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The cultivated land utilization index (CLUI) for all 
the districts of Odisha, India during 2013–14 was  
estimated in this study. The average state CLUI value 
(0.585) indicated the scope of improving resource uti-
lization, though 67% of the net cropped area is sown 
twice. All the districts of the state were classified  
under four scenarios with various combinations of 
cropping intensity and CLUI. Growing long-duration 
crop varieties under conditions of ample water availa-
bility and, more short-duration less water-requiring 
crops under limited water supply will improve  
resource utilization. The results pave the way for 
analysis of CLUI at a national level for efficient re-
source utilization by formulating cropping patterns 
based on water availability. 
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AMIDST burgeoning population and transitions in the 
economy, agriculture is accorded high priority to sustain 
food and nutritional security and overall economic deve-
lopment in our nation. Apart from a source of food, agri-
culture provides livelihood to 44.5% of India’s workforce. 
During 2018–19, India produced 285 million tonnes (Mt) 
of food grains from the net cultivated area of about 140 
million hectare (M ha)1. It is projected that in 2050 the 
country would require about 350 Mt of food grains to 
feed the growing population2. Further, food consumption 
pattern is changing towards high-value agricultural com-
modities which are more resources-intensive. Against the 
rising demand and changing food consumption pattern, 
the natural resources supporting agricultural production, 
such as soil and water, have been shrinking over time. 
Therefore, food grain production needs to be increased 
without disturbing the sustainability of natural resources. 
Among several measures, realigning existing cropping 

patterns with the availability of natural resources is given 
high priority. Often, it is suggested to diversify cropping 
pattern from high water-requiring crops to less water-
requiring crops based on analysis of crop and water  
profile at the regional level3. 
 Land, water and solar radiation are the core natural  
resources essential for successful crop production4,5. Effi-
cient use of these resources in crop production is the need 
of the hour to meet the food demand of the ever-
increasing population in India. In this context, cropping 
intensity (ratio of gross cropped area to net cropped area) 
is a widely used indicator of land utilization for future 
agricultural water management and crop diversification 
planning. The cropping intensity is the ratio between 
gross cropped area and net cropped area, and hence it 
gives an idea about utilization efficiency of the land6. 
However, the interpretation of cropping intensity alone 
may not provide a complete picture of land-use efficiency, 
as it does not consider the solar energy harnessing period. 
For example, if sugarcane with 12 months duration is 
grown in 2 ha of cultivated land, the cropping intensity 
would be 100% only. Whereas in the same piece of land, 
if a farmer grows rice crop for five months duration  
followed by green gram crop for two months duration and 
watermelon for three months duration, the cropping  
intensity would be 300%. In the former scenario, though 
sugarcane crop is grown for all 12 months in the year, the 
cropping intensity is low, i.e. 100%. However, in the  
latter scenario, though the land is utilized by rice, green 
gram and watermelon for only ten months in the whole 
year, the cropping intensity is three times higher than the 
former scenario. Here, the cropping intensity reflects a 
part of the real picture neglecting better solar energy  
harness in the former scenario. 
 Cropping is a practice of harnessing solar radiation by 
growing crop plants on a piece of land. The crop plants 
harness solar energy in the form of carbohydrates through 
photosynthesis7. The crop duration indicates solar energy 
harnessing period in a year and determines the quantity of 
carbohydrate fixation and crop productivity. Therefore,
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Table 1. Criteria for categorization of cropping intensity and cultivated land utilization index
 (CLUI) of Odisha, India 

  Cropping intensity CLUI 
 

Category Sub-category Short-form Criteria value Short-form Criteria value 
 

Low 1 Il1 <140 Ul1 <0.500 
 2 Il2 140–165 Ul2 0.501–0.60 
High  1 Ih1 166–190 Uh1 0.601–0.70 
 2 Ih2 >190 Uh2 >0.700 

