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Abstract 

 

This study was conducted to investigate the factors affecting adoption of direct seeding of rice technology in Punjab agriculture. 

A total sample of 80 (adopters as well as non-adopters) of the technology was chosen for the year 2012-13. To assess how much 

value is being obtained from the use of water the per hectare water productivity was calculated. The per hectare water productivity 

on direct seeded rice basmati fields was 0.91 kg per m3 and in non-basmati fields was 1.25 kg per m3. However, on non-DSR farms 

the per hectare water productivity was 0.06 kg per m3 and 0.94 kg per m3 on basmati and non-basmati farms respectively. This 

means direct seeded rice resulted in the enhancement of water productivity to the tune of 51.67 per cent and 32.97 per cent in 

basmati and non-basmati varieties, respectively. To study the adoption behavior of DSR technology binary logistic regression 

was applied the estimated odds ratio for educational level of respondent, scarcity of hired labour and lectures attended of DSR 

technology were 2.92, 11.92 and 5.15, respectively. All these factors had positive influence on the adoption of DSR technology by 

the magnitude of their respective odds ratio. However, the estimated odds ratio for availability of family labour was 0.086 with 

negative sign of estimated coefficient which suggested a negative influence on the adoption of DSR technology. Finally, we suggest 

that government agencies, extension and research institute should play a vital role to strengthen the awareness and advantages of 

DSR technology. 
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I. INTRODUCTION 

During the green-revolution, Punjab state played an important role to make India self-sufficient in food grain production. At 

present, Punjab is contributing about 43.80 and 25.40 per cent of wheat and rice, respectively, to central pool from 1.5 per cent of 

geographical area of the country. But the continuous rice-wheat cultivation has resulted over- exploitation of the two most 

important natural resources i.e. soil and water. Due to the assured procurement policy, minimum support price and subsidized 

power supply by the government, the farmers are not willing to replace rice with other crops. So, there is a need for developing 

efficient techniques to conserve underground water by increasing irrigation efficiency in rice. Rice is not only a water intensive 

crop but the cultivation practices followed by the farmers also indiscriminately use ground water resources. Rice is mainly 

cultivated through transplanting, after puddling which damage soil structure and result in formation of hard pan. Puddling though, 

helps in retaliation of water and effective weed control but it requires more time, labour, energy and tillage operation for succeeding 

wheat crop. It also hinders the root growth of wheat which limits water uptake and consequently lowers crop yield. In the Indo-

Gangetic Plains (IGP) in general and in Punjab state particular, which lies in the Trans-Gangetic region of IGP, the underground 

water is being over exploited by excessive pumping to meet the water need of transplanted paddy. As a consequence the ground 

water table has declined. The water table has gone down drastically in Central Punjab and most of the development blocks have 

been categorized as ‘dark’ (Sidhu et al., 2010). To arrest this dangerous trend of ground water exploitation there is an urgent need 

to conserve irrigation water through various on farm water conservation practices (Bhatt and Sharma, 2009). Looming water crisis, 

water-intensive nature of rice cultivation and escalating labour cost drive the search for alternative management methods to increase 

water productivity in rice cultivation. Punjab Agricultural University has suggested many technique for saving irrigation water in 

rice such as direct seeding of rice technology, use of tensiometer, laser land leveling, optimum scheduling of irrigation to rice, 

delaying of rice transplanting to 15th June and bed planting etc. Amongst global water scarcity, when the future of rice production 

is under threat direct-seeded rice offers an attractive alternative (Farooq et al., 2011). 

Change in the method of crop establishment from traditional manual transplanting of seedling to direct seeding has occurred in 

many rice (Oryza sativa) growing countries in response of increasing production cost, especially for labour and water. At global 

level, 23 per cent rice is direct seeded. In Asia, rice is sown directly on an area of about 29 million ha which is approximately 21 

per cent of the total rice area in the region (Pandey and Velasco, 2005). Direct seeded rice is also becoming popular in tropical 

asian countries like Philippines, Malaysia and Myanmar primarily due to labour shortage. Direct seeding has already replaced 

transplanted rice in many parts of South-East Asia. In India, rice is direct seeded on about 42 m ha area in parts of several states 

including Bihar, Uttar Pradesh, Madhya Pradesh, Gujarat, Maharashtra, Assam, Andhra Pradesh, Chhattisgarh, Orissa, West-

