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Effect of drought stress and foliar application of growth regulators on
photosynthetic pigments and seed yield of rapeseed (Brassica napus L. cv. Hyola 401)
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G35 Shes 503 o S o 3 &l Sl als im0 a iy b 3,08 ks 53558 oo 41> sy Ol e
Seed yield  No. of silique.plant®  No. of seed. silique™ 1000 seed weight ~ Chlorophyll,  Chlorophyll,  Carotenoids  Proline  Oil content of seed
Seed yield $ls s Slee 1
No. of silique.plant® Gy 33 oy S 0.41** 1
No. of seed. silique™ o 0 als sl 0.44** 0.51** 1
1000 seed weight als I8 0)s 0.15 0.006 0.21 1
Chlorophyll, a Jss I8 0.54** 0.48** 0.42%* 0.09 1
Chlorophyll, b s, 0.53** 0.44** 0.46** 0.38 0.54** 1
Carotenoids ks 555,187 0.12 -0.20 -0.02 0.16 -0.05 0.44* 1
Proline s -0.26* 0.04 0.02 0.25 -0.03 -0.05 0.12 1
Oil content of seed $13 sy Ol e 0.05 0.32* 0.04 -0.03 -0.15 0.003 0.09 0.18 1
*and**: Significant at 5% and 1% probability levels, respectively o3 68 5 gy el s 53 s gme o 5 4t FF G

(¥ -AF) S s 205 5l 53 IS ol Sliv o Sten ol b Y s

Table 2. Correlation coefficients between plant characteristics of rapeseed in severe drought stress treatment (2012-14)

6l 3 Shas EEBSI= ST ST BIPHERIRE als i 05 a gy b 3,8 LS 5558 R wls by Ol e
Seed yield  No. of silique.plant?  No. of seed. silique? 1000 seed weight ~ Chlorophyll,  Chlorophyll, Carotenoids  Proline  Oil content of seed
Seed yield als 5 Slee 1
No. of silique.plant® Gy 33 oy Sl 0.06 1
No. of seed. silique? o > als sl 0.09 0.008 1
1000 seed weight $ls i3 03 0.33** 0.10 0.34** 1
Chlorophyll, a s ) 0.11 0.62** -0.17 -0.11 1
Chlorophyll, b s, -0.08 0.59** 0.23 0.17 0.35** 1
Carotenoids Ll 555,187 0.25* 0.43** 0.03 0.33** 0.44** 0.28* 1
Proline Han 0.27* -0.06 0.40** 0.66** -0.24 0.08 0.34** 1
Oil content of seed G13 ey Ol e 0.20 0.10 -0.03 0.24 0.17 -0.11 0.24 0.14 1
*and**: Significant at 5% and 1% probability levels, respectively o3 68 5 gy ezl s )3 s (me 5 4 FF T
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La 8 ois Haol 5 Slasles & (g5, (Ko i3
Vs ey 3 adils slu s O s L Cdls
03 g5 M b alie > (S 5 sla)ley
50 13555 (6 S Dl ey Hla 05 5 6 s
JQUQM}J&?J?):AS\JA\MJQ;Q)L,;@
P e > T el 23 815 (S i

S Jrlize S g e (sla o Silee amlie

Gl sl ST oS 5l Ol abd ghoes 5  Sis
Jadoes g Ldd 25 Ll 3 55 (FY/A) cpm )y 55 50
LT s (305,80 ¥ ) Sl il U 5L
(8 L 53 ey 53 s sl palST LV I
e S5 B OIS o s (AU o e 55 ()T


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

WO ol oF o5lad oaitams dler O1al ol pske ala

Al dile (3 J e lasles Sl (5 2 2 ae
2 ol da Lol s 55 (dges S Ve o) Sl
WL S (13 e (5 5 5 SIS e
i Y Al gl sy (ae OT (34 J glovs)
2l ST L LUyl s 6 5d el ST el ST

il o 3 Sas (gl

BIOptimum irrigation o sl LT

s e 6,8 JSi 5 La s s Ay b1yl
OLHLSer 5 dases sl Sl 5wl (Laasils
i 487 40sge5 158 (Mohammad et al., 2007)
slee plsd J2alS L adlS s oy i
o3l JialS |y la oy 5 55 &ils ged ¢ Syda g S
:Rjoi‘\%.a:;@ﬁ)?):ud‘:kb@l{

D lrrigation withhold at flowering stage »a€ 4o ;5 5,LT ks
Blrrigation withhold at silique stage s o) 5 o o 53 5LT obis Ascorbic acid:

351 e
N -e
30 1, -
- N N it Nei
1 %0 | N s-'l N\
- g \Illkj \l‘ltﬁ \'l"»: \'II
2% N N N N
» 520 N N N N
. 80 N N NER N
515 N N N NER
55 \|.I sg h'-' gi \ l.usﬁ \I.I ss
2 \ o N M L) \ "} ﬁ"! \ o' =
10 - \II.% \l.u‘-"‘ \.-"q \' 'g
k. £ e =
N N N N
\I.I t«; \.II %\* \ I.I?Q §I.I t«:
54 \I.l'\‘f-‘ \'l"\{\‘ \l'l?q \l‘l"\f
"Q:g N N .
o N NEE N