 
 
the percentage of available solar energy harnessed in a 
region may represent land utilization in a better manner 
than the cropping intensity alone8. Therefore, there is a 
need for evolving some other indicators in addition to 
cropping intensity to provide the real picture of land uti-
lization throughout the year. This will help policymakers 
in taking appropriate decisions on optimization of crop-
ping patterns, keeping the land and water resources under 
consideration. 
 The present study proposes to consider cultivated land 
utilization index (CLUI) along with cropping intensity  
instead of cropping intensity alone while formulating 
planning for crop, land and water resource use. CLUI is a 
ratio between summation of products of crop cultivated 
area and crop duration, and the product of total crop cul-
tivated area and the total number of days in a year (365)9. 
This index reflects the utilization of available solar ener-
gy with an assumption that the solar flux density (amount 
of solar radiation per unit area per unit time) in a region 
is uniform throughout the year. However, it does not  
reflect the intensity of cropping practices and resource 
use. Therefore, the combination of CLUI, and cropping 
intensity, may represent the actual land resource use  
better than the sole CLUI or cropping intensity. Although 
the concept of CLUI has been used by some researchers 
for specific target areas/cropping systems10,11, a compre-
hensive analysis at the state level has not been carried 
out. 
 This approach of considering both CLUI and cropping 
intensity would aid in formulating water and agricultural 
policy at both national and state levels. Further, scenario-
wise strategies for crop diversification and water resource 
development and utilization will undoubtedly ensure  
successful implementation of the prime objectives of the 
New Agricultural Policy of Odisha, 2020. 

Materials and method 

An analysis of land utilization based on scenarios with a 
different combination of cropping intensity and CLUI 
was carried out for all the districts of Odisha. In this 
analysis, all the cultivated crops of the state were classi-
fied as rice, other cereals, pulses, oilseeds, vegetables,  
fibres, spices, sugarcane, tobacco and fruit crops. Data  
related to gross cropped area, net cropped area, cultivated 

area under individual crops/crop groups and cropping  
intensity of all the districts were obtained from the latest 
available Odisha Agriculture Statistics 2013–14 (ref. 12). 
The crop species and variety determine the crop duration 
and hence affect resource use and productivity. With a 
critical look on the major cultivated crops and their  
dominant varieties in the state, a standard representative 
crop duration was taken for a crop/crop group, irrespec-
tive of the districts. The assumed cropping duration of 
different crop/crop groups was 140 days for rainy season 
rice and 120 days for dry season rice, 120 days for other 
cereals, 80 days for pulses, 110 days for oilseeds, 160 
days for fibres, 110 days for vegetables, 180 days for 
spices and 365 days for fruit trees. CLUI for all the  
districts of Odisha was estimated using the following  
equation 
 

 1CLUI ,
365

n
i ii

a d

A
==
×

∑
  

 
where i = 1, 2, 3, …., n; n is the total number of crops, ai 
the area occupied by the ith crop (ha), di the duration of 
the ith crop (days) and A is the total cultivated land area 
available for 365 days (ha). 
 The cropping intensity and CLUI of all the districts 
were classified into two categories and four sub-
categories (Table 1). 
 The land-use analysis for different districts was carried 
out under four scenarios having different combinations of 
cropping intensity and CLUI categories (Table 2). 
 Water is one of the crucial factors that decides the 
cropping pattern of a region. Therefore, water availability 
in different districts of Odisha was considered to develop 
strategies for improving land utilization under different 
scenarios. Data on water demand and supply in various 
districts were collected from the State Irrigation Plan of 
Odisha13. The water supply includes both surface and 
groundwater resources, whereas water demand includes 
crop water demand, domestic water demand, livestock 
water demand and industrial water demand. The balance  
between water supply and demand in different districts 
was estimated by subtracting the water demand from the 
water resource availability. A positive water supply–
demand balance (water surplus) in a district was quanti-
fied as the amount of water available for providing extra
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Table 2. Scenarios with different combinations of various categories of cropping intensity and CLUI 

Scenario  
 

Description Short-form Sub-scenarios 
 

High cropping intensity and high CLUI IhUh Ih1Uh1 Ih1Uh2 Ih2Uh1 Ih2Uh2 
Low cropping intensity and high CLUI IlUh Il1Uh1 Il1Uh2 Il2Uh1 Il2Uh2 
Low cropping intensity and low CLUI IlUl Il1Ul1 Il1Ul2 Il2Ul1 Il2Ul2 
High cropping intensity and low CLUI IhUl Ih1Ul1 Ih1Ul2 Ih2Ul1 Ih2Ul2 

