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P) el &b g qudess blite 15 (p=0.01)
s Seied Sl e o = 005
il 2l g solal bl 51 g sl Sidgid

39 ,lo e el Sitdsid i (p < 0.05)

5 oxdasle S Sl @Ss)eba
xp Ngboe b g, @ blues S
Pt ey B (2l 0y50 o Slej alold
ORIl g Ofe) s ln GGk Ol Bl
(Gecgel et al., 2007) o,ls 34> o] a0

(S leS ulyd s Jole gl ebly
GhalS (p Pt 8L halS il heg, ol
JSis oy 5o (2SBS0 gy ey
bogar lap)] o33 5 (g, glaalad sl
Olyee 8l o Blasl Sludlos )3 5l s 5g, VA
Sy oley e wdliBe pB s 08,
by dujoo (B L8 gl 4 (S35l 58
3 6zt wlleg [a BB o, oo
Oy, o, als .(Moradbeigi et al., 2019)
i a5 llph o IS e, 0 ,8des 5 4l
Qilgi oo a5 Cewl oo (5155 2ulS al> e o
oz sl (Fn GelannST abulsa
s el el alasr gl
wb s bl o 89, @ 25 sl
Kalantar Ahmadi and Shoushi Dezfouli, )
(2019

Ve sels ey LS)L:-?"NS @l @l
5 Solpe (O Jguz) ab (189, 9 Shas oo
o155 (Moradbeigi et al,, 2019) |, Ken
sflas 8l crge s )lleS bulyd o WS
OE9y O 8es 5 Olie Senl oal TS alls (8,
Congo o LS 4l g 4 1S alizee slacudss)
Sy Jilye S 5 SB plols (S
(Valipour dastenaei et al., 2020) s,k
Soleymani ) ., Ken ¢ Sledw 5,135 ulul
o o als 5Ske 3G (et al, 2011
09y woyd 3l yiian Slews IS 89, 0 ,Slee
il e
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Al als o Sles iSlas 4 oliiws ((obe o

slocwigs culs o b el las mbs
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Table 1- Some of the meteorological parameters of the study area during 2019-2021

e e e oM & o il
parameters Year Oct Nov Des Jan Feb Mar
(gmeabos 4 50) Lod (yuSileo 2019-2020 16.8 7.4 6.2 2.3 52 10.5
Average temperature (°C) 2020-2021 18.2 10.1 7.8 5.0 4.6 9.7
(e she) (Sl 2019-2020 67.9 21.0 39.9 39.5 110.7 36.7
Average precipitation (mm) 2020-2021 - 64.0 39.0 122 5.6 26.0
(0039) (omd ggby puileo 2019-2020 55.3 68.9 69.5 70.9 59.8 56.1
Relative humidity (%) 2020-2021 47 68 63 58 54 51

=) Joos axlol

Table 1- Continued

Felyy Jw 0398 e alo s ol o IR RS AT:IJ’ILJE{
parameters Year Apr May June July Aug Sept |

(oo a2 ,3) Lo opfiiloo 2019-2020 123 21.0 26.1 27.8 245 23.1 15.3

Average temperature (°C) ~ 2020-2021 154 21.3 26.7 29.1 28.2 26.7 16.9

(rashn) Syl 2019-2020  95.3 319 0.01 0.32 - 0.2 40.3

Average precipitation (mm)  2020-2021 4.0 154 9.1 2.0 - - 19.7

(30,3) (oo Cagby il 2019-2020  65.9 43.7 29.9 35.2 44.4 374 53.1
Relative humidity (%) 2020-2021 37 44 32 32 39 32 46

ialoil e jhe S Slord 5 (So3d sloyial )l (S0 =T Jguar
Table 2- Some physic-chemical properties of the soil of the study area

Jle S os SB el STos S Sl Calas STy
Year Depth (cm) Soil texture Organic Carbon (%) EC (ds/m?) pH
2019-2020 0-30 loamy clay 0.73 3.78 7.1
30-60 loamy clay 0.79 1.28 7.2
0-30 loamy clay 0.81 3.64 7.3
2019-2020
30-60 loamy clay 0.88 1.12 7.4
=Y Joos aoldl

