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Introduction

Water is now the main limiting factor for crop production in arid and semi-arid regions. Water-cut or
irrigation interruption has been suggested as one of the main strategies agro-technique to get the most benefit
from limited water resource available. In this regard, plant growth stage, time of stress induction and the
genotype are the main key factors to determine the degree of success. Canola is one of the most important oil
crop. It can survive some degree of water stress while there is a need for research to find the most appropriate
genotypes for plantations in water-limited areas.

Materials and Methods

In order to determine the effect of water stress at the various growing stages of canola genotypes a split-plot
experiment was conducted based on the randomized complete block design with three replications at the research
farm of the department of plant production and genetics, Agricultural Sciences and Natural Resources University
of Khuzestan, Iran during 2020-2021. Main plots included three irrigation treatments: control (without
interruption of irrigation), interruption of irrigation in the beginning of the flowering stage (phenology code 60)
to the formation of 50% pods (phenology code 75), and interruption of irrigation in the stage of formation of
pods until harvest (Phenclogy code 99) in the main plots and the cultivars (Long pod, Aram, RGS 003, Jankom,
Solar, Hayola 4815, Mahtab, Julius, Agamax and Sala) were arranged in sub-plots with respect to irrigation
treatments. At the end of the growing season, plant height, number of branches, silique length, number of pods
per plant, number of seeds per pod, 1000 grain weight, and grain oil percentage were measured. Also, after
removing the marginal effect, economic performance, biological performance and harvest index were measured.

Results and Discussion

Our results revealed there was a significant interaction effect between irrigation interruption stress and
genotype on all studied traits. The number of sub-branch among cultivars varies as a result of Irrigation
interruption stress. The genotypes of the long pod and Hayola 4815 had the highest number of branches
compared to other genotypes when irrigation was interrupted at the flowering stage up to 50%, while when
applied stress at the stage of flowering up to harvest, genotype, solar exhibited the highest number of sub-branch.
The lowest number of sub-branches in all interruption of irrigation and control treatments was obtained by
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Jankom genotype. The mean comparisons in the conditions without irrigation interruption (control) the highest
percentage of seed oil was obtained from Solar (48.3%), Hayola 4815 and 4815 (46.3%), stress application in
flowering stage up to 50% sowing of a long pod (45%) and Hayola 4815 (43%) genotypes in the sowing stress to
harvest the highest percentage of seed oil from Sala and Long pod genotypes with average (44.3%) the lowest
percentage of seed oil in all present treatments belonged to Jankom genotype. In the present study, the highest
(2093.8 kg.ha™) and the lowest (540 kg.ha™) grain yield and the highest (986.51 kg.ha™) and the lowest (191.21
kg.ha™) grain oil yield in both conditions without irrigation interruption (control) and terminal drought stress
were obtained from Hayola 4815 and Jankom genotypes, respectively.

Conclusion

The highest and the lowest grain yield, seed oil and biological yield were obtained from Hayola 4815 and
Jankom, respectively. According to the results, Hayola 4815, long pod and Solar are highly recommended to
cultivate in the regions where there is terminal water stress at the end of the growing season.
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Table 1- Meteorological statistics of Ahvaz Research Station during the experiment (2021-2022)
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Parameters oul ] @2 R Sdaol  op3yep8  Cadigemdyl
November December January February March  April May
lon gl 3l
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Absolute minimum temperature (°C)
| S|
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Absolute maximum temperature (°C)
53,4
|k 63.74 81.6 6.3 106 5.4 0 0
Precipitation (mm)
(s Casby Jilas
33.09 65.7 47.6 36.1 30.5 18.2 16.1
Minimum humidity (%)
FE O 118.53 57.6 56.9 103.6 157.34 25836  327.95

Evaporation rate (mm)
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Table 2- Properties of soil research rarm

SEae EC Noj Plied (K)ol gy 6y
Depth of soil (cm) _dS.m mg.kg?  mgkg! mgkg? Soil
0-30 2.81 0.05 9.36 138 7.5 Clay Silt
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Table 4- Mean comparision for the effect of irrigation and cultivar treatments on the number of seeds per

pod
&yl abad O gy Al dlasd
Interruption of irrigation Number of seeds per pod
(als) s o] gab 90 2532

Without interruption of irrigation
B0 o B0 b (2l Al pe > 15
Interruption of irrigation in 24.46
the beginning of flowering stage

by b oy 5 al>pe > i

Interruption of irrigation in 23.63
the stage of formation of pods until harvest
LSDg05 1.24
w5y O o b ol
Cultivar Number of seeds per pod
s 26.01
Long Pod '
Pl 2212
Aram
Yol 24.73
RGS003
P 21.81
Gancom
o 25.62
Solar
AV Yglo 26.55
Hayola 4815
e 24.76
Mahtab
o9 23.15
Jolius
(SelT) 518 24.90
Agamax
o 25.10
Sala
LSDg .05 1.77