The short-forms in the sub-scenarios are according to Table 1. 
 
irrigation during the dry season. Here, the dry season  
includes winter and summer seasons as the state receives 
majority of its total rainfall between June and October. 
The utilization efficiencies for surface water and 
groundwater were assumed to be 50% and 70% respec-
tively14, to calculate actual surplus water available for  
irrigation. Besides irrigation, residual soil moisture can 
also be used during dry season. The residual soil moisture 
available for dry-season crops in different districts was 
estimated by taking seasonal potential evapotranspiration 
(ET0) and rainfall into consideration. ET0 is the maximum 
evapotranspiration that can occur from an optimally 
grown and well-watered grass reference crop in a region. 
Therefore, the difference between ET0 and effective rain-
fall during the rainy season was quantified as the mini-
mum quantity of residual soil moisture available for the 
dry season. Data on seasonal ET0 and rainfall in different 
districts of Odisha were taken from the study by  
Singandhupe and Sethi15. During the rainy season, 65% 
of rainfall was assumed as effective to take run-off and 
percolation losses into account16. Whereas during dry 
season, 100% rainfall was considered to be effective. The 
difference between ET0 and rainfall was taken as the sea-
sonal crop water requirement gap during dry seasons (eq. 
(1)). The available residual soil moisture was subtracted 
from the seasonal crop water requirement gap to estimate 
the irrigation requirement during dry seasons (eq. (2)). 
The potential cultivable area that can be brought under 
cropping by providing extra irrigation during dry season 
was calculated for the districts having positive water 
supply–demand balance using eq. (3). 
 

 Crop water requirement gap during dry season 
 

   = Seasonal potential evapotranspiration (ET0) 
 

   – rainfall (1) 
 

 Irrigation requirement during dry seasons 
 

  = Crop water requirement gap 
 

  – residual soil moisture  (2) 
 

 Potential cropping area during dry seasons  
 

  

Actual surplus water 
available for irrigation

.
Irrigation requirement

⎛ ⎞
⎜ ⎟
⎝ ⎠=  (3) 

The scenario-wise suitable crop planning strategies based 
on total available water have been suggested for the dry 
season to enhance farm income through better utilization 
of available resources. 

Results and discussion 

The CLUI values for different districts of Odisha were 
calculated and compared with the respective cropping  
intensity values (Table 3). During 2013–14, the average 
cropping intensity and CLUI values for the state were 
167% and 0.585 respectively. This indicates that though 
67% of the net cultivated area is sown twice in a year,  
only 58.5% of total available solar energy is harnessed. It 
reflects the scope of improving productivity through bet-
ter utilization of available solar energy even at the same 
cropping intensity in the state. There was considerable 
variation in cropping intensity and CLUI across the dis-
tricts of the state. The cropping intensity ranged from 
133% (Jharsuguda) to 198% (Gajapati and Jajpur), and 
CLUI ranged from 0.489 (Sundaragarh) to 0.742  
(Khordha). The difference in the level of cropping intensity 
and CLUI within a district implies underutilization of avail-
able land (when the level of cropping intensity is lower) or 
solar energy (when the level of CLUI is lower) (Table 3). 
 The surface water resources of Odisha were estimated 
to be 66.8 BCM compared to the total water demand of 
54.66 BCM, indicating 12.14 BCM surplus water in the 
state13. However, the water supply and demand distribu-
tion was not uniform in Odisha, as it had highest water 
surplus of 1.68 BCM in Cuttack to highest water deficit 
of 1.67 BCM in Khordha (Figure 1). The computed  
reference evapotranspiration (ET0; annual evaporative  
demand) of the state was 1658 mm, whereas total annual 
water supply through rainfall was 1492.8 mm (ref. 15). 
Guhathakurta et al.17 reported that the variability of sea-
sonal and annual rainfall of the state during 1989–2018 
was 14.9% and 14.4% respectively. The seasonal rainfall 
variability was higher during rainy season (24.3%–
32.9%). The seasonal rainfall and ET0 of Odisha indicate 
a water surplus of 106.55% during rainy season (June–
October) and a water deficit of 83.7% and 76.9% during 
the dry season (November–March and April and May  
respectively)13. The surplus water during rainy season  
can be utilized during dry season through in situ water 
conservation. 
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Table 3. Cropping pattern, gross cultivated area (GCA), cropping intensity (CI) and CLUI of different districts in Odisha 

