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ABSTRACT

A study was carried out for Bihar state to assess the impact of climate change on potato (Solanum tuberosum
L.) productivity using WOFOST crop growth simulation model. Three different maturity group potato cultivars were
used (‘Kufri Badshah’'—late maturing; ‘Kufri Jyoti'—medium maturing; and ‘Kufri Pukhraj'—early maturing). The study
was done for baseline scenario (2000) and for future climate scenarios for the years 2020 and 2055 using A1FI
scenario of temperature (SRES A1FI pathway) and atmospheric CO, (based on the Bern-CC model for A1FI sce-
nario). Potential production of potato cultivars was estimated for 29 different locations across Bihar. Kriging tech-
nique was used to interpolate the data generated through the model and thematic maps were created based on
potential productivity in 2000 and changes thereon in future climates. Under baseline scenario, the mean produc-
tivity of ‘Kufri Badshah’, ‘Kufri Jyoti” and ‘Kufri Pukhraj’ was 40.7, 38.7 and 40.8 t/ha respectively. Though the in-
crease in CO, concentration is expected to bring an increase of 4.2 to 4.5% in productivity in 2020 and 17.7 to
19.3% in 2055, the corresponding increase in temperature is likely to decrease the mean productivity by 9.0 to

11.0% and 24.3 to 29.1% in 2020 and 2055, respectively. Overall, under the combined influence of increased CO

2

and temperature, the model projected a decline of 5.1, 6.2 and 6.9% in productivity of ‘Kufri Badshah’, ‘Kufri Jyoti’
and ‘Kufri Pukhraj’, respectively, in 2020; and 8.7, 10.8 and 12.7%, respectively, in 2055 without adaptation. Re-
scheduling planting date can be an immediate option against climate change in Bihar. However, development of
short-duration, heat-tolerant as well as nutrient and water-use efficient cultivars with high harvest index along with
proper agronomic interventions are required to meet the challenges posed by climatic change.

Key words : Adaptation, Climate change, CO, concentration, Potato productivity, Simulation, Tempera-

ture, WOFOST model

Climate change is posing serious threat to human sur-
vival on the Earth in one or the other way. The distur-
bances in earth’s climate have been greatly accelerated
during the past century and 11 of the previous 12 years
(1995-2006) ranked among the 12 warmest years since
1850 (IPCC report, 2007). I1t's awell established fact that
green house gas (GHG) emission is responsible for cli-
mate change and isincreasing rapidly at an alarming rate.
Globally, the atmospheric concentrations of greenhouse
gases (GHGs), viz. carbon dioxide, methane and nitrous
oxide, have increased markedly as aresult of human ac-
tivitiessince 1750. These increases in GHGs have resulted
inwarming of the climate system by 0.74°C between 1906
and 2005, which has been much higher in recent decades.
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After rice and wheat, potato is the third major food
commodity of Indiain terms of production. India has
achieved self sufficiency in potato production and now the
per capitaavailability of potato hasincreased from 4.37 kg
in 1950 to 21.52 kg in 2012 (Singh et al., 2008). This
changing climateis expected to have a negative effect on
potato growth, including production and productivity in
India. There is positive correlation between CO, concen-
tration and assimilation of photosynthates in potato. A
10% increase in tuber yield is estimated for every 100 ppm
increase in CO, concentration (Migliettaer al., 1998) due
to increased photosynthesis by 10 to 40% (Katny et al.,
2005; Schapendonk er al., 2000) and reduced evapotrans-
piration (ET) which results in water saving of 12 to 14%
(Magliulo et al., 2003; Olivo et al., 2002). Thisraised CO,
concentration leads to increase in temperature, which ul-
timately has undesirable effects on growth and develop-
ment of potato crop. High temperature reduces tuber num-
ber and size (Peet er al., 2000; Khan et al., 2003).
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Tuberization in potato is inhibited by even moderately
high temperatures as well as gross photosynthetic rate
(Ewing et al., 1997; Fleisher et al., 2006) ultimately affect-
ing the total biomass and tuber yield of potato. Increasing
temperature and atmospheric CO level areinterlinked and
occur simultaneously and the CO, enrichment does not
appear to compensate for the detrimental effects of higher
temperature on tuber yield.