AsAl AsA2 AsA3 Sal Sa2

T

o

IR R R RN RN N RN NN
T

N

N

ot

EEEEEEEEESEEEEEE NN
S

AsAl: 100mg.I*
a-d a-e AsA2: 200mg.I*

i e 2T a-f of ASA3: 300mg. I
ﬁ:.:,{ ‘:.:..F o d-i Salicylic acid:

) N ot .
R §:_::;§ ‘\\.:_:% §:_: ;L 100umol
A \,l,_gg \,l.@ \.l, — Sa2: 200 pmol
AN \;‘.g ol Sa3: 300 pmol
?\\ \l.lr\v' \l.l',q_\g \l.lrw_
o \l:lfg §|:l'\'h5 \I:I"Q Methanol:
SN N N Mel: 10%
?\\ \I.IFQ, \Il.g \l‘l& el: 0
N ;‘.':'ﬁ Nl me2: 20%
AN N N R
2] ] \i.I'\é Pt .
SN Mk i Control:
5] \l |r\V‘ I ltﬁ \I |f§
v Mul] \.‘-'\ﬁ \-'l,'\-_ Distilled water
o \ o ’}4 \ lu" }4 \ el *\
E'\\ h ] :’%: \ M %:! \ el :’%
'f\\ \III'.V \l'lh\ﬂ \l‘l'ﬁ_
3 \ P "\3 \ '} \ﬁ \ ] '&
AN SN PaE:

Mel Me2 Me3 Control

(FQV-AY) IS s s 5 55 613 315 Ay oS o slpe (3L Jglows 5 (St 25 Blize J1 -V IS
Fig. 7. Interaction effect of drought stress x foliar application of growth regulators on No. of seed.

silique* of rapeseed (2012-14)

5 OLsbT s sl ¢S, ST dal (a0
U155 ;= (Dolatabadian et al., 2010) ol ,LSs
e 100) S, ST Al i J pdoee 457 sl
sols ralST Iy (Slas 25 s () 530 S
233 adla 05s SRl s A5 5 Al 5 e sl
u)_lbakﬂj_&JJM&u&J}ujﬂaa@lf&
Sadls Sl 055 Shedle denl ke 20550
Sl 8 05 p eSlandle ool dde 31.CS0s e
Maajjﬁb‘ydui‘&%x‘j@&ﬁ@‘fﬁ)s
eujj\jf.ﬂpd|aoﬁﬁo)jadjb); Lals 4
U5 e g S malS s Shadle dsl 28 &S Sl

Cal Gy Ol e 2S5 0T 30 4 by e St

Il o3l 31 aS” sls OLad uilisls 4 58 gl

Jmliie 30 s 5 (5 J e ( (St 25
sl e (S 25 5 G5 e x Il
Lo sla 5Kl auglin 35 I3 sme 613 158 O
ﬁ&;\;oww:w}lm,wgcus&m;w
L s (25) (a8 o o 55 LT dad jles
awlS Wl Hl5m 05 5 @Sy s T el Ol o 20l
‘wzﬁ,j_;»fﬁd,gcu,ugﬁm‘.u
055 phel B Esly &) S ol Clils 153
Wl g e 4515 055 il 1A JSKE) ws 5 als e
039y 3 se JLESH 5 i B a1
s (Scas s 51 ialS Lol es Laasls


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

",,_éunwmﬁﬂékdﬁwﬁé‘i’;ﬂjl "

Siso 3l s 5 S 459,18 (gl gimee ckils l5a 355 Wl 055 il Eely Wl o g0l S
g sy s a5, Shes U (gls ine 5 Cite 8 e 5o 1387 5515 (Abo-Hamed et al., 1990)
p O3 s 53 Sl sl b oy Soan it 3 Cte J ke 4 AU d e s (LT
Az (Y Jadar) 5 m i 55 e 555,08 5 4l 2> T o Sl 53 55 (0,5 FIYE) 6l 15 0
L oo 1505 (Stron (St s 25 5lad )3 &S Lo s ¥ Jgloe 3l e slag 55 aAE o e
l_fuaﬁijjg;:_wb\mfjl:@mdbzﬁw Ql)w)SJR‘ﬂA.(AJLZ)J_&aJAl_.h
go3m Sl I8 on 45 gt 3 Gy 555 31 Jgdous 45" azals bl 35 (Mirakhori et al., 2009)
I G 3l s ) gl Lo S5 oS L wls )15 035 Gl el (Ao YV e b 3L
me 1 > Sas (LIPSl 6 g 3 ey 5 Sl Cte Soer b a5 Ly b oo by
J‘M@c&-ﬁmﬁJW)é.xﬁ L s 53 4513 3lUa 5 45 g0 53 Cpr ) 45 Sl
2 b e 5 e s 5 Shes b 65 0> 5 4S5, S S ams Ol o b sa Gla b S
Gols mn (Saar 3 55D 52 sla L5 IS (g siome 5, Sas gl ol il 3l s s b s IS (ol gioma ol I

AV dgdar) L5 0 51, 5 5 €51 5 ey 5 S L 0J5 6 St dyds N5 Hladys ol Cote U

R Optimum irrigation o sl LT
B Irrigation withhold at flowering stage .8 4o+ 55 ¢ LT s Ascorbic acid:

Blrrigation withhold at silique stage s o) 5 o o 53 65l T ois AsAl: 100mg.I*
AsA2: 200mg.|!

