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Abstract
The present paper analyses the emerging trends and patterns of crop diversification in Uttar Pradesh (INDIA) at regional level 

from 2000 - 01 to 2019 - 20 and also identify the crop diversification gap among the regions viz., Western Uttar Pradesh, Eastern Ut-
tar Pradesh, Central Uttar Pradesh and Bundelkhand. The Simpson index of crop diversification (CDI) has been used to estimate level 
of crop diversification at regional level. The results reveal that cropping pattern at the regional level of the state is viewed as a shift in 
production portfolio away from staple cereals towards high-value food commodities, but the transformation is not found evenly dis-
tributed across the regions. The regional level result has indicated that Western Uttar Pradesh has recorded highest crop diversifica-
tion followed by Central Uttar Pradesh, Bundelkhand and Eastern Uttar Pradesh in that order during the study period. Therefore, the 
study has suggested that policy support in terms of enhanced rural infrastructure and an appropriate technology need to be extended 
to the farming society of the Statelike Uttar Pradesh. Moreover, the use of technological inventions by public--private participation in 
the cultivation methods of various crops needs to be encouraged for crop diversification and enhancing farmer’s income.
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Agricultural sector of India has undergone a radical transition 
from traditional agriculture to high value agriculture during the 
recent years at national level as well as state level. In the 21st cen-
tury, the agrarian economy of India witnessed that the consump-
tion pattern had shifted away from traditional cereals to a more 
varied and nutritious diet of fruit and vegetables, milk, fish, meat 
and poultry products, which is attributable to the rapid growth 
of the economy [1]. This has resulted in the development of crop 
diversification towards high value crops. In this direction, agricul-
ture sector of Uttar Pradesh has also played a significant role.

Agriculture sector of Uttar Pradesh is under severe pressure 
due to a number of factors such as: high population growth, small 

size of land holdings, pastures, poor agriculture infrastructure, re-
gional variations in agriculture, climatic factors and market liber-
alisation. In such cases, securing livelihood of the rural population 
of the state involves increasing the productivity and diversification 
with the help of proper impetus given to the agricultural infrastruc-
ture itself [2]. Aagricultural sector of the state economy has under-
gone a radical transition from the traditional practice of cultivating 
food grain crops to high value agriculture during the recent years 
attributing to the rapid growth of the state economy, this will fur-
ther become an important choice to attain the objectives of a higher 
output growth, raising farmer’s income, generation of employment, 
promoting nutritional security, reducing poverty and enhancing 
sustainability of natural resources. A number of researchers have 
argued in the same direction [3-6].
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Uttar Pradesh, one of the leading states of India occupying 
approximately 7.3 per cent of the country’s area claims its place 
amongst the prime agricultural state of the nation. The majority of 
the state population is either directly or indirectly sustained by ag-
riculture for their livelihood support. Characteristic to its notewor-
thy performance in green revolution, Uttar Pradesh happens to be 
the highest producer of food grains, sugarcane and potato through-
out the country. Being the predominant sector in UP’s economy, 
the agriculture sector of the state is accredited for one third of the 
gross state domestic product (GSDP) and employs more than sixty 
percent of its workforce. It also plays a key role in the aggregate 
agricultural production of the country by contributing around 21.0 
per cent in food grains, 18.5 per cent in pulses and 6.0 per cent in 
oilseeds, while it occupies only 12.0 per cent net agricultural area 
of the country [7]. But despite the state being endowed with a va-
riety of natural resources, regional inequalities persist that later 
translates into skewed socio-economic disparities. There are four 
administrative regions in Uttar Pradesh viz., Western Uttar Pradesh 
(WUP), Eastern Uttar Pradesh (EUP), Central Uttar Pradesh (CUP) 
and Bundelkhand. For instance, across administrative regions of 
Uttar Pradesh, barring the WUP region, farming practices in the 
rest of the state are characterized by productivity related issues. 
Further, if one compares the situation of incomes from farming and 
animal husbandry across states, the situation of Uttar Pradesh is 
worse and it had 5th lowest place among the states in 2018 - 19 
(70th Round National Sample Survey on Situation Assessment of 
Agricultural Households). Average monthly income from farming 
and animal husbandry in UP was found Rs. 5,859 and it was much 
lower than that in Punjab and Haryana. In these states, an agricul-
tural household earned 3 to 4 time’s higher income than in Uttar 
Pradesh.

It is in this context, crop diversification can play an important 
role in the agricultural development of Uttar Pradesh and enhance-
ment of farmer’s income. But there are huge disparities of agricul-
tural sector in Uttar Pradesh at regional level as well as there are 
rare studies available of crop diversification in the state at regional 
as well as district level. Therefore, the present research paper tries 
to analysis the emerging trends and patterns of crop diversification 
in Uttar Pradesh at regional level andidentify the regional gap for 
achieving sustainable agricultural growth for the state.

