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Introduction 

Rice (Oryza sativa L.) remains the staple food crop for more than 

half of the worlds’ population, with nearly 90 % of global rice 

production concentrated in Asia. As of 2022, rice is cultivated over 

166.54 Mha worldwide, yielding approximately 513.56 MMT 

annually (1). In India, rice-based cropping systems are 

fundamental to food security and rural livelihoods, particularly in 

coastal and river deltaic regions where agriculture is intricately 

linked to the release of dam water in rivers, monsoonal rainfall, 

groundwater dynamics and salinity intrusion. The coastal deltaic 

region of Karaikal, located within the Union Territory of 

Puducherry and forming part of the fertile river Cauvery delta, 

exemplifies both the promise and vulnerability of such rice-

growing ecosystems. Despite its rich alluvial soils and historical 

reliance on the Cauvery irrigation system, Karaikal faces mounting 

challenges, including inconsistent release of dam water in rivers, 

erratic monsoonal patterns, saline irrigation water, declining 

groundwater levels and increased coastal vulnerability due to 

climate change impacts such as sea-level rise, storm surges and 

coastal erosion (2, 3). These agro-climatic stresses have 

constrained the potential of traditional rice cultivation, leading to 

stagnant yields, reduced input-use efficiency and limited income 

growth, particularly for the regions’ small and marginal farmers. 

 Rice consumes 30 % of all fresh water used worldwide. The 

productivity of the Asian irrigated rice system is increasingly 

threatened by water scarcity.  It is estimated that 2 M ha of Asian 

irrigated dry season rice and 13 M ha of its irrigated wet season rice 

may experience physical water scarcity by 2025 (4). For regions 

facing water scarcity, the aerobic rice system is proving to be a 

promising technology by reducing water use (5). Aerobic rice 

system had been developed in the mid-eighties and now aerobic 

rice is grown commercially in Brazil and Northern China (6, 7). 

Aerobic rice refers to growing rice in conditions of non-flooded and 

non-puddled lowland soil with supplemental irrigation. Aerobic 

rice recorded substantial water savings by minimising seepage, 

percolation and greatly reduced evaporation (8). Although aerobic 

rice yields are lower than conventional flooded lowland rice yields, 

it may be an attractive option to farmers where water is too scarce 

to grow lowland puddled and flooded rice (6). Aerobic rice 

generally requires 30 - 50 % less water, even though it results in a 

yield penalty of 20 to 30 % (9). 
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Abstract  

Rice cultivation in coastal river deltaic regions faces increasing challenges due to declining on-time river water availability, soil salinity and 

stagnating yields, which limit income growth for smallholder farmers. This study hypothesised that integrating water-saving irrigation, hydrogel 

application and intercropping could significantly improve aerobic rice performance and economic returns in coastal conditions. A field 
experiment was conducted during the summer season of 2022 at Karaikal, a coastal region in southern India, to assess the effects of two irrigation 

methods (drip irrigation and surface irrigation), two hydrogel levels (with and without application) and four intercropping systems (no intercrop, 

black gram, green gram and onion) on aerobic rice. The treatments were arranged in two separate two-factor randomised block designs under 

each irrigation method. The results showed that hydrogel application increased the grain yield of aerobic rice by 2.5 % from 4807 to 4923 kg ha-1. 
Surface irrigation produced 28 % higher yield of aerobic rice (5464 kg ha-1) than drip irrigation (4266 kg ha-1). The most profitable treatment was 

surface-irrigated aerobic rice intercropped with black gram and supplemented with hydrogel, which achieved the highest gross return (₹ 219450 

ha-1), net return ( ₹ 162103 ha-1) and benefit-cost ratio (3.83). Here, we demonstrate that the strategic integration of surface irrigation, hydrogel 

application and legume intercropping can substantially improve rice yield and profitability under coastal conditions. This is the first study to 
evaluate such combined interventions for aerobic rice in the deltaic ecosystem of Karaikal. The findings offer a practical and scalable approach to 

enhance resource-use efficiency, income and sustainability in climate-vulnerable rice farming systems.    
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 The looming threat of physical water scarcity in irrigated rice 

areas, as projected, highlights the urgent need for water-saving 

technologies and sustainable intensification strategies (10). Among 

these, alternate wetting and drying (AWD) has been shown to reduce 

irrigation water use by up to 30 % without compromising yield (11). 