- ad a-c ; aa @ AsA3: 300mg.I*
4 af. 7 & n:@: Salicylic acid:
—_ iy Nz o d-g B e d-h sal: 100 pmol
= N5 N N = ot f1
~ ¥ \u_ug I q L L i F Sa2: 200 umol
2 b NI N DR Sa3: 300 umol
o © i ¥l ) [l [ml] [}l .
b \I = w N \ N \ N Methanol:
5 = & \l.lsg ‘lllaq \l.l_sq \I.I;Q: 100
58 v N N N N Mel: 0%
S8 v N N N N Me2: 20%
2 © i \l‘l'\ﬂ ) i Pl Me3: 30%
T 5 ¥ \'-'% \I.lt\_‘: §|‘|§ \l'l&r: &% 9%
S &j §|:|'§ §|:l*¢g \l:lig \|:|f§l Control:
n tj \I-lg \l.l@ \I-I"‘v‘ \l.lf*} Distilled wat
[ ¥ \I i g \I 15 \| 5
# \ fu'}: \ i T} Pl
k«‘ \I-l k«‘ \l.l k; I-I'\V' \ l- ‘P\v‘
b \I‘Ih‘\: \I.lw \I-I"\V‘ £
:\v: | hl‘l:\J hllll'.\"d &l.li\‘ 5]

AsAl AsA2 AsA3 Sal Sa2 Sa3 Mel Me2 Me3 Control

(YRV-AY) IS 3 wls 158 055 by oS @it slge (B Jslons 5 (St 25 bline S1-A JSC
Fig. 8. Interaction effect of drought stress x foliar application of growth regulators on thousand

seeds weight of rapeseed (2012-14)

oS 515 0L 3T b 53 53 5 Jglome 5 55lT 2l I x (S s e Jlise

2 GLSs 3 0,8 LS FFAF) ails 5, S ST Ui el el 31 Ll 0o g5 5l e aSls 5 Shes
S ST el (84 Jglome b sllan LT s DA ¥l olite 51 mmen 5 (Bl o Si
asls s, Shee Jilao 5 (= )3 p, 8 a¥er) e x (St 25 5 (B Jslome xJlo (S

2 ST b 5l 3 55 LS s p 5 AST145A) o olize Sl by e ols sy s ins (3L


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

WA Sl o ojlad cpadonaa dler 011 (21,5 p ke dloma”

FEYGENRFYYE gUu WY PEIFS REDRC WP v YN
e A (@ ) wm S 15 b ey 5 e
Aol Ol e Rl 5 25 D RalS L S
S s 5, Shas 2alS™ 510155 o ¢Sy 5K
G b 3 Sy ST sl (3 sl 3 a5 Sl
S o e 51 (K55 gl T o S
slac Il 5 b o (kS slac b
3 b gn pIS 53 adls s Shee nl 3l Eol ¢ gu 5T
> .(El-Hamed et al., 2004; Irfan et al., 2006)
k> po 55 (o)Ll pdad 5 o pdle (o)Ll Lol 5
bl U oSl sl (B glomn ¢ 3y 55
e S0 GV Glac Bl L alie 55 S
s i Hlas ps Lalwe il sl s, Sles
e & oS 58Ty AAE d e 3 LT k)
Rl QS8 5 g e oSl il 5L
5153 015 KT 5, Shes (gl ! 5 ails 5, Shes
@l b o 0T S0 o oSl dal 5 e
JUist 5 Ay 35 ol S pladpm 5 SS5s0ssd
5 (Grown, 2012) o3 5 O s 4 C,;U'\ 03,9, 3l g0
Lals 0055l 50 1 eSladle dwl YU glaclale
G Jgilie slales s (Fariduddin et al., 2003)
ol pdad slass 5o do o ¥ e b 3 o
YL il 5, Slas 5l (a3 s 55 o o 5
Ol oD J5 5 sl smn 0351 s 350 S35
>, hes il dslae (ihd s ot gy
GOl S5 il 5l 5155 0 gdms als Sl 4l
Olals Culis s ols 2t oLS (glad ghu oleT
Lo PalS ST oS 4 dglan Lodd jleg
Sl s Snr | 5 (Zbiec et al., 2003)
sy OLis sllas (LT Ll o 55 andllas 5550 ALS
S U (6513 mime 5 Cote  Strad il 3 Shas oS
Slgmma oy 95 o Al Sl S g 5> e 5
et b0 ol 5 () sder) lsb g2 sla 35 47
Ll s ys ails 5, Shes il 5 Sliw opl Cuenl

