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INTRODUCTION 

Agriculture is a dynamic sector of the economy that has 

evolved. It is one of the major land use worldwide as it 

is directly associated with the increasing need of the 

growing population. It is projected that, to meet the fu-

ture need of the food demand in the near future; phe-

nomenal increase in agricultural production is expected 

(Tian et al., 2021, Aryal et al., 2022). With time, various 

inputs in agriculture have changed the entire scenario 

in terms of larger-scale production in at relatively small 

period of time (Yang et al., 2022, Pawlak and 

Kołodziejczak, 2020). Still, the climatic condition is one 

of the most important factors in a lot of places around 

the world. The climate of any region has a direct and 

crucial impact on the overall agricultural character of 

that region. Variation in climate can lead to considera-

ble variability in the nature of agriculture as a whole 

(Arora, 2019, Zhang et al., 2017, Wiebe et al., 2015). 

Agriculture in arid and semiarid region has its own limi-

tations, which has a direct result on the agricultural 

productivity (Duraisamy et al., 2018, Kar 2014). To un-

derstand the need of present as well as the future, re-

gionalization of agriculture according to its potentiality 

is one of the important dimensions of agricultural sci-

ence as a whole at the same time in the arid and semi-

arid regions per se (Husain 2010). There are many 

methods through which many scholars have attempted 
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regionalization. Crop combination is a widely used 

method through which the relationship among different 

crops associated with land utilization can be observed 

(Nemecek et al., 2015, Iqbal, 1979). In recent years the 

importance of crop combination has increased to utilize 

the land to its maximum and make provision for better 

output from the same land. Conventional crop combina-

tion is an important method that not only gives an un-

derstanding of individual crops but also about combina-

tion between the crops (Gaikwad et al., 2019, Shafi 

2006). For the crop combination model, J.C.Weaver’s 

model (Weaver 1954) is widely used and has its im-

portance to date. He has proposed the model in the 

Middle West. The result showed that the model suc-

cessfully depicted crop combination regions. Crop di-

versification is agricultural practice through crop rotation 

and intercropping of crops belonging to the same or 

different species (Francaviglia et al., 2020, Makate 

2016, Piedra-Bonilla et al., 2020). According to (Njeru 

2013), crop diversification is feasible and cost-effective 

method as it can reduce uncertainties in agriculture. 

Other than that, crop diversification is an effective meth-

od of maintaining soil fertility and control of parasites (Li 

et al., 2023, Truscott et al., 2009). Agricultural efficiency 

is one of the acknowledged indexes. It shows the col-

lective performance of different crops per hectare out-

put capacity (Chivu et al., 2020). Sapre and Deshpande 

(1964) have shown inter-state variation in the agricultur-

al efficiency of Maharashtra state. The conclusion 

showed that rainfall played an important role in the inter

-state agricultural efficiency pattern. A similar approach 

has been adopted by many scholars in their study to 

depict agricultural efficiency at regional and global 

scales (Lyu et al., 2021, Cardozo et al., 2018). In the 

present study, an effort has been made to look into the 

spatio-temporal agricultural dynamics in the semiarid to 

arid northwestern segment of Rajasthan, India, using 

significant methods like crop combination, crop diversity 

and agricultural efficiency performed to depict the po-

tential dynamics in agriculture. 

MATERIALS AND METHODS   

Study area  

The study area of the present work is located in the 

western segment in the state of Rajasthan, comprising 

an area of 1,54,346 km2 between 24⁰ 41' 19.69” north 

to 30⁰ 12' 08.60” north latitude 69⁰ 18' 41.91’’ east to 

75°40’20’’ east longitude (Hydrogeological Atlas of Ra-

jasthan (2013), Bhalla and Bhalla 2013) (Fig.1). The 

study area comprises the districts of Barmer, Bikaner, 

Churu, Ganganagar, Hanumangarh, Jaisalmer and 

Jodhpur. In the west and northwest, it shares the inter-

national boundary with Pakistan. In the south, the study 

area merges with the state boundary of Gujarat. In the 

east, it shares the district boundaries of Rajasthan, 

namely Jhunjhunu, Sikar, Nagaur, Pali and Jalore, 

while in the northeast, it adjoins the state boundary of 

Haryana as well as Punjab. Most of the study area is 

associated with low and undulating topography stabilis-

ing the area and active dunal plains (Hydrogeological 

Atlas of Rajasthan (2013). Majority of the study area is 

associated with sandy soil (Bhalla and Bhalla, 2013). 