Bengal, Kerala, Karnataka and hill states of Uttaranchal (Patil et al., 2005). The preliminary research conducted at Punjab 

Agricultural University indicated that direct seeded rice could be a viable alternative to transplanted rice due to availability of short 
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duration varieties, effective herbicide, non-availability of labour and escalating cost of labour. It also shortens the crop duration 

because it matures earlier (10-12 days) than transplanted crop due to the absence of transplanting of nursery to the seedlings 

(Dhyani et al., 2005).  In this context, this paper attempts to analyze the factors influencing the adoption of direct seeding of rice 

in punjab agriculture and to assess enhancement in irrigation efficiency by the use of this technology.  

II. METHODOLOGY 

Multi-stage random sampling technique was followed for the selection of the study sample for the year 2012-13. As direct seeding 

of rice technology is being practiced in certain pockets of Punjab, two districts viz. Faridkot and Ferozepur were purposively 

selected for the present study. Therefore, a total sample of 80 farmers (40 adopters and 40 non-adopters) covering six villages, two 

blocks and two districts of Punjab state was finally chosen for the ultimate analysis. The required information pertaining to the size 

of operational holding, human labour, seed, fertilizers and farm yard manure, pesticides, insecticides, machinery, area, production, 

productivity of paddy was collected from the selected adopters and non-adopters and also the data related to the age, education and 

family size were taken to account for the socio-economic characteristics. 

III. ANALYTICAL FRAMEWORK 

 Water Productivity 

Water productivity and economic analysis combines physical accounting of water with yield or economic output to assess how 

much value is being obtained from the use of water (Abdullaev et al., 2007). For this analysis, physical WP was calculated by 

equation (1): 

WP = Output/Q       …(1) 

Where, WP is the productivity of water in kgm-3, output is the production of crop in kilograms and Q is water used by the crop 

(m3). Total amount of water used in paddy crop was calculated by multiplying the discharge from the tube-well bore with total 

time taken for irrigating the crop throughout the season (total irrigation hours multiplied by volume of water drawn out per hour 

by submersible pump). The volume of water drawn out by a submersible pump differed with the horse power of the pump. The 

submersible motors having different horse powers were brought to the same denominator by allocating the weight (i.e. discharge 

rate in litres per second) to different horse power motors. Considering the water table depth in the study area, discharge rates were 

applied, to different horse power motors; to reach at the water-use figures of paddy crop for the selected sample. 

 Binary Logistic Regression Model 

To study the factors affecting the adoption behavior of direct seeding of rice the logit model was selected and maximum likelihood 

technique was used for estimation. The dependent binary variable for the logit model was 

Yi = 1, if farmer i has adopted direct seeded rice technology 

       0, otherwise 

The probability of adoption, P, for a given set of values of variables is given by the logit model 

 
Where βi’s are logit coefficients for the n variables Xi’s, and ε is the error term. In case of binary independent variables, 

exponential of the respective coefficient gives the proportion of change in odds for shift in the given independent variable. 

However, if the independent variable is continuous, exponential of coefficients is associated with the effect of per unit change in 

the given independent variable to odds ratio. In both types of variables sign of coefficient reveals the direction of change. 

The set of regressors, comprising personal and socio-economic variables influencing technology adoption, used in the model are 

listed in table 1 below.  
Table – 1 

 Description of the variables used in logistic model 

Dependent Variable Description 

Adoption status (Y) 1 if the farmer adopts Direct Seeded Rice Technology; 0 otherwise 

Explanatory Variables 

OpAem Operational area per unit of the horse power of electric motor/submersible pump 

AI Age of the respondent 

AL Availability of family labour 

SL Scarcity of hired labour 

Edu Educational level of respondent 

Lec Lectures attended of DSR technology 

The model used to analyze the factors affecting the adoption of direct seeding of rice technology thus becomes: 

Yi = β0 + β1 (OpAem) + β2 (AI) + β3 (AL) + β4 (SL) + β5 (Edu) +β6 (Lec) + εi. 
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IV. RESULTS AND DISCUSSION 

 Socio-Economic Characteristics 

The socio-economic characteristics such as age, education, years of farming experience, family size, etc. are expected to be the 

important determinants of adoption of any technology or practice. These characteristics are briefly summarized below for the 

adopters as well as non-adopters of the technology in the study area. 