M dz o o St i ader i Jlesl ©)g0 5

Bla (4 gy 3oy 2 5 a8l a8l )5, Slge I 5 e Bl o5 ()50

5 bl b JiSanyy o9 b siae (V Jgi2) @l bl

Ll s s IS 2151 45 5l 5 &3y s sl o)
oSolae Slslie ilodly ojlis 393 51 Sglie 28Ty (o,lol alad
ool adad yois bl s 3 a8 sl L5 0 Jgdo 40 o )|
9 (32> YNT) j¥5 pLS)1 jlaly () duoyd o iy (L)
U a5 als jo )3 ()bl alad Jloel ((doyd TE/Y) FAVD Yolo
FAVO Yola g (4o ¥O) s SOY pB,1 25 ps 05 doyd O+
e oy by U (mdiess (s)lul g g (10,3 FY)
(Ao )d FE/Y) nSle L abSOY g Yo pBB) 5l &ils 424y duoyd

b o iuli8l 50 aily i 5g gy Landsly s
s (Heidarzadeh et al., 2015; Zhang et al., 2013)
» (Safavi et al., 2020) ,LSen g 3,8 gotio Lidoh 5l Juol>
3y el (Sid i laulpd ) IS lay j g o8l ol
PLEI o 53 a5l i (59 o Bl 1 (oYL (ol 51 o8
dmy doy (@O0 Al o il ()bl b Laylyd )3 5 05 )55
(25 el yo Sl (g ll gl Lulyd 53 5 YIVe (Siks b oS00 o8,
0j9 oYL VLY VA degz 9 ¥o) Yalo (glasy juo s 40

Assb 1y albs e
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Sl gy dopd p (St 5 U e @ g Sllae Sl (B
Zareei Siahbidi & Rezaei Zadhe, ) ¢l sa i o,Lsl 1318
d ash oy gy duoyd gl e 48 My e el 4 (2019

033 3 |y byl Ulgs g pB)l &8 A5l bgpe (S35 o Sy
A3 o L &l il gals e > 4,

oled )3 a0l gy duoyd lie (pyieS e el Canday
il 3l pgSle o8y 4 ol Ghloj] sloless
oLisS jl (b Wl oo 5 > @ &b 59y (e (92 05
Aboodeh et al., ) usb ails 59 pals g &y il 0y90 oa
olis (Nazeri et al., 2021) - )LSen ¢ 5, bU ing3 (2020

2 gy Fimw glp Ol S 39 (wyiwd jd LialS 4 sl

addllao 3,90 (S S5 (815 08 9 SHlel @B EiSeR ) (Rilo Aunlio —0 Jgu
Table 5- Mean comparision for the interaction effect of irrigation and cultivar treatments on the studied treaits

