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Extended abstract

Introduction

Drought stress is the most challenging issue indagrieulture andhas a negative effect on plant growth,
development, and productivity. Oilseed rape, like mamy\cropsjis affected by drought. Oilseed rape is one
of the most important oilseeds cultivated in most regions of the world. Given its suitable agronomic
characteristics, high qualityandiguantity of oil, its usejin various fields, and ultimately its higher oil yield
per unit area compared to other cultivated oilseeds, it/is considered a promising point for supplying the
country's edible oiLneeds. Amino-aecids,are one'of theimost important primary metabolites in plant cells
that perform structural, metabolic and transport functions in plants, and many physicochemical
characteristics of plant eells, tissues and organs are affected by the presence of amino acids. Considering
the importance ofgeilseed rape cultivation in Iran in oil production and the problems of water scarcity at
the end @f the growing ‘seasen of this plant, this research was conduct to study the response of
physiologieaband biochemical characteristics of Nima oilseed rape cultivar to foliar application of amino
acids under droeught sths conditions.

Materials and'methods

This experimefit was carried out as a factorial design based on randomized complete blocks in the
research farm of the Faculty of Agriculture of Tarbiat Modares University, during the 1401-02 growing
season. The experimental treatments include irrigation regimes at three levels (full irrigation,
withholding irrigation from 50% flowering stage, withholding irrigation from pod forming) and foliar
spraying at five levels (no foliar spraying, zero foliar spraying (distilled water), one, two and three grams
of Proamin amino acids per liter) in stem elongation, inflorescence emergence and flowering stages. leaf
area index (by DELTA-T DEVICES made in England) and greenness index (by SPAD) were measured
one week after the last foliar spraying. Total chlorophyll, anthocyanin, flavonoid, proline, and phenol
were measured based on fresh plant samples in laboratory according to the protocol. At maturity,
biological and grain yield, oil content and oil yield were measured. Statistical calculations of analysis of
variance and mean comparisons were performed using SAS 9.4 software.

Results and discussion
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The results showed that the interaction of drought stress and foliar spraying significantly affected the
percentage and yield of oil, total chlorophyll, anthocyanin, flavonoid, proline, total phenol, leaf area
index, SPAD and biological performance. Drought stress caused a significant decrease in traits such as
leaf area index, yield and oil percentage, biological yield and total chlorophyll content. However, foliar
spraying of amino acids at different levels reduced the negative effect of drought stress on the
investigated traits. The results showed that the interaction of drought stress and foliar spraying
significantly affected leaf area index, SPAD, biological yield, oil percentage and yield, total chlorophyll,
anthocyanin, flavonoid, proline and total phenol. The highest leaf area index (3.52), biological yield
(25955 kg ha), grain yield (4514 kg ha) and oil content (43.3%) were achieved by full irrigation
conditions and foliar spraying of two grams of amino acids per liter. Also, the highest amount of
anthocyanin (0.093 umol.g*1FW), flavonoid (1.64 pmol.g'FW) and proline (238.2 umol.g*FW) were
obtained by foliar spraying two grams of amino acids per liter under withholding‘rrigation from the
flowering stage. Also, applying two grams of amino acid per liter produced the highest Q’eld of oil (1924.6
kg ha) and grain (4514 kg ha).

Conclusion \

According to the results of this research, the positive effect of foliar|spraying of amino acids on
biochemical traits and oil yield was obtained by foliar spraying ofitwo grams of amino acids per liter in
all three irrigation regimes (full irrigation, withholding irrigation ftom 5;%% flowering stage, withholding
irrigation from pod forming). Therefore, foliar spraying of two grams of amino acid per liter is
recommended to increase oil and grain yield in oilseed rap‘eultivation.

N\
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Table 5. Analysis of variance yeild traits of oil rapeseed affected by withholding irrigation and foliar spraying

4y MS Ola po ulse

@B ey aSdes gy e Safglem o Shes ails o Shos
S.0.V Ol gl g f Oil yield Oil contect  Biological Yield Grain yield
Block Sob 2  25256.5" 6.45™ 10620579.8" 78696™
Irrigation (1) ] 2 62777229.7" 185.8™ 312562702.4™ 32560610.5™
Foliar Spraying (F) 5y wobJsixe 4  265404.8™ 36.7" 45852729.1" 1140041.5™
IxF S0 9 8  26693.9™ 12.08™ 875903.9™ 81381.2"
Error Uas 28 5365.9 3.6 254559 26640
CV () Ol e po - 8.49 5.16 10.27 7.35

S0 Sl a3 Jls e S ) Jlotiol pelans 3 jlo cne BT Y ine M3 pue NS
ns: no significant, *: significant at 1% probability, **: significant at 5%. N