As the study area falls in the arid to semiarid climatic 

region, extreme temperature range was one of the 

characteristic features. In the arid region, the average 

temperature was more than 34 °C during the summer, 

while the winter varies between 12oC to 16oC. In the 

semiarid region the temperature during winter ranges 

between 10oC to 17oC, while during the summer, it 

ranges between 32oC to 36oC. The rainfall ranges be-

tween less than 10cm to 20cm in the arid region, while 

in the semiarid region the rainfall varies between 20cm 

to 40cm. During 2008-09 and 2017-18, the erratic na-

ture of rainfall was observed in terms of average rainfall 

and mean monthly rainfall (Agricultural Statistics of Ra-

jasthan 2007-08 and Agricultural Statistics 2018-19). 

 

Data analysis 

The present study was based on secondary-level data. 

Agricultural statistics for the year 2008-2009 and 2021-

22 were collected from the official website of the De-

partment of Agriculture, Government of Rajasthan 

(https://www.tourism.rajasthan.gov.in/content/

agriculture/en/Agriculture-Department-dep/agriculture-

statistics.html accessed on 10-01-2023). Seven of the 

districts, namely Barmer, Bikaner, Churu, Ganganagar, 

Hanumangarh, Jaisalmer and Jodhpur were taken into 

consideration as all of them fall in the arid to semiarid 

climatic region (Bhalla and Bhalla, 2013). Data regard-

ing the area under all the crops and the yield of the 

corresponding crops were tabulated for individual dis-

tricts. District census handbooks (2011) were collected 

from Census of India (https://censusindia. 

gov.in/2011census/dchb/RajastanA.html accessed on 

10-01-2023) for fundamental information about the se-

lected districts. For regionalization, three methods are 

adopted. This study adopted J.C. Weaver’s method 

(1954) of Crop Combination. Weaver proposed least 

standard deviation technique for the calculation of crop 

combination (Weaver 1954). The theory considers the 

theoretical curve for the standard measurement of area 

under different crop types and the actual area percent-

age under different crops. Weaver has incorporated up 

to ten crops in his proposed model.  

For the calculation, the following formula (1) of stand-

ard deviation (σ) is taken into consideration-  

σ

 

=

     

(1)

 

Here, d is the difference between the actual crop per-
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centage in a given area and the percentage area in the 

theoretical curve, n is the total number of crops in the 

given combination. As the model deals with the relative 

magnitude of deviation and not the actual magnitude of 

deviation, hence Weaver did not consider the square 

root in his model. Therefore, the actual formula (2) 

used in the model by Weaver is as follows- 

Crop combination(S) = 

     

(2)

 

In the present work, all crops that constitute up to 95% 

of the total cropped area are considered significant 

crops for further calculation.  

Crop diversification is another way of understanding 

how far diversification is occurred in cropping. For cal-

culation of crop diversification, Gibbs and Martin’s in-

dex of diversification (1962) is a widely used measure-

ment (3).  

Crop diversification (d) = 1-

  

(3)

 

Here x is the % of the total cropped area occupied by 

individual crops.  