   % of GCA under   
 
District 

GCA#  
(′000 ha) 

` 
Major cropping pattern 

 
Rainy season 

 
Dry season 

 
CI (%) 

 
CLUI 

 

Angul 301.5 Rice (78), pulses (57 + 46), oilseeds (30)*, vegetables (24)* 62 30 168 0.591 
Balasore 322.2 Rice (195), rice (31) 63 33 169 0.640 
Bargarh 473.0 Rice (241 + 84), pulses (64 + 18), oilseeds (23 + 14) 72 27 142 0.492 
Bhadrak 235.9 Rice (118), vegetables (87), pulses (23)* 88 18 139 0.533 
Bolangir 489.4 Rice (200), pulses (74 + 77), fibres (41), vegetables (21 + 20) 73 24 168 0.576 
Boudh 138.3 Rice (66.0), pulses (14 + 23) 67 29 163 0.566 
Cuttack 303.1 Rice (118), pulses (113)*, vegetables (22)* 44 52 193 0.657 
Deogarh 108.5 Rice (50), pulses (13 + 10) 68 26 175 0.647 
Dhenkanal 261.4 Rice (91.8), pulses (22 + 49), oilseeds (20 + 14), fruits (25) 57 33 195 0.736 
Gajapati 150.2 Rice (38), other cereals (28), pulses (11 + 22) 59 29 198 0.655 
Ganjam 704.4 Rice (251), pulses (38 + 213), oilseeds (24 + 38) 56 39 181 0.561 
Jagatsingpur 177.2 Rice (80), pulses (56)* 48 48 197 0.681 
Jajpur 279.5 Rice (124), pulses (67)*, oilseeds (34)*, vegetable (11 + 13) 54 43 198 0.678 
Jharsuguda 81.0 Rice (40) 71 22 133 0.491 
Kalahandi 616.9 Rice (209 + 40), pulses (83 + 117), oilseeds (15 + 33), fibres (45) 62 35 184 0.599 
Kandhamal 188.5 Rice (46), other cereals (20), oilseeds (14 + 19), pulses (12 + 15) 66 22 176 0.666 
Kendrapara 262.6 Rice (133), pulses (78)*, vegetables (9 + 14) 56 42 194 0.660 
Keonjhar 393.3 Rice (173), pulses (28 + 46), vegetables (27 + 23), oilseeds (15 + 17) 70 24 161 0.559 
Khordha 207.4 Rice (97), pulses (55)*, fruits (20) 56 35 192 0.742 
Koraput 400.3 Rice (112 + 21), other cereals (101), pulses (16 + 21), oilseeds (25) 71 18 147 0.494 
Malkangiri 230.8 Rice (98), oilseeds (28 + 19) 70 16 170 0.693 
Mayurbhanj 491.8 Rice (301), pulses (32 + 36) 74 19 138 0.524 
Nabarangpur 289.7 Rice (146), other cereals (66) 81 12 160 0.513 
Nayagarh 242.3 Rice (101), pulses (10 + 72), fruits (20) 56 36 192 0.701 
Nuapada 290.8 Rice (100), pulses (59 + 44), oilseeds (22 + 13) 73 24 156 0.492 
Puri 256.0 Rice (103 + 33), pulses (62)*, fruits (23) 42 49 191 0.730 
Rayagada 268.9 Rice (64), other cereals (39), pulses (36 + 21), fibres (28) 73 20 168 0.550 
Samabalpur 273.2 Rice (140 + 22), pulses (28 + 17) 67 26 153 0.580 
Subarnapur 230.4 Rice (109 + 28), pulses (16 + 29), vegetables (13 + 9) 63 33 190 0.672 
Sundargarh 385.6 Rice (209), pulses (36 + 30) 76 19 136 0.489 
Odisha 9054.0 – 65 29 167 0.585 

Figures within the parentheses (X) indicate X area under a particular crop during rainy season; (X + Y) indicates X area under a crop during rainy 
season and Y area during dry season (winter and summer seasons); ( )* indicates area under a crop during dry season. #GCA includes total culti-
vated area under rainy and dry seasons and area under fruit crops (throughout the year). 
 

