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ABSTRACT: Present study on land use land cover analysis and taluka wise combination of cropped area, 
carried out in Beed district of Maharashtra state in India and studied 11 talukas of the district. Secondary data 
on land use land cover and area in various crops has been collected, compiled and analyzed from various 
secondary sources. Simple descriptive statistics used to examine the agricultural land use land cover and J.C. 
Weaver’s crop combination technique was used for taluka wise analysis of crop combinations and on the basis 
of highest to smallest area engaged in particular crop, crops have been ranked. The study showed that, in the 
district as a whole, percentage of uncultivated land other than fallow was about 46 percent as compare to net 
sown area is only 35 percent in total geographical area (1063855ha) of Beed district. The study further revealed 
that about 42 percent area engaged in food crops and about 58 percent area occupied by nonfood crops, which 
includes cereals (25%), cotton (19%), pulses (13%), oilseed (12%), sugarcane (5%) and fruits and vegetables (3%). 
Results of Weaver’s crop combination technique showed that the Wadwani taluka demarcated as most 
diversified taluka by means of maximum number (sixteen) of crops combinations with the lowest variance 
value (14) found in the present investigation. Further, the study revealed that the high crop diversity found in 
Dharur taluka with eighteen crop combinations and the taluka has given first rank amongst others.  To derive 
the crop diversity ranking, taluka wise maximum to minimum number of crop combinations derived in 
different talukas and given ranks accordingly. The study concluded that, agricultural land use analysis is 
essential for solving and optimizing the land use problem, maintaining socio-ecological balance, best utilization 
of scarce resources. The authors enlightened that the rational use of agricultural land has important for food 
security and biodiversity which increase the productivity and profitability of the agriculture sector and it 
indicates the decision making ability of farmers in study area. 
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Introduction 

Demographically, Indian agriculture sector employed more than 50℅ of the Indian work force 
and contributes about 17–18% to country's GDP (India economic survey, 2018). On the other hand, 
the sector is the broadest economic segment which plays a significant role in overall socio-economic 
framework of India. As per the global land use statistics, the world population expanding rapidly 
and the agrarian ecosystem covers nearly 40% of the land, because of that, the sector is a dominant 
sector for land management scenario (Kanianska, 29016). World scenario of land use land cover 
shows that, globally in India, about 35% (4.6 billion ha) of land comprises by grass-land and 
woodland ecosystems followed by 28% (3.7 billion ha) of land is under forest and 12% (1.6 billion ha) 
is under cultivation of the worldwide land area (13.2 billion ha.) (Kanianska, 2016). From past 140 
years, India has experienced significant changes in land use land cover with deforestation, agriculture 
and urbanization (Roy et al., 2015; Tian et al., 2014). India is one of the largest producers of 
agricultural commodities with the worldwide coverage of half of the land area under cultivation 
(FAO, 2017a; Teluguntla et al., 2015). On the other hand, with only 2.4% of the world's total land area, 
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India provides food to 18% of the world's population (Bhattacharyya et al., 2015; Teluguntla et 
al., 2015).  In order to fulfill the food demand of expected population growth (more than 1.6 billion) 
in 2050, India's food production needs to be increased in the coming decade (UN Pop, 2017).  

Due to the limitations of farmland availability, farmers growing number of crops instead of 
single crop on their fields and such land use distribution pattern is a result of certain cropping pattern, 
crop combinations or/ and high proportion of convinced crop in particular area. Area specific 
characters like technological improvement, soil types, water availability, environmental and 
socioeconomic factors (Figueiredo & Pereira, 2011; Rudel, 2009) has influence the land use pattern 
and it indicates the decision making ability of farmers. Land use pattern has important impacts on 
the consumption pattern, health and nutritional status, market sustainability, food security, 
biodiversity and the vulnerability of the people (Lesschen et al. 2005). Simultaneously, the policies of 
land use management plays a crucial role in identifying, quantifying and monitoring the changes in 
landscape dynamics for mitigating soil degradation (Gerlak, 2014; Zhang et al., 2014) as well as for 
the suitable land use planning. Agricultural land use analysis is also essential for solving and 
optimizing the land use problem, maintaining socio-ecological balance, best utilization of scarce 
resources, and to increase the productivity and profitability of the agriculture sector (Sunatkar, 2016).  
On this background, the present study “Optimization of agricultural land use pattern and crop 
combination” has been formulated in the Beed district of Maharashtra state in India  

