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Background and objectives: The canola plant (Brassica napus L.),
containing 40 to 44 percent oil, is considered one of the most important
edible oilseeds and is the third most significant annual oilseed crop in
the world after soybean and oil palm. The global demand for food is
rapidly increasing due to the growing population. This demand is
expected to rise by 60 percent by the year 2050, which poses a
significant challenge, especially in the context of climate change.
Human activities since the industrialization era have led to an increase
in greenhouse gas emissions, which are expected to alter regional
rainfall patterns and temperatures. The most critical feature of global
climate change is the significant increase in temperature and uneven
distribution of precipitation, which are limiting factors for sustainable
development. The ultimate goal of assessing climate change risks is to
identify adaptation strategies to achieve sustainable development in a
specific region. Adaptation strategies vary depending on agricultural
systems, regions, and climate change scenarios. The aim of this study
is to examine adaptation strategies to enhance drought resistance in
rapeseed plants concerning future climate conditions in the country.

Materials and methods: The present study aims to predict the impact
of climate change on the growth and development of rainfed canola in
Iran using two general circulation models, HaddGEM2-ES and IPSL-
CMS5A-MR, derived from the CMIP5 project under two emission
scenarios, RCP4.5 and RCPS8.5, as reported in the fifth assessment
report of the IPCC for the future period from 2040 to 2069. The
downscaling of climatic parameters generating weather data was
conducted using climate scenario generation tools within the AgMIP
project and implemented in R software. After simulating the future
climate and producing the necessary parameters (minimum
temperature, maximum temperature, precipitation, and solar
radiation), the growth and development simulation of rainfed canola
was carried out using the SSM-iCrop2 model under current and future
climate conditions. Additionally, the results of the growth and
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development simulation of rainfed canola under future climatic
conditions in Iran were evaluated with increased drought resistance.

Results: The results indicated that the average temperature during the
canola growing season in the future is expected to increase by an
average of 2.3 degrees Celsius for the RCP4.5 emission scenario and
by 3.1 degrees Celsius for the RCP8.5 scenario compared to current
conditions. Additionally, the results showed that the distribution of
precipitation among the growth seasons would vary between the two
models. The simulation results under climate change for both RCP4.5
and RCP8.5 scenarios revealed that, with the increase in average
temperature, the length of the growing season would decrease in both
models studied. However, it is predicted that water productivity will
increase under both emission scenarios. It is anticipated that the
average yield of canola in the country in its main cultivation areas will
increase by 5% and 8% under the RCP4.5 and RCP8.5 scenarios,
respectively, compared to current conditions. By implementing
adaptation strategies to enhance drought resistance, it is expected that
under both RCP4.5 and RCP8.5 scenarios, the average yield changes
will increase by 8% and 9%, respectively, compared to a future without
adaptation strategies.

Conclusion: The results of this study indicate that, on average, the
yield in most of the main canola cultivation areas in the country is
expected to increase under both emission scenarios. By implementing
adaptation strategies to enhance drought resistance in the future
climate, it is predicted that the average yield will increase compared to
a future without adaptation strategies.
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Table 1- The climatic information of the reference stations includes coordinates (latitude, longitude, and

elevation), average temperature (TEMP, °C), and precipitation (PR, mm) during the growing season
(winter, spring, and autumn)
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Caitde T ) TEMP ) TEMP ()
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AT il
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Table 2- The climatic characteristics of the main rain-fed canola cultivation areas in Iran based on climat codes.

Station o)

Climate Code Ll a8

Climate Y

Sari L
Qara Kheyl |1
Bandar Amirabad sU1 .|,
Pasha Kola ustL:t
Bileh Savar i,
Karehsang ... 6,8
Shahmirzad s} ,.ees
Shirinabad U -, .2
Pol Sefid .14 |,
Kordkuy 55 5
Minudasht <5 5
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I1zeh .5,
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Semi-humid o 4b jeaes
Semi-arid ¢Sisaes
Semi-arid ¢Sisans
Semi-arid ¢Sisaes
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Table 3 - Soil information of the studied stations

o NO.., L sk & kol Ges
Station HC texture Fertility Depth
Dehloran o las HCS Clay ., Middle L. s 120
Qara Kheyl .+ 3 HC2 Clay ., High st 120
Hashem Abad Ui sl HC2 Clay .., High sL; 120
Hashem Abad Ui sl HCS8 Clay .-, Low .s 120
Hashem Abad Ui sl HC17 Loam . Low s 120
Izeh 5! HC12 Loam High s 60
Galikesh _:J8 HC14 Loam . Middle L. s 120
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Figure 1. Prediction of changes in average, maximum and minimum temperatures in future climates (2055;
2040-2069) compared to the baseline period (1980-2009) during the growing season of canola (winter,
spring, and autumn) across the main cultivation areas in Iran, based on the outputs of the HaddGEM2-ES
and IPSL-CMS5A-MR models under RCP4.5 and RCP8.5 scenarios.
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Figure 1- Prediction of changes in average precipitation in future climates (2055; 2040-2069) compared to
the baseline period (1980-2009) during the growing season of canola (winter, spring, and autumn) across
the main cultivation areas in Iran, based on the outputs of the HJdGEM2-ES and IPSL-CM5A-MR models

under RCP4.5 and RCP8.5 scenarios.
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Table 4- Changes in yield, water productivity, and days to harvest in future climates (2055; 2040-2069)
compared to the baseline period (1980-2009) in the main canola cultivation areas of Iran, based on the
combination of two GCM models, under RCP4.5 and RCP8.5 scenarios.
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Table 5- Prediction of maximum temperature in the main canola cultivation areas of Iran in future climates
(2055; 2040-2069) during the growing season, based on the combination of two GCM models under
RCP4.5 and RCP8.5 scenarios.
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Table 6-Changes in the total evaporation and transpiration (SUMET), radiation use efficiency (RUE), and
transpiration efficiency (TE) during the growth period of canola in the future climate (2055; 2040-2069)
compared to the baseline period (2009-1980) under RCP4.5 and RCP8.5 scenarios.
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Figure 3- Examining the fraction of available water for transpiration (accessible) in the root zone (FTSW)
on a daily basis in three regions: semi-humid (Qara Kheyl), semi-arid (Bandar Amirabad), and arid (Pol
Sefid and Minoodasht) during the baseline period, as well as under the RCP4.5 and RCP8.5 scenarios.
WSSL is the value of FTSW below which the leaf area expansion begins to decrease. WSSG is the value
of FTSW below which stomata start to close, resulting in a decrease in transpiration and dry matter
production. The vertical line in the figures indicates the start of seed filling.
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Figure 4- The impact of drought resistance enhancement adaptation strategies on changes in canola yield
in the future climate (2055; 2040-2069) compared to the future (2055; 2040-2069) without adaptation
strategies under RCP4.5 and RCP8.5 scenarios.
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Figure 5- Examining the impact of drought resistance enhancement adaptation strategies on changes in
canola yield in the future climate (2055; 2040-2069) in three regions: arid, semi-arid, and semi-humid,
compared to the future (2055; 2040-2069) without adaptation strategies under RCP4.5 and RCP8 scenarios.
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Figure 6- Changes in water efficiency in the future climate (2055; 2040-2069) in three regions: arid, semi-
arid, and semi-humid, with drought resistance enhancement adaptation strategies compared to the future
(2055; 2040-2069) without adaptation strategies under RCP4.5 and RCP8.5 scenarios
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