Potato is apopular temperate crop and islargely grown
during the winter season in India. Its cultivation is mainly
confined to Indo-Gangetic plains where it is taken as au-
tumn/winter crop in northern plains comprising the states
of West Bengal, Bihar, Punjab and Haryana contributing
about 90% of total potato production in India (APEDA,
2012). According to 4" IPCC assessment report, an in-
crease in temperature ranging from 0.78°C during Septem-
ber, October, November to 1.17°C during December, Janu-
ary, February is expected under A1Fl scenario by 2020 in
South Asia. These changes are expected to aggravate and
range from 1.71°C during June, July, August to 3.16°C
during December, January, February, i.e. the main potato
growing season in 2055. Thus, in 2020 the potato season
islikely to be warmer by 0.78 to 1.18°C and in 2055, by
2.41 10 3.16°C under A1FI scenario. Thissituationislikely
to have serious impact on the availability of favourable
cultivation period for potato in India (Ewing et al., 1997).

In India, Bihar is the third largest potato-producing
state after Uttar Pradesh and West Bengal. With a produc-
tion of 6.1 million tonnes, it contributes about 14.7% of
national potato production (NHB database, 2012). There
is an urgent need to study the likely impact of raising tem-
perature and CO,concentration on regional vulnerability
of potato productivity in this state, so as to develop suit-
able management strategies for adapting potato crop to
climate change in near future and also to focus our re-
search efforts to maintain the production by minimizing
the likely impact of climate change. Crop-growth models
are very useful for this purpose, as they serve as an excel-
lent tool to simulate crop growth and yield of annual and
perennial crops under diverse situations. At global level,
crop growth simulation models are being used extensively
for various purposes like yield forecasting, working out
nutrient and water needs of the crop, generating knowl-
edge about the production potentia of the crops under dif-
ferent climatic situations, management decisions, impact
analysis of climate change and adaptation strategies, selec-
tion of suitable crops and varieties for optimum production
etc.

Hence, a study was carried out to evaluate the impact
of climate change on potato productivity in Bihar under
A1FI scenario and develop adaptation strategy through
suitable cultivars and date of planting using WOFOST
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crop growth model.

MATERIALS AND METHODS

Selection of model

WOFOST (WOrld FOod STudies) crop growth smula
tion was used in the present study. The WOFOST was de-
veloped at the Wageningen University, the Netherlands,
which isamechanistic model that simulates the growth of
a crop based upon eco-physiological processes. Pheno-
logical development, CO,-assimilation, transpiration, res-
piration, partitioning of assimilates to the various organs,
and dry-matter formation are the major processes studied
under this model. Worldwide this model iswidely used to
assess the effect of climate change on the growth and yield
of many crops, viz. wheat, rice, maize, potato, barley, soy-
bean and sugarbeet. This model has been validated for 3
potato cultivars under study using the time course data on
potato growth and development derived from field experi-
ments conducted at Jalandhar (Punjab) and Patna (Bihar)
during 1999 to 2001 (Duaer al., 2014). Thus, it was used
to study the potential impact of climate change on potato
productivity and scheduling planting date thereby making
wise selection of suitable cultivar to minimize the | osses of
climate changes in Bihar. The model was run for 29 sta-
tions situated across Bihar (Table 1).

Selection of potato cultivars

The simulation studies was carried with 3 potato culti-
vars of 3 different maturity groups, viz. late ‘Kufri
Badshah’', medium ‘Kufri Jyoti’ and early ‘Kufri Pukhrgj’
which are cultivated extensively in Bihar. The simulation
study was carried out for potential yields of potato culti-
vars planted on 1 November (the usual/ recommended
date of planting in Bihar) for al the scenarios.

