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Abstract:
This study was conducted to examine growth trends in area, production and productivity of major cereal crops in Sikkim,
India over the period 2003-2016. The data used for the study were collected from the annual reports of Food Security &
Agriculture Development Department, Government of Sikkim. The trend detection in the time series of area, production
and productivity would be helpful to make the future plans and to take the appropriate decisions to safeguard the
situation for the sustainability in food production and future food security. Drastic reduction was observed in the
production and area of cultivation of major cereal crops in Sikkim. Shifting of farmer’s focus toward the horticultural
and plantation crops may be the main cause for negative trend in the production of major cereal crops. Correlation and
correlation-based measures (e.g., the coefficient of determination) have been widely used to evaluate the goodness-of-fit
of linear, exponential and logarithmic model for observing trend in the production, productivity and area under the
cultivation of major cereal crops and Sen’s slope methods were used for the trend analysis. In the study, most of the
cereal crops showed negative trends in the production and area under the cultivation excluding maize and buckwheat.
Sikkim’s agricultural economy has undergone a structural transformation and subsistence crops like wheat, barley and
other major crops switched on to more remunerative crops like horticultural and plantation crops.
Keywords: Area, Production, Growth trends, Sikkim, Major cereal crops.

Introduction:
In India, agriculture is the major source of livelihood for more than 58% of the population. Agriculture and
allied sectors provide large scale employment opportunities to the rural population in the country. India
requires continuous increase in the total food grain production to fulfill the need of ever increasing population
of the country. Therefore, food production is the base for food security of India. According to the FAO Food
security is a situation that exists when all people, at all times, have physical, social and economic access to
sufficient, safe and nutritious food that meets their dietary needs and food preferences for an active and
healthy life. Along with food security nutrition Security is equally important. Nutritional security may be
expressed as “physical, economic and social access to balanced diet, clean drinking water, environmental
hygiene, primary health care and nutritional literacy Swaminathan (1986). The trends in the term of area,
production and total productivity of different crops has been analyzed by several scientists and researchers in
different places throughout the world (Kumar and Mittal et al., 2006; Ali et al., 2013; Malhi et al., 2015).
Knowledge pertaining to trends in area, production and productivity provide the important information that
help the policy makers to frame appropriate plan for future that help the farmers and consumers both in
different prospective. Agriculture being the major sector of the Indian economy and in order to make an
appropriate policy for the Indian economic development and particularly for the agricultural development of
the country as well as for every state of the country, knowledge of future trends in area, production and
productivity of major crops are very essential.
Throughout the world, cereal grains are considered as the major component of human diet for the source of
carbohydrate and energy from the beginning of human civilization. Three important cereals are rice, wheat
and maize and are directly responsible for providing the more than half calories consumed by human (Ahmed
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et al., 2015). Particularly, developing country like India directly depends on cereals for more than 60%
calories requirement and nutritional fulfillment. Whereas, the dependency in undeveloped countries exceeded
up to 80% for the calories requirement and nutritional value. The exponential increase in the population in the
India witnessed the increased on the pressure on the agricultural sector.
Sikkim is one of the smallest states of India with the total area of 7, 096 km2 having a total population of 6,
10, 577. The unique culture, landscape, mists and mountain provided perfection and purity to the state of
Sikkim. Topography of the state is hilly and agriculture is the mainstay of the majority of peoples. Sikkim has
been announced as an organic state in 2015-16 by Government of India and organic mission in state was
started since 2011-12 to promote the organic farming and protected cultivation in the state. In Sikkim, more
than 60% of population depends on farming and related occupation for their livelihood. Agricultural land in
Sikkim is about 15.36% of the total geographical area of the state. Sikkim is also well known for its wide
diversity of flora and fauna. Sikkim has major cultivation of horticultural and plantation crops that contributes
the major part of state’s GDP. Thus, this sector needs priority attention for elevate level of farmer’s income.
The major horticultural and spices crops in Sikkim includes mandarin, papaya, cabbage, tomato, broccoli,
cauliflower, ginger, cardamom and turmeric as well as wide varieties of flower especially Orchid. Sikkim
belongs to 8 agro-climatic zones with diverse distribution of high rainfall and soil texture due to hilly
geographical condition. Moreover, agricultural growth rate in state is more rapid than the other sector’s
growth. According to published report of Ministry of Agriculture and farmer’s welfare, Government of India,
Indian agricultural sector having growth rate of 4.4% that showed the government giving priority to
agriculture sector, in recent year 2015-16 the food grains production was 251.57 million tonnes but it is
estimated by the agricultural ministry it will reach to 273.38 million tonnes in year 2016-17.
The present study was undertaken to analyze the trends in area, production and productivity of different
cereals crops like rice, wheat, barley, buckwheat, finger millet maize grown in Sikkim, India. This paper
focuses on the food production issues of cereal crops and gives suggestions on measures needed to increase
food grain production in Sikkim.
Methodology:
This study was based on a trend analysis of time series data on area, production and productivity for cereals
crops grown in Sikkim. The time series data on the production, area and productivity of the cereal crops
(2003-04 to 2015-16) were collected from different sources namely Annual Reports, Food Security &
Agriculture Development Department, Government of Sikkim. Basic statistics such as mean, standard
deviation and coefficient of variability were computed. The agricultural area, production and productivity data
set when plotted over times scale on the other axis requires application of different statistical curve fitting
techniques to get a smooth trend that can be useful for meaningful interpretation of the data set. Summary of
major cereals crops grown in the Sikkim are presented in Table 1.
Table 1. Summary of cereal crops of Sikkim for trend analysis
Sr.No. Crops
Area
Production Productivity
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There are three major statistical modeling used for the interpretation of area, production and productivity of
cereal crops they are linear statistical modeling, exponential statistical modeling and logarithmic statistical
modeling. This study used linear (y = a*x + b) equation for computing growth rate of area, production and
productivity of major cereal crops in the state of Sikkim, India for over period 2003-16. Exponential statistical
(y =aeb*x) modeling and Logarithmic statistical (y = a*ln(x) + b) modeling. Similarly, non parametric Sen’s
slope estimator was used for non linear estimation used in this study.
Result and Discussion:
The present study was undertaken with a view to analyze the trends in area production and productivity of
different cereal crops in Sikkim, India during period 2003 to 2016. Such type of information generated proved
to be very important and helpful for the policy makers in framing the strategies. The selected major cereal
crops were rice, barley, wheat, buckwheat, maize and finger millet.
Mean value

