uﬁ} @Jr— >33 Gla..gaaaé@ﬁ.ﬁ

Environmental Stresses in Crop Sciences

14 55L ¢ guo 0 ot ol jpu M
X Yro-viy
y/_.-@;

http://dx.doi.org/10.22077/escs.2020.2205.1552

(07 PB 53 410 2 Sloww! o8 5 § 89y e p (K i JI (g p
(Brassica napus L.)

¥ gm0l o= ‘rL',L;JL&.w Aol gl 0ol fi‘sﬂ)‘ e
Ol el «65,5leS g 5 B 5eel wliniod ol poylb oamb ilie 5 (65,9LaS Clidon 35 00 )0 5 Jleb a9 ol Sliins 25 .
Ol @S «5,9taS a5 Shjgel lidon lojle «65,5laS (S5999iSSgm olKimgs  JoSge (5355 b it Y
Ol el e oo )l iz oKidls «bls Mol g cel)j 05,5 caleccin gac ¥

AYNIY VA 108y e, AV /YY 1l o gl

oduS

ST @908 Ghalojl b plul S 0 pz sloaml waS 55 3 ey 3 ,5es 1 (Sibs iid il (2 solitods Gud !
Slosd Jolld el s )0 (ol 5 50 55kl Hlosd oz sl (il 5o s plamil ST Y b (Bolad JolS sloSgly 5k B 50 00 5
PO )95 Al po 5l (kT gl g (BOUS al> yo 3l (sll @b (e Sl s I et e glee A 3l an 55lel) el
gl 50 5Ll sl o Spodly ol lgizms g (SUAS AT T AT 0ls LS gl i8S 1,8 (oo )8 WyS 0 45 I35 03, 7 g
Pl (o 09 HldSme (SiS T Pl gy weyd g w0z Slauaw] ple Gln g 392 SISm0 St po el g ST g
o2l &5 Clbls 9929 (5,18 (o Wgldl S giad el 9 S gl vl (S Ll Sl w33 (Aild (1E9,5 woyd I3 oy 23590
Sl oS 5 (P 0lglE 0,510 3929 95 @ Ll waayd g dild (€9, ey TGS Bl (e 5 Bl LA £gbge
del Jold gLl pud Wi 052 Gl g (o3 PY/AF) Soilgl daml gLl pud ST 0y vl & bg2po G’ (] )0 052
F9 00 8 ,Shos 410 Sao Gl el ( SiS 5 a5 0lo LS gl 099 (330 ATV D) Sl giad wuml g (o0 VYY) Sl gid
Al o) (5 kel adad byl 90 1 40 eludl G yz ol JS w0 )0 gl (lul 9 ol 4B Ald pLgy duoyd g (Siluir )JL»
OB bl 99 58 50 ELbl e 0 sl JS o yd Ol ki Lol sl 00l (LS | 551 (Sme LS (P00 595 9 (BISS
=20 (381 (TUITS) glaidl oy gl JS w030 &1 gLl o 2 gboinnsl JS w0 )0 s £9020 50 (Jg 0945 I3 Sne
4 bgrpo (Sl T g G g Bl g 50 4l (g, 0 o g 4l (€9 o )0 (STl el ladie (2 5 e 010 LS 1 (5518

Al Wilgi g0 (>Mol Aol 50 cawbio (08 ) (IS Lawgito j pidion (60 Sl L Lilian oy uLs «o9 Lilian o3,

S T oy o] Jidg p o« SeH giad sl (S gl sl s lS 5005y

09y CatsS g Cawl €9, doy0 Fo-FF ool 155 awlo

3pde aie ol oy lasesl oS5 by 1S
ool 5l 8 x5S 24, (Alander et al., 2007)
CorbeS 5l &5 Conl plodld iz g pldlnd SO sz
Mortazavian and Azizi-) ceol |5 )65 5 oYU gladss