aldslas gl Jsb N 09 5 ,Slos oad Ll ~oyd
&bl o3, o B &y O 9> 1:::0 Y cwilay oy
lirrigation Cultivar Branche Plant Silique seed Biological ~ Harvest Oil
Number/pl  height Length weight Yield index content
ant (cm) (cm) @ (kg.ha®) (%) (%)
Long pod 10.20 125.7 8 3.63 45271 405 43.33
Aram 7.30 144 5.91 3.30 5984.1 24.6 37
RGS003 8.10 122.43 5.70 3.20 5155.7 26.6 44.66
() ] g s Jancom 6.63 143.96 5.98 2.43 3855 224 38
S 0 oo Solar 8.49 143.06 5,51 2.90 5370.1 316 48.33
Without interruption of 45012 4815 8.43 11686  5.68 3.60 7201.3 24.2 46.32
Irrigation Mahtab 7 108.33 5.86 3.26 3397.2 40.1 45.33
Julius 7.46 120.33 4.75 2.83 6038.6 20.07 36
Agamax 7.03 116.23 5.99 3.20 44545 327 45
Sala 8.40 126.10 5 2.90 4240.1 355 42.33
LSDos 2.22 11.72 0.68 0.44 879.94 11.09 5.27
Long pod 5.50 143.30 7.45 4 5242.9 243 45
Aram 7.66 133.13 5.18 3.20 4708.8 22.2 40
25 dls yo 3 (o)l glad RGS003 6.70 126.56 5.72 3.30 4599.8 23.1 39.33
30 ys oy b Jancom 5.33 105.1 4.27 4.38 4608 11.89 35.33
Interruption of Solar 10.43 1533 5.52 3.60 5464.5 20.12 41
irrigation in the Hayola 4815 5.46 115.12 5.55 2.72 5711.6 32.95 43
beginning of flowering Mahtab 8.93 125.66 5.63 3.79 4546.2 21.34 41.33
stage Julius 5.20 145.83 3.50 3.16 5217.1 21.64 40
Agamax 7.53 120.56 5.81 3.34 4879.6 22.11 38.33
Sala 753 144.33 4.86 4.80 5955 2053 41
LSDos 2.24 16.71 0.66 0.53 1569.6 10.79 6.35
Long pod 7.50 140.73 6.45 3.76 5668 20.56 4433
Aram 7.30 122.13 413 2.87 4003.9 26.98 39
dlo yo 3 o)kl glad RGS003 5.1 130.66 5.56 3.09 4809.6 24.41 38.66
il B mdm g Jancom 4.40 140.8 4.29 3.89 3364.5 22.18 35
Interruption of Solar 6.23 135.1 5.49 3.22 5024.9 29.44 39.33
irrigation i the stage of  Hayola 4815 7.33 115.96 5.61 3.88 5886 33.13 40.33
formation of pods until Mahtab 6.90 134.4 6.06 4,53 5613.5 18.48 41.33
harvest Julius 8.10 151.36 3.9 4.43 4763.3 28.82 36
Agamax 5.30 139.46 5.76 3.98 4476.3 27.25 38.33
Sala 5.50 149.16 5.56 3.58 4857.8 23.92 44.33
LSD 408 2.21 18.07 0.67 0.42 997.72 6.20 5.28
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Table 6- Mean comparision for the interaction effect of irrigation and cultivar treatments on the studied treaits

‘e , 5 Slos 8,93 Jgb b ggeome
i i, "’?{ g5 3 )SJ“' s Sy iy Sy Iyl
o ”3_’ V9 ail> Growth Total heat
lirrigation Cultivar Number of Grain yield G_raludn period requirement
pods per plant (kg.hal) kyli] 1, Maturation maturation
kgha’) " (day) (day)
Long pod 228 1971.49 893.27 150 2004.70
Aram 197.50 1597.71 590.47 149 1980.87
RGS003 262 1363 612.62 152 2056.70
Jancom 211.33 832.07 316.64 153.66 2101.03
(L) W b o HSa(;Is:’a 406 1857.03 897.88 150.66 2021.70
Without interruption of irrigation 4815 420.33 2093.76 968.51 139 1750.70
Mahtab 218 1689.60 766.90 150.33 2013.20
Julius 262 1208.88 436.91 153.66 2101.03
Agamax 240.33 1442.22 655.54 150.66 2021.70
Sala 196 1605.19 680.44 150.66 2021.70
LSDy.0s 89.27 291.72 17853 1.34 34.86
Long pod 265.33 1273.96 575.54 150.66 2021.70
Aram 179.67 1020.80 449.96 148.66 1974.37
RGS003 199.17 1061.82 417.78 150 2005.20
c Tl Jancom 183.33 539.98 191.21 152.33 2073.87
(P e 2 il 8 Solar 200.33 1031.44 424.44 148 1972.87
UR’JC)T?)? Ao)d o b Hayo|a
Interruption of irrigation in the 2015 360.67 1696.06 729.74 138.66 1743.20
beginning of flowering stage Mahtab 158.50 1011.18 416.70 148 1972.87
Julius 199.17 1266.47 506.17 152.33 2065.03
Agamax 254.67 1075.02 411.85 148.66 1972.87
Sala 195 841.19 344.94 148 1972.87
LSDg s 48.15 323.18 136.94 153 36.49
Long pod 267 1141.48 505.20 150 2004.70
Aram 196.33 1075.67 419.86 150.66 2021.70
i RGS003 248 1194.25 460.50 150.33 201453
alsyo 55 (6Ll alad Jancom 157.43 743.05 259.92 153.66 2101.03
Cald g b 23y st Solar 239.67 1322.48 521.24 150 2004.70
Interruption of irrigation in the Hayola 306.33 1935.58 782.99 138.33 1735.70
stage of formation of pods until 4815
harvest Mahtab 231 1002.58 409.49 150 2005.20
Julius 222.33 1276.35 459.88 153.66 2101.03
Agamax 225 1217.60 453.86 150 2004.70
Sala 232.33 1116.89 500.82 150 2004.70
LSD g5 62.63 172.77 111.82 1.36 33.73
aaly JJSJAS 9 ()J)""; & JBJ,) PR 4\;|)| HR .))Slo& );bl.o,a O»LJ)J

cood ash oy Shas aS ol s (Y Jads) Gmibyls asje0
Al Gxe 6 9 (5l glab iiSam
wls o gy 8 Slas

gl 5> &b 89y 3)es (iSen y uiljly 45 ol
09y 2)Ses Sl (¥ Jgao) culS b gz dopy Sy Jloz>]

e U Gl oy San gfgy LS o (oolaidl 5 Slos laica
(Aboodeh et il ladye 95 o b by 5 Slas g &l (29, lopd