Weather data

In the present study, IMD district normals of 1971—
2000 of 29 districts of Bihar (Table 2) were used for
baseline scenario (year 2000). Hargreaves-Samani equa-
tion was employed forworking out total solar radiation.
The equation uses the maximum and minimum tempera-
ture to estimate solar radiation and is reported to be best
suited for Indian conditions (Samani et al., 2000;
Bandyopadhyay et al., 2008). The weather data were then
converted into WOFOST wesather file format. The simula-
tion studies were carried out for A1FI high emission sce-
nario. For generation of scenario for 2020 and 2055, pro-
jected changes in surface air temperature for sub-regions
of the Asia under SRES A1FI pathway, based on the
Fourth Assessment Report (AR4) Atmosphere-Ocean
General Circulation Models (AOGCMs) were added on
the baseline data (IPCC, 2007). Projected atmospheric
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CO, concentration based on the Bern-CC model for A1FI
scenario was used for incorporating the effect of changein
CO, concentration in WOFOST model (IPCC, 2001). The
figures used in this study for atmospheric CO, concentra-
tion were 367 ppm (for baseline), 415 ppm (for 2020) and
590 ppm (for 2055).

Incorporation of CO, impact in the model

For incorporating the impact of CO, in the WOFOST
model, changes were made in the parameters-light-use
efficiency of single leaf and maximum leaf CO, assimila-
tion rate. A 25 to 40% (mean 32.5%) increase in yield in
C, plants owing to doubling of CO, from 355 ppm to 710
ppm has been reported (Wolf et al., 2010). Based on litera-
ture reviews, Wolf et al.(2010) have made changesin ini-
tial angle (+11%) and in maximum of the CO, assimilation
— light response curve response curve (+60%) parameters
of WOFOST model for doubling CO,concentration from
355 to 710 ppm. Under the experimental conditions with
non-limiting supply of water and nutrients, and where tem-
peratures are kept near the optimum for crop growth, the
yield increase for C, crops with a doubling of CO, has
been estimated at 30% by various workers (Fuhrer et al.,
2003) therefore we have taken these figures as + 10% (30/
32.5 x 11) and + 55% (30/32.5 x 60) for doubling
COconcentration for potato, assuming roughly linear re-
lationship between the CO,increase and the growth pro-
cesses. Accordingly, these parameters were changed for
2020 and 2055 for A1FI scenario as follows:

2020 2055

Change in light-use
efficiency of single leaf

+10% x (590-367)/
355 = + 1.4%

+10% x (415-367)/
355 = + 6.28%

Change in maximum leaf
CO,assimilation rate

+ 550 x (415-367)/
355 =+ 7.4%

+ 550 x (590-367)/
355 = + 34.5%

The WOFOST model was run for 29 locations spread
across Bihar, for al the 3 potato cultivars for baseline situ-
ation and for future climates (2020 and 2055) in the
present study, separately for temperature and CO, changes
aswell as for their combined effect, in order to assess the
impact of these 2 parameters and their interaction on crop
growth and productivity.

For adaptation studies, model was run for 5 different
locations representing different parts of state, viz. Saran
(25.92°N, 84.75°E-North-western part), Araria (26.13°N,
87.47°E-North-eastern part), Aurangabad (24.75°N,
84.37°E-South-western part), Banka (24.88°N, 86.92°E-
South-eastern part) and Nalanda (25.14°N, 85.44°E -Cen-
tral Bihar). The model wasrun for all the three cultivars of
potato, for al the 3 climatic scenarios (baseline-2000, and
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future climate scenarios for the years 2020 and 2055), for
9 dates at 10 days interval starting from 12 October.

Kriging

‘Geomatica software was used for creation of maps of
the baseline productivity and change in productivity of
different potato cultivars under future climate scenarios.
An image of Bihar of 500 m pixel size was used for gen-
eration of GIS maps. A point layer of 29 districts of Bihar
was created using their geographical locations (Table 1).
The attribute data of each district containing productivity
and change in productivity under different future climate
scenarios were geo-statistically interpolated using Kriging
technique and surface layers of the attributes were pro-
duced. The modeling for per cent change in productivity
and for estimation of the area falling under different class
of attributes was done in EASIPACE.