Standard Deviation (SD)

P Value

Crops

Area

Production

Productivity

Area

production

Productivity

Area

production

productivity

Rice

12.81

21.27

1674.58

1.50

0.94

142.31

1.27

0.79

120.56

Maize

38.99

64.76

1660.18

1.42

3.95

66.52

1.20

3.35

56.36

Wheat

3.38

4.28

1169.67

2.37

3.62

255.51

2.01

3.06

216.46

Finger
Millet

3.59

3.41

954.87

0.55

0.42

51.35

0.47

0.35

43.49

Barley

0.81

0.88

1052.70

0.31

0.43

127.04

0.26

0.37

107.62

Buck
wheat

3.43

3.16

900.96

1.36

1.39

72.13

1.16

1.18

61.11

Area

Table 2: Statistical analysis of different crops of Sikkim during period 2003-2016
Area* 000’hectares; Production# 000’ tonnes; productivity*# Kg./hectare
Average value of production, productivity and area under the cultivation of major crops during the period
2003-2016 reported in the table 2. SD is a measure that used to quality the amount of variation of a set of data
values from its mean value. The maximum standard deviation (SD) in area under cultivation and productivity
showed by wheat 2.37 and 255.51 respectively during period that means wheat having highest variability in
trend of area of production and productivity of wheat. While, maize showed maximum standard deviation
(3.95) in production that means trend in the production of maize is highly instable.
Sikkim has achieved significant quantitative increase in the production of rice in last few years but the figure
1 showed the subsequent reduction in the area of production in the state from the period 2007-2016. The
analysis has revealed that area under the rice cultivation reduce by 27.6% from 2006 to 2016 but total
production of rice reduced by only 13.22 % that shows the increase in the productivity of the rice in state.
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Figure 1: Area under the production of major cereal crops from 2003-2016 in Sikkim
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production