@ olgee S oy Gl o Seee 5l L(nia, 2014

doddo

-aib 5> "Canola" b b (Brassica napus L.) |,ls
Jlade glyls a5 5,5 o )58 "Rapeseed” ;| ols son
SY5055595 by Oliee 9 200 V51 S Syl el
S5 oole )5 2 50 JpnaSen T 50 AlnS s
Przybylski et al., ) coul YU 85, CeiS ¢ (xS
.2005; Flakelar et al., 2015

hzali90@yahoo.com :S5g xS s . JI Cym 15550mly 00355 %



WA 55l Y sl sl psle 4o e sla i

\Ard

Lulps o gyl l8 Sedlsid apul Gliee o5 co
S iiss o (Enjalbert et al., 2013) ogy a8l o5
BIS 205 al> e o Sis (25 a8 ol sid IS
ly SegolS pml 5 S ool Sl sl (e
DR og lpd b anlie o wo 0 ¥y VNP ol e
o daylil o Woged lo eizee el ooy alS
sl 4 gl oz Glaal o Cos (S
ol o5 lsn T3 IS s g, 0 ELblne oz
ez ol 4 gldld Gz lan! o T L
(Tohidi-Moghadam et al., 2011) ccl ooy gl
aS Waged o (Jabbari et al., 2017) ) Ken 5 5, L=
Al 510 cre Gl s (6505 >y (o 50 (5)Lal oo
Sl Jlaie a5 Jlo o ol aall jles b anslie o Sty
L3l (6 St alS Slsi]

2SS 5 8 ) oo ) 2] 5l Ban
oz 5 S Cur laassl oS5 g g, 0Skes
bl @ oeg) SodeS LIS (3, 7 (2STy (o)
ol 009y gy alizee J>lpe o (Sis s

g g olge
ek gl 5 Dliizg 3550 50 Gialesl cl glas e oot
bz b L 5550 ol Lol VYRV-AY Ly 55
A3 00 54,0 V) B,e 9 Bpb ando VP g a0 OF
Uos S oo 154, s 5l e WYY glis| 5 Il
S calie Gliee (s o) ool S8L s Grales]
dga S ananl 5:Kle 5 e gl uge oo YIAA
b 5 ploend Sloogas Sl Jol> @l pla g VIA
ool oads 2,0V ) Jolax 0 o pas Gialejl e S5
b B e eads s Glan S Sjgea bl
b ol o b bl S5 an b ol LS glacSsly
aals jles Jolds mhaw aws jo (Lol &5 p0 g )lal Jles
gl Sl e e Arjlam Jloy & g0a 6D
3okl @) al o g0 ) (iS5 g (e St
S0y B0 al>ye 5l gylol alad g (235w y0 O al> e
0y OB 9 (Sgdnid (Souw, al>pe U (o300 )55

i8S R e B S s (V ) 1S

Sl OVAN) SO jll sl (VP ) Seally o]
Sedgrd a5 VAY) Setlgrd asl (VAY) Sl
WA oz sl ) IS nég, 55T .05 o Lal (VAY)
O (9l Lwgio soboa IS (129, aamo oo JSiS 4 S
S R VEIFSPURVIW IRWESION B £ (O WY 2 BEVOW BRSSO ATA
(Somers et al., 1998) el SJgd vl do )0 VY

s wlEs Wi s opog Lo Uudoa Sl
el il cage g ol )l Jlie )3 6 5t sl
algs Wb aw shls Selgid sl 09800 185, yoe
Of9) o€ 3 Sylnk 4o g eabannST (Solha 5 col
L syl oy .(Hu et al,, 1999) wb o 2alS cada
s Sedand sl 5 Selend sl Sl olae
Ot 9 998 o0 Sl sl Zshav (Al Sl pditone pus
GOk @il Gl b @ cod Jols 8, i
(Somers et al., 2001) sg anlgs 5,95