Likewise, saturated soil culture (SSC) and aerobic rice systems have 

demonstrated improved water productivity and suitability for 

upland or water-limited environments (12). Hydrogels, commonly 

referred to as root watering crystals, water retention granules, or 

raindrops, are quasisolid-phase amorphous materials composed of 

three-dimensional networks of cross-linked, hydrophilic 

macromolecules. These organic polymers are interconnected via 

covalent bonds or physical interactions, offering high absorbency 

and biodegradability. Their superabsorbent structure enables them 

to rapidly absorb substantial amounts of water upon contact. During 

soil desiccation, they gradually release the stored moisture into the 

surrounding soil and rhizosphere in a uniform and sustained 

manner, thereby improving water availability to plants (13, 14). The 

use of hydrogels, which enhance soil moisture retention and reduce 

evapotranspiration losses, has further improved water and nutrient 

use efficiency in rice-based systems (15, 16). Additionally, drip 

fertigation has gained traction as a precision input-delivery system, 

allowing for significant savings in water and fertilisers while boosting 

crop response. 

 While these interventions offer individual benefits, their 
integration has the potential to yield synergistic effects on resource-

use efficiency and profitability. For instance, the incorporation of 

intercropping, particularly with legumes or vegetables, not only 

improves land-use efficiency and biological nitrogen fixation but also 

buffers against income fluctuations. Rice-legume intercropping 

systems can enhance net returns by 20-40 % over monocropped 

rice, while improving soil health and system resilience (17, 18). 

Similarly, integrated farming systems (IFS)-combining crops, 

livestock and horticulture - have shown promising results in 

doubling farm income in comparable agro-ecological settings (19). 

The Government of Indias’ committee on doubling farmers’ income 

(DFI) emphasises transformation through increased productivity, 

cost reduction, diversification, market access and risk mitigation 

(20). In this context, climate-resilient agronomic technologies hold 

the key to sustainable growth in vulnerable regions like Karaikal. 

Despite national advances, integrated and region-specific 

evaluations of such approaches remain scarce in this coastal 

enclave. 

 The present study aims to address this research gap by 

scientifically evaluating the combined effects of aerobic rice 

cultivation, hydrogel application, drip fertigation and intercropping 

systems in the coastal river deltaic conditions of Karaikal. It seeks to 

assess their impact on crop growth, yield attributes, input-use 

efficiency, water productivity and profitability. This integrated 

approach aligns with the broader goal of sustainable intensification, 

offering a replicable model for similar coastal agro-ecosystems. With 

approximately 40 % of the worlds’ population residing within 100 

km of coastlines and over 171 million people living in Indias’ coastal 

districts, building resilience in coastal agriculture is not only a local 

imperative but a global necessity (3). By advancing practical, 

economically viable and ecologically sound farming interventions, 

this study contributes toward the national mission of doubling 

farmers’ income, enhancing rural livelihood security under the 

looming challenges of climate variability and land-water constraints.  

Materials and Methods 

Study area  

The field study was carried out during the summer season of 2022 

on clay loam soil at Pandit Jawaharlal Nehru College of Agriculture 

and Research Institute, Karaikal, U.T. of Puducherry. The 

experimental site is located between 10°49′ and 11º 01’ North 

latitude and 78° 43′ and 79° 52′ East longitude at an altitude of 4 m 

above mean sea level. 

Experimental design 

The experiment involved a thrice-replicated randomised block 
design testing two different irrigation methods (drip irrigation at 

1.0 PE and surface irrigation at 1.0 IW/CPE) in the same field. Four 

different intercrops (no intercrop, black gram, green gram and 

onion) were tested with or without hydrogel treatment. Statistical 

analysis was conducted as a factorial RBD including irrigation 

methods as one factor, with treatments randomly allotted in each 

replication. The plot size was 6 m  ×  4.5 m. Aerobic rice was sown in 

paired rows by modifying the regular spacing to 15/25  ×  10 cm. 