Table 2- Continued

Jlo N te s et P~ 9 p onl o 5558
Year 09 p K Zn Mn Fe Cu S
%)
( mgkg?)
2019-2020 0.06 10.1 241 0.59 352 1.79 0.59 12.1
0.07 8.3 214 0.66 3.78 1.85 0.63 12.9
2019-2020 0.08 10.7 238 0.62 3.85 1.53 0.57 11.7

0.09 9.5 212 0.68 3.96 1.71 0.61 12.5
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Table 3- Summary of combined F significance from analysis of variance

MS ey o (peSilea

o .
T . Jsb PHIOIRPS) 029
. S (9> ails |3
T “@» ggelw, : 48 e .
Lo . . Rt cP) b . 18 8 yShos
)*;’;C\‘/ @1 Bush G oemas o weight of ::e'd -
T df height ~ Numberof ~ POdS — roonye one ! I
pods per length od thousand
bush P seeds
(Year JL. 23862.5™  3178.1" 4.69™ 49.58" 6.52" 3452164.0
(Repetition) (Jlw) 1,55 4 767.64 234.67 0.08 3.57 0.42 232304 .4
(Planting date) cuils & ,U 57524.0° 2133285 89.61" 4187.1" 12291  21119840.4"
Jbo X cbls &6 . . . - -
. 1 207.12 274.73 0.27 1.46m™ 0.40 5491992.3
(Planting datexYear)
drrigation) (g ,LsT 1 5802.63  64681.2"" 37.01™ 1571.7" 33.74"  57196448.0™
(Years Irrigation) Jlw x (g ,bal 1 90.72 ™ 0.006 ™ 0.001 "™ 0.82m 0.08" 17921
il )b X gl . . -
. S 1 30.53m 3364.97 3.48™  107.29 2.04 1336336.0™
(Planting datex Irrigation)
JoX eubls’ g ,6% s kel
Planting datex Irrigation) 1 4.03m™ 6.711m 0.05 M 0.29 ™ 0.0002 12882.3 ™
(Yearx
Error 1)y slas 12 25.19 35.62 0.05 0.35 0.018 490928.4
(Genotype) cuis; 5 3896.46™  3249.52™ 12,10  62.40™ 3.98™ 9446860.4™
(Yearx Genotype) Jlw X cuigij 5 154.23 ™ 27.92m 0.01m™ 0.36 " 0.06 ™ 29980.0 ™
il Fo b X e
. SRR 5 84.15" 210.01™ 0.12™ 3.02" 0.24™ 730090.4"
(Planting datex Genotype)
JLoXels 6% gl
Planting datex Genotype) 5 16.53 ™ 7.31m™ 0.005 " 0.01m 0.01m 479985.6™
(Yearx
Sl X gl . - - - - -
. 198.62 234.52 0.16 2.95 0.20 419489.4
(rrigation x Genotype)
Lo X g5kl X Caigij
J .‘5) - T 35.01" 19.70 ™ 0.006 ™ 0.08 ™ 0.01m 13505.0 ™
(Yearx Irrigationx Genotype)
bl G, X (g kel X g5
Planting xGenotype) 5 34.43m 117.58™ 0.04" 1.37™ 0.14™ 136760.1"
rrigationxdate
JloX cbls g ;6% 1> i g3
Planting xIrrigationxGenotype) 5 12.89 ™ 8.77 s 0.004 ™ 0.03 "™ 0.01m 33060.4 ™
(Yearx date
Error 2) ¥ slas 80 30.16 15.97 0.006 0.128 0.014 22881.7
C.V. (%) & s s 10.7 12.4 11.6 12.1 8.4 12.5

Aoy Sy g iy Jix! mhw jo b pxe cui A

"s: non-significant, * and ™*: Significant at 5% and 1% probability levels, respectively.