OE9) de 9 oy sbaseul oSS n (Sas s
095339, sl plez 5 (Frz Ceand oyl 3l IS als
3 e (S 5505 el (St s il s

9 pedplie by &5 Sl ozl Gl S o Pk
Bhati et al., ) aas oo ;1,3 36 cos | olblS o Slee

IS ool sblie 51 (s ks 45 2013; Zali et al., 2015
S (S A5 09800 SiS SIS g s Iulpd cow
el Gblie cpl o IS o5 slp s (n Fsor
5 aits slisls 35 sl La Sl oS3l 052
sybioe e oS by b JolS S S s Bk
)-‘-'l’ Co ol eialy g oy, wD) Jle o cnlple
Ganjeali et) 5,5 o ;1,8 0l 050 ol Sloo oS
S oz o5 LSS g 205 Jlhe (al., 2011
i a8 cl S 50 gkl sl bapley el
Qifuma et al., 2006; Sinaki et ) ¢l olus Lo
.@l., 2007; Zali et al., 2016
Tohidi-Moghadam et ) l,San 5 poie gau>ss
IS o8, b jo (St s Sl gwyp o (@l 2011
ol woje rals el ( Sis s a5 wisges ol
(Sl apal 5 Soal) ol wls g, el oy
ot Ll 10 oLS a) 0,90 o oigS |, )] e as
Wl oz Gloawl oS5 STy gy o 0l s
s B S A5 4 Sl i e slaiS



YYv

S Bl 5o il oy slasemsl S 5 5 gy 9,8ee p (Sl 15 Jl (g 2 i) e 9 Iy

Salejl Jome S ol (39031 @l L) Jau

Table 1. Chemical characteristics of soil at the experimental site

@i B Hius @i BB el
SIS pdiged o Sl eolas Aol F5 el Available Available
Depth of sampling EC pH Total nitrogen phosphorus potassium
(cm) (ds/m) (%) (ppm)
0-40 3.88 7.8 0.014 5.02 107.9
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Table 2. Physical characteristics of soil at the experimental site

o o o S el &P pgase o, Ehiead b @il (Sopy aladl
Sand Silt Clay Soil texture Apparent specific gravity FC PWP (%)
(%) (gem?) (%)
64.2 10.8 25 Sand-clay-loam 1.39 1.71 7.9
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Table 3. Cultivars names and its origin

RERIR
cultivars  Type of . . -
names  cultivars U EF  Origin  Laee
stmods OPN s soll Germany o]
pollinated 2 ©
Tassilo  Hybride Sy Germany oLl
Karun Hybride A e Germany ;L1
Adriana  Hybride Sy Germany oLl
Cooper Hybride A e Germany ;o1
Lilian Hybride RVROOVS France  auil,®
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Table 4. Variance analysis (Mean of square) of seed yield, oil seed percentage, oil yield and percentage of Myristic acid,
Palmitic acid, Stearic acid, Oleic acid, Linoleic acid, Linolenic acid, TUFA, TSFA and TU/TS for six canola genotypes

4"":: Q1S yE9, dwo ) 3 5des
Ol guti’ 29lo oyl Al o Slos Oil seed RY-TY)

Source of Variation df Seed yield percentage Oil yield TSFA TUFA TU/TS
Replication SIS 3728" 5.52m 53.32m 0.092" 0.21m 0.720™
Irrigation () 3 2417276™ 3.23 349767 1.579" 1.706" 12.927*
Error a a gls 4 5022 1.71 515.69 0.019 1.388 0.138
Cultivar (C) ) 5 778936 19.02* 107644 0.158™ 0.157 1.231™
CxI olxpdy 10 142738 3.42° 27163.77  0.274™ 0.276™ 2.183™
Error b b sls 30 6473 0.98 1032.99 0.165 0.939 1.590
CV (%) (1) &l yuuds < puo 6.37 2.60 6.69 6.74 1.03 8.05
Table 4. Continued aolsl ¥ Jgux