One row of intercrop was placed between paired rows of rice. 

Intercrops were also sown outside the treatment plot as sole crops 

for yield assessment. Hydrogel polymer mixed with sand was 

broadcast at 5 kg ha-1 for the respective treatments before sowing. 

Experiment details 

In the surface irrigation method, first irrigation was given on the 
sowing day, followed by lifesaving irrigation on the third day after 

sowing. Subsequent irrigations were provided once or twice 

weekly based on the IW/ CPE ratio. In drip irrigation plots, irrigation 

was scheduled once every alternate day based on real-time USWA 

open pan evaporation data from the meteorological observatory. 

The quantity of water to be applied by one lateral was computed 

based on the formula at Eqn (1) and the time of operation of the 

drip system was computed based on the formula at Eqn. (2) below: 

V = Eo . A   (Eqn.1) 

         T = V/ (D . N)          (Eqn.2)                               

 Where, V is the volume of water (L) to be delivered by one 

lateral, Eo is the USWA open pan evaporation (mm day-1),  A is the 

area (m2) covered by one lateral, T is the time of operation of drip 

system (h), D is the discharge rate (lph) of emitter and N is the 

number of emitters in a lateral.   

 Other crop management practices were followed as per 

crop production guides. Main and intercrops were harvested at 

physiological maturity. For yield comparison, crop yields of all 

intercrops were converted into rice equivalent yield (REY) on the 

price basis (Eqn. 3) (21). 

                      

            

 Where, REY denotes rice equivalent yield; Yr = Grain yield of 

rice in intercropping system (kg ha-1); Yi = Grain / Seed yield of 

intercrops in intercropping system (kg ha-1); Pi = Market price of 

intercrop produce (₹ kg-1); Pr = Market price of rice grain (₹ kg-1). 

 All growth, yield attributes and yields of main and 

intercrops recorded were subjected to statistical scrutiny as per 

the procedure (22). The surface irrigated aerobic rice treatment 

without hydrogel and intercrops was considered as the existing 

cropping system for analysing and comparing the proposed 

systems. Different budgeting techniques are available for 

 

(Eqn.3) 
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comparing the economic viability of the proposed cropping 

systems with the existing system. The most common are resource 

budgeting, marginal analysis and parametric budgeting (23, 24). 

The efficiency of the resource used in the production processes are 

measured by return to labour (Eqn. 4), return to material cost (Eqn. 

5) and return above variable cost (RAVC) (Eqn. 6).  Similarly, the 

cost and return on making changes to an enterprise with the 

existing one are measured through marginal benefit cost ratio 

(MBCR) (Eqn. 7).  

Return to labour cost (RLC) = (GR - MC)/ LC  (Eqn.4) 

Return to material cost (RMC) = (GR - LC)/ MC  (Eqn.5) 

RAVC = GR - TVC      (Eqn.6) 

Marginal benefit cost ratio (MBCR) = ∆ GR/ ∆ TVC    (Eqn.7) 

           Where, GR is the gross return of the system, MC is the 

material cost of the system, LC is the labour cost of the system, TVC 

is the total variable cost of the system, ∆ GR is the added returns of 

the proposed system above that of existing system, ∆ TVC is the 

added cost of the proposed system above that of the existing 

system. However, the parametric budgeting includes the break-

even yield point (BEP) and sensitivity analysis. BEP (YB) of existing 

and proposed cropping systems could be calculated from the 

following relationship (Eqn. 8) that exists between RAVC of the  

cropping system, total variable cost of the system (TVC) and the 

expected price of the produce (PN):  

PN. YB = TVC + RAVC   (Eqn.8) 

                              With the help of the above equation (Eqn. 8), break-

even yields (YB) of the existing cropping system could be 

calculated by substituting RAVC as 0, while the break-even yields 

(YB) of the proposed new system could be calculated by 

substituting the RAVC of the existing cropping system.   

