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Effect of climate change on growth and seed yield of canola (Brassica napus L.) in

Dehgolan plain of Kurdistan province in Iran-using the DSSAT program
Dolatparast, B.%, F. Hosseinpanahi?, H. Mansouri 3, A. Siosemardeh *

ABSTRACT
Dolatparast, B., F. Hosseinpanahi, H. Mansouri, A. Siosemardeh. 2023. Effect of climate change on growth and seed yield of
canola (Brassica napus L.) in Dehgolan plain of Kurdistan province in Iran-using the DSSAT program. Iranian Journal of
Crop Sciences. 25(1): 101-118. (In Persian).

Introduction: The crisis of water sources limitation has signified the necessity of irrigation management of
canola crop unavoidable. This issue is especially critical in the context of climate change, which is accompanied
by changes in precipitation amount and patterns as well astemperature flucatations. The time-consuming and
costly nature of field research and the spatial and temporal dependence of the results have caused crop growth
modelling to be considered as an effective and acceptable technique in decision support systems under climate
change conditions. In this regard, the DSSAT program is one of the most successful programs available for
simulating the growth and development of crops. In this study simulation program for plant growth and
development was used to predict growth and seed yield of canola in Dehgolan in Kurdistan province of Iran.
Materials and Methods: This study consisted of two phases; field and simulation studies. Statistical
Downscaling Model (SDSM) was used to simulate climate data and forecast climate changes in the future. For
the future climate, the set of CanESM scenarios including; RCP2.6, RCP4.5 and RCP8.5 scenarios, presented by
the Canadian Earth System Modeling Center, were used. Then, the changes in the growth and yield of canola
under the mentioned scenarios were studied in the four periods of 2021-2040, 2041-2060, 2061-2080, and 2081-
2100 using the CSM-CROPGRO-Canola model in the DSSAT program. In field studies, two field experiments
were carried out to calibrate and validate the output of the model in the research farm of the Kurdistan University
in Dehgolan 2016-2017 and 2017-2018 cropping seasons.

Results: The results of validation for weather and growth models showed that the models had sufficient
accuracy to simulate climate variables and also the growth of canola. The simulation results illustrated that the
growth characteristics of canola were affected by the negative effects of climate change under all scenarios and
different time periods, therefore, the plant traits in various climate change scenarios were low when compared to
the baseline cropping season (2018-2019). In general, the results of the model showed that the maximum
negative effects of climate change on canola growth was in the RCP8.5 scenario and the minimum in the RCP2.6
scenario. The adverse effects of climate change were accelerated by time, especially in the RCP8.5 scenario.
Conclusion: The results of this study showed that the future climate change will have a negative effect on the
growth and yield of canola that depends on the scenario and time period, the seed yield will decrease from 0.3%
to 37.58% as compared with the current conditions. Therefore, to mitigate climate change impact on agricultural
ecosystems necessary management measures including development of suitable canola cultivars and agronomic
mangament package should be taken into consideration for adaptation to the changing climate in future.
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Table 2. Results of the t-test for comparing the 1:1 line against the fitted linear regression between observed and

simulated data for oilseed rape (Simulated = a + bxObserved)

o
ool (gla e s s 35l gllas Al (@=0,b=1) e ,e

Climatic indicators Coefficients ~ Std. Error  p-value  t-value Eq HO R2
by b a 0.5144 0.309 0.098 1.663 Accepted

S y = 0.9881x + 0.5144 P 0.94
Solar irradiation (Rs) b 0.9881 0.017 0.478 0.711 Accepted
S e (sles a -0.1776 0.205 0.386 0.868 Accepted

. Y=0.9811x + 0.1776 0.98
Maximum temperature (Tmax) b 0.9811 0.010 0.051 1.961 Accepted
Jlas (cles a -0.1975 0.117 0.093 1.689 Accepted

n . y =0.9909x - 0.1975 0.98
Minimum temperature (Tmin) b 0.9909 0.011 0.409 0.828 Accepted
S a 3.0534 0.483 0.0001  6.322 Rejected

o y =0.8437x + 3.0534 i 0.96
Precipitation (Prec) b 0.8437 0.012 0.0001 12.702 Rejected
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Fig. 1. Validation of observed and predicted values of climate variables from 2006 to 2020 year based on Root
Mean-Squared Error (RMSE), Modeling efficiency (ME) and comparison of linear regression against the 1:1 line

(average of monthly temperature during 15 years) for oilseed rape
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Table 3. Simulated and observed values of seed yield, biological yield, harvest index and leaf area index of

oilseed rape based on Root Mean-Squared Error (RMSE) and modelling efficiency (ME)

Slis s 3 Shas 13 5 Shes Csls p Lasls & et ls Sl
Traits Biological yield ~ Seed yield  Harvestindex  Maximum leaf area index
RMSE% 10.12 11.8 8.64 133
ME 0.89 0.94 0.86 0.53

5ol oalive Slaosls m okd 0305 51 Ogen S dalj 5 10) Lot 4y e St ol s =F ol

1S olS (5l ok (g5l 4

Table 4. Results of the t-test for comparing the 1:1 line against the fitted linear regression between observed and

simulated data for oilseed rape (Simulated = a + bxQObserved)

sl Ao oS
LS sl ls 5 i = >t il (a=0,b=1) s sy
Plant traits and indices Coefficients  Std. Error  p-value t-value Eq HO R2
25 Shes a 2279.1 894.165 0.022  2.549 Rejected
A y=08667x+2279.1 0.92
Biological yield b 0.8667 0.069 0.073 1928 Accepted
4ls 3 Shes a 1296 183.715 0.491 0.705 Accepted
. y =0.9854x + 129.6 0.95
Seed yield b 0.9854 0.062 0.817 0.235 Accepted
Csls e ls a -0.1242 2.023 0.952  0.061 Accepted
. y = 0.9946x - 0.1242 0.88
Harvest index b 0.9946 0.098 0.960 0.051 Accepted
& 2l S| a -0.640 0.519 0.236 1.233 Accepted
gl el S y=1.2328x - 0.64 P 0.79
Maximum leaf area index b 1.2328 0.170 0.191 1371 Accepted
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Fig. 2. Simulated values and percentage changes of seed yield, biological yield, harvest index and maximum leaf
area index of oilseed rape in different scenarios and periods (2021 to 2040 (2140), 2041 to 2060 (4160), 2061 to
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