In Sikkim, area under the production of maize and total production showed stability in the trend over the
years. Maximum production achieved by the state in year 2014-15 and minimum in year 2003-04 that is 68.82
and 57.05 (000’ tonnes) respectively. Area and production of Buckwheat showed exponential increase in
2008-09 as compared to previous year, an average approx 171.5 % increase in the area of cultivation of
buckwheat was observed and 198.8 % increase in production has been also reported in 2008-09. In Sikkim an
average 77.6% increase in the total area of cultivation was observed and 123.8 % raise in the production has
been reported from 2003-2016.
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Figure 2: Production of major cereal crops from 2003-2016 in Sikkim
Production of wheat showed high instability in trend in the Sikkim state. There is dramatic reduction in the
area of cultivation and production can be observed from the figure 1. An overall 94.45 % of decrease in the
area of production reported from 2003 to 2016. It’s also shows the changing trends in the Sikkim towards the
major cereal crops. The production of wheat crops drop by 95.67% from year 2003 to 2016. Whereas, some
exponential growth in the area of cultivation observed from the year 2003 to 2007 but due to stability in the
production may causes de-motivation amongst the farmers that resulted in the drastic reduction in the area of
cultivation.
Trend in the area and production of finger millet also showed instability. In the starting few years of reported
data it showed the stability but after 2007-08 period fluctuation in the area and production was observed. Year
2010-11 showed drastic fall in the area and production from the previous year.
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Figure 3: Productivity of major cereal crops from 2003-2016 in Sikkim
Sikkim showed frequent ups and downs in the barley grown area and production. But overall decrease in the
total area of cultivation and production was observed from 2003-2016. Area and production of Barley showed
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dissimilarity trends from 2003 to 2016. Overall 63.41 % reduction in area under the cultivation and 68.8%
reduction in the production were observed from 2003 to 2016.
Table 3: Trend identification for major cereal crops using Mann-Kendall and Sen’s Slope estimator
Crops
Maize
Barley
Buckwheat
Finger
Wheat
Rice
Millet
P-Value
<0.0001
0.002
0.076
0.024
<0.0001
0.01
(Production)
Sen’s
0.164
-0.09
0.164
-0.069
-0.774
-0.169
Slope(Production
000’ million tonnes)
P-Value(Area)
0.268
0.00
0.096
0.001
0.00
<0.0001
Sen’s Slope(Area
0.181
-0.065
0.135
-0.12
-0.544
-0.37
000’ hectares)
Alpha
0.05
0.05
0.05
0.05
0.05
0.05
Trend identification for major cereal crops using Mann-Kendall and Sen’s Slope estimator are presented in
Table 3. Results of analysis showed that maize and buckwheat had positive slope as indicated by the positive
value of the Sen’s slope which indicates the increasing tendency of area under the cultivation of maize and
buckwheat. Whereas, area under the cultivation of wheat, rice, finger millet and barley showed the decreasing
trend by 0.544, 0.37, 0.12 and 0.065 thousand hectares per year, respectively. Similar results were observed
in the production tendency of major cereal crop. Maize and Buckwheat having increasing production tendency
from 2003-16 per year by 0.164 and 0.164 thousand tonnes per year, respectively. Whereas, barley, finger
millet, wheat and rice showed the decreasing production tendency over the period of 2003-16 by 0.09, 0.069,
0.774 and 0.169 thousand tonnes per year, respectively. In Sikkim, production of wheat showed maximum
decline in the production per year from 2003-16. This shows the shifting of state’s agriculture toward the
production of other crops and changes in the eating habit of the people in Sikkim.
Table 4: Trend identification of major cereal crops using Linear, Exponential and Logarithmic
statistical models
Sr.
Crops (Area)
Linear Trends
Exponential trends
Logarithmic Trends
No.
1.
Maize
y= 0.2088x + 37.528
y= 37.493e0.0055x
y = 1.3256ln(x) + 36.69
2
2
R = 0.33
R = 0.34
R2 = 0.51
2.

Barley

y= -0.0673x + 1.2808
R2 = 0.73

y= 1.342e-0.0812x
R2 = 0.72

y= -0.342ln(x) + 1.4036
R2 = 0.73

3.

Buckwheat

y= 0.1729x + 2.2212
R2 = 0.24

y= 2.0468e0.063x
R2 = 0.36

y= 1.0425ln(x) + 1.623
R2 = 0.34

4.

FingerMillet

y= -0.1248x + 4.4677
R2 = 0.77

y= 4.5574e-0.036x
R2 = 0.77

y= -0.567ln(x) + 4.578
R2 = 0.61

5.