*

Gl g gl pas ns
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Table 3- Continued

MS ey o (peSilea

L Syl Sy Sl g
o ATy gy awyd 2y Y gy oS o5 = il it
et @l o . o35 . NV NV !
SO.V. w2l ol oil s Oleic  Linoleic  Linolenic
df  percentage Yeid Glucosinolate acid acid acid
(Year) Juo 1 92.93™ 40.11" 77.317 0.21m 1.647 0.01m
(Repetition) (Jlw) ,1 55 4 8.39 36.79 414 0.07 0.01 0.43
(Planting date) cuils & ,b 405.69" 6850.3" 2911.4m 138.6"  44.37™ 85.41"
Lo X cils & ,b
J . & 1 0.61"M 27.91" 25.71" 0.05" 0.00m 0.13m
(Planting datexYear)
drrigation) s,LsT 1 159.01" 245.97" 221.44m 29.00" 10.41" 20.52m
(Years Irrigation) Jlw x LT 1 0.17m™ 177" 9.09m 0.05" 0.02" 0.14ns
cols Fu,6 X g Ll
. & ‘5_) o 1 0.03 M 659.6" 7.88" 0.01m 0.80" 0.59m
(Planting datex Irrigation)
JUoX cudls g 6% (g kel
Planting datex Irrigation) 1 0.42 1 6.69 " 6.86 ™ 0.000™  0.001" 0.01"
(Yearx
Error 1)y sz 12 1.19 4.03 3.47 0.01 0.003 0.11
(Genotype) i 5 15.37™ 216.63™ 200.5™" 1.58™ 0.61™ 1.34™
ns
(Yearx Genotype) Jlw X cuis} 5 0.15" 3.39™ 0.18" 0.004 0.002 " 0.07™
sl Fo B X i ot
A 5 058"  1421% 2647 004~ 007" 0.10"
(Planting datex Genotype)
JUoX el Fu 6% cudgdl
ns
Planting datex Genotype) 5 0.05m 4.03™ 0.29 ™ 0.004 0.007 " 0.01"ms
(Yearx '
LﬁJT X “ ea
DA 5 030% 484" 5.66™ 0.06% 022 007
drrigation x Genotype)
Jlo X g)lal X caigi ns
.1ns _2ns ) ns ) lnS .1ns
(Yearx Irrigationx Genotype) ° 00 05 0.09 0.002 0.00 0.0
Bl 36 X gl X 53
ns
Planting xGenotype) 5 0.16" 0.43™ 0.31™ 0.005 0.007 " 0.03™
(Irrigationxdate '
JUoX el o 5% (5 )T X i g3
ns
Planting xIrrigationxGenotype) 5 0.02 3.91™ 0.15m 0.001 0.008 ™ 0.008 ™
(Yearx date '
Error 2) v sl 80 0.06 0.67 0.74 0.004 0.007 0.01
C.V. (%) &l pi g 36 46 11.9 3.7 2.1 2.6 2.4

Beoyd S g iy Jlois! c]a.u)b)bsfgx‘a%‘):dg* 3 *
"s: non-significant, * and ™*: Significant at 5% and 1% probability levels, respectively.

o sire @olds pae ns
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Table 4- The average of the planting date x irrigationx genotype treatment on the studied