Materials and methods: 

The study area: 
Beed district is located at the GPS coordinates of 18° 59’ 31.2432” north latitude and 75° 46’ 

34.0968” east longitude (Figure 1) in Maharashtra state of India. District comprises with 11 tahsils, 9 
towns and1368 villages. The Godavari River forms the boundary of the district throughout the 
northern border. The average annual rainfall is 750.1 mm. The period of major rainfall occurrence 
(about 80%) is the south-west monsoon period and the month of September is the major rainfall 
month. As per the census of India, 2011, in total workforce there were 50.33% people engaged in 
agriculture and about 28.39% people are farm labors in district. Land holding capacity of farmers 
shows that majority of farmers (about 81.56%) are marginal farmers having only 0.02 to 2 hectare of 
lands whereas 18.31% of farmers having 2 to 10 ha of land moreover 0.45% of farmers having more 
than 10 ha of lands. As per the report of district disaster management plan, 2018-19, drought and 
flood are the major natural hazards of the district. 

 
Figure 1. Location map of Beed district of Maharashtra state in India. 

Geomorphology of Beed district: 
The district is situated under the agro ecological sub region of Deccan plateau, hot semi-arid eco 

region and it is a part of Western Maharashtra scarcity agro climatic zone. (nicra.icar.in). The district 
broadly divided into 3 geomorphologic units namely; Lowland Beed is the part of Godavari valley, 
Highland Beed is the part of Balaghat Plateau and Sina basin. Major soil types are rocky and thin 
layered soils. whereas on the banks of Godavari and Sindphana Rivers, dark brown to black and 
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clayey loamy to loamy soils were found with low level of nutritional status. Godavari, Manjra and 
Sindphana rivers are the major source of drainage in the district. (Central ground water board, 2014) 

Database and Methodology: 
In order to explore the land use land cover analysis, secondary data has been collected and 

compiled from various sources, includes Directorate of economics and statistics, India economic 
survey, Maharashtra state agriculture department etc. For the present study, Beed district is selected 
as in general and studied 11 talukas of the district. Simple descriptive statistics has been used to find 
out the land occupied by particular crop and on the basis of highest to smallest area engaged, crops 
has been ranked accordingly. For taluka wise combination of cropped area, J.C. Weavers crop 
combination technique was used. In 1954 Weaver was first of all used this statistical technique in the 
field of agricultural geography to establish the combinations of various crops in the Middle West 
(USA) as follows:  

        ∑D2 

D = -------- 
         N 
Where, ‘D’ is the tahsil wise difference between the area percentage occupied by one crop in a 

tahsil and the appropriate percentage in the district and ‘N’ is the number of crops in a given 
combination. In this method, first, identified the percentage of particular cropped area in selected 
crops to the total cropped area and then each percentage is deliberated against a standard norm and 
with the help of standard deviation. Delineated lowest deviation (variance) value indicates the 
significant crop combination and number of cops grown in the study area. For the measurement of 
possible combinations of crops, theoretical curve used as follows: 

• Monoculture                       : Coverage of 100 percent crop land in single crop only 
• Two crops combination     : Coverage of 50 percent crop land in each of two crops 
• Three crops combination   : Coverage of 33.3 percent crop land in each of three crops 
• Four crops combination    : Coverage of 25 percent crop land in each of four crops 
• Five crops combination     : Coverage of 20 percent crop land in each of five crops, and so on 