Materials and Methods
Growth estimation

A widely accepted exponential model, y = abteu has been fitted 
to the time series data for estimating the compound annual growth 
rates (CAGR) of various parameters of agriculture sector from 
2000 - 01 to 2019 - 20 in Uttar Pradesh. The CAGR is usually esti-
mated by using the following semi log functional form.
ln(y) = ln(a) + t ln(b) + u
Where, y → Dependent variable whose growth rate is to be esti-
mated,
t → Independent variable (time) 
u → Disturbance or error term. 
‘a’ and ‘b’ are the parameters to be estimated from sample observa-
tions. 

The regression coefficient b is estimated by ordinary least 
squares (OLS) technique. The Compound Annual Growth Rate 
(CAGR) in per cent term is estimated as:
CAGR = {antilog (b) - 1} *100

Estimation of crop diversification
Crop diversification is an important aspect for economic devel-

opment and farmer’s welfare in rural areas. The measurement of 
the extent of crop diversification at a given point in time may be 
done by means of several indices namely

•	 Index of maximum proportion, 
•	 Herfindal Index, 
•	 Simpson Index, 
•	 Ogive Index, Entropy Index, 
•	 Modified Entropy Index and.
•	 Composite Entropy Index. 

Every method has some superiority and/or limitation over the 
other method. The Simpson Index of crop diversification (CDI) ap-
proach is used in the present research paper for the realization of 
the research objective, which is to assess the extent of diversifica-
tion in crop sector of the state. This method provides a clear disper-
sion of commodities in a geographical region and is rather easy to 
compute and interpret. The CDI is given by the following equation
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Where, CDI is the Simpson Crop Diversification Index and Pi 
is the proportionate area of ith crop/agriculture sub-sector in the 
gross cropped area. The value of CDI ranges between 0 and 1. When 
the value of SID is closer to 1, it indicates high diversification and 
when closer to 0, indicates no diversification. 

Sources of data
The present study is based on secondary data sources from 

the year 2000 - 01 to 2019 - 20. The secondary data on various 
aspects was collected from various issues of Uttar Pradesh Di-
rectorate of Economics and Statistics (UPDES), Planning Depart-
ment, Government of Uttar Pradesh and Land Utilisation Statis-
tics (LUS),Directorate of Economics and Statistics, Ministry Of 
Agriculture and Farmers Welfare, Govt. of India. 

Results and Discussion
Emerging trends of area, production and yield in Uttar Pradesh

The compound annual growth rate (CAGR) of area, production 
and yield (productivity) at crop group level in Uttar Pradesh from 
2000 - 01 to 2019 - 20 are presented in Figure 1. In case of total 
cereals it was found a positive CAGR growth trend in terms of area, 
production and productivity. It has also been noticed that the over-
all trend is positive along area, production and productivity in case 
of rice crop. With a small increase in the area under rice cultivation 
at 0.19, production and productivity have risen at the rate of 2.28 
and 2.08 respectively. In case of wheat however, there has been 
a modest growth in the area, production and productivity values 
with values being at 0.53, 0.84 and 0.30 respectively.

Figure 1: Growth Trends of Area, Production and Yield in Uttar Pradesh.
Source: UPDES, Planning Department, Government of Uttar Pradesh.

But there were found negative growth trends of area, produc-
tion and yield in case of pulses. On the other hand, the overall 
growth of the total food grains shows a peculiar picture. Despite a 
decline in the area under food grain by -0.05, there has been a ris-
ing CAGR for the production and productivity at 1.12 per cent and 
1.18 per cent respectively. The CAGR values of oilseeds, however, 
reveal a matter of concern as despite there being an increase in 
the area under oilseeds at 2.70 per cent, there has been a modest 
increase in the production at 0.41 per cent while a negative growth 
rate of -2.22 per cent per annum in the productivity. Onions show a 
positive trend with an increase in the area at 1.24 per cent, increase 

in the production at 3.10 per cent and increase in the productivity 
at 1.83 per cent per annum respectively. The growth rate of potato 
shows a higher in the area and production with values being at 2.55 
and 2.85 per cent respectively while yield rising by only 0.29 per 
cent. Sugarcane also reveals a positive growth rate with area, pro-
duction and yield rising at 0.50 per cent, 1.69 per cent and 1.18 per 
cent per annum respectively.