In the present work, all of the crops found significant 

through crop combination indexes through crop combi-

nation model are considered for the crop diversification 

depiction. Based on the results the selected districts 

were categorized under three categories, viz. low, mod-

erate and high.Agricultural efficiency is considered an 

important indicator that shows how well the agricultural 

land is utilized under different crops. Different factors 

like land size holdings, market structure, crop rotation, 

cropping pattern are associated with the agricultural 

efficiency. The present study calculated agricultural 

efficiency using S.S.Bhatia’s method (Bhatia 1967) (4 

and 5). In the case of agricultural efficiency, area under 

all the important crops and yield area were considered. 

The formula for calculation of Agricultural efficiency is-  

 

Ei=

    

(4)

 

To calculate Iij the following formula is applied (5) – 

Iij
 
= 

                            
(5)

 

Here- 

Ei = Agricultural Efficiency, Iij = Ratio of Yield of any 

crop (Yij) of the individual area ‘i’ under the total 

cropped area and the average yield rate (Yi) of the en-

tire area of any crop multiplied by 100, Cij = Area in % 

for the distinct crop in an individual area. 

Like crop diversification, the districts were categorized 

into three categories based on the agricultural efficien-

cy index (low, moderate and high).The results obtained 

from the crop combination, crop diversification and agri-

cultural efficiency were incorporated in ArcGIS 10.2 

software for the comparative representation through 

mapping for the year 2008-09 and 2021-22. 

RESULTS AND DISCUSSION 

For the year 2008-09, crop combination of Barmer de-

picted four crop combinations with significant crops like 

Bajra (Pennisetum glaucum), Guar seed (Cyamopsis 

tetragonoloba), Kharif pulses (Without Cajanus cajan) 

and Moth (Vigna aconitifolia) in descending order. Sim-

ilarly, Bikaner had four crop combinations with major 

crops like Guar seed(C. tetragonoloba), Kharif pulses 

(Without C. cajan), Mung (V. radiata) and Bajra (P. 

glaucum). Smaller percentage of Seasamum (S. indi-

cum) and Cotton (LINT) (Gossypium) was observed in 

the previous years but in recent years, their percentage 

is negligible. Relatively lower to moderate percentage 

share of Wheat (Triticum) was observed in 2008-09 

and 2021-22. Churu and Ganganagar showed a penta 

crop combination. Jaisalmer depicted the least crop 

combination (tri), while Hanumangarh and Jodhpur 

depicted higher crop combinations (octa and nona, 

respectively). During this period, in all the districts, Ba-

jra (P. glaucum) and Guar seeds (C. tetragonoloba) 

were the dominant crops (Table 1). For the year 2021-

22, the crop combination index result showed that 

Jaisalmer was associated with six crop combinations 

with significant crops like Guar seed (C. tetragonolo-

ba), Gram (C. arietinum), Bajra (P. glaucum), Mustard 

(Brassica), Groundnut (A. hypogaea) and Mung (V. 

radiata). Barmer, Bikaner, Churu, Ganganagar and 

Jodhpur were associated with penta crop combina-

tions. On the other hand, Hanumangarh had quadra 

crop combination. In Bikaner, Hanumangarh and 

Jaisalmer Guar seed (C. tetragonoloba) was the domi-

nant crop. The dominant crop was in Barmer and in 

Fig. 1. Location map of the study area. 
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Jodhpur Bajra (P. glaucum). Churu and Ganganagar 