oy (43L8) ke ST L (6T 5 o6
‘u‘“"“@ a0 > Lg)[ﬁTdaéjlm_J 5.4 JS:.) LT
sl J s bl 4 455 lojll 4 25 Sl
3gmn b (Bl Jsbs Slajlas alST (do o ¥ Jgilia b
2 (ae OT (34 Jslows) dals L s oS o a3
Ay (4 JSK8) i S 15 g,lT oy S S
Geb sl s Slee Ao s P Jgke St 1S
ORIl 53 ST s 55 )87 (gl e SRl 6
LR BN UGNV PYPUPN I PURGEE Sy e,
1> J5on a0 IS oL 25Ty T
Sasles 515 2 53 53 Sslite LT slajley
ls 3 Sles 2153 Sl Sl (&0 b
oA Gb ke (bl Csllae Lyl ys s s
Gl 58 039 545 9 55 ey Sl (g Ol
8 les 3 als JLas | 4l 5, Shes ol 50l
22 0T Sce 51 I (s 55 Al e 5 LT
23 o e e 555, (g meae 158
Celcasls Hl5a 859 9 cpm s )3 4l sldad (i 5
Slas 3 5 odd dals b awlis s 4ils 5 Shes il 58!
Sadts s Slas 3 g (A o o 3 (55 LT olad
(o el 55,8 J3s IS Ol I G b
0588 O 03 &l DlUn (g 53 Gy 55 Sl
Sl 03 413 5
A Ay g aleT Gy s 4 a5 L
O Sl 5ol oS (BT sl ge (Sl s
3 A Jeed S, g o e S
s S alST Ll odld g A g dle
3yt S (3 e 53 a0 53 (5T okad)
535 53 sate als 3, Ses by oS (b
93 0 ke o) Sy STl Bl 1
53 Syl s als 3 Shae il 31 Sl o 2
(93 08 o ¥ ) Sy ST ol 3 s
220 3 a3 LT kb jla o
ot gous s oy by oy e Ll L


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

",..6u=£5mﬁﬂé‘idﬁl"’ﬁv§‘i“"uxﬂ "

B Optimum irrigation o yks ¢,LT

Qlrrigation withhold at flowering stage a8 4> ST s
Irrigation withhold at silique stage s o s 55 4 o s LT o

5000 -
4500 -
4000 - b-
3500 -
3000 -
2500 -
2000 -
1500 -
1000 -

500 -

@

]
25

S8

NG
i

S

s

et
%
R

R

PR :J_i,\a.c
Grain yield (kg.ha-1)
SRR
SR

a2

s
G5

]
T

RN

o
S

50

/ .IIII{I{IIIIIIII /
et

SRR

RGNS

M
AR

2
il

G55

i
7z

-
£

e

RERTERER

&

RERZREIRX

EEEEEEENEN
Z Ze

o
R

L

&

e

Ascorbic acid:
AsAl: 100mg.I
AsA2: 200mg.I*
AsA3: 300mg.I*
Salicylic acid:
Sal: 100 pmol
0 4n Sa2: 200 umol
Sa3: 300 pmol
Methanol:
Mel: 10%
Me2: 20%
Me3: 30%
Control:
Distilled water

%

7
~

A

R
2

TR
7
R

T
7
Y

T

L8
L

TR
AEERET
S,

G
Pt
EhIP.

e
G
52

N N N i B N S

,
o
P2

r

T
7

Y

!
X
2

Mel Me2 Me3 Control

(YRV-AY) 1T s wls 5 Shas  ddy oS (a5 3l g0 (SL Jslous 5 (S A5 Jline 514 S

Fig. 9. Interaction effect of drought stress x foliar application of growth regulators on seeds yield of rapeseed (2012-14)

T STy B WU Ly U Solel ok
S (Ve JSK) 5 Ao 3 F/F 5 FV/AFED L
L 0o 5 A e s (St
kS s e3,5 3l o 3 adlb Es b tals
Sl gy Olgen 1y shie B o e o 0) 4 6T
ﬁdnufwa:éi.ﬁ-g};_?;b)y):.:)l:
S el odd i8S 1S s b gy Ol e

3, U sy (Sinen Al gr o pllae (51T
() o) 35 e osllan LT Ll 5 55 4l
#aau;\ds\gowqfqﬂ@u
B35 Olin r LaekiST o (B Jgloms 5 (S5
o3l 14 by o sla 5 Kle duslin 1395 l5 sme 4l
S sl ol aalasT Jlw g5 53 Sis a5

cu}_Ua.» LgJL_fTLgL_&)LQ.::)JM‘Ju_G}) Q‘J.._:A

45 - a
= 44 4
>3
" o 43 1
A% c
52 4
3 ©
PEa :
2 <
8 40 -
O 39 -
38 -
Optimum slles LT @Jlfbf);‘stﬁTdaj @’Q:?)}""‘l’fﬁéjk:ﬁdﬂg
irrigation Irrigation withhold at Irrigation withhold at
flowering stage silique stage

(N AY) IS &ls 8, Ol p (St 25 glajles -V S
Fig. 10. Effect of drought stress treatments on oil content of seed of rapeseed (2012-14)


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

IR0 b oF o5lads cpaitons Ao Kol o) el aoea”

50 1
45 4 a-c ab ab ab ab
40 -
35 A
30 A
25 A
20 A

Sl 5k, Ol

Qil content of seed (%)