 

 Srivastava et al.18 developed a run-off–recycling pond 
(1468 m3 capacity and 900 m2 water area) to store rain-
water during the rainy season and use it in the non-
monsoon period for humid plateau region of Eastern  
India. This pond stored 2574 m3 water per year with a 
catchment area of 3 ha and command area of 0.95 ha.  
Sahu et al.19 reported 14.3% to 87.1% increase in yield of 
various crops grown during dry season with supplemental 
irrigation from small farmers’ reservoirs in Chhattisgarh. 
Rathore et al.20 developed an in situ rainwater harvesting 
pond of 750 m3 capacity (0.09 ha area) with micro-
catchment area of 0.66 ha and command area of 0.33 ha. 
Rice, soybean, peanut and pigeon pea were grown during 
rainy season, while chickpea and mustard were grown 
during dry season. The benefit : cost ratio was maximum 
(2.81 : 1) under soybean–chickpea cropping pattern. Sev-
eral reports on rainwater harvesting during the rainy sea-
son and its use as supplemental irrigation for growing 
crops during the dry season are available19,20. Besides, 
growing crops throughout the year results in atmospheric 
cooling and subsequent reduction in evaporation loss, as 
advective energy from the surrounding fields for evapora-

tion loss is minimized21. Several researchers have studied 
the impact of irrigation and surface evapotranspiration 
and deforestation on climate change and observed  
substantial fluctuations in climatic parameters when irri-
gation is provided to different crops, or when forest 
grassland is converted into vegetation22–26. Hence, grow-
ing of double crops in a year can change the micro-
climate of the region and their impact on water producti-
vity and socio-economics of the farmers. Figure 2 shows 
the potential area that can be brought under cultivation by 
meeting crop irrigation requirements with supplemental 
irrigation in water-surplus districts. 
 Therefore, there is scope for improving resource use 
efficiency in the state by formulating optimum crop plan-
ning based on cropping intensity, CLUI and water availa-
bility in different districts. The utilization efficiency of 
both land and solar energy (cropping intensity and CLUI 
respectively) can be improved only with unlimited water 
resources. Under limited water resource, cropping inten-
sity can be improved by shifting cropping pattern from 
high water-demanding crops to short duration, less water-
requiring crops. CLUI can be improved by growing
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Figure 1. Supply and demand water balance in different districts of Odisha14, India. 
 
 
long-duration varieties of less water-requiring crops un-
der such conditions. The classification of all districts of 
Odisha under different scenarios having various combina-
tions of cropping intensity and CLUI would provide a 
better picture of this scope. The districts were classified 
under four different scenarios, each having four  
sub-scenarios (Figure 3). 

Scenario 1: high cropping intensity and high CLUI 
(IhUh) 

There were 14 districts under this scenario. The cropping 
intensity ranged from 169% (Balasore) to 198% (Gajapati 
and Jajpur), whereas CLUI ranged from 0.640 (Balasore) 
to 0.742 (Khordha) (Figure 3). There is little scope for 
improving cropping intensity and CLUI in the districts 
under this scenario. However, diversification of the exist-
ing cropping pattern with shifting from water-guzzling 
crops to less water-requiring crops may result in higher 
resource-use efficiency. In this scenario, adoption of 
high-value crops during rabi and summer season coupled 
with pressurized irrigation system can improve overall 
crop yield and saving of irrigation water. The field stu-
dies conducted on vegetables crops (tomato, brinjal, cap-
sicum), medicinal plants (mint, ashwagandha, safed 
musali) and both water- and nutrients-exhaustive corps 
like sugarcane, cotton and banana in different agro-
climatic zones of India27–30 revealed that there was signif-
icant improvement in yield (3%–12.5%) as well as saving 
of irrigation water over surface irrigation method (31%–
37%). The districts with reasonable scope of improving 
cropping intensity and CLUI could be identified from 
sub-scenario analysis. There were four districts in Ih2Uh2, 