showed Mung (V. radiata) and Mustard (Brassica) as 

dominant crops, respectively (Table 2) (Fig.2). During 

2008-09 the crop combination ranged between three in 

Jaisalmer and nine in Jodhpur.  Districts like Barmer 

and Bikaner had crop combinations of four, while Churu 

and Ganganagar were associated with five crop combi-

nations and eight crop combinations were found in 

Hanumangarh. The dominant crop during 2008-09 in 

Barmer, Churu and Jodhpur was Bajra while in Bikaner, 

Ganganagar, Hanumangarh and Jaisalmer, the domi-

nant crop was Guar seed (Table 3). Fewer crop combi-

nations indicate market economy-based cultivation, 

while increasing crop combinations generally indicate 

uncertainty of the climatic and economic resources 

(Weaver 1954). Each crop combination is unique and 

reflects the specific environmental, cultural, and eco-

nomic conditions of the region in which it is found 

(Beach et al., 2019). Considerable variation in crop 

diversification was observed among selected districts 

and between the selected period. In 2008-09, the diver-

sification index varied between 0.72 (Jaisalmer) to 0.81 

(Hanumangarrh and Ganganagar). On the other hand, 

during 2021-22, maximum diversification was observed 

in Churu, while minimum diversification was found in 

Barmer with a diversification index of 0.84 and 0.57, 

respectively (Table 4). During 2008-09, Bikaner and 

Barmer were categorized under low crop diversification 

(below 0.70), while during 2021-22, Barmer was in low 

crop diversification. In the next category (0.71-0.80) 

Jaisalmer, Jodhpur and Churu were present in 2008-09, 

while in 2021-22, Ganganagar and Jaisalmer were cat-

egorized in this category. During 2008-09, Hanuman-

garh and Ganaganagar ranked highest in terms of crop 

diversity (more than 0.80), while in 2021-22, Bikaner, 

Churu and Jodhpur were added with Hanumangarh and 

these four districts ranked highest in crop diversity 

(more than 0.80) (Fig.3; Table 5). Single nutrient defi-

ciency problem was another issue related to the de-

creasing soil nutrients due to growing similar crops. 

Hence, crop diversification is one of the important meth-

ods (Wang et al., 2022). Over the time period, it is ob-

Fig. 2. Crop combination and dominant Crops of selected districts of Rajasthan (2008-09 and 2021-22) 

Fig. 3. Crop diversification of selected districts of Rajasthan (2008-09 and 2021-22) 
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served that in all the districts, number of crop combina-

tions as well as crop diversification. In recent years, 

Barmer showed lower crop diversification and five crop 

combinations, which might result from lack of irrigation, 

low rainfall, low soil quality and high risk of crop failure 

(Prasad and Maravi, 2021, Nisha 2015, Chandra, 

2013). Ganganagar and Jaisalmer showed moderate 

crop diversification in recent years, which might be re-

lated to the introduction of high-yielding variety seeds 

and other modern implements in agriculture (Prasad 

  
Sr. 
No. 

  
 Name of the 
District 

Crop Combination index 
  
 Crops Mono Double Triple Quadra Penta Hexa Hepta Octa Nona 

1 Barmer 2349.87 499.97 338.22 290.05 304.58         B,G,Ka, M 

2 Bikaner 2844.85 630.97 293.86 204.47 275.64         G,Ka,M,B 

3 Churu 
5778.40 
  

800.39 
  

166.92 
  

36.59 
  

9.16 15.23       B,G,Ka,M,Gr 

4 Ganganagar 
5934.08 
  

772.78 
  

143.59 
  

57.82 
  

48.50 62.56       
G,Mu,W, Gr, 
C 

5 
Hanuman-
garh 

5022.30 
  

786.42 
  

206.07 
  

107.26 
  

79.82 
  

68.61 
  

65.92 
  

64.84 75.65 
G,W,Gr, Rc, 
Mu, B, Ka, M 

6 Jaislamer 
3983.03 
  

308.75 
  

124.90 
  

152.33           G,M, B 

  
7 

  
Jodhpur 

  
3932.56 
  

  
646.36 
  

  
282.55 
  

  
177.17 
  

  
144.12 
  

  
126.26 
  

  
121.93 
  

  
116.1 
  

  
110.43 
  

B,Ka,M,G,Mu
n,Mu,S,W,Gr 

Crops: B-Bajra, G-Guar Seed, Ka- Kharif Pulses (Without Arhar), M-Moth, Gr-Gram, Mun-Mung, Mu-Mustard, S-Seasamum, W-Wheat, 
Gn-Groundnut, C-Cotton (LINT). Significant index values are marked in bold; Source: Computed by the Authors 

Table 1. Crop combination index results for selected districts of Rajasthan (2008-09) 

 Sr. 
No. 