Rice

y= -0.378x + 15.459
R2 = 0.92

y= 15.664e-0.03x
R2 = 0.96

y= -1.794ln(x) + 15.926
R2 = 0.84

6.

Wheat

y= -0.5688x + 7.3577
R2 = 0.87

y= 14.977e-0.28x
R2 = 0.81

y= -2.544ln(x) + 7.7898
R2 = 0.67
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Table 5: Trends analysis of crops in Linear, Exponential and Logarithmic statistical modeling
Sr. No. Crops
Linear Trends
Exponential Trend Logarithmic Trend
1.
Maize
y= 0.9403x + 58.174 y= 58.28e0.0148x
y= 4.99ln(x) + 56.1
2
2
R = 0.86
R = 0.85
R2 = 0.93
2.
Barley
y= -0.0923x + 1.5254 y= 1.5715e-0.098x
y= -0.491ln(x) + 1.7306
2
2
R = 0.69
R = 0.69
R2 = 0.76
3.
Finger Millet y= -0.0735x + 3.9265 y= 3.9569e-0.022x
y= -0.297ln(x) + 3.9281
2
2
R = 0.47
R = 0.49
R2 = 0.30
4.
Buckwheat
y= 0.1992x + 1.7615 y = 1.6086e0.0822x
y= 1.171ln(x) +1.1239
2
2
R = 0.31
R = 0.46
R2 = 0.42
5.
Wheat
y= -0.8503x + 10.232 y= 21.482e-0.312x
y= -4.001ln(x) + 11.221
2
2
R = 0.84
R = 0.87
R2 = 0.72
6.
Rice
y= -0.170x + 22.3459 y= 22.485e-0.008x
y= -0.618ln(x) + 22.34
2
2
R = 0.50
R = 0.51
R2 = 0.26
Different non-linear and linear models were employed for the trend identification of major cereal crops of
Sikkim and results are shown in the Table 4 and 5. The best fitted models were identified by comparing the
values of R2. Highest value of R2 showed the goodness fit for the observed and the predicted values of the
cereal crops. In the model y is the area and production and x is the time points whereas a and b are parameters
or constant. The coefficient of determination is the square of the Pearson's product-moment correlation
coefficient and describes the proportion of the total variance in the observed data that can be explained by the
different statistical models like: linear, exponential and logarithmic model. The value of R2 ranges from 0 to 1,
with higher values indicating better conformity. The result revealed that different crops fit into the different
statistical models. Results of analysis for maize crop showed that the area under the cultivation and production
was best fit under the logarithmic model with the R2 value 0.51 and 0.93, respectively. In the analysis of
trends in the area of cultivation under barley the result was found that linear and logarithmic model fit best
with the R2 value 0.73 and for production trend logarithmic model showed the best fit with R2 value 0.76. In
the trend analysis of buckwheat, area under the cultivation and production both best suit to the exponential
model with the R2 value 0.36 and 0.46 respectively. Whereas, in case of finger millet result showed that linear
and exponential model best fit for the area under the cultivation with R2 value 0.77 and exponential model
best fit for production trends. From the trend analysis of area and production for rice, it was found that
exponential model was best fitted and in area of cultivation of wheat linear model proven best suitable model
but for the production trend exponential model was best with the R2 value of 0.51.
Conclusion:
Trends in area, production and productivity of major cereal crops in Sikkim, India over the period 2003-2016
were examined for the goodness-of-fit using linear, exponential and logarithmic model and the sen’s slope
estimator. The data used for the study were collected from the annual reports of Food Security & Agriculture
Development Department, Government of Sikkim. The declining trend in area, production and productivity of
major cereal crops has been a cause of worry and is emphasized as threat to food security in the state. Area
under the cultivation of wheat, rice, finger millet and barley showed the decreasing tendency by 0.544, 0.37,
0.12 and 0.065 thousand hectares per year respectively. whereas, barley, finger millet, wheat and rice showed
decreasing production tendency over the period of 2003-16 by 0.09, 0.069, 0.774 and 0.169 thousand tonnes
per year, respectively but maize and buckwheat having increasing production tendency from 2003-16 per year
by 0.164 and 0.164 thousand tonnes per year respectively and similar result obtained in the term of area under
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the production was also observed. Shifting of farmer’s focus toward the horticultural and plantation crops may
be the main cause for negative trend in the production of major cereal crops.
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