Results and discussion: 
Agricultural land use land cover scenario of Beed district:  
The taluka-wise agricultural land use land cover in Beed district showed that, out of total 

geographical area, the Wadwani taluka (6.77%) occupied by highest “area under forest” followed by 
Shirur (4.86%), Dharur (4.66%) and Patoda (4.25%) talukas. The lowest area coverage found in Parli 
(0.64%) and Majalgaon taluka (0.43%) under the forest. The maximum area “not suitable for 
cultivation” found in Patoda (21.70%) followed by Ashti (15.77%), Dharur (12.82%) and Beed (10.41%) 
talukas. The utmost percentage (69.56) of “uncultivated land, other than fallow” in Ambejogai taluka 
followed by Beed (67.17), Kej (51.29%) and Gevrai (45.95%). Maximum percentage (23.34%) area in 
fallow land found in Gevrai taluka followed by Beed (9.04%), Ashti (8.83%) and Dharur (8.28%) 
and minimum in Majalgaon taluka (0.89%). The study further revealed that (table1), out of 139.3 
thousand ha of geographical area, only 9.50 percentages is net sown area in Beed taluka. The 
maximum net sown area (82.60%) found in Shirur followed by Parli (58.23%), Wadwani (53.25%), 
and Majalgaon (49.98%) talukas.   
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Table 1. Land use land cover scenario of Beed district in 2013 (Ref. Yr. 2011-12). 

Si. 
No. 

Taluka 
Total 

Geographical 
area in ha 

% area 
under 
forest 

% area not 
suitable for 
agriculture 

% uncultivated 
land other than 

fallow 

% area in 
fallow land 

% net sown 
area 

1. Ashti 138100 1.96 15.77 27.39 8.83 46.06 
2. Patoda 91600 4.25 21.70 34.83 2.65 36.58 
3. Shirur 46525 4.86 6.67 2.52 3.34 82.60 
4. Gevrai 145100 1.14 6.53 45.95 23.34 23.03 
5. Majalgaon 87000 0.43 3.48 45.22 0.89 49.98 
6. Wadwani 11800 6.77 4.87 28.66 6.44 53.25 
7. Beed 139300 3.89 10.41 67.17 9.04 9.50 
8. Kej 118900 2.62 2.02 51.29 3.07 40.99 
9. Dharur 66100 4.66 12.82 45.69 8.28 28.55 

10. Parli 68700 0.64 9.07 27.64 4.43 58.23 
11. Ambejogai 150700 2.90 7.50 69.56 1.44 18.60 

 District Total 1063855 2.64 9.47 45.95 7.38 34.56 

In the district as a whole, showed that the percentage of uncultivated land other than fallow 
(Figure 2) was about 46 percent as compare to net sown area is only 35 percent in total geographically 
bounded area of Beed district i.e. 1063855ha.  

 
Figure 2. Percentage distribution of land use land cover in Beed district. 
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Table 2. Taluka wise land use land cover percentage of different crops in Beed district. 

 
Taluka 

Land use land cover status in defferent crops (in %) 

Cereasls Pulses Oil seeds 
Fruits & 

vegetables 
Sugarcane Cotton 

Food 
crops 

Non food 
crops 

Ashti 34 2 1 1 0 7 62 38 
Patoda 18 15 0 0 4 13 63 37 
Shirur 36 27 1 0 2 22 33 67 
Gevrai 13 12 6 5 7 14 58 42 

Majalgaon 53 7 13 1 6 15 20 80 
Wadwani 20 8 7 24 11 13 28 72 

Beed 60 16 5 8 5 5 6 94 
Kej 2 6 39 2 2 33 48 52 

Dharur 22 45 13 7 3 6 10 90 
Parli 6 4 14 5 13 57 58 42 

Ambajogai 21 22 27 5 6 2 19 81 
District Total 25 13 12 3 5 19 42 58 

Taluka wise land use land cover scenario of differet crops in Beed district:  