 The sensitivity analysis of the system is done by working 

out the percentage change in price of the output (Eqn. 9) and input 

cost (Eqn. 10) so that RAVC will remain above zero. 

Percentage change in produce cost = [(TVC - GR)/ TVC ]  ×  100  

      (Eqn.9) 

Percentage change in variable cost = [(TVC + RAVC)/TVC]  ×  100  

             (Eqn.10)

 Where, TVC is the total variable cost of the system, GR is the 

gross return of the system and RAVC is the return above variable 

cost of the system.  

Results and Discussion 

Rice yield 

The grain yield and equivalent yield of aerobic rice under two 

irrigation methods with or without hydrogel in different 

intercropping conditions are presented in Table 1. Significant 

differences were observed between hydrogel treatment and 

irrigation methods, while the intercrops had not produced a 

noticeable difference in the yield of aerobic rice. Hydrogel treatment 

resulted in a higher grain yield (4923 kg ha-1) compared to no 

hydrogel (4807 kg ha-1). Research has demonstared that soil water 

retention capacity of 23.7 - 37.2 % by hydrogel. A grain yield increase 

of 35.16 % over control in aerobic rice (25 - 27). However, in the 

present study, the hydrogel contributed an average yield increase of 

2.5 % over control (28). This could be attributed to the polymers’ 

ability to retain and gradually release water, ensuring adequate 

moisture availability under stress conditions. Additionally, it 

indirectly facilitated nutrient supply to plants, leading to efficient 

translocation of water, nutrients and photosynthates, ultimately 

resulting in higher economic yields.  

 Similarly, surface irrigation yielded 28 % more grain yield 

(5464 kg ha-1) than drip irrigation (4266 kg ha-1), mainly attributed to 

increased spikelet numbers and reduced ill-filled grains. Research 

has demonstrated that that providing water as flood irrigation to 

maintain a cyclic wet and dry soil condition in aerobic rice fields, 

otherwise continuous maintenance of saturated soil moisture 

through drip irrigation had resulted to register significantly higher 

numbers of filled grains coupled with significantly lower numbers of 

ill-filled grains, particularly at heading till milky dough stage (29).   

 Surface irrigation achieved an average grain yield of aerobic 

rice (5464 kg ha-1), 17 % higher than the average rice productivity of 

the high-yielding group of farmers (30) during the same season in the 

region. However, the grain yield of aerobic rice in the present study 

under drip irrigation (4266 kg ha-1) was 18 % higher than the average 

rice productivity of the low-yielding group of farmers during the 

same season in the region, yet 9 % lower than the average high-

yielding group of farmers (30). The low yield of drip irrigation over 

surface irrigation was likely due to high air temperatures during 

maturity, increased soil moisture tension and reduced metabolite 

synthesis and translocation (29, 31-33). Individual factors like 

irrigation methods, hydrogel treatments and intercrops did not 

significantly affect straw yield. 

 

Treatments 
Grain yield (kg ha-1) REY (kg ha-1) 

I1 I2 H0 H1 Mean I1 I2 H0 H1 Mean 
C1 – No intercrop 4264 5471 4802 4933 4867 4181 4238 4136 4283 4209 
C2 – Black gram 4250 5483 4783 4949 4866 7878 8133 7872 8138 8005 
C3 – Green gram 4285 5507 4914 4878 4896 7075 6887 6892 7070 6981 
C4 – Onion 4264 5396 4730 4931 4830 6747 6125 6769 6102 6436 
H0 – No hydrogel 4187 5428 - - 4807 6638 6197 - - 6417 
H1 – Hydrogel at 5 kg 
ha-1 

4345 5500 - - 4923 6302 6495 - - 6398 

Mean 4266 5464 - - 4865 6470 6346 - - 6408 
Sources S.Ed CD (p = 0.05) S.Ed CD (p = 0.05) 
Irrigation (I) 54.7 112 356.4 NS 
Hydrogel (H) 54.7 112 356.4 NS 
Intercrop (C) 77.4 NS 504.0 1029 
I × H 77.4 NS 504.0 NS 
I × C 109.4 NS 712.7 NS 
H × C 109.4 NS 712.7 NS 
I × H × C 154.8 NS 1008.0 NS 