RESULTS AND DISCUSSION

Potato productivity

The potato productivity varied largely within the state
under baseline scenario (26.6-45.8, 23.9-45.3 and 24.2—
49t/ha, for ‘Kufri Badshah', ‘Kufri Jyoti’ and ‘Kufri
Pukhrg)’ respectively). The average productivity of 29 dis-
trictswas 38.7, 37.2 and 39.1 t/ha, respectively, for ‘ Kufri
Badshah', ‘Kufri Jyoti’ and ‘ Kufri Pukhrgj’ (Table 1). The
extrapolated results have shown a baseline productivity of
40.7, 38.7 and 40.8 t/ha for these cultivars (Table 3). The
WOFOST simulated potato productivity was the highest in
south-western districts, particularly Buxur and Bhojpur
(Table 1; Fig. 1). The comparable productivity was also
simulated for north-eastern districts, Kishanganj and
Purnia and north-western districts (East and West
Champaran). A decline in potato productivity was ob-
served on moving from south—west, north east and north—
west to south—east direction in Bihar. Under the future cli-
mate, model results have shown decline in the productiv-
ity of ‘Kufri Badshah', ‘Kufri Jyoti’ and ‘ Kufri Pukhrgj’ to
the tune of 5.9, 5.8 and 6.5% in 2020; and 10.0, 11.1
and13.1% in 2055, averaged over 29 locations (Table 1).
When the complete geographical area of Bihar state was
considered, the interpolated results have shown 5.1, 6.2
and 6.9% drop in 2020 and 8.7, 10.8 and 12.7% drop in
2055 in the productivity of ‘Kufri Badshah', ‘ Kufri Jyoti’
and ‘Kufri Pukhrgj’ respectively (Table 3). In generd, in
2020, the lesser reduction in ‘ Kufri Badshah' productivity
is expected in western part of Bihar (0-5%). In case of
‘Kufri Jyoti’ and ‘Kufri Pukhrgj’, the south—western part
could see productivity little changed (0-5%) in 2020 com-
pared to rest of the state where, productivity islikely to fal
by 6-10% (Fig. 1).

The simulation results have shown that * Kufri Badshah'
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is the cultivar which is likely to see the least reduction in
productivity in 2055. While the 70 to 89% of the geo-
graphical areais likely to witness a decline in productiv-
ity of ‘Kufri Jyoti’ and ‘ Kufri Pukhraj’ within the range of
11 to 15%. Only 21% of the geographical area could fall
under this category for ‘Kufri Badshah'.

In case of al the potato cultivars, it is observed that
under both the future climates the decrease in the produc-
tivity is more in those pockets which are already having
poor productivity. Conversely, the area with high produc-
tivity (north-western, north—eastern and south—western
districts) might see a lesser decline in productivity in fu-
ture climates (Fig. 1).

Sensitivity analysis

In WOFOST model used in the present study, future
climates' effect on potato productivity is incorporated
through change in 3 variables, viz. weather (temperature —
min. and max.), light-use efficiency of single leaf and
maximum leaf CO, assimilation rate. While the changein
temperature variable was done through change in weather
file, later two parameters were changed suitably to incor-
porate the effect of CO, concentration, as described in
materials and methods. The sensitivity analysis was car-
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ried out to examine the sensitivity of potential productiv-
ity of potato cultivars to change in temperature and CO,
concentration, separately and together, for al the 29 loca
tions under study, spread across Bihar. The WOFOST
model derived results have revealed that an increase in
CO, concentration to 415 ppm in 2020 from the baseline
(2000) concentration of 367 ppmis likely to bring 4.1 to
4.8% increase in the productivity of potato cultivars with
mean increase of 4.2, 4.5 and 4.4% in case of ‘Kufri
Badshah', ‘Kufri Jyoti’ and ‘Kufri Pukhraj’ respectively,
averaged over the location (Table 1). On the other hand,
the corresponding increase in temperature during the same
period is expected to bring down the productivity by 4.7 to
11.6%, depending on cultivar and location. Although CO,
fertilization seemed to negate the negative effects of tem-
perature of potato growth, it could not fully compensate
the damage caused by the enhanced temperature at any of
the location in both the future climates. Overall, CO, fer-
tilization is expected to bring down the decline in produc-
tivity caused by temperature, from 9.7 t0 5.9, 9.9 t0 5.8
and 10.5 to 6.5% for ‘Kufri Badshah’, ‘Kufri Jyoti’ and
‘Kufri Pukhrgj’ respectively (Table 1). The decrease in
productivity of potato was due to higher than the optimum
temperature for potato growth and secondly due to reduc-

Baseline productivity (t/ha)

'Kufri Badshah' ‘Kufri Jyoti'

'Kufri Pukhraj’'