Growth trends of APY of crops grown in Uttar Pradesh: region-
wise

Table 1 depicts the compound annual growth rate (CAGR)of 
various crop group along with potato and sugarcaneat regional lev-
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el from 2000 - 01 to 2019 - 20. It is witnessed that there has been a 
rising growth for the area under cereals for Bundelkhand followed 
by the Western region at a CAGR value of 1.51 per cent and 0.23 per 
cent respectively. Also, these values are higher than the UP statis-
tics. In case of production of cereals, the Bundelkhand region again 
tops the list with the CAGR value of 2.03 per cent followed by the 
Eastern region with the CAGR value of 1.88 per cent respectively.

Crop Group Western 
UP

Eastern 
UP

Central 
UP

Bundelkhand UP

Cereals Area 0.23 0.14 -0.08 1.51 0.20
Produc-

tion
1.00 1.88 0.98 2.03 1.36

Yield 0.74 1.84 0.97 0.52 1.15
Pulses Area -1.85 -2.15 -3.06 -1.71 -2.01

Produc-
tion

-2.28 -2.76 -6.54 -5.45 -4.48

Yield -0.59 -0.57 -3.03 -4.05 -2.52
Food 

grains
Area 0.16 -0.04 -0.41 -0.27 -0.05

Produc-
tion

0.96 1.74 0.71 -0.39 1.12

Yield 0.78 1.84 1.03 -0.35 1.18
Oilseeds Area -1.44 -0.04 2.45 9.63 2.70

Produc-
tion

-1.58 -1.04 0.71 8.89 0.41

Yield -0.12 -1.28 -1.82 -1.19 -2.22
Potato Area 3.42 -0.03 2.07 1.02 2.55

Produc-
tion

3.66 0.37 1.48 2.80 2.85

Yield 0.19 0.76 -0.94 1.25 0.29
Sugar-
cane

Area 0.05 0.65 1.65 2.60 0.50
Produc-

tion
0.93 2.38 3.58 4.12 1.69

Yield 0.86 2.48 2.48 1.36 1.18

Table 1: Regional Growth Trends of APY with respect 
 to Crops of Uttar Pradesh.

Source: UPDES, Department of Planning, Government  
of Uttar Pradesh.

The productivity is however found high in the Eastern region 
with a CAGR value of 1.84 per cent followed by the Central region 
at a CAGR value of 0.97 per cent respectively. Pulses have shown 
a negative trend across all the administrative regions of Uttar 
Pradesh. In case of area, the least decline has happened in case of 
Bundelkhand followed by the western region with a CAGR value of 
-1.71 per cent and -1.85 per cent respectively. In terms of produc-
tion, the least decline has happened in the Western region followed 
by the Eastern region with a CAGR value of -2.28 per cent and -2.76 
per cent respectively. Also, productivity of pulses has declined with 
the least in the Eastern region followed by the Western region with 
a CAGR value of -0.57 per cent and -0.59 per cent respectively.

A positive trend is however seen in the area under food grains, 
where a rise is witnessed only in the WUP region with a CAGR 
value of 0.16 per cent. The production of food grains is however 
higher in the Eastern region followed by the Western region with a 
CAGR value of 1.74 per cent and 0.96 per cent respectively. In case 
of productivity however, it is the highest in the Eastern region fol-
lowed by the Central region with a value of 1.84 per cent and 1.03 
per cent respectively. The area under oilseeds is the highest in the 
Bundelkhand region followed by the Central region with a CAGR 
value of 9.63 per cent and 2.45 per cent respectively. In terms of 
production as well, the Bundelkhand and the Central region fare 
among the top with CAGR values of 8.89 per cent and 0.71 per 
cent respectively. The productivity is however declining in all the 
regions with the least decline in the western region followed by 
the Bundelkhand region with a CAGR value of -0.12 per cent and 
-1.19 per cent respectively. In case of potatoes the area has risen in 
the Western region followed by the Central region with the CAGR 
values of 3.42 per cent and 2.07 per cent respectively. However, 
production rise has been witnessed by the Western region fol-
lowed by the Bundelkhand region with a CAGR value of 3.66 per 
cent and 2.80 per cent respectively. In case of productivity however, 
Bundelkhand followed by the Eastern region have shown a rising 
trend in the CAGR values with the value ranged at 1.25 per cent 
and 0.76 per cent respectively. Similarly, the area under sugarcane 
has shown a rising value in the Bundelkhand region followed by 
the Central region with a CAGR value of 2.60 per cent and 1.65 per 
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cent respectively. Production has increased in the Bundelkhand re-
gion followed by the Central region with a CAGR value of 4.12 per 
cent and 3.58 per cent respectively. In case of productivity however, 
both the Central and the Eastern region stand at the same statistic 
of 2.48 per cent.