ax ) ! | ! Ao Ao
Cleabe ool Sy Sl Syl Sl Sl
Source of Variation dfr Myristic Palmitic acid Stearic Oleic Linoleic  Linolenic
acid acid acid acid acid
Rep M 2 0.00006™ 0.033" 0.024" 0.411™  0.027™ 0.183"
Irrigation (I) Sl 2 0.0004" 2.20™ 0.065" 4.97" 1.565" 0.108™
Error a a s 4 0.0002 0.01 0.007 2.10 0.236 0.154
Cultivar (C) ) 5 0.000096" 037" 0.231" 2447 13.4™ 2.145™
Cx1I siwlx sy 10 0.000335™ 0.160" 0.069" 3.955™  0.735™ 1.771*
Error b b sls 30 0.000076 0.144 0.006 1.05 1.054 0.370
CV (%) (1) Ol s yb 19.77 9.80 3.67 1.51 3.96 6.95
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ns, * and **: non-significant, significant at probability level 5% and 1%, respectively. TSFA: Total Saturated Fatty Acid,
TUFA: Total Unsaturated Fatty Acid, TU/TS: Ratio of Total Unsaturated to Total Saturated Fatty Acid
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Table 5. Mean comparison for interaction effect of stress x cultivar of seed yield, oil seed percentage and oil yield
for six canola cultivars under non stress (NS), drought stress from flowering stage (WS-FS) and drought stress
from siliquing stage (WS-SS) until physiological maturity by using slicing method.

ails o ySlos &ld (€9, Juoyd o9y o ySdos

pU,! el Seed yield (Kg h™') T Oil seed percentage (%) o Oil yield (kg h™)
Cultivars

names NS WS-FS  WS-SS NS WS-FS  WS-SS NS WS-FS  WS-SS
SLMO046 1689° 1234%  1326° 36.22¢  38.22° 37.45° 612° 472° 497°¢

Tassilo 1832  1471° 15932 34.67¢  37.33> 36.44° 635¢ 5492 581°

Karun 1235¢ 643¢ 772° 38.44°> 38.56> 37.78° 475¢ 248 2924
Adriana 1863 722¢ 818° 39.45%  37.22°  37.44° 7352 269°¢ 306¢
Cooper 1698° 526¢ 832° 39.00° 37.78° 36.56° 662 199¢ 304¢

Lilian 1703° 1159° 1615° 41.11* 41.00* 39.55% 7002 475° 639

Mean 1670 959 1159 38.15 3835 3754 637 368 435

A5l gyl gire WS 0o )0 O Jloisl e 1o hlate 51 a0 yby aes] (ulal pcdias S iie By > sl)ls a5 ol Sk o5t ;o 50

Mean in each column, followed by similar letter(s) are not significantly at 5% probability levels, using LSMEANS Test
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- Fig. 1. Changes in seed yield, oil seed percentage, seed oil yield, TSFA (Total Saturated Fatty
A Lilian Acid), TUFA (Total Unsaturated Fatty Acid) and TU/TS (Ratio of Total Unsaturated to Total
Mean Saturated Fatty Acid) in six canola cultivars under non stress (NS), drought stress from

flowering stage (WS-FS) and drought stress from siliquing stage (WS-SS) until physiological
maturity. Different letters represent significant difference among means at P<0.05 level
determined by Duncan’s multiple range test.
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Fig. 2. Relative percentage of fatty acids of Myristic acid, Palmitic acid, Stearic acid, Oleic acid,
Linoleic acid and Linolenic acid in the formation of total oil content of six canola cultivars
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Table 6. Correlation coefficients among seed yield, seed oil yield, seed oil percentage, Myristic acid, Palmitic acid,
Stearic acid, Oleic acid, Linoleic acid and Linolenic acid for six canola cultivars
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1 Seedyield &ls o Shos 1