5 (10L) (oLl alad (igs Ll 93 2 )3 ails 5 Slos ey
Jols TAVG Ygla 5 5l s 5l i el el sl
Slial s 38U Gayb a0 Slas (il e 30l ol
039 5 408 30y ot dlad (o yet 53wl olaw dles 10 Slas
el Jloel a8 0 b jasuie (6)505 oy > Mbloe 4> 50
Cely g an dm o (A 5 (a0 iy Sl (o)l
Qasemian ) 53,5 o 4l 3, Sloe (gaod DA o ¥V ials

J(Ardestani et al., 2020
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G sl (G 3o (5 S 9 (S bigw g (St
.(Sepanlo et al., 2014) .5 osnlin ald ¢ (Sid LA
Cacily 3 oAl

oS Gl (S5 wre alapadls Sl (S ety padls
Gl &l &y olS gy pluil 5l (g 5twgid slge JWE5l dspy (Sl
el Cho 1 08, 5 ol gab iSenyy pols Giulel )
Jlesl b (Y Jsdo) ad jla pize o yd S Jloiis] o 50 il ys
P )bl gl gl bulyds > ey (asls i ()bl glad
Bl s 3 ine pobods (203293 20y3 B b (2AS (gl s
L (st sloge 2 sl o sl Ll > S Jls
2 ey g0 pBYl oy 50 i sdalie (gl xe bl cuily
LSV o8y 4 pasls oo (48l3) (o)lol alad (gl bl
Ay (IS s o 5l (Ll b Lulyd 53 g b ol
YU (5 Jsin) as Jeols Yaw 5 FAVD Vsl o6 51 i iy
kb 5 )bl o s Lyl o pLS 1 by (asls o
b Wl e (2302 20y 00 b (S Al e > gl
il e p0 ash dliad g a0 e dlaad g YU
e 055 balpd )3 )1 63Vl sy padls oS oy
g lodgad Syl Lavasly o a1y (g3 gud lgo 31 6 5YL
Khayat Moghaddam et al., ) coib salgs o 5YL 5 Slos
A Cans LY o8y ey (edls g 5t ade (2022
iy 3 Sls 5 & 3,Slas a8 alS 4 ol ] ) ol
5 b byl gyl adad Jlasl i g oyl lad balys )
Uy a8 w300 Ui pol ol pB)l ol 9 e pogad
bab & Syl jogadds (65tuwed dlge bl 5 Jas! jo pB))
e 5,8kes Ll )3 wge Jolgs 5ot Laslys

ol iaeis p> .al., 2020; Seyed Ahmadi et al., 2015)
9 L)_.Cs) do)d w&l_f l.) ui c.\a.ﬁ ))‘ 2 &l 029) .)).ilo& uM.m\S
el )bl g buly s 5 (8 Jods) ails 5,8es Loguaske
cel bl pac b zals a8 sl Lis (Mamnabi et al., 2021)
sl gy 0, Sdas Cald 13 5 8 Oliee 9 W1 3Shes S
s y o Slas
slacasgs o slel g Sl Gy 4o 5l Jobs gl
U 03y 9 bl @ad & 39 o) GboS ) 3es i 51 13K
Joda) aih cans opl g o )d S Jlois] maw 3 (g)b me
B Ao ye 3 A5 Jleel 5 (i85 Jlosl g bl 5 (¥
aS Jyeuo 0 bl s ) 3,8l (g)lol glad b el y b
o B D a8 s e i Jlesl b g 0 Sas
i) D Sdas Hlade p YL 050 Jb ime 1S slacuisls
L5l g s (iiSeny 4 £+ YAS 5 VWY 5 Ske b ool ity
i (G 3)Sdas plie (p Sl 9 s 9 TAYD Ygla
) d)lﬁi g Jlos (uiSeny 4 YYEY/0 o ¥ ¥/ slo nSlo b
2 oobe oo dan S1L(F Jsin) 392 oy psSile g ol o)
3fdes (ials cle g LBl oo iy )y 903 9 (2 ol LIS
bulyd )3 ol Sy Ghiy 9 oo 5l (AL Nlge (5 Laalyd
P58 2,Slas 2l Y (o mipad il (S5 i
Cowlus 5 0,Slas ) odd il 3)lae ululy pB)l pluw 4y Cod
5 55 otmeiy 3 gl o)l oS 4 s o8
d3IS a,lg Ve (g9, (Zirgoli and Kahrizi, 2015) ¢3-S
o lly b cod ba ly oled Sielon 2 Sles W0)S" ji)l58
g Sl ueya> ) &5 adllas > by ol u.,.mlf ufwo

