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Abstract

The present study has been conducted to study the impact of climate change on productivity of soybean
in Akola district. Time series data ranging from 1901 to 2020 on area, production, productivity of
soybean has been taken from government publications, websites. The data of selected climatic factors
such as rainfall, maximum temperature, minimum temperature, morning relative humidity, evening
relative humidity, wind speed, bright sunshine hours, evaporation has been collected from Department of
Agronomy, Dr. PDKV, Akola. The Shapiro-Wilk test has been used for checking normality of data. Karl
Person’s Correlation Coefficient and Spearman’s Rank Correlation has been used to examine the
relationship between area, production, productivity and climatic factors for soybean crops. Furthermore,
Multiple Linear Regression Technique has been used to study the impact of climate change on
productivity of soybean. Mann-Kendall test and Sen’s Slope Estimator has been used to identify the
trends in selected climatic factors with their magnitude. The results revealed that, Productivity of soybean
data follows normal distribution where area and production does not follows normal distribution. Area of
soybean is strongly positively correlated with production of soybean which is significant both at 5 per
cent and 1 per cent level of significance. For soybean crop, minimum temperature does not follow the
normal distribution. Productivity of soybean is positively correlated with rainfall which is significant at 5
per cent level of significance. The results of multiple regression indicates that 33 per cent of variation in
productivity of soybean is due to climatic factors. The result of trend analysis indicates that for soybean
crop there is negative (decreasing) trend for wind speed and bright sunshine hours.
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1. Introduction

Climate change is one of the most serious environmental issue of the twenty-first century.
Changes are noticed in all sectors of life including agriculture. Particularly, Indian agriculture
is hardly affected due to the climate change. Climate change is nothing but the statistically
significant variation in either the mean state of climate or in its variability, which is remaining
for longer period (Anonymous, 2007) M. This variation may be due to natural internal
processes occurred within climatic system or to variation in natural or anthropogenic external
forcing. The rate of warming temperature in 21% century to be 0.8 °C and 4.4 °C at various
stabilized levels of CO; in atmosphere and which will be 3°C by the end of this century
(Anonymous, 2006) 2. This major change in climate is mainly due to increased carbon dioxide
emission into the atmosphere & human activities. So, the years 2016 & 2020 are declared as
the warmest year on record (Anonymous, 2021) Bl. Climate change has it’s impact on food
production are not limited to crops. It will affect food production and food security directly or
indirectly by affecting agricultural production systems. The impact of climate change on
agricultural production is important at local, regional, national as well as global scales. This
paper aims to work out the normality of area, production, productivity and climatic factors
soybean crop and their correlation, impact of climatic factors on productivity of soybean and
assessing trends in climatic factors during soybean growing period for Akola district.

2. Materials and Methods

The nature of the present study is mainly based on secondary data. In order to attain the
objectives of the study, relevant secondary data for a period of 30 years, i.e., from 1991-2020
have been taken for analysis.
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2.1. Collection of Data

The study was based on secondary data mainly collected from
various government reports, publications and related websites.
Area, production and productivity of soybean for Akola
district of Maharashtra state with 30 years data ranging from
1991-2020 was utilized for this study. While for climatic data,
it was collected from Department of Agronomy, Dr. PDKV,
Akola.

2.2. Analytical tools
For statistical analysis “IBM SPSS v.20” and “XLSTAT”
software were used.

2.2.1. Shapiro-WIlik Test

There are different normality test but for our sample data we
use Shapiro-Wilk test test was mostly used for sample size of
less than 50. Given an ordered random sample, y; < y, <
...< yy, the original Shapiro-Wilk test statistic is defined as,

W= (0 aiyi)zz
2ie i =)

Where y; is the i" order statistic,
y is the sample mean,

mly-1
= (mTV—lv—lm)I/Z

a; = (ay, ..., a)

And m = (my, ....m,)7T are the expected values of the order
statistics of independent and identically distributed random
variables sampled from the standard normal distribution and
V is the covariance matrix of those order statistics.

2.2.2. Correlation between area, production, productivity
and climatic factors

Karl Pearson’s Correlation Coefficient (1895) is used when
both variables being studied are normally distributed.

P

[ -E) (e 2)

Where,

1y, = Correlation Coefficient
x = Climatic factors

y = Productivity

n = Number of years

Ty =

2.2.3. Multiple Linear Regression
By using multiple linear regression the impact of climate
change on productivity of selected crops were analyzed.