In Beed district, about 42 and 58 pecent area occupied by food and non food crops respectiely 
which includes cereals (25%), cotton (19%), pulses (13%), oilseed (12%), sugarcane (5%) and fruits 
and vegetables(3%). taluka-wise analysis showed that the highest area under food crops (63%) found 
in Patoda taluka followed by Ashti(62%), Gevrai (58%) Parli (58%), and Kej (48%). Cereals are the 
major crops of most of the talukas (Beed 60%, Majalgaon 53%, Shirur 36% and Ashti 34%)  followed 
by cotton (Parli 57%, Kej 33% and Shirur 22%), pulses (Dhrur 45%, Shiur 27%, Ambeogai 22% and 
Beed 16%) and oilseed (Kej 39%, Ambejogai 27% and Parli 14%). Good amount of area found in fruits 
and vegetables in Wadwani (24%), Beed (8%) and  Dharur (7%). Area under sugarcane in Parli (13%) 
and Wadwani (11%) talukas of Beed district also found .   

Table 3. Taluka wise crops combination and variance value results of Weaver’s method in Beed 
district. 

Crop 
combination 

Ashti 
Ambejo

gai 
Beed Dharur Gevrai Kaij Majalgaon Parli Patoda Shirur Wadwani 

Monoculture 5768 9484 6609 9100 9583 9134 9171 9562 7635 5307 9632 
Two crops 1159 2247 582 2130 2331 2238 1106 2129 1822 1389 2306 

Three crops 449* 2174 531 1883 2254 944 1110 2078 1699 1229 2178 
Four crops 481 422 304 402 480 1521 373 506 332 326 430 
Five crops  260 224 238 281 272 291 316 214 218 260 
Six crops  161 185 173 163 207 239 176 139 156 156 

Seven crops  98 158 142 102 196* 199 124 80* 116 90 
Eight crops  68 143 121 73 321 163 321 363 82 69 
Nine crops  47 124 107 47  137 289  77 56 
Ten crops  32 116 97 38  125 264  74* 38 

Eleven crops  23 103 86 29*  115 38*  117 21 
Twelve crops  20 101 82 228  106 227   21 
Thirteen crops  23 94 75   99* 406   18 
Fourteen crops  21 87 69   102    16 
Fifteen crops  20 81 64       15 
Sixteen crops  19 76* 60       14* 

Seventeen crops  17*  58       41 
Eighteen crops  24  55*        
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Ranking# XI II VII V III X IX IV VIII VI I 
*Lowest variance value indicates the accurate crop combination in particular taluka.  #Ranks given to eleven 
talukas on the basis of lower to greater variance values taluka wise within the lowest variance values. 

Taluka wise crops combination and variance value results of Weaver’s method 
Results of well accepted Weaver’s method compiled in table 3  showed that the Wadwani 

taluka demarcated as most diversified taluka by means of maximum number (16 crops) of crops 
combinations with the lowest variance value (14) followed by Ambejogai (variance value 17) with 
seventeen crops combinations, Gevrai (variance value 29) with eleven crops combinations, Parli 
(variance value 38) with eleven crops combinations, Dharur (variance value 55) with eighteen crops 
combinations, Shirur (variance value 74) with ten crops combinations, Beed (variance value 76) with 
sixteen crops combinations, Patoda (variance value 80) with seven crops combinations, Majalgaon 
(variance value 99) with thirteen crops combinations and Kaij (variance value 196) with seven crops 
combinations found suitable and accurate groups of crops. Whereas, Ashti taluka found most suitable 
for three crops combinations with variance value 449. These values indicated the high crop 
diversification in selected talukas.  After that the values may not be uniform or found as increasing 
trend. Accordingly ranks also have been given to the talukas as per the accurate crop combination 
and on the basis of lower to greater variance values taluka wise. 

Table 4. Taluka wise suitable crops and diversity ranking results of Weaver’s method in Beed 
district. 

