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ABSTRACT
Predicting yield is increasingly important to
optimize irrigation under limited available
water for enhanced sustainability and
productivity. Accurate crop development
models are important tools in evaluating the
effects of water deficits on crop yield and future
prediction. Rajput and Singh developed
generalised Rajput and Singh model for wheat
that model had been found to be statistically
acceptable at 1% probability. The objectives
of this study to validate the model and future
prediction of wheat yield under water deficit
level in Powerkheda (MP). The result shows
that model simulate the wheat yield at
coefficient of determination (R2) was 0.81 and
NRMSE was 13.55%. Prediction of yield
evaluated at four different date of sowing as
01 Nov, 15 Nov, 01 Dec and 15 Dec for
three future year as 2019-20,2049-50 and
2099-2100. Study analysis shows result that
projected potential wheat yield reduced as
rate of 13.62%, 15.78%, 12.82% and 19.87%
at the reduction rate of evapotranspiration
11.6%, 16.9%, 14.3% and 17.22% with
respective date of sowing. Result revealed that,
rate of reduction of wheat yield in 01 Dec
date of sowing less as compare to other date,
so that 01 Dec date will be best for cultivation
of wheat crop.

INTRODUCTION
Water is diminishing resource in India and around the globe with an increasing
competition among agricultural, industrial and domestic sectors (Kaveh, 2008).
The production of the crop is totally depends on the soil fertility, climatic condition
and management practices (Bauder et al., 1988). Where production are optimal
throughout the growing season, yield reaches the maximum value as does
evapotranspiration (ETm), water storage (SWS) has an impact on water availability
for a crop and subsequently, on actual yield and actual evapotranspiration (ET a)
(English, 1990). In research work found that relation between seasonal
evapotranspiration (ET) and yield of crop can be represented as linear function
until maximum yield is obtained under optimal irrigation schedule (Stewart and
Hagan, 1973; Doorendos and Kassam, 1979; Wenda and Hanks, 1981; Fapohunda
et al., 1984; Vaux and Pruitt, 1983). The relationship between relative yield decrease
and relative evapotranspiration deficit relationship method shows in FAO (1979,
Drainage and irrigation paper no. 33) and Doorendos and Kassam,(1979).
Yield response factor is sensitive with location specific and their transferability to
widely different soils and climatic conditions is still a researchable (Rajput and
Singh, 1986). Considering above problem Rajput and Singh developed a generalised
Rajput and Singh model which is the more transferable under changing climatic
condition and soil. Rajput and Singh model show the linear relationship between
wheat yield and evapotranspiration. Evapotranspiration and crop growth is totally
depending on the climatic parameters like temperature, relative humidity, wind
speed, sunshine hour (Manal and Roy,2012). But in present climate change is one
of the major challenges facing humanity in the future and effect of climate change
has been detrimental to agricultural industry. The pan evaporation and potential
evapotranspiration decreased during recent years with the increasing temperature
over the India and will be unequal between regions and seasons, (Bandoyopadhyay
et al., 2009; Chattopadhyay et al., 1997). In global study wheat production is
estimated to fall by 6% for each oC increase in temperature (Asseng, 2015; Jamwal,
2014). In India, 10C increase in temperature may reduce yield of wheat, soybean,
mustard, groundnut and potato by 3-7% (Jamwal, 2014). Considering above facts
the study are carried out to validate the generalised Rajput and Singh model and
predict wheat yield under changing climate for future years in Powerkheda area in
MP.

MATERIALS AND METHODS

*Corresponding author

The Powerkheda situated at 22° 40’’ E longitude and 77° 46’’ N latitude, at
altitude of 302 m above the mean sea level lies in agro-climatic VI i.e Central
Narmada Valley of Madhya Pradesh. The climatic condition of Powerkheda is
humid subtropical with vertisol soil order. Major crops cultivated in these areas
include rice, maize, pigeonpea and soybean in kharif season and wheat, gram,
lentil, linseed, pea and fodder crops during Rabi season.
Data Collection
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Evaluation is an important step of model verification. It involves
a comparison between independent field measurements (data)
and output created by the model. The performance of the
validated model was evaluated against the independent data
sets of experimental data of year 1987-88 and 1988-89.
Different statistic indices including Coefficient of determination
(R2), Root mean square error (RMSE), Normalized root mean
square error (NRMSE), Willmott’s index of agreement (d index),
Coefficient of variation (CV). All these statistic indices are
calculation methodologies given by (Sharma, 2011; Andarzian
et al., 2011; Valizadeh et al., 2014).

