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Abstract

Introduction

Canola is a crucial industrial crops in the country's oil production in order to produce high-quality
edible oil. However, the challenges related to water allocation to the spring crops at the end of the
autumn canola growth period have become one of the obstacles to achieving optimal production
levels for this crop. Addressing this challenge is essential for enhancing the productivity and
sustainability of rapeseed farming in the country. Due to the high cost and time-intensive nature of
field experiments, calibrated crop models are widely used as efficient alternatives. In this regard,
simulating different irrigation management scenarios for canola yield is a practical and effective
approach.

Materials and Methods

This research aimed to evaluation the effect of withholding irrigation treatments on different
growth stages of autumn canola production. It also seeks to identify the suitable canola cultivar
and the optimal growth stage for implementing withholding irrigation through a long-term
simulation experiment using the APSIM-canola simulation model. It was carried out in four
counties of Lorestan province including Khorramabad, Pol-e Dokhtar, Kuhdasht and Aleshtar in
Faculty of Agriculture, Lorestan University. For this purpose, in the first step, the model was
evaluated using two independent data sets. The cultivars included Hyola308, Hyola401 and
RGS003 (early, mid and late maturity cultivars, respectively), and the irrigation treatments of the
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study included full irrigation, withholding irrigation at the flowering stage, withholding irrigation
at the pod initiation stage, and withholding irrigation at the grain filling stage.

Results and Discussion

The evaluation of the APSIM-canola simulation model demonstrated that this model has a good
capability to accurately predict autumn canola grain yield evidenced by an estimation error
(nRMSE) of 18%. The results showed that the variability of the autumn canola grain yield across
all of the studied locations, different treatments of withholding irrigation and cultivars was
significant. Notably, the highest yield was recorded at 4.49 t ha'! in Khorramabad, while the lowest
was 1.96 t ha'! in Aleshtar. Furthermore, the analysis of dry matter production indicated a
considerable variability across different locations and treatments in a way that the highest and
lowest amount of dry matter between location belonged to Khorramabad and Aleshtar (17.80 and
8.89 t ha'!, respectively). The research findings highlighted the crucial role of climatic conditions,
particularly air temperature, in informing management practices such as cultivar selection and
irrigation strategies. Based on this, the use of Hyola401 mid maturity cultivar in Pol-e Dokhtar,
Khorramabad and Kuhdasht counties along with full irrigation throughout the growing season
resulted in the highest grain yields of 5.38, 5.36, and 4.49 t ha“!, respectively. It was while in
Aleshtar (with cooler temperature condition compared to other locations) employing the early
maturity cultivar of Hyola308 coupled with withholding of irrigation before the end of the growing
season led to the highest amount of grain yield (2.64 t ha!) in this region.

Conclusion

The findings of this research indicate that in the cultivation of autumn canola, it is crucial to
consider climatic factors, particularly air temperature, as well as the accessibility of water resources
when selecting the appropriate cultivar. Specifically, under conditions where water availability is
restricted, opting for early-maturing and mid-maturing cultivars can serve as an effective strategy.
This approach not only mitigates the adverse impacts of water scarcity but also contributes to the
sustainable production of canola in various regions. By aligning cultivar selection with the specific
climatic and water conditions of an area, farmers can enhance crop resilience and ensure a more
stable yield, ultimately supporting the agricultural sustainability of their communities.

Keywords: APSIM model, Evapotranspiration, Length of the growing season, Seed yield, Water
limitation
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Table 1. Climatic properties of studied counties

Mond  Rainfall Temp. (°C) Mondn  Rainfall Temp. (°C)
(mm) Min Max Mean (mm) Min Max Mean
Oct 34.3 4.5 249 147 Oct 25.3 92 275 18.3
Nov 64.4 0.6 158 82 Nov 61.7 43 18.5 11.4

Dec 78.0 29 113 42 o Dec 82.9 07 129 6.8
;3 Jan 63.9 5.1 8.4 1.6 fg Jan 71.5 09 108 4.9
3 Feb 71.0 3.3 10.8 3.8 g Feb 76.4 0.3 12.8 6.6
< Mar 69.9 0.1 155 7.7 5 Mar 87.8 3.3 17.1 10.2
Apr 75.2 3.7 200 11.9 Apr 61.6 7.3 22.7 15.0
May 25.4 6.4 258  16.1 May 23.4 11.0 290 20.0
Jun 0.3 8.7 325  20.6 Jun 1.1 149  36.1 25.5
Oct 27.9 188 320 254 Oct 27.6 8.1 276 17.9
Nov 52.0 107 214 16.1 Nov 59.1 3.5 18.1 10.8