Table 1. Effect of irrigation methods, hydrogel and intercrops on grain and rice equivalent yield of aerobic rice 

S. Ed – Standard error difference, CD – Critical difference, p = 0.05 – 95 % confidence level 
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Rice equivalent yield  

The aerobically cultivated rice crop, when intercropped with black 

gram, yielded a significantly higher rice equivalent yield (REY) of 8005 

kg ha-1 (Table 1) compared to other intercrops such as green gram 

and onion, which produced 6981 and 6436 kg ha-1, respectively. This 

increase can be attributed to the additional yield advantage 

provided by the intercropping system, along with the higher market 

value of black gram. Intercropping aerobic rice with other crops 

significantly enhanced biological yield, intercropping efficiencies and 

benefit-cost ratio, thereby demonstrating superior production and 

economic efficiency compared to sole aerobic rice cultivation (34). 

The lowest REY was observed in the aerobic rice + onion system 

(6436 kg ha-1), due to the relatively lower additional yield of onion. 

Research has demonstrated that a maximum rice-equivalent yield of 

2711 kg ha-1 under the rice + black gram intercropping system (35). 

Similar increases in REY as a result of intercropping have been 

documented (36-39). The total rice equivalent yield (REY) of rice + 

vegetables intercropping system (15.3–29.0 t ha-1) was significantly 

higher than that of sole rice cultivation (4.9–6.5 t ha-1) (40). In the 

present study, the REY of rice + black gram, rice + green gram and rice 

+ onion are 8005, 6981 and 6436 kg ha-1, which were about 71, 49 and 

38 % higher than the average rice productivity of the high-yielding 

group of farmers in the region. 

Economics 

The total cost of cultivation, gross returns, net returns and B:C ratio of 

individual treatments to ascertain the economic strength of each 

treatment are worked out and furnished in Table 2. The most 

profitable and net-return system is regarded as being economically 

significant. Among the treatments, surface irrigated aerobic rice with 

hydrogel application intercropped with black gram registered the 

highest gross return of ₹ 219450 ha-1 followed by the same set of 

treatment under no hydrogel condition (₹ 208031 ha-1). Rice legume 

intercropping system was earlier reported to result in a 57.3 % 

increase in growing margins and additional net returns (USD 203       

ha-1 ) per cycle compared to sole rice cultivation (41). 

 Similarly, due to variation in the cost of cultivation and gross 

return, the net return also varied within the treatment (₹ 32396 to ₹ 

162103 ha-1). The highest net return was registered by surface 

irrigated aerobic rice + black gram along with hydrogel application  

(₹ 162103 ha-1) and it was three times higher than the net return 

obtained in aerobic rice alone (without hydrogel) under surface 

irrigation (₹ 56673 ha-1). Research has demonstrated that opined that 

the gross return and net return were maximum in the rice + black 

gram intercropping system (42-44). However, on the contrary, 

research indicates that sole black gram was found to be more 

remunerative than rice + black gram (45).  

 Among the treatment combinations, the aerobic rice + black 

gram with hydrogel application under surface irrigation registered 

the highest B: C ratio of 3.83, followed by the aerobic rice + black 

gram without hydrogel application under surface irrigation (3.81). 

Higher net returns and benefit-cost ratios in cereal + legume 

intercropping systems compared to sole cereal cropping were 

earlier reported by several authors (46-48). The application of 

hydrogel has been shown to enhance economic returns in different 

cropping systems. In the present study, it resulted in a gross return of 

₹ 176043 ha-1, net return of  ₹ 131193 ha-1 and a benefit–cost ratio of 

2.93 compared to the control (No hydrogel). In pearl millet, applying 

hydrogel at 4 kg ha-1 along with four irrigations has been reported to 

yield the highest economic benefits with a gross return of  ₹ 69222.96 

ha-1, net return of  ₹ 45066.76 ha-1 and a benefit cost ratio of  2.87 (49). 

