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AR — yfafafer digar g2 (RCP 2.6, RCP 4.5, RCP 6.0 3R RCP 8.5) & dgd Siefarg Rdde
THIG I IEIIT Uolid T=g 1 Feufaat & fwar o) sreggst & F i v anfAe €, Ses o wedser
Arsa & fov 3fFafa T auae 3R oot Alaw Gt ser wes TR a3 amifesa ik 3 DSSAT
CERES-I§ #lsel # gofqc & &7 & 3qAT fham aram| aF Ag &1 fheAt (HD 2967 AR PBW 725) & faw
3957 & el & oI Alse HF dqesA 3G (2010-2021) ¥ fageer & 39T Xk 70 TTe (2025-
2095) & AT aftr & fav faehe (2025-2055) 3R &Y (2066-2095) s1fasy & Rl & welrdm ar41| gars
&1 FIAET TG F TR IR S H Selarg & 1| decliarel @ (4-37% 3R 0.6- 35%) N STorarg
& |l 39T (0.4-32% 31 0.3 & 38%) 3R dftrarem 0.65-32% 3R 0.32-38%) & dea foiae 3 qx &
aiesT & fov RAffed $N Jearg &b 7 309 7 TRae & 78| ¥ sfasy & SR 37 Scasiet aReed
I IRATDT 8.5 & dgd 3UeT H a37 FRIGE T Hehel &N T SIafeh HRADT 2.6 & fehe 3N gy gy
alt & eRiel g 1 3us F FA FRrae F Fhd e e wEl @ 3us § Ree @ fafte sifasy
& Ifeedt & A8 3THiod qaTs AATET T HEIFHAT H Fhel GAT| IegEfoa gars f@sdr & aRomat &
g Ielm R aelt g BT fHEAT 1 3fAhad 39T Ured A F AT FAdR F 3 Foae H At T H
gars & ARGl F ARG R |

ABSTRACT. The Climate change impact under Representative Concentration Pathways (RCP 2.6, RCP 4.5, RCP
6.0 and RCP 8.5) was studied in Punjab state conditions. The study area includes three locations for which the bias corrected
temperature and rainfall meteorological data for Ensemble model was collected and used as input in calibrated and validated
DSSAT CERES-Wheat model. The model run for the assessment of yield for two wheat cultivars (HD 2967 and PBW 725)
using deviation from the baseline period (2010-2021) for a 70 years (2025-2095) time period in near (2025-2055) and far
(2066-2095) future scenarios. The current dates of sowing observed a yield decline at different agroclimatic zones for near
and far future under four scenarios as agroclimatic zone 11 Ballowal Saunkhri (4-37%and 0.6- 35%) agroclimatic zone Ill
Amritsar (0.4-32% and 0.3 to 38%) and Ludhiana 0.65-32% and 0.32-38%). The major decline in yield was indicated under
high emission scenario i.e. RCP 8.5 during the far future whereas RCP 2.6 indicated low decline in wheat yield during both
near and far future. The declination in yield at different locations indicated a requirement of optimized sowing window
under different future scenarios. The results for optimized sowing window showed that adjusting in the sowing dates of all
the three locations at last week of November for both the wheat cultivars to get maximum yield.

Key words — RCPs, CERES-Wheat, Agroclimatic zone, Optimization, Punjab, India.

1. Introduction large amounts of greenhouse gases into the atmosphere.

Over the last century, the concentration of Co, has been

Climate change refers to long-term changes in the increased and becomes long living gas in the atmosphere

earth's climate, primarily due to human activities such as which act as main contributor of global warming
the burning of fossil fuels and deforestation, which release (Mikhaylov et al 2020).
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The impact of climate change on wheat crop is well
known by various scientists (Asseng et al 2013). As wheat
is a staple and third largest crop in the world, wheat plays
an important role in maintain the global food security
(Balkovic et al 2014).

