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Abstract
Background and Objective: Drought stress is the most important lithiting factor forjrapeseed yield in dryland areas, and
tolerant cultivars based on physical indices are a solution to reduce“this as nt. This study aimed to evaluate

qualitative and biochemical indices as biomarkers of tolerance and idefitify drought-tolerant rapeseed genotypes.
Methods: : The experiment was conducted in a split plot in a‘xandomizedycomplete block design with three replications
and in two crop years. The main factor included three irrigagionygegimes (full irrigation, irrigation interruption at flowering
stage and irrigation interruption at pod stage) and‘t&w sub r included 11 canola genotypes. The measured traits
included oil yield, fatty acid profile and seed glycosinolate ent.

Results: Drought stress, especially at the floweh , significantly reduced oil yield. Among the 11 genotypes
studied, Jerome (under post-flowering stress) and Sa nder post-flowering stress) cultivars were identified as drought-
tolerant genotypes due to their greatergstability in maintaining oil yield and limited changes in fatty acid profiles. In
contrast, Zafar cultivar showed the most Sensitive bigchemical response with a 148.7% increase in erucic acid and a
32.6% decrease in palmitic acid. The%"{s&a d RGSO03 cultivars, despite being more sensitive to stress, also produced
the highest oil yield under full irrigatigiiaconditions.

Conclusion: Drought tolerance in ca does not necessarily equate to high yield potential. The Jerome and Saffar
genotypes, with their metabolitystabili echanism, are recommended for cultivation in areas prone to late-season stress,
while the Julius and R i¥ars are good choices for fully irrigated conditions. Therefore, selecting the right
cultivar for water-deficit areas requires simultaneous consideration of “physiological tolerance” and “yield potential.”
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Table 1. Characteristics of the evaluated rapeseed genotypes, including cultivar name, growth period, and origin

la g“,,:j yj U.w A SESEL
Genotypes Origin Growth period
LT
RGS003 ° 219-224
Germany
LT
Sarigol © 219229 .
Germany
ol !
Zafar ; 220-225
Iran -
Ol ol
Dalgon e 212217
Iran
LT
Julius ©
Germany
RIN]]
Jacomo
Germany
ol
Jerry
Jerome 215-220
Saffar 212-216
Hyola 401 220-226
217-220
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Table2. Physical and chemical properties of the tested farm soil

Gas sl oy s o Sl oS Sos
depth Texture Sand Silt Clay oC EC
cm % dS m!
0-27 i 10 29 61 1.074 0.98
Clay
A\
27-70 i 10 27 63 1.382 0.37
Clay \
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Table 3. Soil analysis results of the farm over two agricultural years

Ju (PH) 4z doel MN) O3ss (K) pely (P) 2
Year (meq/100g) () (Pme/kg) mg/kg)
(2018) 75 0.077 420 &
(2019) 7.6 0.0Q7 38 8.15
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Table 4. Meteorological statistics (temperature and ipitation) during the experimental years
2018-2019 “‘ 2019-2020
Loy o Lo Lo st L;JJJL{
Average temperatyre recipitation ~ Average temperature S
o o Precipitation(mm
(0w (mm) Q) pitation(mm)
Sep. -Oct. e 8.5 ) 20.5 225 275
Oct. -Nov. o \ \ 34.5 16 37
Nov. -Dec. Al 152 395 16.5 40
Dec. - Jan. 13.8 242 15 27.6
8 322 7.5 33.8
18 65.5 20 552
4.5
22.5 25.8 40.5
26.5 31.5 27 352
\ 322 10.2 355 8
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Table S. Drought tolerance indices (irrigation stress after flowering) for the tested cultivars

STI GMP SSI MP TOL Ys Yp )
Cultivars

0/69 2533.1 1.01 2644.5 1519 1885 3404 RGSP03

0/44 2033.9 1.13 21555 1429 1441 2870 Sarigol

0/64 2450.8 0.97 2547 1390 1852 3242

0/73 2610.9 1.11 2760.5 1793 1864 3657

0/61 2380.3 1.03 2490.5 1467 1757 322

0/54 2256 1.09 2378 1504 1626 3130

0/48 2124 1.06 2229 1352 1553 05 Jerry

0/4 1942.1 1.02 2028 1168 14342 2 Jerome

0/65 2466.2 0.47 2482.5 573 2196 2760 ¢ Saffar

0/56 2279.5 1.00 2375 133 1708 3042 Hyola 401

0/45 20453 1.04 21425 12747;\ 150 2781 Hyola 4815
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6- (GMP) Geometric Mean Productivity
7- (MP) Mean Productivity

8- (TOL) Tolerance Index

9- (HM) Harmonic Mean
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1- (STI) Stress Tolerance Index

2- (YSI) Yield Stability Index

3- (SSI) Stress Susceptibility Index

4- (Yp) Yield under normal (non-stress) conditions
5- (Ys) Yield under stress conditions
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Table 6. Correlation between water stress resistance indices and grain yield under two stress conditions: post-flowering and no
drought stress.

