 uM) 5.05¢! 20.82¢f0 16.57¢f 12.79¢ 75.92°¢ 6.534 15.02f 49 55fh

90 SA (75 mgL™) 5.19% 23.63%f0 19.030¢ 8.94" 86.79% 18.1989 17.64%1 71.332
SA (150 mgL™?) 6.40° 45.79% 18.970¢ 3341m 86.84% 8.00k 16.67¢1 42791

SP (70 mgL1) 4.45M 46.418 50.102 1097¢ 86.13% 6.604 15.85f9 47.75F

Sp (140 mgL™Y) 4.59m° 21.7220%f 19.05b¢ 14.96¢ 87.70% 18.69%9 14,4291 71.642

Control 6.05% 18.93f 15.28¢h 4.249 87.18% 17779 15,998 49 45th
Br (1 pM) 5.35¢h 19.501 26.23 11.79f 84.28" 21.94% 18.61¢h 58.39¢

Br (1.2 uM) 5.65%¢ 3177« 5.78+ 7.641 86.99% 17.478N 28.29¢ 62.93%

75 SA (75 mgL™?) 4.68kn 20.40¢f0 8.58fk 10.609 85.66% 17.41h 19.43%9 63.15
SA (150 mgL?) 4.64+n 26.36Cdef 12.75% 8.50" 87.03® 31.722 35.42a 36.00K

SP (70 mgL1) 5.50%9 30.53¢de 14.02% 0.30" 88.272 4.76' 17.16e-i 47.289

Sp (140 mgL?) 485 24.204%f9 19.11b¢ 15.62°¢ 85.09% 17.17%0 17.03e-i 68.27%

Control 7.552 16.74% 9.77k 3.754 87.892 18.83¢%9 17.31¢% 50.15%"

Br (1 uM) 4,85+ 19.25f 7.919k 11.55 64.86¢ 6.754 16.77¢1 4832

Br (1.2 uM) 480+ 21.91%fg 12.60¢1 1.909 26.73¢ 32.332 32.41% 36.08%

50 SA (75 mgL?) 7.67% 21.12¢%fg 5.88 3.85K 88.032 18.8659 18.2681 45.63"
SA (150 mgL™?) 4740 24.43%f9 18.71b¢ 11.67f 86.84% 27.90° 23.30% 40.23k

SP (70 mgL1) 4.56™° 16.16% 5.20jk 30.602 86.13% 19.16¢f 15.42f 52.90¢9

Sp (140 mgLh) 5.55¢ 35.860 11.57¢k 26.92° 86.942 12.48 14.42¢1 53.53¢

Control 5.39¢h 14.649 6.97"k 0.23" 87.932 18.17¢¢ 15,040 50.16""
Br (1 uMm) 5.02im 16.13f 6.85"k 0.18" 78.83¢ 15.17h 14,0091 57.82¢¢

Br (1.2 uM) 5.82¢d 21.10¢%fg 16.11%9 0.13" 86.13% 22.90° 24.03% 59.28¢

25 SA (75 mgL™?) 4.72kn 22 .47%f 3.92% 0.13" 85.85% 18.17¢¢ 15.04F 50.16""
SA (150 mgL?) 4,65+ 20.74¢f0 12.20¢k 0.14" 87.982 8.47k 16.35¢1 48.98fh

SP (70 mgLt) 4.17° 20.82¢f0 14,99¢ 0.26" 88.032 19.67% 21.35¢% 61.34°¢

Sp (140 mgL™?) 5.12%k 19.62% 14,274 0.24" 87.03%® 9.63i 13.48N 49 25fh

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 11.642 11.242 8.80° 10.762
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.
0B asls ol sl s SlaeS BT e b 5 K sbuas e Kaws —Y Jsos
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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