15 1
10 A

AsAl AsA2 AsA3 Sal Sa2

Sa3

Ascorbic acid:
ab AsAl: 100mg.I*
AsA2: 200mg.I*
AsA3: 300mg.I*

Salicylic acid:
Sal: 100 umol
Sa2: 200 ymol
Sa3: 300 umol

Methanol:
Mel: 10%
Me2: 20%
Me3: 30%

Control:
Distilled water

Mel Me2 Me3 Control

(VFAV-AY) IS 613 55 Oljen 2 A aisS ol lge (3L Jghons o3l J1-VY JSC
Fig. 11. Effect of foliar application of growth regulators on oil content of seed of rapeseed (2012-14)

LS 5 Csllas ails 5 Shas & olaws Cg> oS
Sl sy bl adlE ds ey S 15 )
Q@M?A.b;ﬁ))é)l_f'r&;‘)}ébﬁ
°J-'S¢:—E45>‘j—‘gi'l-;djl>“6h)w4§>ﬁéb
53 bl cizs &l 3 Shes [2alS Ol Sl 55 U,
)u—hég};?)j—*‘\—bfjbé)[—:{Ty)l—“{;
S et ) S ST dl b (b gl
L anlie 55 5 3L 3 gy (394> G 4ils 3 Shee (23
ok Bl 3 s S (Al Glaoles L
A1 5,801 Sl sl 5 (3 530 5
ol s el o dmdls wls s Shas (e
P 5 A ol 00 (Sia i Sl
03 ged b S alls ey, Ol ialS Esl
\—’Q‘}—.’.@J—"j‘u—i‘)bu‘:“—;)}ﬁ‘;)}—‘p
4_M>)|J_.L)o.¢\_.5r“_k.§>\j_nu_&\id‘}laﬂ
Ol 28l 51 (I g 5 ,SGn e o) Sl !

.;Fdﬁfjl?blfdh&'cj)

References

(Gltdles ;5 5 (IS o o 55 (St s
s S gl Syl p oy S5 5 0T e g Sl Clay
a5 Ylaa| 5 laasls 4y 0355, 50 JUt 53 S|
Al e ) M s skl St oLS 5
4 Jslee aLdgl=s 1 .(Bouchereau et al., 1996)
Glaie OT) Aals U ol e ez Aoy Ve Oljas
aS o s sl |y asls sy Ol o S
S ST Al 5 Sl sl (sl bale oS
ol 05,8 &Sy abls eay Ol p 50 i
s gy Ol s ST > Lol b S 1,5
¥ oSl d il Hlas 4 (Ao )5 FY/9)
oYY ) ol ol el J s S
5 ze 45 Azils Hlebl (Ullah et al., 2012) ol Sen
Lo lie o St 25 Ll s oSl dl
IS ails 5 Oljen Sl 31 o 5n OT 52,15 puds
Ny
S 5 domii
.x_w,u_pj_la;a\_i‘u:.iuﬂ;\yt,@uwuﬂ

odlawl 390 @b

Abdel-Latif, A., U. Schmieden, S. Barakat and A. Wild. 1996. Physiological and biochemical responses of


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

"l BT o3 sl 5 (S 25 S
sunflower plant to enhanced CO; level. Plant Physiol. Biochem., Special Issue. 133: 81-88.

Abo_Hamed, S., M. Younis, O. EShahaby and S. Haroun. 1990. Plant growth, metabolism and adaptation in
relation to stress conditions. 1X. Endogenous levels of hormones, minerals and organic solutes in Pisum
sativum plants as affected by salinity. Phyto Annales Rei Botanicae. 30: 187-193.

Albrecht, S. L., C. L. Douglas, E. L. Klepper, P. E. Rasmussen, R. W. Rickman, R. W. Smiley, D. W. Wysocki
and D. E. Wilkins. 1995. Effects of foliar methanol application on crop yield. Crop Sci. 35: 1642— 1646.

Amin, A., ESM., Rashad and F. Gharib, 2008. Changes in morphological, physiological and reproductive
characters of wheat plants as affected by foliar application with salicylic acid and ascorbic acid. Australian
Journal of Basic and Applied Sciences, 2: 252-261.

Arnon, A. N. 1967. Method of extraction of chlorophyll in the plants. Agron. J. 23: 112-121.

Ashraf, M. 2009. Biotechnological approach of improving plant salt tolerance using antioxidants as markers.
Biotechnol. Adv. 27: 84-93.

Athar, H. R., A. Khan and M. Ashraf. 2008. Exogenously applied ascorbic acid alleviates salt induced
oxidative stress in wheat. Environ. Exp. Bot. 63: 224-231.

Bakry, B. A., T. A. Elewa, M. F. El-Kramany and A. M. Wali. 2013. Effect of humic and ascorbic acids
foliar application on yield and yield components of two wheat cultivars grown under newly reclaimed sandy
soil. International Journal of Agronomy and Plant Production.4: 1125-1133.

Bates, L. S., R. P. Waldren and I. D. Teare. 1973. Rapid determination of free proline for water stress studies.
Plant Soil. 39: 205-208.

Bhattacharya, S., N. C. Bhattacharya and B. B. Bhatnagar. 1985. Effect of ethanol, methanol and acetone on
rooting etiolated cuttings of Vigna radiata in presence of sucrose and auxin. Ann. Bot. 55: 143-145.

Bolkhina, O., E. Virolainen and K. Fagerstedt. 2003. Antioxidant, oxidative damage and oxygen deprivations
stress. A Rev. Ann. Bot. 91: 179-194.