 Age-Wise Distribution  

Among the adopters of DSR technology, about 67.50 percent of the respondents i.e. half of them were below 40 years of age which 

clearly revealed that technology adopters were mostly young and were keen to go for new techniques of crop production. About 

22.50 per cent of them were found to be in the age group of 41- 50 years, while the remaining 10 per cent of adopters were old age 

farmers i.e. more than 50 years (Figure 1).  

In the case of non-adopters i.e. non-DSR respondents, 5 per cent of them were of 30 years or below, about 55 per cent were in 

the age group of 30-50 years, which is the middle age group and the rest i.e. about 40 per cent of them had crossed the age of 50 

years. On the whole, relatively younger farmers (67.50 per cent) appeared to be the adopters of direct seeding of rice technology.  

 Educational Level  

Education plays an important role in determining socio-economic status and level of awareness of the respondents. Education 

generally enables a man to think and judge a situation in rational way. The study revealed that 77.50 per cent of the technology 

adopters and 70 per cent of the non-adopters had passed up to matric level. 

As far as education is concerned the majority of the non-adopters i.e. farmers growing paddy by conventional method were 

educated upto primary level whereas most of the adopters of DSR had passed matric i.e. Xth standard, thus representing that 

adopters were more educated than non-adopters. Among the overall sample, 20 per cent of the farmers had passed secondary 

education and 6.25 per cent were post-graduate.  

 Family Size 

The size of family is an important factor to determine the family labour force engaged on the farm. Among DSR respondents i.e. 

technology adopters, about 42.5 per cent had small families of four or less members, whereas, 12.5 per cent had large sized families 

of more than six members (Figure 1). 

In the case of non-adopters, 40 per cent had small families i.e. up to 4 members, about 35 per cent were having family of 5 or 6 

persons and 25 per cent had large-sized families i.e. more than 6 members. Among the overall respondents 41.25 per cent of the 

sample farmers were having small families i.e. up to 4 members and 18.75 per cent of them had large-sized families i.e. more than 

6 members respectively. In the nut shell, the sample farmers (DSR and non-DSR) had small-sized families. 

 Years of Farming Experience 

The DSR practicing farmers having less than 10 years of agricultural experience were 20.0 per cent followed by 12.5 per cent 

having 10-15 years of experience and 42.5 per cent having 15-20 years of experience. On the other hand, the farmers practising 

non-conventional method of paddy transplanting having more than 20 years of agricultural experience were 60 per cent followed 

by 20 per cent having 10-15 years and 7.5 per cent having 15-20 years of agricultural experience respectively. On the whole, 75 

per cent i.e. of the sample farmers who adopted this technology had agricultural experience of less than 20 years, which clearly 

revealed that technology adopters were mainly young farmers. 
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Fig. 1: Socio-economic profile of sample respondents, Punjab, 2012-13 

 Operational Holding 

The average operational holding for DSR adopters was 2.97 hectares whereas; it was 3.57 hectares for sample farmers who had 

used conventional method of paddy transplanting. The average leased in area by the sample farmers ranged between 16 to 18 per 

cent of total operational area which revealed that almost all the sample farmers whether DSR adopter or non-adopter go for leasing-

in of land (Table 2). 
Table – 2 

Operational area of the sample farmers, Punjab, 2012-13 

                                                                                                                                             (In hectare) 
Area DSR adopter Non-adopter 

Owned 
2.48 

(83.50) 

3.52 

(98.59) 

Leased In 
0.49 

(16.50) 

0.66 

(18.48) 

Leased Out - 
0.61 

(17.08) 

Total Operational Area 
2.97 

(100) 

3.57 

(100) 

Note: Figures in parentheses indicates per cent to total operational area respectively 

 Variety-wise Operational Area 

The variety-wise average operational holding of sample farmers has been presented in Table 3. After analyzing the collected data, 

the results revealed that three varieties namely PR 114, PR 118 and Pusa Basmati 1121 were grown by the selected sample farmers. 

PR 114 and PR 118 commonly called as Parmal varieties (Non-Basmati), matures in about 150 days, resistant to four out of seven 

races of bacterial blight pathogen and were grown both by the adopters as well as non-adopters of the technology. Pusa Basmati 

1121 has longest cooked rice length among all the aromatic rice varieties recommended for Punjab and matures in about 137 days. 