To understand the projection impacts of climate
change, scientists use a variety of scenarios called
Representative Concentration Pathways. According to the
radiative forcing target level from 2.6 to 8.5 W/m?, a set of
four new pathways, RCP2.6, RCP4.5, RCP6.0 and RCP8.5
were defined. The RCP2.6 emission pathway leads to very
low greenhouse gas concentration levels. For the RCP6.0,
the radioactive forcing level is at 6.0 W/ m? in the year 2100
and RCP8.5 leads to high greenhouse gas emission levels
(Riahi et al 2011).

In far future, the world will change in an unimaginable
way and it is difficult to imagine how the future climate will
be changed and how the crops respond to those climate
changes, which results in many uncertainties in these
studies (Zhang et al 2019).

In Punjab state, Prabhjyot-Kaur et al (2021) have
documented the past climatic changes and the projected
changes in temperature and rainfall under RCP scenarios.
During the wheat growing season there are projections of
increase in temperature especially the minimum
temperature, and increased spatio-temporal variability in
rainfall. So, the present study investigated the deviation in
grain yield in response to climate change for wheat
crop under future time period (2021-50 and 2066-2095)
in the four agroclimatic zones (ACZs)
within Punjab state under four RCPs (RCP 2.6, 4.5, 6.0 and
8.5) scenarios.

2. Materials and methods

In present study, two agroclimatic zones of Punjab
encompassing three locations which are zone Il (Ballowal
Saunkhri) and zone 1l (Ludhiana and Amritsar). These
locations were selected due to the availability of
meteorological data (temperature and rainfall).

Crop modelling

To predict the yield of mid-century (2021-2050) to
end century (2066-2095), the CERES-Wheat model
(DSSAT V 4.7.5) was run from the base period (2010-
2021) to mid and end century. The temperature and rainfall
data as projected by the Ensemble model were downloaded
using the MarkSim weather generator (Jones and Thornton
2013) for the four emission-based scenarios (RCPs 2.6, 4.5,
6.0 and 8.5) and bias corrected as per procedures described
by Kaur et al (2020).
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Fig. 1. Deviation in yield of wheat cultivars under RCP scenarios during
mid and end century in Agroclimatic zone Il (Ballowal Saunkhri)

The CERES-Wheat simulations were performed
under the current sowing window of wheat in Punjab as
well as for the future sowing window that lies between mid-
October to end December and deviation percentage was
calculated to quantify the yield increment and decrement
(Eqg. 1). The simulation study was carried out with two
wheat cultivars that are HD 2667 and PBW 725.

Predicted—Baseline

«100 1)

Deviation% = -
Baseline

3. Data and methodology
3.1. Yield trend analysis for different agroclimatic
zones of Punjab

3.1.1. Agroclimatic zone Il (Ballowal Saunkhri)

The wheat cultivar HD 2967 observed a decline in
grain yield for all the RCP scenarios. Where the deviation
percent ranged from 4.1 to 27.3% for RCP 2.6: 7.2t0 22.6%
for RCP 4.5: 0.7 to 22.1% for RCP 6.0 and 1.1 to 37.0% for
RCP 8.5 (Fig. 1) for GCM Ensemble. There is a slightly
increment the grain yield by 1.8 to 9.8% near future in mid-
century. The RCP 8.5 act as high emission scenario
observed a major decline in yield followed by RCP 2.6 in
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Fig. 2. Deviation in yield of wheat cultivars under RCP scenarios during
mid and end century in Agroclimatic zone Il (Amritsar)

end century. HD 2967 were shown intermediate results for
RCP 4.5 and RCP 6.0. The wheat cultivar PBW 725
indicated a yield decline by 9.3 to 34.6% for RCP 2.6, 0.6
to 10.6% for RCP 4.5, 0.7 to 32.3% for RCP 6.0 and 3.4 to
35.2% for RCP 85 (Fig. 1) for GCM Ensemble. In
Agroclimatic zone I (Ballowal Saunkhri) both the cultivars
showed a major decline of grain yield and the maximum
decline was observed in HD 2967 followed by PBW 725
under RCP 8.5. Hong et al (2019) investigated that an
increase in temperature suggesting the negative effects of
increasing thermal resources that ultimately reduce wheat
yield by 1.92, 4.08 and 5.24% for the RCP 4.5 scenario and
by 3.64, 5.87 and 5.81% for the RCP 8.5 scenario.