Crops 
combination 

No. of 
talukas 

Name of 
talukas 

Suitable important crops of taluka 
Diversity 
ranking≈ 

Three crops 1 Ashti Jowar, Bajri, Cotton VIII 

Seven crops 2 
Kaij 

Pigeon pea, blackgram, sugarcane, cotton, groundnut, 
sunflower, soybean 

VII 

Patoda 
Jowar, Bajri, other cereals, black gram, other pulses, 

sugarcane, cotton 
VII 

Ten crops 1 Shirur 
Jowar, Bajri, other cereals, gram, pigeon pea, moong, 

black gram, other pulses, cotton, sugarcane 
VI 

Eleven crops 2 
Parli, 

Jowar, soybean, maize, gram, pigeon pea, sugarcane, 
other fruits, cotton, groundnut, sunflower, safflower 

V 

Gevrai 
Wheat, Jowar, Bajri, Maize, pigeon pea, moong, 

sugarcane, citrus fruits, cotton groundnut, safflower  
V 

Thirteen crops 1 Majalgaon 
Wheat, jowar, bajri, gram, pigeon pea, moong, other 

pulses, sugarcane, cotton, groundnut, sunflower, 
safflower, soybean 

IV 

Sixteen crops 2 

Beed 
Wheat, jowar, bajri, maize, gram, moong, blackgram, 

bengalgram, sugarcane, mango, other fruits, onion, other 
vegetables, cotton soybean 

III 

Wadwani 
Rice, wheat, jowar, bajri, maize, gram, sugarcane, other 
fruits, potato, brinjal, tomato, other vegetables, cotton, 

groundnut, soybean, other oil seeds 
III 

Seventeen crops 1 Ambejogai 
Rice, wheat, jowar, bajri, maize, gram, pigeon pea, 

moong, blackgram, sugarcane, other vegetables, cotton, 
soybean, sunflower, safflower, groundnut, oter oilseeds 

II 

Eighteen crops 1 Dharur 

Wheat, jowar, bajri, maize, gram, pigeonpea, moong, 
blackgram, sugarcane, other spices, other fruits, onion, 

other vegetables, cotton groundnut, soybean, other 
oilseeds, other non eatable crops 

I 

≈ Diversity ranking given taluka wise on the basis of maximum to minimum number of crop combinations 
occurred in different talukas. 
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Taluka wise crop suitability and diversity ranking results of Weaver’s method: 
Results presented in table 4 revealed that the high crop diversity found in Dharur taluka with 

eighteen crop combinations. So that first rank given to the taluka.  Seventeen crops combinations 
found suitable in Ambejogai and second rank has been given as per the crop diversification in the 
taluka. Beed and Wadwani talukas found appropriate for sixteen crops, Majalgaon fitted for thirteen 
crops, Gevrai and Parli suitable for eleven crops, Shirur suitable for ten crop combinations, Patoda 
and Kaij found suitable for seven crops and Ashti taluka found suitable for three crop combinations.  
As per the maximum to minimum number of crop combinations occurred in different talukas, ranks 
have been given to the talukas in Beed district.   

Conclusions: 

Exploration of taluka-wise agricultural land use land cover and crop combination in Beed 
district of Maharashtra state, India is the indispensable attempt carried out by the authors since 
agricultural land use analysis is essential for solving and optimizing the land use problem, 
maintaining socio-ecological balance, best utilization of scarce resources, finding the consumption 
pattern, health and nutritional status and market sustainability.  Results of well-known Weaver’s 
technique highlighted in paper indicates that how land use patterns of different talukas showed the 
various levels of crop diversification by means of number of crops combinations with the lowest 
variance values in certain area or in a given piece of land. These values designated to the high crop 
diversification to low crop diversification   in selected talukas. As per the maximum to minimum 
number of crop combinations occurred in different talukas, ranks have been given to the talukas in 
Beed district.  Taluka wise ranking in accordance with the accurate crop combination and lower to 
greater variance values revealed the conversions in land use and cropping patterns in the study area. 
In this way, the authors enlightened that the rational use of agricultural land has important for food 
security and biodiversity which increase the productivity and profitability of the agriculture sector 
and it indicates the decision making ability of farmers in study area. 
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