Partial budgeting  

The additional cost involved for imposing treatments and the 

additional returns obtained by those treatments were worked out 

and furnished in Table 3. The partial budget analysis showed that the 

amount of additional cost involved was substantially higher in the 

case of onion intercrop when compared to the no intercrop aerobic 

rice system. On the other hand, the additional returns obtained 

under surface irrigated aerobic rice-based intercropping system 

were substantially higher (₹ 62308 ha-1) when compared to the drip 

irrigated aerobic rice-based intercropping system (₹ 39111 ha-1).   

 For better comparison of treatments, the net gain was 

worked out based on the additional returns and additional costs 

involved for the individual treatments. The aerobic rice intercropped 

with black gram, coupled with hydrogel application, had registered 

substantially higher net gain of  ₹ 105430 ha-1 followed by the same 

intercropping without hydrogel (₹ 96761 ha-1). The application of 

hydrogel at 2.5 and 5 kg per hectare was reported to reduce the 

number of irrigations by two and three times, with an economic 

benefit–cost ratio of 2.64 and 2.09, respectively, indicating improved 

input-use efficiency (50). In general, it could be seen that all the 

intercropping treatments had positive net gain except onion; 

however, the net gain of onion remains positive under the surface 

irrigation method. 

Table 2.  Economics of an aerobic rice-based intercropping system under different irrigation with or without hydrogel application 

  Treatments 
Common cost Treatment cost Total cost Gross return* Net return 

B:C ratio 
(₹ ha-1) (₹ ha-1) 

D
rip

 irrig
a

tio
n

 

Without hydrogel 

No intercrop 41547.00 5083.00 46630.00 80256.00 33626.00 1.72 
Black gram 41547.00 14133.00 55680.00 183407.00 127727.00 3.29 
Green gram 41547.00 13933.00 55480.00 162830.00 107350.00 2.93 

Onion 41547.00 42496.00 84043.00 130625.00 46582.00 1.55 

With hydrogel 

No intercrop 41547.00 7833.00 49380.00 81776.00 32396.00 1.66 
Black gram 41547.00 16883.00 58430.00 191881.00 133451.00 3.28 
Green gram 41547.00 16683.00 58230.00 163780.00 105550.00 2.81 

Onion 41547.00 45246.00 86793.00 136097.00 49304.00 1.57 

S
u

rfa
ce irrig

a
tio

n
 

Without hydrogel 

No intercrop 41547.00 4000.00 45547.00 102220.00 56673.00 2.24 
Black gram 41547.00 13050.00 54597.00 208031.00 153434.00 3.81 
Green gram 41547.00 12850.00 54397.00 185155.00 130758.00 3.40 

Onion 41547.00 41413.00 82960.00 155287.00 72327.00 1.87 

With hydrogel 

No intercrop 41547.00 6750.00 48297.00 105659.00 57362.00 2.19 
Black gram 41547.00 15800.00 57347.00 219450.00 162103.00 3.83 
Green gram 41547.00 15600.00 57147.00 180956.00 123809.00 3.17 

Onion 41547.00 44163.00 85810.00 159467.00 73657.00 1.85 

*Price of rice grain - ₹ 19 kg-1, Black gram - ₹ 80 kg-1, Green gram - ₹ 65 kg-1,Onion - ₹ 30 kg-1  
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Parametric budgeting and sensitivity analysis 