properties
Jsb oeygolaai Aildslani ils e (39 by duoyd
o RSl Ao Oeog%ye weight of il
Treatment pods Number  Number one percentage
length of pods of seeds  thousand o
(cm) per bush pod seeds (Q)
&b
s 3 E g )]
Planting Irrigation Genotype
date
WRL-96-04  9.67®  22980%  27.32@ 5.25® 4457
WRL-96-05  10.082 241478  27.77¢ 5392 44.80°
i WRL-96-06  9.45b  22647%  26.00° 4,940 44.27°
olko 5Lyl
WRL-96-17  895P 221320 2468 459 43.62 ¢
Optimalimigation o) o619 g63bc  21455% 23800 428 4339t
Nima 8320  20597¢  2247°¢ 4.05¢ 43.10°¢
s 3 oyl b WRL-96-04  8.12°¢ 201.08¢ 2173 430" 4258 «
2 Oct . WRL-96-05 843%™  206.95¢ 22,53 4.49° 42.86
SR 39 Al o
WRL-96-06  7.68%  19610%  21.15% 416t 42374
Interruption WRL-96-17  7.23¢ 178.88¢  19.07 ¢ 3.70 41.24
of irrigation WRL-96-19  6.90%  17425¢  1g857¢% 359« 40.81¢
at silique
formation stage Nima 7.42 115987  19.71°¢ 3.90°¢ 41.45%
WRL-96-04  6.97%  168.40%  17.63° 3.54 4153 ¢
WRL-96-05  7.32¢ 172.82¢  18.08¢ 3.63 41,65
i WRL-96-06  6.60 % 159.38°  16.78°f 3.40¢ 41.12¢
gl (5Ll
R WRL-96-17  5.77f 13560°  14.33f 2.44¢ 39.429
o ovumalimgation o) 0619  625¢  15540°  1582¢  2.99¢ 4013
Nima 6.08¢  144.10°  15.05°¢ 2.84 ¢ 39.93 1
3 oyl b WRL-96-04  4.139 111537  9.32f 2.30°¢ 39.349
. WRL-96-05  4.40T 119437 10281 2.39¢ 39.549
GBI g Ao
WRL-96-06  3.88f7  10587™ 820N 2.06° 38.79 "
Interruption WRL-96-17  3.20" 90.75' 6.001 1419 37501
of irrigation WRL-96-19 345 94.35" 6.65 N 1621 37.77 "N
at silique
Nima 3750 101.43™  7.28"N 17710 38.04 N

foration stage

Al re o yd & a3 (g lel L 55l S e B G o &S la o Sile
The averages with at least a common alphabet are not statistically significant at the 5% level.
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Table 5- The average of the irrigationxgenotype treatment on the studied properties

i PRTR PR
u Gl yles i Sler  wils oV eSS el Sl s St
e Yeid v - . e R
Treatment Grain Oil Yeid Glucosinolate Oleic . . . .
Y (kghal)  (umol/g Meal) acid (%) Linolenic  Linoleic
(kg.ha®) acid (%) acid (%)
skl D]
Irrigation Genotype

WRL-96-04  4517.25%® 1969.42 @ 14.64 T 64.61% 4,99 % 18.45 %
S WRL-96-05  4725.66° 2066.08° 12.96h 64.732 5112 18.56 2
fl % WRL-96-06  4393.75° 1901.75° 15.939 64.48° 487" 18.30°

9 =
:i = WRL-96-17  3477.33¢ 1476.25 19.35¢ 64.19 ¢ 4,53 ¢ 18.10°¢
) % WRL-96-19  3506.58 1482.25 ¢ 18.50 ¢ 64.27°¢ 458¢ 18.06 ¢

o
Nima 3160.58 T 1328.67 ¢ 19.72 64.17 ¢ 4.49 ¢ 17.89°¢
- WRL-96-04  3261.16° 1355.67 ¢ 16.81°F 63.77 °f 4.19 °f 17.33h

o
3, €S WRL96-05  344558° 143850 f 14.98 ¢ 63.87¢ 4.29¢ 17.80 ¢f
3 %S E WRL96-06 3031000 1253.92 18.52°¢ 63.63 1 4,08 1770

ARSI .

;3 3) g © WRL-96-17 2052.16' 828.83 " 22,752 63.20" 3.78 9" 17.629
§~ % EZ WRL-96-19 201858’ 806.58 " 22.19° 63.22" 3.76" 17619
£°  Nima 2409.83" 976.25 ¢ 20.74°¢ 63.37¢ 3.959 17.66 9

D 0 Sire a0 )3 Ol j0 (gl a5l S de B G Blas a5 Sla Sl
The averages with at least a common alphabet are not statistically significant at the 5% level.