5 Dec 77.9 6.4 15.9 11.1 Dec 58.4 0.1 13.2 6.7
1; Jan 65.3 5.0 14.2 9.6 % Jan 57.1 -1.3 10.7 4.7
2 Feb 47.1 6.7 165 11.6 }:‘; Feb 56.8 0.1 128 6.3
:cl_> Mar 54.3 102 21.6 159 Mar 48.5 2.3 17.5 9.9
Apr 50.7 150 272 21.1 Apr 50.0 62 227 14.4
May 17.9 213 345 27.9 May 22.7 9.9 29.4 19.6
Jun 0.5 26.6  41.0 33.8 Jun 0.4 14.1  36.1 25.1
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Table 2. The genetic coefficient of the different genotypes obtained from APSIM-Canola model

calibration
Cultivar
Coefficient Unit
RGS003 Hyola401 Hyola308

Cumulative thermal time required from emergence to end of juvenile 350 300 235 °Cd
Max1mum thermal time required to complete the juvenile process at no 500 460 395 -cd
vernalisation

Cumulative thermal time required from flowering to start grain-filling 200 200 200 °Cd
Maximum vernal days required to complete the vernalisation process 25 25 25 day
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Table 3. Soil properties and management data in the studied counties

Yv¥

Bulk Soil water content ~ Soil water content Saturation Sowing Nitrogen

County density at wilting point at field capacity =~ water content date fertilizer

(g.cm™) (cm? cm3) (cm3.cm?) (cm?.cm?) (kg.ha'!)
Khorramabad 1.28 0.231 0.392 0.518 23-Sep 119.6
Aleshtar 1.28 0.242 0.395 0.515 1-Sep 121.4
Pol-e Dokhtar 1.38 0.062 0.286 0.475 17-Oct 138
Kuhdasht 1.34 0.259 0.396 0.500 12-Oct 116
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Figure 1. Validation of APSIM-canola model for simulation of canola seed yield in cold and temperate

climate

Table 4. Analysis of variance for seed yield and biomass of canola in response to different treatments

S.0.V Df

Mean Square

yield biomass
Location 3 393699308 5091161498
Cultivar 2 28113215™ 117941855
Irrigation 3 17482347 288228504*
LocationxCultivar 6 15942053* 142417419
LocationxIrrigation 9 3295160 45993959""
CultivarxIrrigation 6 283210ms 4419168"s
LocationxCultivarx Irrigation 18 1148090 1058646"
Error 1419 749474 10481613
CV (%) - 22.98 21.40

ns and ** are non-significant and significant at the 1 percent probability levels.
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Figure 2. Seed yield of different autumn canola cultivars in response to irrigation treatments (1: full
irrigation, 2: withholding irrigation at flowering stage, 3: withholding irrigation at pod initiation stage and
4: withholding irrigation at grain filling stage) in Khorramabad, Pol-e Dokhtar, Kuhdasht and Aleshtar.
(the means with different letters in each column are significant at 5% probability level based on Duncan
test). The length of boxplots indicates variability among years.

SIWAY QA Cs sa) ) (6 i o ¢S osle Cda S (vp)&tﬁm@é%}j&b;}uw)j
é:;.\:.!jjji.i; ;JJPMM,W 5 (HLa BEISRL AN .:jij\)gjLé:.«@L:jqd:;urlé)\)'\a:&:w\a\f:\.sbm
4>}5l;Hy013308 r.;)wbdbb U‘i‘ )JSJB BE jj.>u\l: ‘JL‘(‘F BE) RGS003 rﬁ) chA UJ\



YYA

‘_glA)L«:.? O ‘j..‘:ili 6‘)5 J.:J}}' PR I(_}b&.«.ﬁ E) ‘}}Lé

ol juxs 22l Ol gs s .(Dogan et al., 2011)
ol 3 I es W 5 oSt bale e Sl ST
o T slasles 53 e W 5 oS 3l lhe aikae
@by Cju 5oy e Ja 43 5 MFA 5 MY
Mae T s jlad aw 2) LT W lajles
2 JolS T sl 5 (sls LSS