Baseline yield (t/ha)

I 30.1-35.0
[ 351 -400
40.1-45.0

|:| 45.1 - 50.0

% reduction in 2020

% reduction

% reduction in 2055

Fig. 1. Potential productivity of different potato cultivars under baseline and changes in future climatic scenario
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tion in maturity period of the crop. For net photosynthesis,
minimum (0-7°C), optimum (16-25°C) and maximum
(40°C) temperatures have been reported ( Kooman et
al.,1995). A scrutiny of temperature of some of the loca-
tions studied has shown that the baseline temperatures
were in general slightly higher than the optimum range
(Table 4). The reduction in maturity period is ancther rea-
son for the low yield with increase in temperature. Due to
increase in temperature, the thermal time for different
growth stages and total thermal time from planting to ma-
turity was achieved earlier, leading to forced early matu-
rity of the potato cultivars. Since potato is a vegetative
crop and tubers continue to bulk till maturity of the
haulms, any reduction in maturity period leads to reduc-
tion in the period available for bulking of potato tubers
which ultimately resultsin reduction in tubersyield. Aver-
aged over different locations, ‘ Kufri Badshah’ matured in
107 days, while ‘Kufri Jyoti’ and ‘Kufri Pukhrg’ matured
in 97 and 92 days respectively. The increased temperature
in 2020 caused 6-8 days earlier maturity while the culti-
vars matured 10-14 days earlier in 2055 compared to
baseline year (2000).

In 2055, the expected CO,concentration of 590 ppm in
A1FI scenario is likely to bring a substantial increase,
ranging from 17.5 to 20.8%, in the potato productivity.
The simulation results have shown that the increase in
CO, concentration alone can bring about 17.7, 19.3 and
19.0% increase in mean productivity of ‘Kufri Badshah’,
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‘Kufri Jyoti’ and ‘Kufri Pukhraj’. Wolf et al. (2003) aso
reported that CO, enrichment up to 550 ppm causes a
strong increase in radiation-use efficiency and with in-
creasing CO, assimilate allocation to tubers become stron-
ger, leading to yield increase. However, the increase in
temperature during the corresponding period is likely to
decrease the productivity of these cultivars within arange
of 14.7-44.5%. The fertilization effect of CO, in 2055 is
likely to bring down the decrease in the productivity of
potato cultivars caused due to prevailing high temperature
by more than half. It is expected that the mean decline of
24.3, 27.2 and 29.1% in the productivity of ‘Kufri
Badshah', ‘Kufri Jyoti’ and ‘Kufri Pukhrgj’, respectively,
due to temperature alone could be reduced to 10.0, 11.1
and13.1% due to beneficial effect of CO, fertilization in
2055.

Adaptation strategies for climate change

The productivity of all the cultivars at the respective
sites was the highest in baseline year (2000) and declined
in future climate (Fig. 2). Baseline productivity of ‘Kufri
Badshah’ was the highest on 21 October planting of al the
representative sites, while that of ‘Kufri Jyoti’ and ‘Kufri
Pukhraj’ was the highest when planted on 1 November.
Potato tubers continue to bulk till the haulms remain
green, i.e. till the physiological maturity of crop. In the
north—western plains, the climate tends to be warmer to-
wards the end of the potato crop growth season. ‘K ufri

Table 2. Geographical area of Bihar (%) under different yield classes in 2000

Potential productivity (t/ha) ‘Kufri Badshah' ‘Kufri Jyoti’ ‘Kufri Pukhrgj’
30-35 12 12.1 57
35.1-40 37.6 55.7 40.3
40.1-45 57.6 31.9 39.8
45.1-50 3.6 0.3 14.2

Table 3. Productivity of potato cultivars in baseline year and changes thereof in future climates (interpolated results for total geographical

area of Bihar)
‘Kufri Badshah' ‘Kufri Jyoti’ ‘Kufri Pukhrgj’

Baseline yield (t/ha) 40.7 38.7 40.8
Overal reduction in yield (%)

2020 51 6.2 6.9

2055 8.7 10.8 12.7
Yield reduction classes (%) in 2020 % geographical area of Bihar