Y= a+ b1X1 + bzXz + b3X3 + b4,X4 + b5X5 + b6X6 + b7X7
+ bgXg

Where,

Y = Productivity kg/ha

a = Intercept

X; = Rainfall (mm)

X, = Maximum Temperature (°C)

X3 = Minimum Temperature (°C)

X, = Morning Relative Humidity (%)

~y~

https://www.mathsjournal.com

X5 = Evening Relative Humidity (%)
X, = Wind Speed (Km/hr)

X, = Bright sunshine hours (hrs)

Xg = Evaporation (mm)

2.2.4. Trend Analysis

The Mann-Kendall test is a non-parametric test used for
identifying trends in climatological and hydrological time
series data. According to this test, the null hypothesis Ho
assumes that there is no trend and this is tested against the
alternative hypothesis Hi which assumes that there is a trend.
The general test Mann-Kendall test has test statistics S
defined as:

n-1 n
s=) ) (%-x)
i=1 j=i+1

Where X; is the sequential data series, n is the length of the
data set and

Sgn(y) =1if y >0)0if (y =0)
-1if (y <0)

Result of Mann-Kendall test are to be normally distributed for
(n = 8) with mean and variance described as:

nn —1)@n +5) + X t,(t; — 1)(2¢; + 5)
18

V(s) =

Where t; is the number of ties present with i as extent. The
standardized Z statistics is computed by
S—1

Jvar(S)

0S

S$>0

=0

S+1

Jvar(S)

The standard statistic Z follows the standard normal
distribution with zero mean and unit variance.

§<0

2.2.5. Sen’s Slope Estimator Test:

The magnitude of a trend in a time series can be determined
using a non-parametric method known as Sen’s Estimator
(Sen, 1968). To estimate the true slope of an existing trend
such as amount of change per year, Sen’s non parametric
method is used. Sen’s method can be used in cases where the
trend can be assumed to be linear such as

f@®) =0 +B

Here, Q is the slope and B is a constant. Slopes of data value
pairs are calculated as,

_xj—xk

Here x;and x, are the data values in years j and k, j > k. If
there is N values of x; in time series then the Sen’s estimator
is
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Q = Q[N+1/2] lfN is Odd

1
Q =5 (@) + Q) if N is even

The positive value of Q; indicates an upward or increasing
trend and a negative value gives a downward or decreasing
trend in the time series.

3. Results and Discussion

3.1. Shapiro-Wilk Test

Normality test is carried out for checking whether the area,
production, productivity of soybean including selected
climatic factors are normally distributed or not. For this the
Shapiro-Wilk test is used.

https://www.mathsjournal.com

Table 1: Testing Normality of Area, Production and Productivity of

Soybean
Parameters Statistic (W) P Value
Area 0.86 0.00
Production 0.86 0.00
Productivity 0.98 0.80

From above table, it is revealed that the p-value for area,
production and productivity are 0.001, 0.001 and 0.801
respectively. From this it is concluded that as p- values of area
and production are less than that significance level i.e. 0.05,
which means the data does not follows normal distribution.
Whereas, p- value of productivity is more than level of
significance which concluded that the data follows normal
distribution.
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Fig 1: showing the time series analysis for the area (ha) under soybean in Akola district by using three years moving average method. From fig.
it is clearly observed that area under soybean in Akola district is rising over period of time.
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Fig 2: Showing the time series analysis for the production (Tonnes) under soybean in Akola district by using three years moving average
method. It is observed that productivity of soybean in Akola district is increasing over period of time.

2500 —
-
© | 2000 —
E y=0.1118x+1103.3
=| 1500 -
> ‘
-5 | 1000
(%]
3
S| 500
S
o
0_IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Nmamwhwmc—unmgmwhwmo—iﬂmcrmwhoocno.-u
e Y B D T A B A R N B R
- NN ST N OMN~N00 0= NN SN OMN0 DO =N S N WO 00O
SO O O h ©O 00000000 OO0 ™= ™= ™= ™™/ ™w™m—=—=m—g¢n
OO0 OO0 O ) OO0 0000000 000000000 O0OO0O0
Lo I I O T B O IO I O oY Y o O o I o I o I O o Y o N o I Y o I o N o I o N o I o A o I o O Y O o O
Year