3.1.2.  Agroclimatic
Ludhiana)

zone Il (Amritsar and

The wheat cultivar HD 2967 observed a decline in
grain yield for all the RCP scenarios. Where the deviation
percent for Amritsar ranged 1.11 to 21.80% for RCP 2.6,
0.80 to 19.77% for RCP 4.5, 2.62 to 17.44% for RCP 6.0
and 0.43 to 32.36% for RCP 8.5. (Fig. 2) for GCM
Ensemble. Whereas, there is slightly increment the grain
yield by 0.30 to 3.22% under RCP 2.6 and 4.5 in mid-

954

HD 2967

10
S "|| |
g o : . 1l
S H' td g4q s
- O o o o
g 10 =4 24 =4 =
>
3 ) ) =) o
LS} ™~ ™~ ~N ~N
3 20 02-Nov{ 09-Nov 16-Nov 22-Now 30-Nov
>
£
c -30
(U]

-40mRCP 2.6 WRCP 4.5 RCP 6.0 mRCP8.5

PBW 725

20
K10
S o |L| ||| II Lt |
S
510 HE 54 54 34 s
20 § S8 58 5§ &
=20 2 2SS 89 89 8¢
T30
z 26-Oct 02-Nov 09-Nov 16-Nov 22-Nov 30-
:'40 Nov
G._s50

mRCP 2.6 mRCP 4.5 m RCP 6.0 m RCP 8.5

Fig. 3. Deviation in yield of wheat cultivars under RCP scenarios during
mid and end century in Agroclimatic zone 111 (Ludhiana)

century and the maximum yield increment observed in RCP
2.6 on end-century. The wheat cultivar PBW 725 indicated
a yield decline by 1.25 to 30.15% for RCP 2.6, 0.36 to
26.26% for RCP 4.5, 2.88 to 24.85% for RCP 6.0 and 1.26
to 37.50% for RCP 8.5 (Fig. 2) for GCM Ensemble. Where
the slightly yield increment was observed by 0.13 to 2.81
under the RCP 2.6 and 4.5.

Whereas for Ludhiana, the deviation percent of grain
yield ranged 1.19 to 14.46% for RCP 2.6, 0.65 to 19.78%
for RCP 4.5, 0.77 to 11.89% for RCP 6.0 and 3.28 to
31.85% for RCP 8.5. (Fig. 3) for GCM Ensemble. The
wheat cultivar PBW 725 indicated decline in grain yield by
6.42 to 22.03% for RCP 2.6, 4.96 to 29.57% for RCP 4.5,
0.32 to 18.36% for RCP 6.0 and 5.25 to 37.72% for RCP
8.5 (Fig. 3) for GCM Ensemble.

For Amritsar region, the maximum decline of grain
yield was observed in PBW 725 followed by HD 2967
under RCP 8.5 and for Ludhiana region, the same trend has
been followed i.e., cultivar PBW 725 showed maximum
decline in grain yield followed by HD 2967 under RCP 8.5.
Ixchel et al (2018) simulated the climate change impacts,
including temperature increase, rainfall change and
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Fig. 4: Deviation in grain yield of optimized dates of sowing for cv HD 2967 and PBW 725 during mid and end century for
agroclimatic zone Il (Ballowal Saunkhri), and agroclimatic zone 111 (Amritsar and Ludhiana)
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elevated CO; concentrations for irrigated and rainfed wheat
growing areas of Mexico and found that wheat production
is projected to decline between 6.9% for RCP 4.5 and 7.9%
for RCP 8.5.

3.2. Sowing window optimization for different
agroclimatic zones of Punjab

The decline in grain yield observed during the current
sowing  dates  require  attention  under  the
predicted scenarios and the considered centuries
thus a sowing window from 26" October to 30%
November was adopted to observe the yield increment
and suitable sowing dates for two  wheat
cultivars under ensemble model at different agroclimatic
zones.