0-5% 46.3 234 9.6

6-10% 53.7 76.6 90.4

11-15% 0.0 0.0 0.0
Yield reduction (%) classes in 2055

0-5% 135 0.0 0.0

6-10% 65.5 29.8 11.0

11-15% 21.0 70.2 89.0
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Badshah' is along-duration cultivar and in the baseline
year, it matured in 107 days, while ‘Kufri Jyoti’ and ‘ Kufri
Pukhraj’ matured in 97 and 92 days, respectively, i.e. 10
and 15 days earlier than ‘ Kufri Badshah'. Thus, the * Kufri
Badshah' planted on 21 October and ‘Kufri Jyoti’ and
‘Kufri Pukhrg’ planted on 1 November matured almost at
the same time and the tuber bulking phase of all the 3
cultivars faced the similar climatic conditions. since this
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period was most favourable for crop growth, the highest
yield was simulated for 21 October planted ‘Kufri
Badshah' and 1 November planted ‘ Kufri Jyoti’ and ‘ Kufri
Pukhrgj’ (Table 5).

Model results for Nalanda and Aurangabad have shown
that in the south—west part of Bihar, 10 days earlier potato
planting from normal will off-set the climatic effect on
potato productivity to great extent. While the mean pro-

Table 4. Fortnightly mean minimum and maximum temperatures (°C) of some locations under study in Bihar during baseline scenario (2000)

Month Fort-night Aurangabad Araria Banka Nalanda Saran
Min. Max. Min. Max. Min. Max. Min. Max. Min. Max.
October I 22.6 32.3 235 32.0 23.8 32.4 22.6 31.8 24.1 32.2
I 19.2 311 20.9 315 21.2 31.8 19.7 30.9 21.3 31.2
November | 15.8 29.8 175 30.0 18.1 30.2 16.6 29.7 18.2 29.6
I 12.9 28.0 14.5 28.6 14.8 28.6 13.8 28.0 14.8 27.6
December | 10.2 25.4 11.6 26.5 11.7 25.9 1.1 25.6 12.3 25.1
I 8.9 24.0 10.3 24.8 10.4 24.4 9.9 24.2 10.9 23.3
January | 8.4 23.0 9.6 23.1 9.7 235 9.7 23.4 10.5 22.1
I 9.1 23.6 10.4 23.6 10.3 24.0 10.3 24.0 10.5 22.6
February | 10.5 25.3 11.0 24.8 12.0 25.6 115 25.3 11.6 24.6
I 12.6 28.3 12.9 27.2 13.9 28.0 134 27.9 135 275
March I 14.7 31.2 14.8 29.7 15.7 30.4 155 30.6 15.8 30.2
I 17.8 35.0 17.4 32.8 18.3 334 18.3 33.9 18.6 34.0

Table 5. Potential productivity at normal date of planting in baseline year (2000) and change in date of planting in future climates

Location 2000 2020 2055
Change over baseline Change over baseline
Normal Productivity Best Productivity Best Productivity Best Productivity Best Productivity
DOP* (t/ha) DOP (t/ha) DOP (%) DOP (t/ha) DOP (%)
(days) (days)
‘Kufri Badshah'
Aurangabad 1 Nov. 423 21 Oct. 41.9 -10 -0.9 22 Oct. 395 -10 -6.6
Araria 1 Nov. 38.7 1 Nov. 36.5 0 -5.9 1 Nov. 349 0 -10.0
Banka 1 Nov. 38.8 1 Nov. 36.6 0 -5.6 1 Nov. 35.3 0 -9.0
Nalanda 1 Nov. 39.1 22 Oct. 377 -10 -3.6 22 Oct. 36.6 -10 -6.4
Saran 1 Nov. 37.6 1 Nov. 35.6 0 -5.3 1 Nov. 33.7 0 -10.5
Mean 39.3 377 -4.3 35.8 -85
‘Kufri Jyoti’
Aurangabad 1 Nov. 40.9 1 Nov. 38.8 0 -51 1 Nov. 371 0 9.1
Araria 1 Nov. 36.0 1 Nov. 339 0 -6.0 1 Nov. 322 0 -10.7
Banka 1 Nov. 36.4 1 Nov. 34.2 0 -6.2 11 Nov. 32.6 +10 -6.2
Nalanda 1 Nov. 36.9 1 Nov. 34.8 0 -5.7 1 Nov. 33.3 0 -9.8
Saran 1 Nov. 35.0 11 Nov. 329 +10 -3.0 11 Nov. 314 +10 -10.3
Mean 37.0 349 -5.8 33.3 -9.2
‘Kufri Pukhrgj’