- ) 4 . N\
Skl sy 9 5 (bl Hlow U Co 1S 5 Sloeilio (JiSodl BEST Lo dmslio # Jgur
Table 6. Mean comparison of yeild traits of oil rapeseed affected by, withholding irrigation regimes and
foliar spraying

Treatments b Lo
kel &2 el 09 0 Sdos RETIEIT K259l gm o o
Irrigation Foliar Spraying Oil yield &  Oil contect Biological Yield
kg hat > % kg ha'*
F1 1436° 5 38.9° 17900°¢
F2 1358° 39.40° 18411°¢
11 F3 1439.92 41.3% 17800°
Fa 1924.6% 42.632 259552
F5 17912 43.32 22056°
LSD 17109 3.13 3659.4
F1 509.3¢ 34.9% 150222
F2 533.5°¢ 32.2° 12017°
12 F3 610.6% 34.73% 154222
Fa 893.92 382 164452
N Fs 675.6 36.5% 14934
LSD \ 112.18 3.82 19124
F1 173.6¢ 29.7° 8167¢
F2 254.9¢ 33.450% 10750°
|3\ F3 430.7° 39.462 10700°¢
F4 52412 36.4% 145002
F5 377.9° 34,2 12833P
LSD 75.57 4.5 13375

: FZ‘L;,;L,‘_bLm 09 F1 ‘&S_:nan So )0 O )| LS)L.‘.'.'T éJaB A3 ‘st‘bﬁ}'ﬁ'?)? 50 O )l Lg)L..nT é_laﬁ 12 sJ.clS LS)L.‘.'.‘] A1
F5 ool 1 5o aelogul a5 90 b (ol Jebe FA (O 1l o anelognl o8 S5 b 28l Joboee F3 ¢ laie 0T L o3k Joloxs
bl g (B3 el s sime YIS pae 5l L g 40 S i By, ol i jo dielonl )5 aw b b Jelore

ol 00 fl;o‘ t_g)L:.;l ‘SLQF"")) Cs]aﬂa
11: full irrigation, 12: withholding irrigation from 50% flowering stage, 13: withholding irrigation from pod
forming, F1: no foliar spraying, F2: zero foliar spraying (distilled water), F3: one grams of amino acids per
liter, F4: two grams of amino acids per liter, F5: three grams of amino acids per liter. Means followed by the

same letter within a column are not significantly different. sliced has been done based on the levels of
irrigation regimes.



= psle ) e slo i

Wlgs o L2 Judo ar ails (424, ol o9 o5 @1, 2021
Al dils 39 (el g ails ol 1 0y90 o oligS I Lab
5 &,bL Lmagh o (Rouphael and Colla, 2018)
oaelS as sls olas s (Nazeri et al., 2019) Ko
G5 S0 8, i sl bl aies S Gagr (o e )
Sllllae ;o 3980 (585, o)d a5 o (S
Mirzapour, and Nour) ;o J8 o 3 gl
s aial sloal b 5L Jsl=e «@holipour, 2022
G5 (nl @l b aS wB IS 29, (e 2oy V) (2l
JEsl 5 6,05 56 g b 5l anal Glaaeul o)ls ciyllas
Splie slan T3 53 H2als (255 riras 5 Do
ko Saled s g ails 4 el aamg 57 JUESH A58 g
Wgd o dld )3 (189 Glime SRl o (589, 4 Slge )
6)15,31" e @y can QJI (Aminifard et al., 2020)

Ko 0 pNbas

5 el slops, GSern $MELE 5 Gl @ls
S oy S b ;0 Siglem 3 Shee (ALl
5 285 Sl skl ohd zshB SO U5
@ Cod S5else 0,ShaB s e 1o s00 e )55
el slasenl (lpfslong Jgpas oaaliay L5 (o)L
e Mg Sre (Sis AR OIS rals o
245k VORI LR 5 Susslss o Shes
5 58k VRS Ogs (o> y55 5l (s )lnl b (LS
SIS ATE ) (205 Skl gk 5 (LS
del Cavs W T e anslasl 05 g0 3L Jsle
@l ol BASL 5 obsS o (SiS 5 (P J5o2)
5 oad IS [05as oole Lials 5 S, ab, Luals
P Sp gl el (Sad 5 S o P oaie
Seiglsm o ,See alS crge Caled)d o)l (nl 45 Cul
obJsle Jlcpll (Aboodeh et al., 2020) wgi oo
wxge S 5 llph 5o IS 69, anel slaves!
ol Coledys 5 IS oS plee plal Sis (59 g
Radkowski — and) ogs e Sojgdew  0,Skes
a0 olS ul, wlie wljdl (Radkowska, 2018