Model validation data were drawn from Nandeha (1991), the
Ph.D thesis. And projected meteorological data collected from
the Indian Institute of Tropical Meteorology, Pune. (source:
http://cccr.tropmet.res.in/cordex/files/downloads.jsp,IITM).
Generalized Rajput and Singh model
Rajput and Singh (1987) developed generalised Rajput and
Singh model based on all India data for wheat, it expresses
relative yield decreased in term of relative ET- deficit, at relative
period during the maximum temperature below 270C, relative
vapour pressure deficit and finer soil fraction.The generalised
model function given as.
(1 −

Ya
Ym

) = 13. 07 (1 -

ETa 0.89
)
ETm

x ( 1-

e a 0.84
)
es

x (1 -

Future wheat yield prediction

T27 0.20
)
x (CS)-0.41
Ts

The validated model is use to prediction of wheat yield under
different water deficit condition. Prediction were made for
different sowing date viz. 01 Nov, 15 Nov, 01 Dec, 15 Dec
and that crop season harvesting was decided on the basis of
standardize method of growing degree day estimated from the
equation (Yousef et al., 2013; Steduto and Raes, 2009; Wilkens
2001; Klepper et al.,1998). The potential wheat yield
(maximum attainable yield ) is the possible production potential
for a given climate is calculated for a standard crops by using
radiation and evapotranspiration data. The methodology
adopted for calculation of potential wheat yield and Maximum
Evapotranspiration by De-Wit (1965), FAO (1979, Drainage
and irrigation paper no. 33; Khedkar et al. 2015; Meena and
Rao, 2015). And Actual evapotranspiration are selected on ET
levels that is seasonal maximum evapotranspiration on No ET
deficit level.

Where,
Y a = grain yield of a crop corresponding to any
evapotranspiration (ETa) level, Ym = maximum crop yield, ETa=
crop evapotranspiration corresponding to Ya, ETm= maximum
crop evapotranspiration corresponding to Ym, ea= mean actual
vapour pressure (Mbar), es = mean saturation vapour pressure
(Mbar), T27 = total number of days with maximum temperature
below 27ºC, Ts= crop period (days), CS= percentage of clay
plus silt in the root zone. The generalized function had been
found to be statistically acceptable at one percent probability
a can be used in predicting wheat yield in India under
constrained water supply. The model shows the 93% of
variation in reduction yield due to independent variable i.e.
temperature factor, soil factor and climate factors and 86% in
reduction yield due deficit evapotranspiration.

RESULTS AND DISCUSSION

Model validation

Validation of model
The two years data was used to validate the generalized Rajput
and Singh model. The total crop period was 115 days and
118 days during 1987-88 and 1988-89, respectively. The day
below 270 C was 55 days and 60 days with respective years.
The clay plus silt percentage (CS) of experimental field was
89%. The mean temperature of crop period was 20.000C and
21.520C and the relative humidity (RH) was 69% and 66% in
1987-88 and 1988-89 respectively. During the field experiment
data obtain as, Y m (Maximum yield) and ET m (Maximum

Table 1: Statistical analysis of Generalised Rajput and Singh Model
Statistical tools

Generalised Rajput and Singh Model
1987-88
1988-89
Pooled data

R2
RMSE (qha-1)
CV
d-index
NRMSE (%)

0.75
2.10
0.05
0.88
9.50

0.86
3.11
0.07
0.95
16.29

0.81
2.65
0.06
0.97
13.55

Table 2: Predicted crop Season of wheat, wheat yield under non constraint ET- deficit for different date of sowing at Powerkheda in future
years
Future prediction Year

Date of sowing

Crop Season (days)

Evapotranspiration (cm)

Wheat yield(qha-1)

2019-20

01
15
01
15

Nov
Nov
Dec
Dec

131
128
122
117

38.31
43.42
45.14
52.65

49.16
48.50
50.30
44.76

2049-50

01
15
01
15

Nov
Nov
Dec
Dec

120
119
116
113

32.08
33.83
39.02
42.19

46.47
43.32
47.52
42.56

2099-2100

01
15
01
15

Nov
Nov
Dec
Dec

107
107
105
103

34.37
40.16
38.40
41.16

32.77
33.56
36.54
31.50
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Estimated yield (q ha-1)

Estimated yield (q ha-1)

48
45
42
39
R2 = 0.75

36
33
30
30

33

36

39

42

45

48

55
52
49
46
43
40
37
34
31
28
25

R2 = 0.86

25 28 31 34 37 40 43 46 49 52 55

Observed yield (q ha-1)