SSI STI TOL MP HM GMP Ys Yp
1 Yp
1 0/406 Ys
1 0/863** 0/811** GMP
1 0/946** 0/979** 0/579 HM
1 0/89%* 0/989** 0/782%** 0/877** MP
1 0/315 -0/152 0/175 -0/345 0/718* TOL
1 0/183 0/99%** 0/944** 0/999%** 0/858** 0/815%* STI
1 -0/284 0/887** -0/15 -0/583 -0/291 -0/73* 0/322 SSI
sl Loy L4<i B c‘.i c}a.w BE 6)‘>gﬂ~‘ e 3K "351'
* and ** are significant at the five and one percent ldels. a
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Figure 1. Distribution of oilseed rape genotypes and the position of drought tolerance indices in the biplot derived from principal
components analysis in irrigation withhold from flowering stage treatment
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Table7. Analysis of Variance (ANOVA) for Fatty Acid Composition

SVsSH i anl S ad SEA A S Sady el o3l s S b
Glucosinolate Erucic acid Oleic acid Lmqlelc Lmol.emc Palmitic acid df Sources of variation
acid acid

21312 0.0053 15.611 1 23.076™ 0.982 ™ 8.469 1 1 ) Jl

6.926 0.0005 84.507 35.783 2.445 2433 4 (Repetition) | S

7258893 0.55233 2380%% o3 o08ms 1082215 37.253% 2 (A) (Ko A5 e
2 Drought strgss treatment

1.663 1 0.001 s 0.614 0.195 1 0.045 o 0.634 2 o xA

0.894 0.003 12472 6.395 1211 1.141 8 rror 1)) (gla>

B) 555
6.25%% 0.005 53 17.114 3% 3.502 5% 1.113 5
(Genotype, B)

0.0 41 ™ 0.0001 ™ 0.008 ™ 0.008 ™ 0.009 YxB
2.92635% 0.003 53 1.301 s 1.3393 0.559 33 AxB
0.023 0.00005 0.009 1 0.004 0.007 . YxAxB

0.85 0.00021 5052 1.124 Q078 (Brror2) ¥ (gllax

VA RCE ;
8.09 \ )3 92 () e e 2
(coefficient of variation)
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Table 8. Composite analysis of variance of some evaluated traits

Sl ke L

8 Slas 8 5

oF G0 e 2 Sources of variation
Oil performance Oil percentage d.f

13398.94 ns 0.102 1 1 (Y) .

1461822 71.421% 4 (Repetition) | G -
52167069+ 0.613% ) (A) Sz i e

Drought stress treatme&t

33580.23 ns 0.086 ™ 2 YxA

34220.63 0.081 8 (Error 1)\ ¢

B) 55
165838.812 % 11.473 3% 10
‘@enoty e )
“\

17956.06 1 0.022 ms 10 -
37888.253% 0.093 1s 20 B
23940.33 0.027 s 20 - «B

18890.35 0.085 120 3 (Error 2)Y glax

14.18 0.7 ‘} wi(co 1\c§ent0 variation) (/.) &l juxs o o
S0 ezl o 55 5l e M AN 03 s e OVl Gls e B pds ms

t 1% probability, *: significant at 5%.
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41.50 - b
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- 41.45 A

Y 41.40 -

41.35 - L Withholding irrigation from
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from silique formation

o Gloj
Time of stress
S 25 0l il o il e, dos pSoke anslis Y JKS

Figure2. Comparison of mean seed oil percentages affected by drought stress time
Difference indicates significant difference at 5% probability level
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Figure 3. Comparison of the averages of seed oil percentage in the st rap&‘eed cultivars
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Figure 4. Comparison of average seed oil yield under the influence of drought stress time in the studied rapeseed cultivars
Difference indicates a significant difference at the 5% probability level.
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