Bouchereau, A., N. Clossais-Besnard, A. Bensaoud, L. Leport and M. Renard. 1996. Water stress effects on
rapeseed quality. Eur. J. Agron. 5: 19-30.

Chandra, A. and R. K. Bhatt. 1998. Biochemical and physiological response to salicylic acid in relation to the
systemic acquired resistance. Photosynthetica, 35: 255-258.

Ebrahimian, E., A. Bybordi. 2012. Influence of ascorbic acid foliar application on chlorophyll, flavonoids,
anthocyanin and soluble sugar contents of sunflower under conditions of water deficit stress. Journal of Food,
Agriculture and Environment. 10: 1026-1030.

Grown, B. A. O. S. P. 2012. Physiological role of salicylic acid in improving performance, yield and some biochemical
aspects of sunflower plant grown under newly reclaimed sandy soil. Aust. J. Basic Appl. Sci. 6: 82-89.

Devlin, R. M., P. C. Bhowmik and S. J. Karczmarczyk. 1994. Influence of methanol on plant growth. Plant
Growth Reg. Soc. Am. Quart. 22: 102-108.


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

WA Sl o ojlad cpadonaa dler 011 (21,5 p ke dloma”

Dolatabadian, A., S. A. M. Modarresi Sanavy and K. S. Asilan. 2010. Effect of ascorbic acid foliar
application on yield, yield component and several morphological traits of grain corn under water deficit
stress conditions. Notulae Scientia Biologicae. 2: 45-50.

Dolatabadian, A., S, Sanavy and N. Chashmi. 2008. The effects of foliar application of ascorbic acid (vitamin
C) on antioxidant enzymes activities, lipid peroxidation and proline accumulation of canola
(Brassica napus L.) under conditions of salt stress. Journal of Agronomy and Crop Science. 194: 206-213.

El-Hamed, A. M., S.H. Sarhan and H. Z. Abd El-Salam. 2004. Evaluation of some organic acids as foliar
application on growth, yield and some nutrient contents of wheat. J. Agric. Sci. Mansoura Univ. 29: 2475-2481.

El-Tayeb, MA. 2005. Response of barley gains to the interactive effect of salinity and salicylic acid. Plant
Growth Regulation, 45: 215-225.

Fariduddin, Q., S. Hayat and A. Ahmad. 2003. Salicylic acid influences net photosynthetic rate, carboxylation
efficiency, nitrate reductase activity and seed yield in Brassica juncea. Photosynthetica. 41: 281-284.

Fisher, B. U., J. Nosberger and M. Frehner. 1996. Effect of an elevated partial pressure of CO, on source —
sink relations during regrowth of Lollium perenne L. Plant Physiol. Biochem., Special Issue. 20: 945-952.
Gill, P. K., A. D. Sharma, P. Singh and S. S. Bhullar. 2003. Changes in germination, growth and soluble sugar
contents of Sorghum bicolor L. Moench seeds under various abiotic stresses. Plant Growth Regul. 40: 157-162.
Hamada, A. 2000. Amelioration of drought stress by ascorbic acid, thiamin or aspirin in wheat plants. Indian J.

Plant Physic. 5: 358-364.

Harper, J. R., and N. E. Balke. 1981. Characterization of the inhibition of K* absorption in oat roots by
salicylic acid. Plant Physiol. 68: 1349-1353.

Idrees, M., M. M. A. Khan, M. Naeem, T. Aftab, N. Hashmi and M. Alam. 2011. Modulation of defence responses
by improving photosynthetic activity, antioxidative metabolism and vincristine and vinblastine accumulation in
Catharanthus roseus (L.) G. Don through salicylic acid under water stress. Russ. Agric. Sci. 37: 474-482.

Irfan, A., S. M. A. Basra, F. Mahammed and A. Nawaz. 2006. Alleviation of salinity stress in spring wheat by
hormonal priming with ABA, Salisylic acid and ascorbic acid. Int. J. Agric. Biol. 8: 23-28.

Kalantar Ahmadi, S. A. and G. Fathi. 2009. The effect of seed sowing rate, different levels of nitrogen and
different sowing dates on canola grain yiled, cv. Hyola401 in north Khouzestan conditions. Iran. J. Field
Crop Sci. 40: 191-204. (In Persian with English abstract).

Kalantar Ahmadi, S. A., A. H. Shiranirad and S. A. Sidat. 2013. Study of limited irrigation stress on grain
yield of canola cultivars in north Khouzestan conditions. J. Oil Plant Prod. 1: 53-65.

Kalantar Ahmadi, S. A., A. Ebadi, S. A. Siadat and H. Tavakoli Hasanklou. 2014 a. Effects of heat stress
due to changing of sowing date on grain yield of rapeseed cultivars in north Khouzestan conditions. Iran. J.
Crop Sci. 16: 1-15. (In Persian with English abstract).

Kalantar Ahmadi, S. A., A. Ebadi, S. Jahanbakhsh, J. Daneshian and S. A. Siadat. 2014 b. Effects of water


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

"l BT o3 sl 5 (S 25 S
stress and nitrogen on changes of some amino acids and pigments in canola. Bulletin of Environment,
pharmacology and Life Sciences. 4: 114-122.