The total system productivity in terms of REY and various budget 

parameters, like parametric budgeting and sensitivity analysis to 

ascertain the economic strength of each treatment imposed, is 

furnished in Table 4. Parametrically analysing different cropping 

systems under study, it could be seen that the labour cost is 1.5 times 

more than the material costs in all the cropping systems except rice + 

onion, where the material cost is 1.25 times higher than the labour 

cost due to the higher cost of seed onion. As a consequence, the 

return above material cost was 1.5 to 1.75 times higher than the 

return above labour cost in all the cropping systems except rice + 

onion, in which the return above material cost is lower than the 

labour cost. The cost and return on making changes to a system with 

the existing one is measured through the marginal benefit-cost ratio 

(MBCR). Analysing the marginal benefit cost ratio (MBCR) of the 

proposed systems, it could be evident that sole aerobic rice without 

intercropping either with (-5.33) or without (-20.28) hydrogel 

application under drip irrigation did not prove to be better than the 

existing practice by registering negative MBCR values. All the other 

proposed cropping systems registered positive MBCR values ranging 

from 0.82 to 11.69. The surface irrigated aerobic rice + black gram 

without hydrogel proved to be 11.69 times more beneficial 

compared to the existing aerobic rice alone without hydrogel 

application.  

 Surface irrigated aerobic rice without an intercrop and 

hydrogel was considered the existing base practice for working out 

various economic sensitivity analyses.  It is estimated that the yield 

obtained by the existing cropping practice was 1.16 times the 

calculated BEP yield (Considering RAVC = 0). Similarly, the BEP of 

different proposed intercropping systems were computed by 

considering RAVC = RAVC of the existing system. Among the different 

intercrops under study, surface irrigated aerobic rice + black gram 

with (91.73 %) or without hydrogel (62.70 %) had registered the 

highest percentage of increase over BEP, ensuring not only viable 

than the existing system but also ensuring to double the income of 

the farmers. 

 The sensitivity analysis of all the intercrop systems that were 

under study in both drip and surface irrigation methods was 

depicted to understand the changes in the price of the produce or 

the price of the production costs (Fig. 1-2). From the sensitivity 

graphs, in general, it could be evidenced that the surface irrigation 

method is less sensitive to changes in any input or output prices. The 

rice + black gram intercrop system grown under the surface 

irrigation method would tolerate a wider range of fluctuations in 

input-output prices, i.e. an increase of 3.7 times in the cost of input or 

a decrease of 2.8 times in the cost of produce, with a high return 

above variable costs (RAVC). On the other hand, the rice + black gram 

system under the drip irrigation method would tolerate up to 2.2 

times increase in input cost or 3.3 times decrease in the cost of 

produce. Within the irrigation methods, aerobic rice + intercropping, 

particularly with black gram, is less sensitive and amenable to a wide 

range of input-output price fluctuations.  

 

Conclusion  

From the present study, it could be concluded that surface irrigated 
aerobic rice + black gram with hydrogel application shall be 

advocated in order to double the land use efficiency and income of 

the farmers. However, under water deficit conditions, drip irrigated 

aerobic rice + green gram with or without hydrogel could be 

advocated with a slight yield and income penalty.    
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Table 3. Partial budgeting of aerobic rice-based intercropping system under different irrigation with or without hydrogel application 

Treatments 
Added cost Added return Net gain 

 (₹ ha-1)   

Drip irrigation 

Without hydrogel 

No intercrop 1083.00 (-) 21964.00 (-) 23047.00 
Black gram 10133.00 81187.00 71054.00 
Green gram 9933.00 60610.00 50677.00 

Onion 38496.00 28405.00 (-) 10091.00 

With hydrogel 

No intercrop 3833.00 (-) 20444.00 (-) 24277.00 
Black gram 12883.00 89661.00 76778.00 
Green gram 12683.00 61560.00 48877.00 

Onion 41246.00 33877.00 (-) 7369.00 
Mean 16286.00 39111.00 22825.00 

Surface 
irrigation 

Without hydrogel 

No intercrop -- -- -- 
Black gram 9050.00 105811.00 96761.00 
Green gram 8850.00 82935.00 74085.00 

Onion 37413.00 53067.00 15654.00 

With hydrogel 

No intercrop 2750.00 3439.00 689.00 
Black gram 11800.00 117230.00 105430.00 
Green gram 11600.00 78736.00 67136.00 

Onion 40263.00 57247.00 16984.00 
Mean 15216.00 62308.00 47092.00 
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Fig. 2. Sensitivity analysis of surface irrigated aerobic rice-based intercropping systems. 

Fig. 1. Sensitivity analysis of drip irrigated aerobic rice-based intercropping systems.  
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