3.2.1. Agroclimatic zone Il (Ballowal Saunkhri)

The significant yield increment for the cultivar HD
2967 (Fig. 4) was observed during 22" November to 30%"
November by 11.27 to 17.07% and 11.51 to 19.02% for
RCP 2.6, 11.19 to 17.83% and 13.99 to 15.07% for RCP
4.5,11.62 to 18.03% and to 12.09% to 15.34% for RCP 6.0
during the mid and end century. On same dates, the RCP
8.5 observed increment the grain yield by 11.65 to 16.43%
during mid-century while no increment was observed
during the end century.

The wheat cultivar PBW 725 (Fig. 4) indicated the
increment of grain yield for the same zone ranged by 11.53
to 17.85% and to 12.56 to 13.90% for RCP 2.6, 13.82 to
18.68% and 14.86 to 15.02% for RCP 4.5, 12.37 t0 18.23%
and 11.90 to 13.49% for RCP 6.0 during 22" November to
30" November. While RCP 8.5 observed increment the
grain yield by 13.45 to 15.69% during mid-century while
no increment was observed during the end century by GCM
ensemble model.

Dubey et al (2020) predicted that terminal heat stress
will reduce wheat yield by 18.1%, 16.1% and 11.1%,
respectively in present, 2020 and future 2050 scenarios. For
preventing the yield loss, early sowing by 10 days from
normal, additional 30 kg/ha nitrogen fertilizer and one
additional irrigation at grain filling stage was found most
suitable options to mitigate the impact of heat stress.

3.2.2.  Agroclimatic 1 and

Ludhiana)

zone (Amritsar

The observed increment in grain yield of HD 2967
(Fig. 4) ranged by 6.96 to 10.97% and 3.11 to 8.83% for
RCP 2.6, 5.27 to 11.00% and 1.65 to 8.24% for RCP 4.5,
2.76 t0 6.55% and 2.93 to 7.30% for RCP 6.0 during 22%"
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November and 30" November. On same dates, the RCP 8.5
observed increment the grain yield by 3.71 to 8.52% during
mid-century while no increment was observed during the
end century by GCM ensemble model by.

The cultivar PBW 725 (Fig. 4) indicated the
increment of grain yield by 4.44% and 0.69 to 6.60% for
RCP 2.6, 1.30 to 6.46% and 0.86 to 4.05% for RCP 4.5
during mid and end century. While RCP 6.0 observed
increment of grain yield 2.25 to 5.64% on 22" November
during mid and end century and no yield increment was
observed on 30" of November. On the other RCP 8.5
observed increment of grain yield 3.86% in mid-century
during 22" November and no increment was observed on
30" November during mid and end century by GCM
ensemble model.

For Ludhiana (Fig. 4) the agroclimatic zone IlI
observed the increment the grain yield of cultivar HD 2967
ranged by 6.36 to 11.9% and 7.75 to 11.55% for RCP 2.6,
5.75 to 13.45% and 6.84 to 11.26% for RCP 4.5, 7.08 to
14.29% and 3.09 to 7.04% for RCP 6.0 during 22 to 30"
November. While, the RCP 8.5 observed increment in grain
yield by 10.06% and 10.76% during mid-century while no
increment was observed during the end century by GCM
ensemble model.

The cultivar PBW 725 (Fig. 4) indicated the
increment of grain yield by 1.03 to 7.87% and 1.20 to
5.71% for RCP 2.6, 2.49 to 4.57% and 0.27 to 4.13% for
RCP 4.5 during mid and end century on 22" to 30"
November. The RCP 6.0 observed the increment of grain
yield 7.34% during mid-century, while no increment was
observed during end of century. On the other hand, RCP
8.5 observed slightly increment of grain yield like 1.16 to
1.94% during mid-century, while no increment was
observed during end of century by GCM ensemble model.
4. Conclusions
The RCP8.5, a high emission scenario where high
temperatures are projected represents a maximum linear
decrease in grain yield over the years if no optimization
practices are followed. The results showed an increase in
yield at agroclimatic zone Il and 11l was observed when
sowing window was adopted in between 22" to 30t
November.
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