Aurangabad 1 Nov. 43.3 1 Nov. 40.9 0 -55 1 Nov. 385 0 -111
Araria 1 Nov. 37.6 11 Nov. 35.3 +10 -6.1 11 Nov. 33.6 +10 -10.6
Banka 1 Nov. 38.0 11 Nov 35.8 +10 -5.8 11 Nov 34 +10 -10.5
Nalanda 1 Nov. 38.9 1 Nov. 36.9 0 -5.1 1 Nov. 34.2 0 -12.1
Saran 1 Nov. 35.9 11 Nov 33.9 +10 -5.6 11 Nov 32.3 +10 -10.0
Mean 38.7 36.3 -5.6 345 -10.9

*DOP, Date of planting
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Fig. 2. Simulated productivity of different potato cultivars in different districts of Bihar as affected by date of planting under baseline and

future climate scenario
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Table 6. Potential productivity of potato cultivars at representative locations in Bihar under baseline (2000) and future climate scenarios

2055

DOP Productivity

2020

DOP Productivity — Change over

Baseline (2000)
Productivity (t/ha) at normal DOP

Location

Change over

baseline mean

Highest
yielding

DOP Productivity cultivar

Highest
yielding
cultivar

Normal

DOP Productivity

(days)

(tha)

baseline mean

(t/ha)

‘Kufri ‘Kufri Mean
Jyoti’  Pukhrg’

‘Kufri
Badshah'

DOP*

(%)

(%)

(days)
-11

‘Kufri 22 Oct. 395 -10 -6.6
Badshah’

-3.2

42.3 40.9 433 422 ‘Kufri 22 Oct. 41.9
Badshah’

1 Now.

Aurangabad

-9.8

1 Nov. 349

‘Kufri

Badshah’

36.0 37.6 374 ‘Kufri 1 Nov. 36.5
Badshah’

38.7

1 Nov.

Araria

-9.0

1 Nov. 35.3

‘Kufri

Badshah’

36.4 38.0 37.7 ‘Kufri 1 Nov. 36.5
Badshah’

38.8

1 Nov.

Banka
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36.9 38.9 38.3 ‘Kufri 22 Oct. 37.7 -11 -3.6 ‘Kufri 22 Oct. 35.6 -10 -9.0
Badshah’ Badshah’

39.1

1 Nov.

Nalanda

‘Kufri 1 Nov. 337 0 -10.4

Badshah’

-5.3

37.6 35.0 35.9 36.2 ‘Kufri 1 Nov. 35.6
Badshah’

1 Nov.

Saran

-9.0

35.8

-4.7

37.6

37.0 38.7

39.3

Mean

*DOP, Date of planting

ductivity under normal date of planting is expected to de-
cline by 6.1 and 11.4% in 2020 and 2055 respectively
(Table 6), a 10 days earlier planting might bring down
these figures in south—west Bihar to 3.2 to 3.6% in 2020
and 6.6 to 9% in 2055. Although shifting of date of plant-
ing could not be suitable option in rest of Bihar, use of
‘Kufri Badshah' in place of ‘Kufri Jyoti’ and ‘Kufri
Pukhraj’ in these areas is a better option for farmers to
compensate the yield losses in future climates.

Thus the mean potato productivity in Bihar is likely to
decline by 5.1 to 6.9% in 2020 and by 8.7 to 12.7% in
2055 over the baseline (2000) yield, under A1Fl emission
scenario. Although changing date of planting can bring
down the climate change impact to some extent, it is not
enough to meet the threats of climate change unless we
have improved potato cultivars with high nutrient and
water-use efficiency which can mature in shorter duration
and have tolerance to higher temperature. There is a need
to develop potato cultivation with above traits to be
supplemented with agronomic adaptation including altered
cultural management, use of crop residue mulches and
relocation and identification of new areas for potato culti-
vation as a strategy for meeting the challenge posed by the
climate change.
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