six in Ih2Uh1, four in Ih1Uh1 and no districts in Ih1Uh2 sub-
scenarios. 
 Under Ih2Uh2, out of four districts, Puri had the lowest 
cropping intensity (191%), and Nayagarh had the lowest 
CLUI. The water supply–demand balance was positive 
for the Puri district only (Figure 1). The estimated poten-
tial area that can be brought under cultivation by provid-
ing supplemental irrigation during dry seasons in this 
district was 157,600 ha (Figure 2). In Puri, rice is the 
dominant crop during rainy season, whereas both rice and 
pulses are grown in considerable proportion during the 
dry season (Table 3). The cropping intensity and CLUI in 
this district can further be increased by growing pulses, 
oilseeds and summer vegetables with supplemental irriga-
tion during the dry season. In Nayagarh, the cropping  
intensity was higher but CLUI was lower than that in  
Puri. This might be due to more area under short-duration 
pulse crops in both rainy and dry seasons in the former 
compared to the latter (Table 3). The available solar 
energy and cropping window can be utilized better by 
growing long-duration varieties of low water-requiring 
crops in this district. 
 The districts under Ih2Uh1 had lower CLUI compared to 
those under Ih2Uh2 at a similar level of cropping intensity 
(Figure 3). The CLUI values in this sub-scenario ranged 
from 0.655 (Gajapati) to 0.681 (Jagatsinghpur). The 
cropping pattern in the districts reflect considerable pro-
portion of area under short-duration crops like pulses and 
oilseeds (Table 3). Except for Gajapati, all districts had 
surplus water for providing supplemental irrigation  
(Figure 1). In those districts, the cropping area can be  
extended further during the dry season to increase crop-
ping intensity and CLUI (Figure 2). In Cuttack, 52% of 
gross cropped area (GCA) was under dry-season crops,
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Figure 2. Potential cropping area during the dry season.
 
 
which was higher than that in the rainy season (Table 3). 
Therefore, the cropping area can be extended further dur-
ing both rainy and dry seasons in this district. In Gajapati 
district, where no supplemental irrigation is available in 
the dry season, some rice area can be shifted towards 
growing long-duration varieties of low water-requiring 
crops such as pulses, oilseeds and vegetables to increase 
CLUI. 
 Among the sub-scenarios of the IhUh scenario, the 
Ih1Uh1 included the districts having lower cropping inten-
sity (166%–190%) and CLUI (0.601–0.700) (Figure 3). 
Among the four districts under this sub-scenario, Bala-
sore and Malakanagiri had positive but Kandhamal and 
Deogarh had negative water supply–demand balance 
(Figure 1). It is noteworthy to mention that only 33% and 
16% of GCA was under dry season crops in the earlier 
two districts respectively, despite surplus water availabil-
ity. In Balasore and Malkanagiri, the cropping area dur-
ing dry season can further be extended by 77,300 ha and 
40,600 ha respectively, by providing supplemental irriga-
tion (Figure 2). However, in Deogarh and Kandhamal, the 
cropping intensity and CLUI can be improved by shifting 
the cropping pattern more towards low water-requiring 
crops. 

Scenario 2: low cropping intensity and high CLUI  
(IlUh) 

Out of 30 districts of Odisha, none had this combination 
(Figure 3). Generally, this combination occurs when a 
longer duration crop is grown in a region. For example, 
growing sugarcane crop of 12 month duration will result 
in lower cropping intensity and higher CLUI than that of 
growing three crops of 3-months duration each in a year. 
In Odisha, longer-duration crops like sugarcane (12 
months), long-duration pigeon pea (6 months), deshi  

cotton (6–8 months duration) are grown only in small 
pockets. Though this combination shows inefficient land 
utilization due to less number of croppings/year, it har-
nesses the available solar energy more. This combination 
can improve crop productivity under ample availability of 
resources. 