ST il 5 03 ik 5S om 1 S0l gl s
o gme BN Sl 5 oo sl 5 55
o3litl b o y> gy (LT pebas )3 ()2 3550 Sla)les
e Al Gl s el ol g o1 0505T
el s RGS003 (3, ct8™ flima 1 st S 5 sUT
boles plo b doys gy ObT o 53 olS™ (o)LT
@S 5ole Hlie oy ti 4 oliws 4 e 5 3g osline
VENA 5 Yo /80 YN/ O 5a) Ok g ol s 1S
s 5 Hayola308 o5, 5f esliwal . O 3 o5
Bl 4 e bl ol 5 58 da.klff\b-f el
—a gl A Ll ple b awlis 53 gty oSS 6obe
s sl S e 2l 55 &8 ol Ol saT s
S 53 5 )V /VF L Hayola308 o5 a8 5 bt
Jolie 55 5 di IS oSCist bale jldie o j2hs A 55 40 ot
ALy Jead sl b LT 5 Hayolad01 s oiS
L O 53 o5 VPA) 158 olE oSCist bale ldie o a8
.h:ljizn\f‘s?)y):«f:lbbl.iﬁ@\:da\ ils of e a4
oo B LSl L LIS 0l SAST s ples
S o s ab dals ity oK Gl W e
e 31 ol eslizal pe s 4 uy3s5 p1 1 slinul
Wl Aal g o o (6 eS @S sl U 5 Lo

osliwl pde 5 03 ()l S ke 35335k 035 0655 &
) (S S b3le S (Jame s Sl JulS
4 b dd g GBS 5o o5 VY20 5 VPN OF/AY
Lok 4o ple b YelS 22l Oliw gd 53 sl Cows
Ble p a8 5 o ihe oS0 oSS 4 5y sl
o i £ o Ol g ) 53 0 A 5 $SCi
Hyola308 355 pls)) 4 5t 55 o5 VAY 51 /2F L
Q@jpm)@ﬁq.@b&\x}RGSOO:S B LE)
el 5L 5 (V Jsder) Ol gl opl )3 (gles Cusguloms
(i gles dly) 5 Vs i) 6,50 Ik & o) 0
Slaoyss JooSS sl Ll b (s ol n oSS g
g o3y opl 5 0355 Lge RGS003 (5, o550 58
(..«SJ S Okl & Jl 5 il eslimal 35 sl sty
oS 5 e ) e il gles Loyl 3 L Hyola308
el ods 2l Ol g 53 03 opl )3 ke oSS Bl
2T Glaslas ) bl mexd ¢Sis bole auslie

4 yie ol BT Dl Sl (S 55 e g 2050 GbLs
15 Ol W gy 55 Calies Gblie 53 (HWT sbajles
Jo T CldasS g gl olTp o ailais 4w 52 &S
e st 5 B S 4 LT s sl sles b dnslie
RN TR PRI C PR GUEF BR WRNJ g
5 3LTp s il slaike gd 53 Lol (LT L eus
590 ) 53 5 VA 5 VANY VA O Cbda S
bl o fa A s o olT s s 52 &8 Jl- 5o
w,f&cu S S 3 5 VVAD 5 W/ A $/5Y
Gl Calse p)l W5 LT lles Sl s)
2 @l R g 4 ol Ol 35 aS 5 5 sES 55 esmly
5 a5 Shes b SIS w0l IS el

shs 15 5h Cow ) ogml IS by ) 3 Shee



s

VP Ol oF o las FA Al ¢ ol Sl

Pol-e Dokhtar

Khorramabad

30
b de cde cde bed bed be
fg ; dl‘ cde bed bt
@t % % G " T
10
—~
s
= 0
2 Kuhdasht Aleshtar
430
=
2 a
m = ab
20 :
2 fpoefg fg defy def defg abe abe abe
ab a a a
=
<
10 be be be be
glEH $959
0
Hayola308 IHayola401 RGS003 Hayola308 Hayola401 RGS003
Cultivar Irrigation treatment

[ e

1 2 3 4

Figure 3. Dry matter of autumn canola in response to cultivars and irrigation treatments in the studied
counties. (Means with different letters in each column are significant at 5% probability level based on
Duncan test). The length of boxplots indicates variability among years.
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Figure 4. Regression relationship between seed yield and dry matter of autumn canola with the amount of
evapotranspiration, length of the growing season and the average air temperature during growing season

in the studied locations.
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