Name of  
the District 

Crop Combination index 
Crops 

Mono Double Triple Quadra Penta Hexa Hepta Octa Nona 

  
1 

Barmer 1426.30 618.76 523.13 516.39 448.32 478.24       B,G,M,Mu,Mun 

  
2 

Bikaner 5219.54 686.10 216.69 92.95 53.97 53.99       G,M,Gn,Mu,Gr 

  
3 

Churu 5799.95 810.65 170.29 63.54 33.94 41.04       Mo,M,Gr,B,Mu 

  
4 

Ganganagar 3592.99 503.85 165.46 109.45 126.15 148.60       Mu,W,Mo,G,Gr 

  
5 

Hanuman-
garh 

5475.83 740.12 146.14 33.21 37.53 56.05       G,Mu,Gr,W 

6 Jaisalmer 2692.57 510.41 267.98 250.78 244.66 230.03 259.60     
G,Gr,B,Mu,Gn,
Mun 

7 Jodhpur 5009.04 668.14 180.10 89.99 60.58 66.04       
B,Mun,Mu,Gn,
G 

Crops: B--Bajra, G--Guar Seed, Ka-- Kharif Pulses (Without Arhar), M-- Moth, Gr--Gram, Mun--Mung, Mu--Mustard, S--Seasamum, W-
-Wheat, Gn—Groundnut; Significant index values are marked in bold; Source: Computed by the Authors 

Table 2: Crop combination index results for selected districts of Rajasthan (2021-22) 

Fig. 4. Agricultural efficiency of selected districts of Rajasthan (2008-09 and 2017-18) 
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and Maravi, 2021). On the other hand, Bikaner, Churu, 

Hanumangarh, and Jodhpur depicted high crop diversi-

fication, which has a strong relation with better irriga-

tional facilities, and expertise in modern implements of 

agriculture (Prasad and Maravi, 2021). During 2008-09, 

agricultural efficiency among the selected districts 

ranged between 23.00 and 188.23 Ganganagar 

showed the highest efficiency (188.23), while Barmer 

had the lowest efficiency (23.00). During 2021-22, the 

range of agricultural efficiency was 32.12 to 140.97 

Barmer and  Ganganagar depicted the lowest and high-

est agricultural efficiency, respectively (Table 6). 

Hence, in terms of highest and lowest agricultural effi-

ciency, there was no change in the position in recent 

years; the increasing value showed a definite increase 

in agricultural efficiency. As per the categorization of 

agricultural efficiency index, Barmer was categorized 

under low agricultural efficiency in both years.  Regard-

ing moderate agricultural efficiency (50-100), four dis-

tricts, namely Churu, Bikaner, Jodhpur, and Jaisalmer, 

were there during 2008-09.On the other hand, in the 

recent year (2021-22), three districts (Bikaner,Churu 

and Jaisalmer) are present in the category (Fig.4). In 

the category of high agricultural efficiency (more than 

100), Ganganagar and Hanumangarhwere present in 

the previous years (2007-08)(Table 7). In the recent 

year (2021-22), one more district (Jodhpur) was added 

with Ganganagar and Hanumangarh. Results obtained 

from three methods adopted in the present work depict-

ed some of the significant outcomes of the study area. 