Slails S, il 4 g o 1y el slaoi! 5l oolasul

(davami etal., 2021) ;oo 5 olgo o, Gubo
38kas alS g moinz s aleye | g )lal ki
2 i A5 S algiee gl Sde g 09h o0 IS 8,
loails & (g5mgid slge JUESl 5 oS 559,k ,o SRals
Oy 3 ,8kes (alS Sgai (At @i hagh o il
Sy Db (25 Al 5l gilal gl Lyl o
Zali et) o,ls 2oy 55 al>ye 5l (g Lol adad b s
s S aelagwl 0 )18 i o @l 2020
LS o 6,56LS) FFVA - A9 511 ails o Slee 150
QLS 4o a,56lS) VAYE B VATl 1) i85, o ,Shas 4
ol (Safdari-Monfarethet aL 2020) ol yzal38l
ol ols JUiihs S8z 585 i Cle 4y asl
czge (5 Selaidin 8 Coles)s g (sialy 0,
Rahimet al., ) sdgts o (89, o, Slkee g ol5me (!53]
L cuin M}W (2019; Gawronska, 2008

S o L}""““ ’m 9 Ml Cawd L (I’— /‘W‘ )
N\ U J>) ol camlice (F=—+ JAF*) g L i

L9 o y0
GiiSe 5l (589, weps ls las Sl aslie gl
S Jlozol gl 53 (Bl Jsle 5 6okl glad slaes,
Ol 5aSlo dnglie gy 2 (0 J5oz) 2y 58l 0o o
P55 aw 0p)l5 L JalS (5Ll 5o 8, doyd o e Bl
b 9o b aS ouls fols (a0 YY) id jo anelagl
Clla gylogme Dgle arelal AL Jsre S0
S5 b (B0 55 Al ye 5l glal @b )0 (P 3oz
Shsokal ahad )0 g (wo)s YA) ol )3 anelogul ¢ 5 93
Ao el 05 S (Lab sl b (om0 S al> e
i 5 S Al ol g, duo 0 o YL (0o 0 YA/TS)
3O pmizmed aidly S| sald L as s YY/A 5 AJA
aipaligasl 0,5 5ho 5 ali sl legs )kl sl (oles
2 Jgoz) Wiog Lls 1) (089, 0050 i yieS (laie )
5 285 moails ol o )lnl gl e
ol &ld (129, (lies o Sire AR 4 y2mie (B 9>
Oy oy elS las=e (lotfifar et al., 2017) el
3 039 @z IRl (AU ) (Sas s llys s
Soledys g Oliaens S gead hals g sae Jlaul Sl
Burbulis et) asls e ails yeg, 4 (uiis p Camd (i3]



3 p,56kS FOVE) wlo o Slee (5 jin JolS Lg)li.ﬂ
Jol> O ] o analanl o5 g0 b sl b (LS
(LSe [0 p,55LS YFQ) wls o, Slee l5me (9 S 50l
S g ool Hled b aS ael caws 4y Jaie OT 3L Jgloe b
zhw 90,0 0 caly gl sae NS aislagwl 5
e 52 YL (00 93 5 (23S al> e 5l (g )lol alad
IRVY IRCHPRIPVRSCIN ISP EUUY KVO [P SO DR 5 JG NIV
£ a5 S leyless 25 sk 9o nl o Jcall
L) o) axalas g ls sme IS yid )0 analol
S e yo (Sas a5 A IS og el 4 425
calie Db bbb @mls ol o0z 5

(Rostami Hir et al., 2021) sl calas

LSD=260.9,

(LS 50 p 5 ols) wils o ,Slos
Grain yield (kg ha't)
w
S
o

11

-

LSD=271.5

EL-Aal,) ols Cos Sase gdane dlge 0iz 5 (6 ymwgid
Ol Jlis 4 5 Sy mhans et L5 4 4> L (2018
Slao cpl e Slee addgi g oy Gl o Jde)lS oliee
g wdls Sojglsm o Sles b (Vb 5 Cote (e
== 137%%) 9y 08los b (Shrod (2l (eizeen