Fig 3: showing the time series analysis for the productivity (kg ha!) under soybean in Akola district by using three years moving average
method. From fig. it is clearly observed that productivity of soybean in Akola district is constant growing over period of time.
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Table 2: Testing Normality of Productivity of Soybean and Climatic

Factors

Parameters Statistic (W) | P values
Productivity 0.979 0.801
Rainfall (mm) 0.962 0.343
Tmax (°C) 0.981 0.843
Tmin (°C) 0.865 0.001
RH-1 (%) 0.981 0.851
RH-11 (%) 0.982 0.870
Wind speed (km/hr) 0.948 0.151
Bright Sunshine hours (hrs) 0.963 0.359
Evaporation (mm) 0.969 0.502

From above table, it is revealed that the p-value of Minimum
temperature is less than the level of significance i.e. 0.05, so
the data does not follow normal distribution. Whereas, p
values of productivity, rainfall, maximum temperature,
minimum temperature, wind speed, morning relative
humidity, evening relative humidity, bright sunshine hours,
evaporation are more than level of significance i.e. 0.05 which
indicates that these data follows normal distribution.

https://www.mathsjournal.com

3.2. Karl Pearson’s Correlation and Spearman Rank
Correlation

The result concluded that, area of soybean is highly positively
correlated with production of soybean which is significant at
both 5 per cent and 1 per cent level of significance. Also,
there is positive correlation between production and
productivity of soybean which is significant at 5 per cent level
of significance. Whereas, productivity of soybean is
negatively correlated with area of soybean and the
relationship is not significant.

Table 3: Testing Correlation between Area, Production and
Productivity of Soybean (N = 30)

Spearman Rank correlation | Area |Production|Productivity
Area Pearson Correlation 1.00| 0.82" -0.06
Sig. (2-tailed) . 0.00 0.76
Production Pearson Corl.relation 0.82" 1.00 0.41"
Sig. (2-tailed) 0.00 . 0.03
Productivity Pear'_son Correlation -0.06 0.41" 1.00
Sig. (2-tailed) 0.76 0.03 .

(Note: **, * indicates significance at 1% and 5% level of
significance)

Table 4: Testing Correlation between Productivity of Soybean and Climatic Factors (N = 30)

Parameters Productivity | Rainfall | Tmax | Tmin | RH-1 | RH-11 | Wind speed | BSH | Evaporation
Productivity Pear_son Cor_relation 1 0.43" -0.32 [ 0.13 | 0.24 0.33 -0.18 -0.15 -0.38"
Sig. (2-tailed) 0.02 0.08 | 048 | 0.21 0.08 0.33 0.43 0.03
Rainfall Pear_son Cor_relation 0.43" 1 -0.42" |-0.21| 0.54™ | 0.59™ -0.36" -0.18 -0.55™
Sig. (2-tailed) 0.02 0.02 |0.28| 0.00 0.00 0.05 0.35 0.00
To Pear_son Cor_relation -0.32 -0.42" 1 0.21 | -0.54™ | -0.80™ 0.20 0.70™ 0.84™
Sig. (2-tailed) 0.08 0.02 0.27 | 0.00 0.00 0.30 0.00 0.00
Tores Pear_son Cor_relation 0.13 -0.21 0.21 1 -0.03 | -0.23 -0.08 -0.06 0.34
Sig. (2-tailed) 0.48 0.28 0.27 0.89 0.22 0.66 0.76 0.07
RH-| Pear_son Cor_relation 0.24 0.54™ |-0.54"|-0.03 1 0.72" -0.48"™ -0.42" -0.56™
Sig. (2-tailed) 0.21 0.00 0.00 | 0.89 0.00 0.00 0.02 0.00
RH-1I Pear_son Cor_relation 0.33 0.59™ |-0.80" [-0.23| 0.72™" 1 -0.12 -0.45" -0.77"
Sig. (2-tailed) 0.08 0.00 0.00 | 0.22| 0.00 0.51 0.01 0.00
Wind speed Pear_son Cor_relation -0.18 -0.36" 0.20 |-0.08|-0.48™| -0.12 1 0.51" 0.19
Sig. (2-tailed) 0.33 0.05 0.30 [ 0.66 | 0.00 0.51 0.00 0.32
BSH Pear_son Cor_relation -0.15 -0.18 0.70™ |-0.06 | -0.42" | -0.45" 0.51™ 1 0.44"
Sig. (2-tailed) 0.43 0.35 0.00 | 0.76 | 0.02 0.01 0.00 0.02
Evaporation Pear_son Cor_relation -0.38" -0.55" | 0.84™ | 0.34 | -0.56™ | -0.77"" 0.19 0.44" 1
Sig. (2-tailed) 0.04 0.00 0.00 | 0.07| 0.00 0.00 0.32 0.02