It may also be observed from the above results that there are 
wide disparities in terms the performance of crop sector in Uttar 
Pradesh at regional level. In addition, the CAGR of food grain has 
been decreased in case of area during the study period. It means 
that the cropping pattern has shifted from traditional crops to high 
value crops. Therefore, there is a need to analysis emerging trends 
and patterns of crop diversification at aggregated as well as disag-
gregated levels in the state.

Year: 2000-01 Year: 2019-20
Crop Diversification 

Index (in Value)
L-Low [>Q1 
value: 0. 21]

Banda, Chitrakoot, Chandauli, Siddharth Nagar, 
Hamirpur, Pratapgarh, Shravasti Allahabad Gorakhpur 

LalitpurJalaunSantRavidas Nagar SantKabeer Nagar 
Mau, Ballia, Sonbhadra, Azamgarh, Mirzapur, Rae Bareli, 

Deoria, Jaunpur, Kaushambi, Maharajganj, Bahraich, 
Ambedkar Nagar, Auraiya, Ghazipur and Gonda

Districts: 28 (40.0%)

ChandauliSiddharth Nagar  
Allahabad

SantRavidas Nagar Pratapgarh  
Gorakhpur DeoriaBalliaJaunpur Mau

SonbhadraAzamgarhSantKabeer 
Nagar GhazipurMirzapur Rae Bareli

ShravastiLalitpur and Banda

Districts: 19 (27.14%)
M-Moderate 
[From 0.21 

to 0.40]

MainpuriSultanpurMahoba Jhansi UnnaoFatehpur 
Varanasi EtawahBasti Kanpur DehatBudaunFaizabad 
Aligarh HardoiShahjahanpurPilibhitFirozabad, Etah, 

Balrampur, Lucknow, Hathras, Rampur, Mathura, Bara-
banki, Kanpur Nagar and Gautam Buddha Nagar

Districts: 26 (37.14 %)

Maharajganj Varanasi Auraiya 
KaushambiChitrakoot Kanpur Dehat

UnnaoMainpuriSultanpurEtah 
Gautam Buddha Nagar Ambedkar 
Nagar Etawah Aligarh Fatehpur-

Budaun Rampur Bahraich Kanpur 
Nagar, Hardoi and Hamirpur

Districts: 21 (30.0%)
H-High [>Q3 
value: 0.40]

Bareilly, Sitapur, Kushi Nagar, Kannauj, Moradabad, 
Bulandshahr,

Agra, Farrukhabad, Kheri, Bijnor, Amroha, Muzaffar-
nagar, Saharanpur,

Baghpat, Ghaziabad and Meerut

Districts: 16 (22.86%)

Lucknow Shahjahanpur Mathura 
Barabanki Jhansi KannaujFaizabad 

Firozabad BastiJalaunHathrasMaho-
ba, GondaPilibhitBulandshahr Agra 
Bareilly, Farrukhabad Moradabad 
BalrampurKushi Nagar Sitapur-

KheriBijnor Saharanpur Muzaffar
nagarAmroha,MeerutBaghpat and 

Ghaziabad
Districts: 30 (42.86%)

Table 2: Emerging Trends of Crop Diversification at District Level in Uttar Pradesh.
Source: Authors calculations based on UPDES database.

Emerging trends and patterns of crop diversification at dis-
trict level in Uttar Pradesh

District level Crop diversification trends in Uttar Pradesh for the 
year 2000 - 01 and 2019 - 20 are presented in Table 2. The level of 
crop diversification has been divided into three categories viz. Low, 
Moderate and High crop diversification on the basis of quartile val-
ues. It was found that out of 70 districts, 28 districts are found low 
crop diversification category in 2000 - 01, while in 2019 - 20, only 
19 districts found in this category. In case of moderate crop diver-
sification, 26 and 21 districts have been found in 2000 - 01 and 
20109-20 respectively. There has been found huge change in high 
crop diversification category. There were only 16 districts in this 
category in the year 2000 - 01 which increased to 30 districts in 
the year 2019 - 20.
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District wise Simpson crop diversification index (CDI) is also 
presented by Map 1(a) and 1 (b)for the year 2000 - 01 and 2019 
- 20 respectively. The district wise crop diversification index (CDI) 
levels during the study period can be divided into three categories, 
namely, low: < 0. 201, moderate: (0.201 to 0.400) and highest: > 
0.400. The result reveals that the performance of the Western Uttar 
Pradesh districts has been found better as compared to Central Ut-
tar Pradesh, Eastern Uttar Pradesh and Bundelkhand districts dur-

ing the study period with some fluctuations. Most of the districts 
of Eastern Uttar Pradesh have been found in low level of crop di-
versification category. On the basis of the result, It can be conclude 
that, there are wide fluctuation in terms of crop diversification at 
district level within region and outside region of Uttar Pradesh. 
Therefore, there is call for rural infrastructure development at dis-
trict level to enhance the crop diversification as well as for enhanc-
ing the farmer’s income.