(a) Year 1987-88

Estimated yield (q ha-1)
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55
52
49
46
43
40
37
34
31
28
25

R2 = 0.81

25 28 31 34 37 40 43 46 49 52 55

Observed yield (q ha-1)

(b) Year 1988-89

Observed yield (q ha-1)

(c) Pooled data

Figure 1: Relationship between observed yield and estimated yield by using generalised Rajput and Singh model in year 1987-88, 1988-89 and
pooled data at Jabalpur

evapotranspiration) is the 44.76 qha-1 and 44.49 cm and 50.14
qha -1 and 45.41 cm in year 1987-88 and 1988-89,
respectively. The model performed very well for simulating
the wheat yield under different evapotranspiration levels.
Figure 2 shows the Relationship between observed yield and
estimated yield calculated by model.

are shifted in 15 days intervals. As the temperature increase
day by day the evapotranspiration rate also increase, it directly
related to the changing temperature. In future predication years
highest evapotranspiration rate will be recorded as 52.65 cm
on 15 Dec date of sowing with a year of 2020, further the rate
will be lower down as 42.19cm and 41.6 in future years 2050,
and 2100 at same date of sowing. The potential
evapotranspiration decreased during future years with the
increasing temperature over the India, (Bandoyopadhyay et
al., 2009; Chattopadhyay et al., 1997). When model run wheat
yield is directly influences by the evapotranspiration, number
of growing day when temperature below 27ºC, vapour pressure
ratio, and soil fraction. Table 2 shows the no deficit level of
evapotranspiration affect to the wheat yield.

Statistic indices are evaluated under the observed wheat yield
and estimated yield for the both years. Table 1 shows the
statistical analysis of model. The calculated R2 for the both
year’s pooled data shows as 0.81 that is closer to the 1. Also
other parameter like RMSE, CV, d-index, NRMSE shows best
result. It concluded that generalized Rajput and Singh model
found to be statistically acceptable at one percent probability
and can be used in predicting wheat yield under constrained
water supply.

In prediction year 2019-20, highest wheat yield will be 50.30
qha-1 at ET will be 45.14 cm in 01 Dec date of sowing as
compare to the other date of sowing. Similarly in year 204950 and 2099-2100 highest wheat yield will be 47.52 and
36.54 qha-1 at ET will be 39.02 and 38.40 cm in 01 Dec date
of sowing. From the projections it is observed that under non
constraint water supply ET will be decrease at magnitude of
11.6%, 16.9%, 14.3% and 17.22, on that reduction rate wheat
yield will be reduced at magnitude of 13.62%, 15.78%,
12.82% and 19.87% for respective dates of sowing at
Powerkheda region. And Wheat yield showed reduction rate
between 10% - 20% under the impact of temperature rise
within the future years. In many tropical and subtropical region,
potential wheat yield are projected to decrease for most
projected increases in temperature (Mitchell et al., 1995, Lat
et al., 1998, Houghton et al., 2001).From result observed that
the predicted climate change in Powerkheda region will have
a negative impact on the wheat yield. Wheat yield reduction
rate will be lower for date of sowing on 01 Dec as compared
to other dates of sowing for the Powerkheda region. This study
revealed that 01 Dec date of sowing most suitable for wheat
productivity for future years.

Wheat crop season
Wheat crop season was evaluated on the base of growing
degree days (GDD). The simulated amounts of the number of
days from planting to harvesting of wheat in all years are shown
in the Table 2. In future climatic condition observed that
numbers of days required to complete maturity of crop are
gradually decreased 15-20 day in Year 2020, 2050, and 2100.
The maximum crop season was observed is 131 days at 01
Nov date of sowing. And minimum duration was 103 in 15
Dec date of sowing. Also it observed that when the date of
sowing are shifted 01 Nov to onwards the growing days was
decreased with 5-10 days. This is agreement with Valizadeh
et al. (2014), Jalota et al. (2013), Lawlor and Mitchell, (2000)
with the reason that the increases in temperature rate accelerate
growth stages of wheat. Lal et al.,(1998) reported that 1ºC rise
in temperature leads to a reduction of about 5 days in the
flowering time of the wheat, also reduces the crop growing
season as a result reduces the wheat yield in India.
Wheat yield predication at different ET deficits
The prediction results of wheat yield on the no deficit
evapotranspiration level showed that this trait will decrease
under the influence of future climate change in all date of
sowing with an years of 2020, 2050 and 2100 (Table 2). It
means that the predicted climate change in Powerkheda region
will have a negative impact on the wheat yield. The
evapotranspiration rate will be increase as the date of sowing
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