(Note: ** & * denotes significance at 1% and 5% level of significance)

From above table, Productivity of soybean is positively
correlated with rainfall, minimum temperature, morning
relative humidity, evening relative humidity. Out of this
relationship with rainfall is significant at 5 per cent level of
significance. Also, productivity is negatively correlated with
maximum temperature, wind speed, bright sunshine hours and
evaporation. Out of this relationship with evaporation is
significant at 5 per cent level of significance. There is positive
correlation between productivity and morning relative
humidity which is significant at 5 per cent level of
significance.

3.3. Multiple Linear Regression

Impact of different climatic factors such as rainfall, maximum
temperature, minimum temperature, morning relative
humidity, evening relative humidity, wind speed, sunshine

~g~

hours, evaporation on productivity of cotton and soybean was
analysed by using Multiple Regression Technique.

The multiple regression equation obtained showed R? value
equal to 0.33, this implies that about 33 per cent of variation
in productivity of cotton is accounted by the climatic factors
such as rainfall, maximum temperature, minimum
temperature, morning relative humidity, evening relative
humidity, wind speed, bright sunshine hours, evaporation at
crop duration period. From above table, it is revealed that p
value of model is greater than the level of significance i.e.
0.05 which indicates that the estimated multiple regression
model is non-significant.

Table 5: Impact of climate change on productivity of soybean

R Adjusted R |Standard Error of p
Mode| R Square| Square the Estimate F value
2 ]0.57] 0.33 0.074 426.40 1.29] 0.30
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Table 6: Multiple linear regression model for soybean productivity

Model B Std. Error “t” Value “p” Value
Constant 1674.15 9142.92 0.18 0.86
Rainfall (mm) 4.01 3.20 1.25 0.23
Tmax (°C) -93.09 277.89 -0.34 0.74
Tmin (°C) 237.84 135.17 1.76 0.09
RH-I (%) -38.16 48.27 -0.79 0.44
RH-11 (%) 9.46 45.10 0.21 0.84
Wind speed (km/hr) -36.87 70.28 -0.53 0.61
Bright Sunshine hours (hrs) 105.39 192.18 0.55 0.59
Evaporation (mm) -197.89 269.48 -0.73 0.47

The resultant multiple regression equation is derived and

expressed as,

Table 7: Trends in selected climatic factors for soybean in Akola

Y = 1674.15 + 4.01X, — 93.09X, + 237.84X, — 38.16X,
+9.46X5 — 36.87X, + 105.39X,
— 197.89X,

Where Y is productivity of cotton, X, is rainfall (mm), X, is
maximum temperature (°C), X5 is minimum temperature (°C),
X, is morning relative humidity (%), X5 is evening relative
humidity (%), X, is wind speed (km/hr), X is bright sunshine
hours (hrs), X; is evaporation (mm). From this equation, it is
observed that effect of rainfall, maximum temperature,
minimum temperature, morning relative humidity, evening
relative humidity, wind speed, bright sunshine hours and
evaporation found non-significant effect on productivity of
soybean.

3.4. Trend Analysis

Trend analysis of different climatic factors such as rainfall,
maximum temperature, minimum temperature, morning
relative humidity, evening relative humidity, wind speed,
sunshine hours, evaporation was carried out for 30 years data
by using Mann-Kendall Test and Sen’s Slope Estimator Test.

district
Parameter Kendall's tau p-value (Two-| Sen's
tailed) slope
Rainfall (mm) 0.048 0.721 0.358
Tmax (°C) -0.217 0.097 -0.026
Tmin (°C) 0.196 0.134 0.017
RH-1 (%) 0.144 0.276 0.080
RH-I1 (%) 0.019 0.900 0.017
Wind speed (km/hr) -0.480 0.000 -0.157
Bright Sunshine hours (hrs) -0.441 0.001 -0.060
Evaporation (mm) -0.044 0.748 -0.005