Map 1: a. Level of Crop Diversification in 2000-01. b: Level of Crop Diversification in 2019-20.

Source: Authors calculations based on UPDES database.

Emerging trends and patterns of crop diversification at re-
gional level in Uttar Pradesh

The regional trends and patterns of crop diversification in Ut-
tar Pradesh for the year 2000 - 01, 2010 - 11 and 2019 - 20 are 
presented in Table 3. With regards to administrative regions of Ut-
tar Pradesh, it was found that the crop diversification (CDI) rank of 
Bundelkhand was 4th in 2000 - 01 and became 3rd in 2010-11 and 
2019 - 20. On the other hand, the CDI rank of Eastern UP region 
was 3rd in 2000 - 01 and became 4th in 2019 - 20. In case of Central 
Uttar Pradesh and Western Uttar Pradesh regions, there was no 
significant improvement in CDI ranking during the study period. It 
was observed that Bundelkhand region improved CDI rank as com-
pared to the other regions while the ranking of the Eastern Uttar 
Pradesh region has declined. However, in terms of values, Western 
Uttar Pradesh topped in the list followed by Central Uttar Pradesh, 
Bundelkhand and Eastern Uttar Pradesh respectively.

The graphical representation of trends and patterns of crop di-
versification at regional levels in Uttar Pradesh for the year 2000 
- 01 and year 2019 - 20 are given in figure 2. The figure clearly 
indicates that the performance of Western Uttar Pradesh is found 
better as compared to other regions during the study period. More-
over, it is also found that there are high variations of crop diver-
sification at regional level in the state. But there are significant 
improvement in the level of crop diversification at all the regions 
during the study period. It means that the pattern of crop in now 
shifting towards the high value and profitable crops in the state. 

In sum, within all the regions, sharp intra-regional disparities 
in case of crop diversification in Uttar Pradesh. Hence, the Govern-
ment should take the necessary steps to remove these disparities 
through the appropriate policies. In this direction, rural infrastruc-
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Figure 2: Regional Trends of Crop Diversification in Uttar Pradesh for the Year 2000-01 and 2019-20.

Source: Authors calculations based on UPDES& LUS database.

ture is created mostly through public investments and directly con-
tributes to crop diversification and agricultural growth in the state.

Conclusion
This paper has examined the districts as well as regional levels 

variations in crop diversification in Uttar Pradesh towards high-
value crops and identifying patterns of crop diversification at dis-
aggregated level. The Simpson Index of Crop Diversification (CDI) 
observed that Uttar Pradesh is moving from traditional crop sector, 
i.e., food-grain crops to high value or profitable crops. However, this 
shift is not found evenly distributed across the districts/region. 
The trends and patterns of crop diversification index displayed 
very high degree in Western Uttar Pradesh; while the Central Uttar 
Pradesh moderate degree of crop diversification; meanwhile, East-
ern Uttar Pradesh and Bundelkhand registered low degree of crop 

Regions Year: 2000-01 Year: 2010-11 Year: 2019-20
SID Value Rank SID Value Rank SID Value Rank

Western Uttar Pradesh 0.434 1 0.450 1 0.496 1
Eastern Uttar Pradesh 0.184 3 0.182 4 0.238 4
Central Uttar Pradesh 0.319 2 0.342 2 0.402 2

Bundelkhand 0.140 4 0.240 3 0.350 3
Uttar Pradesh 0.339 0.364 0.461

Table 3: Regional Trends and Patterns of Crop Diversification in Uttar Pradesh.
Source: Authors calculations based on UPDES& LUS database.

diversification during the study period. Western Uttar Pradesh has 
a more diversified economy with almost half of the industries in 
the State are located in this region. Central U.P. falls in the middle 
category in terms of economic development. The other two regions 
are officially designated as backward regions in terms of agricul-
tural technology advancement. Within all the regions sharp intra-
regional disparities in crop diversification are found at the district 
level as well as regional level in Uttar Pradesh. The present paper 
suggested that the Government should be taken the step to remove 
these disparities through the enhancement of rural infrastructure 
and improvement in technology. Moreover, it is also necessary that 
a step be taken in the direction of reinforcement of the link be-
tween land utilization, production, processing, marketing and crop 
management without compromising food security of the state for 
increase the farmer’s income.
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