Scenario 3: low cropping intensity and low  
CLUI (IlUl) 

There were 11 districts, namely Sambalpur, Keonjhar, 
Boudh, Nabarangpur, Bhadrak, Mayurbhanj, Jharsuguda, 
Sundargarh, Bargarh, Koraput and Nuapada under this 
scenario. The cropping intensity ranged from 133% 
(Jharsuguda) to 163% (Boudh), whereas the CLUI ranged 
from 0.489 (Sundargarh) to 0.580 (Sambalpur) (Figure 
3). There is ample scope for improving cropping intensity 
and CLUI in the districts under this scenario. Out of the 
11 districts, only Bargarh, Bhadrak, Boudh, Koraput and 
Mayurbhanj had positive water supply–demand balance 
(Figure 1). The contribution of dry-season crops to GCA 
was considerably lower than that of rainy-season crops in 
these districts. Therefore, there is considerable scope of 
improving cropping intensity and CLUI in these districts 
by bringing more area under cultivation during the dry 
season. The potential area that can be brought under cul-
tivation during dry season in Bargarh, Bhadrak, Boudh, 
Koraput and Mayurbhanj is 18,200, 124,500, 37,300, 
27,800 and 74,600 ha respectively (Figure 2). Among the 
districts with surplus water, Bargarh and Koraput had 
lower CLUI than the others. Therefore, CLUI in these 
two districts can further be improved by adequately fit-
ting the longer-duration crop varieties in the cropping 
window. The cropping pattern of the six water-deficit dis-
tricts, viz. Sambalpur, Keonjhar, Nabarangpur, Jharsuguda, 
Sundargarh and Nuapada, reflects more area under rice



RESEARCH ARTICLES 
 

CURRENT SCIENCE, VOL. 120, NO. 7, 10 APRIL 2021 1223

 
 

Figure 3. Categorization of districts in Odisha into different scenarios based on cropping intensity and cultivated land 
utilization index. Sc. indicates scenario number. The short-forms of scenarios and sub-scenarios are according to Table 2.

 
 
crop during rainy season (Table 3). Shifting the water-
guzzling rice crop with long-duration varieties of low  
water requiring crops in a part of the area will improve 
cropping intensity and CLUI in these districts. 

Scenario 4: High cropping intensity and low CLUI  
(IhUl) 

This scenario included five districts, viz. Angul, Bolan-
gir, Rayagada, Kalahandi and Ganjam in which the crop-
ping intensity ranged from 168% (Angul, Bolangir and 
Rayagada) to 184% (Kalahandi), and CLUI ranged from 
Rayagada (0.550) to Kalahandi (0.559). All the districts 
of this scenario belonged to Ih1Ul2 sub-scenario. Though 
Angul, Bolangir and Rayagada had the same level of 
cropping intensity, CLUI values were different in these 
districts (Figure 3). The comparably higher CLUI in  
Angul and Kalahandi indicates better utilization of solar 
energy in these districts. All the districts under this scena-
rio, except Bolangir, had positive water supply–demand 
balance. In these districts, CLUI can be increased by fully 
utilizing the cropping window with longer-duration varie-
ties at the same level of cropping intensity. In Bolangir, 
the water can be diverted more towards growing low  
water-requiring crops from high water-requiring crops to 
increase the cropping intensity and CLUI value. 

Conclusion 

The scenario-wise classification of districts in Odisha 
based on cropping intensity and CLUI highlight the dis-
tricts having the scope of better resource utilization. 
Growing of longer-duration varieties fitting a cropping 

window is suggested for improving CLUI at the same 
level of cropping intensity. For the districts with limited 
water availability, growing more number of short-
duration, low water-requiring crops with conserved water 
is suggested instead of long-duration crops. In the state, 
out of 30 districts, 17 had positive water supply–demand 
balance. In these districts, the estimated potential irri-
gated area can be brought under cultivation during the 
dry season. CLUI along with cropping intensity and water 
availability in a region can identify the scope of improv-
ing system productivity and net returns of the farmers. 
This approach would aid in ensuring successful imple-
mentation of the prime objectives of the New Agricultural 
Policy of Odisha, 2020. Moreover, CLUI is complemen-
tary to cropping intensity and should be considered dur-
ing crop planning. The results of this study would pave 
the way for further analysis of CLUI in different States of 
India, and thereby help in the formulation of national 
strategies for crop diversification and sustainable water-
resource development and management. 
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