2 Seed oil yield als (peg, 0,5os 0.99™ 1

3 Seed oil percentage  ails;€9y 0,0 0.04 0.19 1

4  Myristic acid Sediw o dul  0.07 0.06 -0.10 1

5 Palmitic acid Sl dul 027 021 035" 037 1

6  Stearic acid SOyl ! -0.01 0.00 0.15 -0.02  -027" 1

7  Oleic acid Seidgl ol -0.11 0.00 0.62"  -021 -0.56" 0.17 1

8 Linoleic acid Sl gid anwl 0.16 0.06 -0.59™ 0.18 0.46™ -036"™ -0.82" 1

9 Linolenic acid Sedgiad wew!l -0.14 -0.22  -0.43™ 0.14 0.07 0.01 -0.62™  0.32°

* and **; Significant at probability level 5% and 1%, respectively
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Table 7. Mean comparison for interaction effect of stress x cultivar of percentage on Myristic acid, Stearic acid and
Linolenic acid for six canola cultivars under non stress (NS), drought stress from flowering stage (WS-FS) and drought
stress from siliquing stage (WS-SS) until physiological maturity using slicing method.

o5, ol S po S S Bl gl S g el
Cultivars names Myristic acid (%) Stearic acid (%) Linolenic acid (%)
NS WS-FS  WS-SS NS  WS-FS  WS-SS NS WS-FS  WS-SS
SLMO046 0.057*  0.043*  0.033° 2.25%  2.40° 229 9.32%¢ 838  9.61%®
Tassilo 0.053% 0.033* 0.037% 2.06> 1.84° 2.01¢ 10.26*  8.57* 8.12¢
Karun 0.037° 0.037* 0.057* 2.05° 1954 221® 8.28¢ 9.51* 8.50b°
Adriana 0.047®®  0.050* 0.053% 2.08°  2.14¢ 2.01°¢ 8.91b«d  9,09° 9.85%
Cooper 0.060®®  0.040* 0.033¢ 1.78° 1.96%  2.08"™ 8.07¢ 8.62° 8.45b¢
Lilian 0.043*®  0.050* 0.030° 2.03% 258 2.29% 7.14¢ 8.47° 8.33¢
Mean 0.049 0.042 0.041 2.04 2.14 2.15 8.66 8.77 8.81
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Mean in each column, followed by similar letter(s) are not significantly at 5% probability levels, using LSMEANS Test
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Abstract

The present experiment studied the effect of drought stress on oil contents and fatty acid
composition in canola genotypes at water stress under end-of-season drought. The experiment
was conducted as split plot based on randomized complete block design with three replications.
Irrigation regimes were considered as main plots and cultivars as subplots. Six winter canola
cultivars including SLM046, Tassilo, Karun, Adriana, Cooper and Lilian were evaluated under
irrigated and no irrigated. The irrigation regimes included: well-watered (irrigation during full
season), water deficit at flowering stage and water deficit at siliquing stage. The proportions
(%) of fats (monounsaturated: polyunsaturated: saturated) in this study were approximately
68.0:26.0:6.0. The results of analysis of variance indicated that drought stress at flowering and
siliquing stages significantly affected the amount of Myristic, Palmitic, Palmitolic, Stearic,
Linoleic acids. Oleic acid had significantly and negatively correlated with Palmitic acid,
Linoleic acid and Linolenic acid, but it had a significant and positive correlation with oil
content. Under well-watered conditions, the values of Palmitic, Myristic, Linoleic acids were
significantly higher than drought stress at flowering (excepted for linoleic acid) and siliquing
stages. In conclusion, the changes in fatty acids composition in the present study were probably
due to the combined effect of water deficits and high temperatures during the seed-filling period
with the end-of-season drought treatment (flowering and siliquing stages). This study showed
that drought decreases slightly seed oil percentage, alters fatty acid composition and affects
fatty acid composition stability.
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