The present scenario's higher level of agricultural effi-

ciency among these districts indicated better agricultur-

al land usage, use of modern implements, better irriga-

tional facility and market awareness (Biswas, 2022,  

Dutta 2012). Crop combination analysis successfully 

depicted the crop combinations and the dominant 

crops. In recent years, overall crop combinations had 

increased with the exceptions like Churu and Gan-

ganagar where the crop combinations were the 

same.In Hanumangarh, crop combination had de-

creased from 8 to 4; in Jodhpur, it had decreased from 

9 to 5. Crop diversification results showed other im-

portant dimensions of crop dynamics. Only Barmer did 

not change its position regarding the index, while the 

rest of the districts showed positive changes in their 

relative position over the years. Bikaner, Churu, Hanu-

mangarh and Jodhpur show the highest crop diversifi-

cation (more than 0.80) among the selected districts in 

recent years. At the same time, Ganaganagar, Jodhpur 

and Hanumangarh depicted the highest agricultural 

efficiency. Hence considering the districts like Gan-

ganagar, Jodhpur, Hanumangah and Bikaner it can be 

observed that except Bikaner, none of the districts 

showed significant change in crop combination, but in 

terms of crop diversification and agricultural efficiency, 

these four districts showed considerable positive 

change.  

 

  
Sr. 
No. 

 Name of  
the District 

2008-09 2021-22 

Crop Combination Dominant Crop Crop Combination Dominant Crop 

1 Barmer 4 Bajra 5 Bajra 

2 Bikaner 4 Guar Seed 5 Guar Seed 

3 Churu 5 Bajra 5 Mung 

4 Ganganagar 5 Guar Seed 5 Mustard 

5 Hanumangarh 8 Guar Seed 4 Guar Seed 

6 Jaisalmer 3 Guar Seed 6 Guar Seed 

7 Jodhpur 9 Bajra 5 Bajra 

Source: Computed by the Authors 

Table 3. Crop combination and Dominant Crops 

Category 2008-09 2021-22 

Low 
(Below 0.70) 

Bikaner, Barmer Barmer 

Moderate 
(0.71-0.80) 

Jaisalmer, Jodhpur 
and Churu 

Ganganagar , 
Jaisalmer 
  

High 
(More than 
0.80) 

Hanumangarh and 
Ganganagar 

Bikaner, Churu, 
Hanumangarh, 
Jodhpur 

Source: Computed by the Authors 

Table 5. Categorization of selected districts based on crop 

diversification 

Districts 
Crop Diversification index 

2008-09 2021-22 

Jaislamer 0.72 0.57 

Barmer 0.61 0.83 

Bikaner 0.67 0.84 

Hanumangarh 0.81 0.75 

Ganganagar 0.81 0.82 

Churu 0.80 0.71 

Jodhpur 0.77 0.83 

Source: Computed by the Authors 

Table 4. Crop diversification index of the selected districts 
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Conclusion 

 All three measurements, viz. combinations, crop diver-

sity and agricultural efficiency in the arid and semiarid 

regions of Rajasthan throughout 2008-09 and 2021-22, 

showed a probable relationship among them. Previous-

ly, the crop combinations were more diversified as they 

ranged from three to nine viz. Bajra (P. glaucum), Guar 

seed(C. tetragonoloba), Kharif Pulses (without Arhar), 

Moth (V. aconitifolia), Gram (C. arietinum), Mustard 

(Brassica) and Groundnut (A. hypogaea)). But in recent 

years, the range was between four to six crop combina-

tions viz. Bajra , Guar seed , Moth , Mustard , Mung  

(V. radiata) and Groundnut .  Percentage share of 

Seasamum (S. indicum) and Cotton (LINT)(Gossypium) 

was observed in the past year with lower percentage 

but in recent years, it was insignificant. In 2008-09 and 

2021-22 relatively lower to moderate percentage share 

of Wheat (Triticum) was observed. There was no signif-

icant change in the dominant crop in both periods. In 

previous years, the dominant crop in Churu was Bajra, 

but it has recently shifted to Mung  . Similarly, Gan-

ganagar's major crop shifted from Guar seed to Mus-

tard. Agricultural efficiency and crop diversification 

somehow showed an important outcome: continuous 

upward movement of the selected districts towards bet-

ter situations except for the district of Barmer. In the 

rest of the districts, noticeable dynamics in crop combi-

nation, crop diversity, and agricultural efficiency were 

observed. Hence, in terms of the overall nature of the 

region, there were significant crop dynamics in the agri-

culture of this region despite climatic restrictions. 
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