Khalid Hussein, Z. and M. Qader Khursheed. 2014. Effect of foliar application of ascorbic acid on growth,
yield components and some chemical constituents of wheat under water stress conditions. Jordan Journal of
Agricultural Sciences. 10: 1-15.

Khedr, A. H. A., M. A. Abbas, A. A. A. Wahid, W. P. Quick, and G. M. Abogadallah. 2003. Proline
induces the expression of salt-stress-responsive proteins and may improve the adaptation of Pancratium
maritimum L. to salt-stress. J. Exp. Bot. 54: 2553-2562.

Kolupaev, Y., T. Yastreb, Y. V. Karpets and N. Miroshnichenko. 2011. Influence of salicylic and succinic
acid on antioxidant enzymes activity, heat resistance and productivity of Panicum miliaceum L. Journal of
Stress Physiology and Biochemistry. 7: 154-163.

Larque-Saavedra, A. 1979. Stomatal closure in response to acetylsalicylic acid treatment. Zeitschrift flr
Pflanzenphysiologie, 93: 371-375.

Li, Y., G. Gupta, J. Joshi and A. Siyumbano. 1995. Effect of methanol on soybean photosynthesis and
chlorophyll. J. Plant Nutr. 18: 1875-1880.

Maghsoudi, K. and M. Arvin. 2010. Salicylic acid and osmotic stress effects on seed germination and seedling
growth of wheat (Triticum aestivum L.) cultivars. J. Plant Ecophysiol. 2: 7-11.

Makhdum, M. I., M. N. A. Malik, S. U. Din, F. Ahmad and F. I. Chaudhry. 2002. Physiological response of
cotton to methanol foliar application. J. Res. Sci. 13: 37-43.

Maslenkova, L. T. and S. R. Toncheva. 1998. Salicylic acid-induced changes in Photosystem Il reactions in
barley plants. Biotechnol Biotechnol Equip. 51: 101-104.

Mendham, N. J. and P. A. Salisbury. 1995. Physiology. Crop Development. Growth and Yield in: Kimber. D.
and D. I. M.c Greagor (Eds.). CAB international.

Mirakhori, M., F. Paknejad, F. Moradi, M. Ardakani, H. Zahedi and P. Nazeri. 2009. Effect of drought
stress and methanol on yield and yield components of soybean Max (L17). American Journal of
Biochemistry and Biotechnology. 5: 162-1609.

Mitchell, A. R., F. J. Crowe and M. D. Butler. 1994. Plant performance and water use of peppermint treated
with methanol and glycine. J. Plant Nutr. 17: 1955-1962.

Mohammad, T., A. Ali, M. A. Nadeem, A. Tanveer and Q. M. Sabir. 2007. Performance of canola (Brassica
napus) and Indian mustard (B. juncea) to soil water deficits: yield and yield components. Field Crops Res.
42:1-13.

Murakedzy, E. P., Z. Nagy, C. Duhazé, A. Bouchereau and Z. Tuba. 2003. Seasonal changes in the levels of
compatible osmolytes in three halophytic species of inland saline vegetation in Hungary. J. Plant Physiol.

160: 395-401.


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

WA Sl o ojlad cpadonaa dler 011 (21,5 p ke dloma”

Nadeali, E., F. Paknejad, F. Moradi, M. Naseri and A. Pazuki. 2011. Effects of methanol application on
sugar beet relative water content, chlorophyll content and chlorophyll fluorescence parameters under drought
stress conditions. Iran. J. Filed Crop Sci. 41: 731-740. (In Persian with English abstract).

Nadeali, E., F. Paknejad, F. Moradi and S. Vazan. 2010. Effect of methanol on yield and some quality
characteristics of sugar beet (Beta vulgaris L. cv. Rasoul) in drought and non-drought stress conditions. Seed
Plant Prod. J. 2: 95-108. (In Persian with English abstract).

Nonomura A. M. and A. A. Benson. 1992. The path of carbon in photosynthesis: Methanol and light.
Photosyn. Res. 3: 911-914.

Paknejad, F., M. Mirakhori, M. J. Al-Ahmadi, M. R. Tookalo, A. R. Pazuki and P. Nazeri. 20009.
Physiological response of soybean (Glycine max) to foliar application of methanol under different soil
moistures. American Journal of Agricultural and Biological Sciences.4: 311-318.

Rajala, A., j. Kérkkainen, J. Peltonen and P. Peltonen-Sainio. 1998. Foliar applications of alcohols failed to
enhance growth and yield of Cscrops. Ind. Crop Prod. 7: 129-137.

Ramadan, T. and Y. A. M. M. Omran. 2015. The effect of foliar application of methanol on productivity and
fruit quality of grapevine cv. Flame Seedless. VITIS-J. Grapevine Res. 44(1): 11.

Rowe, R. N., D. J. Farr and B. A. J. Richards. 1994. Effects of foliar and root applications of methanol or
ethanol on the growth of tomato plants (Lycopersicon esculentum Mill). Crop Hort. Sci. 22: 335-337.

Sakr, M. T. and A. A. Arafa. 2009. Effect of some antioxidants on canola plants grown under soil salt stress
condition. Pak. J. Biol Sci. 12: 582-588.