Above table represents the magnitude of climatic factors for
soybean crop obtained from the Mann-Kendall test and Sen’s
slope estimator. From this, it is concluded that as p value of
wind speed, bright sunshine hours is less than that level of
significance i.e. 0.05 which indicates that there is trend for
wind speed, bright sunshine hours. Whereas the wind speed
and bright sunshine hours shows negative (decreasing) trends
because the Sen’s slope and Kendall’s tau (Z) values were
negative. Other climatic factors such as rainfall, maximum
temperature, minimum temperature, morning relative
humidity, evening relative humidity, evaporation has p value
greater than level of significance i.e. 0.05 which indicates that
there is no trend present for these climatic factors.
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Fig 4: Showing the trend and sen’s slope of rainfall for soybean. It indicates that Man-Kendall test has p- value greater than level of
significance. i.e. 0.05, so as per test statistics it is concluded that rainfall for soybean does not have trend in it’s time Series.

35 +
34

Maximum Temperature (°C)

1991 1996 2001

Year

2016

Sen's slope ]

2006 2011

Fig 5: Showing the trend and sen’s slope of maximum temperature for soybean. It indicates that Man-Kendall test has p- value greater than level

of significance. i.e. 0.05, so as per test statistics it is concluded that maxi
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mum temperature for soybean does not have trend in it’s time series.
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Fig 6: Showing the trend and sen’s slope of minimum temperature for soybean. It indicates that Man-Kendall test has p- value greater than level
of significance. i.e. 0.05, so as per test statistics it is concluded that minimum temperature for soybean does not have trend in it’s time series.
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Fig 7: Showing the trend and sen’s slope of morning relative humidity for soybean. It indicates that Man-Kendall test has p- value greater than
level of significance. i.e. 0.05, so as per test statistics it is concluded that morning relative humidity for soybean does not have trend in it’s time
series.
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Fig 8: Showing the trend and sen’s slope of evening relative humdity for soybean. It indicates that Man-Kendall test has p- value greater than
level of significance. i.e. 0.05, so as per test statistics it is concluded that evening relative humidity for soybean does not have trend in it’s time
series.
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Fig 9: Showing the trend and sen’s slope of wind speed for soybean. It indicates that Man-Kendall test has p- value less than level of
significance. i.e. 0.05, so as per test statistics it is concluded that wind speed for soybean have trend in it’s time series and sen’s slope having
neagtive value which indicates that there is decreasing trend over period of time.
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Fig 10: Showing the trend and sen’s slope of bright sunshine hours for soybean. It indicates that Man-Kendall test has p- value less than level of
significance. i.e. 0.05, so as per test statistics it is concluded that bright sunshine hours for soybean have trend in it’s time series and sen’s slope
having neagtive value which indicates that there is decreasing trend over period of time.
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Fig 11: Showing the trend and sen’s slope of evaporation for soybean. It indicates that Man-Kendall test has p- value less than level of
significance. i.e. 0.05, so as per test statistics it is concluded that evaporation for soybean does not have trend in it’s time series.

4. Conclusion
This study presents the impact of climatic factors on
productivity of soybean in Akola district by using annual data 7.

covering the period from 1991 to 2020. The results obtained

from the present study are summarized in the following
conclusion. Productivity of soybean data follows normal
distribution whereas production and area of soybean does not

follow normal distribution. The study revealed that area of 8.
soybean is highly positively correlated with production of
soybean which is significant both at 5 per cent and 1 per cent

level of significance whereas production and productivity of
soybean are positively correlated which is significant at 5 per 9.
cent level of significance. For soybean crop rainfall,
maximum temperature, morning relative humidity, evening
relative humidity, wind speed, bright sunshine hours,
evaporation data follows normal distribution except minimum
temperature.

The study examined that that productivity of soybean is 10.

positively correlated with rainfall which is significant at 5 per
cent level of significance. Whereas, there is negative
correlation between productivity and evaporation which is

significant at 5 per cent level of significance. The results of 11.

multiple regression equation provides that 33 per cent of
variation in productivity of soybean is due to climatic factors.

The study further presents that no any climatic factor found to 12.

be significant for productivity of soybean. The result of trend
analysis indicates that that there is negative (decreasing) trend
for wind speed and bright sunshine hours.

13.
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