ol U Eame 5 by 093 Job Olaspe (ile uilhly 42325 -V Jgax
Table 7- Analysis of variance of mean of squares growth period length and total heat requirement

. 3 0593 Jsb _ il 3 Egee
SOV d.f Flowering Growth period (day) Flowering Total heat requirement
Maturation Maturation
Blok sl 2 1.98"™ 0.54™ 458.86" 398.83"™
ﬁ‘)l*f' CJ” o 2 12.87" 12.41" 2678.95 7229.03"
Interruption of irrigation
Errora a cls 4 1.62 122 309.85 760.85
Cultivar 3, 9 61.317 147.46™ 1697.65™ 82894.5™
I*C 18 1.54™ 1.16" 295.34™ 710.57"
Errorb b s 54 1.15 0.65 286.16 401.32
CV (%) 4.2 0.5 5.1 1.0
il oo duopd gy 9 G Jlein] o )3 3 Gixe g )b dze pf i g FF 9 F NS

ns, * and ** are non-significant and significant at the 1% and 5% levels, respectively.



YE+Y by € 0 lowd Fo ala (il (£y5 Slobdgiy apmis  FYA

St o ine oS 455 50593 IS 1 ol JiSamyy il 5 oalS
0SSl b o)lal b (g0 lad 53 (@IS (0590 Jgbo (Y g2
sl gdad alo po 93 2 13 &SS90 )3 45 ol (55, YHIYF)

(A Jsie) ceblis Saten b ()b sine (6 kel B!

Seyed Ahmadi et ) ,\Ken g (das! o Lidghy Gololy

sl (2a 8 als o )0 (SUis i a5 WS asuie (al., 2015
D)8 o il y asls b xe Lials

sy g0y Jobo o8y Sl s )l alad I iyl 4520

Wy bad Gl (5Ll @l 45 (5l 5l Egetne 9 b 093 Jgb (ke dumlilo A Jgur
Table 8- Mean comparison for mean growth period and total thermal time requirements under irrigation cut at the end
of the growing season

d)t&!i aké

Interruption of irrigation

Al yo (1> 5l Egeme
A5 ) 093 Job S
Flowering growth period Total heat requirement
during flowering

(12L3) <ol b y9

. . . T 26.46 343.13
Without interruption of irrigation
R0 dep b Bl e 25.23 32535
Interruption of irrigation in the beginning of flowering stage
Cdlayp B (mdpn g dls o o i
Interruption of irrigation in the stage of formation of pods until 25.46 328.70
harvest
LSDq.0s 0.91 12.61
) 2 25
Cultivar Flowering Flowreing
S 2333 333.83
Long Pod
b 25.33 321.33
Aram
Yol 25,68 327.44
RGS003
Pty 22.67 322.55
Gancom
Mo 26.22 335.27
Solar
A Nyl 2077 359.44
Hayola 4815
e 26.24 325.43
Mahtab
sy 23.77 32451
Jolius
(05ab1) 5251 30.33 359.55
Agamax
o 26.05 320.5
Sala
LSDq g5 1.01 16.98

8)93 59y 4350 5 ()l U Egemme p o8y 5 5yl b LiiSen
S o Jlasl o)l lad oy 90 0 )3 3 Lt (S
P51 ol cppiar 9 YAV Yuls & bguye (5l Sl ggeme
Jole a8 Lol J1LE Jgaa) 4ob osalio poSSle 5 ugde>

S By 5l g ol b b ails b 5 (GBS (g0y90 ol

)bl e oS ols i (a8 gals o )3 59y 42 )3 ggerne

2 39y 425 Egemme sle ()bl @b Jlos! (ot balpd ) s
Sl L 2590 59y 4203 Egeome (pizmen > (AT dl> o y»
;r';)]P 5Ls O3 il g Q5L&:.a )i’..\.o.b L rol.'é) Gm.lf 5090
ol sty SalST 5 FAVD Yopla pl5) 51 oS (salsyo Jobo
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