Sawhney, V. and D. Singh. 2002. Effect of chemical desiccation at the post-anthesis stage on some
physiological and biochemical changes in the flag leaf of contrasting wheat genotypes. Field Crops Res. 77:
1-6.

Shafiq, S., N.A., Akram, M., Ashraf and A., Arshad, 2014. Synergistic effects of drought and ascorbic acid on
growth, mineral nutrients and oxidative defense system in canola (Brassica napus L.) plants. Acta
Physiologiae Plantarum. 36: 1-15.

Shi, Q., Z. Bao, Z. Zhu, Q. Ying and Q. Qian. 2006. Effects of different treatments of salicylic acid on heat
tolerance, chlorophyll fluorescence and antioxidant enzyme activity in seedlings of Cucumis sativa L. Plant
Growth Reg. 39: 137-141.

Strain, D., and J. Fletcher. 2003. Plant ascorbic acid chemistry, function, metabolism, bioavailability and
effects of processing. J. Sci. Food Agric. 80: 825-850.

Sylvester-Bradley, R. and R. J. Makepeace. 1984. A code for stages of development in oilseed rape (Brassica
napus L.). Aspects Appl. Biol. 6: 399-419.

Szabados, L. and A. Savoure. 2010. Proline: a multifunctional amino acid. Trends Plant Sci. 15: 89-97.

Taji, T., M. Seki, M. Satou, T. Sakurai, M. Kobayashi, K, Ishiyama and K. Shinozaki. 2004. Comparative


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

"l BT o3 sl 5 (S 25 S
genomics in salt tolerance between Arabidopsis and Arabidopsis-related halophyte salt cress using
Arabidopsis microarray. Plant Physiol. 135: 1697-1709.

Ullah, F., A. Bano and A. Nosheen. 2012. Effects of plant growth regulators on growth and oil quality of
canola (Brassica napus L.) under drought stress. J. Bot. 44: 1873-1880.

Wang, L. J., L. Fan, W. Loescher, W. Duan, L. Guo-Jie, C. Jian-Shan, L. Hai and S. Li. 2010. Salicylic
acid alleviates decreases in photosynthesis under heat stress and accelerates recovery in grapevine leaves.
BMC Plant Biol. 10: 34-41.

Zbiec, 1., S. Karczmarczyk, C. Podsiadto. 2003. Response of some cultivated plants to methanol as compared

to supplemental irrigation. Electronic Journal of Polish Agricultural Universities. 6: 1-5.


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.3.2.5
https://agrobreedjournal.ir/article-1-698-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-12-15]

[ DOR: 20.1001.1.15625540.1395.18.3.2.5 ]

WA Sl o ojlad cpadonaa dler 011 (21,5 p ke dloma”

Effect of drought stress and foliar application of growth regulators on
photosynthetic pigments and seed yield of rapeseed (Brassica napus L. cv. Hyola 401)
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ABSTRACT
Kalantar Ahmadil, S.A., A. Ebadi, J. Daneshian, S.A. Siadat and S. Jahanbakhsh. 2017. Effect of drought stress and foliar

application of growth regulators on photosynthetic pigments and seed yield of rapeseed (Brassica napus L. cv. Hyola 401).

Iranian Journal of Crop Sciences. 18(3): 196-217. (In Persian).

Changes in environmental conditions have led to various types of stresses that affect plants growth,
development, and also its survival. Since the growth regulators improve plant tolerance to unfavorable
environmental conditions, therefore, y the effect of drought stress and foliar application of some growth
regulatorson rapeseed cv. Hyola 401 was studied. A field experiment was carried out as split plot arrangements
using randomized complete block design with three replications at Safiabad Agricultural Research Center,
Dezful, Iran during 2012-2014. The main plots were assigned to three irrigation levels; irrigation after 70mm
evaporation from evaporation pan as control treatment (Optimum irrigation), withholding irrigation at flowering
and silique stages, and sub plots included 10 levels of foliar application (100, 200, 300 mg.l"* ascorbic acid, 100,
200, 300 umol; salisylic acid; 10, 20, 30 vol% methanol and distilled water as control treatment). Results showed
that withholding irrigation at flowering and silique stages led to reduction in grain yield by 38% and 15%,
respectively. The interaction of withholding irrigation x foliar application showed that the highest (4493 kg.ha?)
seed yield under optimum irrigation conditions belonged to foliar application of ascorbic acid (300 mg.I"*) and
the lowest (1968 kg.ha) to withholding irrigation at flowering stage and foliar application of distilled water
(control). Foliar application of ascorbic acid (300 mg.l) led to enhancement of seed yield under optimum
irrigation conditions and withholding irrigation during the silique stage. By increasing drought stress severity
chlorophylla decreased while chlorophyllb was enhanced. Effect of methanol (30%) on proline accumulation
was more than ascorbic acid and salicylic acid under mild and severe drought stress conditions. It was concluded
that application of growth regulators increased seed yield due to increase in proline and phytosynthetic pigments
accumulation and their effect on seed yield components. Application of ascorbic acid (300 mg.I"Y) under
optimum irrigation and mild stress and methanol (30%) at severe stress conditions improved seed yield of
rapeseed cv. Hayola 304.
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