(A Jguz) o Jol>

mFL mF2 mF3 o F4 mF>5

LSD=210.7

12
Irrigation regime

o 30 dcpoldsl 0,5 90 b (il Jalomo FA (ol yid 50 ool 0,8 S5 b (ol Joloro :F3 yhako
§ ol 10 Sxe BB pas I LS gy 50 S yile By ol i 50 dicsel sl 0,5 dw b

ol ooy plonil 6 lal slaws 3y Zolaw

ean comparison of grain yeild of oil rapeseed affected by withholding irrigation regimes and foliar
I1: full irrigation, I12: withholding irrigation from 50% flowering stage, I13: withholding irrigation
forming, F1: no foliar spraying, F2: zero foliar spraying (distilled water), F3: one grams of amino

acids per liter, F4: two grams of amino acids per liter, F5: three grams of amino acids per liter. Means
followed by the same letter within a column are not significantly different. sliced has been done based on the

levels of irrigation regimes.
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Table 7. Analysis of variance biochemical traits of oil rapeseed affected by withholding irrigation and foliar spraying

. MSOlas yo (555 leo

$olil 4z - . N
S.0vV Ol ot @b Anthocyanin Flavonoid Proline Total phenol
Block Seb 2 0.0m™ 0.002 191.7™ 0.001"
Irrigation (1) &kl 2 0.0007™ 0.22™ 1042966 0.4™
Foliar Spraying (F) 5» obJslxo 4 0.002™ 0.05™ 23011% 0.2™
IxF S0 5 8 0.0001™ 0,009" 414.8™ 0.03™
Error Uas 28 0.00 0.004 V' 108 0.006
CV (1) I JUVE " IR - 6.83 4.44 7.11 531

70 Jlail el 3o s sine S 1) Ukl At Ga s ixe LS| s ixe S| pac NS
ns: no significant, *: significant at 1% probability, **: significant at 5%.
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Table 8. Mean comparison of biochemical traits of oil rapeseed affected by withholding regimes irrigation and foliar

spraying
Treatments Lo
k! & 2 sl il g Sigigd oo J5 ke
Irrigation Foliar Spraying Anthocyanin Flavonoid Proline Total phenol
umol.gtFW
F1 0.034e 1.16¢ 44.66bc 1.2c
F2 0.044d 1.19bc 39.6¢ 1.24bc
11 F3 0.062c 1.34a 55.9a-c 1.30bc
F4 0.071b 1.26b 61ab 1.41a
F5 0.079a 1.38a 70.6a 1.34ab
LSD 0.005 0.07 19.39 0.10
F1 0.043d 1.32fbc 135.1¢ 1.33d
F2 0.054cd 1.26¢ 145.7¢ \ 1.43cd
12 F3 0.063bc 1.37a-c 169.3h 1.49bc
F4 0.080a 1.47a 197a 1.64a
F5 0.073ab 1.42ab 188¢a 1.54ab
LSD 0.01 0.12 14.49 0.11
F1 0.059d 1.40c 206.2b 141c
F2 0.053d 1.43b¢ 20790 1.36¢
13 F3 0.081b 1.55ab 222.5ab 1.82a
F4 0.093a 2.64a 238.2a 1.87a
F5 0.072¢ 1.50bc 210.8b 1.61b
LSD 0.006 0.41 22.1 0.17

‘).Ia.m uT L Ls_.ul;Lle:m : FZ‘SJLJM O9 F1 ‘stan RV O )l G)L:&é"s A3 QRS e 595 5O O )| d)Lj C_Iaﬁ 12 ‘J,alf LS)L“T A1

el oo plsl 6 Lolsle s, okaw bl p (B8RS cCanl s ime WS pae 5l yLid (gt ;B 10 S ie gy o]
11: full irrigation, 12: withholdingdirrigatien from 50% flowering stage, 13: withholding irrigation from pod forming, F1: no
foliar spraying, F2: zero foliar sprayingy(distilled water)yF3: one grams of amino acids per liter, F4: two grams of amino acids
per liter, F5: three grams of amino acids‘per liter. Meansyfollowed by the same letter within a column are not significantly
different. sliced has beenidone based on the'levels)of irrigation‘regimes.
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Table 9. Correlation coefficients between the investigated traits of oil rapeseed

WS S8 (S i ces glalS e mpld
5| eolaul ad=s o (Perez- Labrada et al., 2019)
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1 2 3 4 5
Traits ‘
Leaf area 1
1 index \‘
K 5L \ ’
Chlorophyll 051 1
2 index -
J5 by 5
Total 0.79% -0.37 194 QQ
3 chlorophyll ‘ . \ &
ofnoMes g g 0.79" SF A
4 Oil yield ' 0.68" N A\ )
L oERen g gpe \ 075" o.&* 1
5 OQil contect N
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6 yield
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s 080 03
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-0.76™ 0.88™ -0.53" -0.86™ -0.64™ -0.74™ -0.88™ 0.51 084™ 1
10 m
FF -0.30 0.76™ -0.17 -047 -013 -0.34 -049 081" 0.87" 087" 1

11 Total phenol
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