adllas 5550 Slho By Gadsi 5 CBlS )l (S o0y (peNile duolie —F oo
Table 6- The average of the planting date x genotype treatment on the studied properties

s ails Y g 395 oI5 ool SCdg sl Sl g Al Sl g
Tre)atrhent Glucosinolate Oleic Linolenic Linoleic
(umol /g Meal) acid (%) acid (%) acid (%)
Wu_&!)‘-’ s}
Planting Genotype
date
WRL-96-04 11.98 65.19 ® 5.43 18.68 ®
WRL-96-05 10.55¢ 65.30 @ 5522 18.732
JIEN WRL-96-06 13.01f 65.04° 5.28b 18.60°
2 Oct WRL-96-17 14.66 64.74 ¢ 492°¢ 18.46 ¢
WRL-96-19 15.93¢ 64.66 ° 4.8449 18.35 ¢
Nima 15.43¢ 64.7114 493¢ 18.234
WRL-96-04 19.47 < 63.19 ¢f 3.76 ¢f 17.50 f
WRL-96-05 17.384 63.30 ¢ 3.88¢ 17.62°¢
o Ve WRL-96-06 21.44¢ 63.07f 3.67f 17.39f
22 Oct WRL-96-17 27452 62.66 3.38h 17.27h
WRL-96-19 24,76 62.839 3.455 17.32°9
Nima 25.03° 62.82 9 3.519 17.31°9

i IO e a0 3 Ozl j0 (gl a5l S e By G JBlas a5 sle Sl
The averages with at least a common alphabet are not statistically significant at the 5% level.
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= Optimal irrigation * Deficit irrigation

[LLiLi

PRL-96. 0V RL-96. 45" RL-95.45 RL-95. 1, RL-96.1""™

160
140

Bushheight (cm)
53888

n
o

o

G el ) p okl 5 gty hlie I (eSilee anlin =) S
Figure 1- The average of the genotype x irrigation treatment on the bush height
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Figure 2- The average of the genotype x planting date treatment on the bush height
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Figure 3- The average of the planting date x irrigation treatment on the linoleic acid
amount
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Abstract

In order to increase the quantitative and qualitative yield of new canola (Brassica
napus L.) genotypes, under deficit irrigation and delayed planting conditions, an
experiment as a factorial split plot in a randomized complete block design with three
replications was performed during two experimental years (2019-2021) in Alborz
province (Karaj). The experimental factors including planting date in two levels (normal
planting date: 2 October and delayed planting date: 22 October) and irrigation
(complete irrigation and deficit irrigation in the form of interruption of irrigation at
siliqgue formation stage) were considered as factorial in the main plots and genotype
factor were placed into six levels (WRL- 96-04, WRL-96-05, WRL-96-06, WRL-96-17,
WRL-96-19 and Nima) in the subplot. Then, bush height, pods length, number of pods
per bush, number of seeds pod, the weight of one thousand seeds, seed yield, oil
percentage and yield, and the amount of oleic, linoleic and linolenic unsaturated fatty
acids and seed glucosinolate were measured. According to the experiment results,
delayed planting and the application of deficit irrigation caused a significant decrease in
all tested traits and an increase in the amount of seed glucosinolates of new rapeseed
genotypes. In complete irrigation conditions, genotypes WRL-96-05 and WRL-96-04
have the highest seed yield (4725.66 and 4517.25 kg.ha respectively) and oil yield
(2066.08 and 1969.42 kg.ha! respectively). Deficit irrigation conditions caused a 27
and 30% decrease in seed yield and oil yield, respectively, compared to complete
irrigation. Also, deficit irrigation + delayed planting caused a 12% decrease in the oil
content. The highest amount of glucosinolate in delayed planting was obtained in
genotype WRL-96-17 (27.45 umol.g? meal). The highest amount of linoleic and
linolenic acid was obtained in the normal planting date (2 October) with complete
irrigation (18.85% and 15.60%, respectively). In general, it is recommended to cultivate
WRL-96-05 and WRL-96-04 genotypes in Karaj region under complete irrigation
conditions and the normal planting date (2 October) due to higher seed and oil yield.
Delayed planting and deficit irrigation in canola cultivation is not recommended due to
the reduction of more than 50% of seed and oil yield in climatic conditions similar to
Karaj region.

Key words: Canola, Deficit irrigation, Fatty acid, Oil yield, Planting date, Seed yield.
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