The sample results revealed that this variety Pusa Basmati1121 commonly called as basmati was mostly grown by DSR practising 

farmers in Faridkot and Ferozepur districts. Basmati as reported by sample farmers is less susceptible to insect/pest attack and is 

more resistant to weeds when sown by using DSR technology as compared to other rice varieties. Owing to differences in 

sowing/harvesting periods, time of maturity, input-use pattern, tillage practice, productivity in basmati and non-basmati variety, 

the variety-wise further analysis was done on DSR and non-DSR practising farms respectively. 
Table - 3 

Variety-wise operational area among sample farmers, Punjab, 2012-13 

                                                                                (In hectare) 

Area 
Adopter Non-adopter 

Basmati Non-basmati Basmati Non-basmati 

Owned 
2.34 

(85.72) 

2.58 

(84.04) 

2.60 

(80.74) 

3.46 

(88.04) 

Leased In 
0.39 

(14.28) 

0.54 

(17.58) 

0.62 

(19.25) 

0.67 

(17.05) 

Leased Out - 
0.05 

(1.62) 
- 

0.20 

(5.08) 

Total Operational Area 
2.73 

(100) 

3.07 

(100) 

3.22 

(100) 

3.93 

(100) 

Note: Figures in parentheses indicate per cent to total operational area respectively 
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The average operational holding size was 2.73 hectare and 3.07 hectare for DSR practising farmers for basmati and non-basmati 

varieties respectively. A major proportion of operational area (80-85 per cent) was owned by the sample farmers. Almost 14 to 19 

per cent of the operational area was leased-in by the sample farmers growing two different varieties Pusa Basmati 1121 (Basmati) 

and PR114, PR 118 (Non-basmati). The land was fully utilized (100 per cent) by all the sample farmers and there was no fallow 

land. A very small proportion of the operational area was leased out by the farmers growing non-basmati varieties. 

 Cropping Pattern 

Besides agro-climatic conditions, the resource endowment and the relative profitability of different enterprises also play a dominant 

role in determining the cropping pattern of an area. The paddy and wheat were the major kharif and rabi crops grown respectively 

in the area under study which were grown on about 41.02 and 91.91 per cent on DSR farms and 56.13 and 92.99 per cent on non-

DSR farms respectively (Table 4). 
Table - 4 

Cropping pattern of the sample farmers, Punjab, 2012-13 

                                                                          (Per cent) 

Crop DSR respondents Non-DSR respondents 

Kharif Crops 

Paddy 41.02 56.13 

Basmati 48.88 36.03 

Cotton 6.06 4.48 

Fodder 1.01 1.12 

Maize 0.68 0.56 

Vegetables 1.22 0.56 

Others* 1.13 1.12 

Total operational area 100 100 

Rabi Crops 

Wheat 91.91 92.99 

Potato 4.38 3.08 

Fodder 1.01 0.84 

Vegetables 1.35 1.40 

Others* 1.35 1.69 

Total operational area 100 100 

Note: Figures in the table are percent to average operational area under DSR (2.97 hectare) and non-DSR (3.57 hectare) respectively 

*other includes moong, arhar etc. in kahrif and sarson in rabi season.  

Cotton was the next important crop. It occupied 6.06 per cent area on DSR farms and 4.48 per cent area on non-DSR farms in 

the kharif season. Potato was another important crop in rabi season which was grown on about four per cent area respectively. 

Fodder occupied one per cent area on both DSR and non-DSR farms in kharif and rabi season. It indicates the relative importance 

of dairying in farm structure. Hence, it can be inferred that the cropping pattern on the technology adopters as well as non-

technology adopters farms was dominated by wheat in rabi and paddy in kharif season. 

 Water Productivity and Energy Saving in Paddy Crop 

Ground water is the highly over-exploited and inefficient used resource in the Punjab state primarily due to cultivation of rice crop 

on large area. The water table has gone down drastically in Central Punjab and most of the development blocks have been 

categorized as ‘dark’. Direct seeding of rice reduces the use of water in rice crop without any adverse impact on productivity.  The 

perusal of Table 5 clearly revealed that direct seeded rice was effective in saving of irrigation water to the tune of 28.10 per cent 

in basmati fields and 25.33 per cent in non-basmati fields. It is due to the fact that in direct seeded rice, the irrigation is applied at 

3 and 4 days interval instead of continuous ponding during early establishment. Further, the mean paddy yield on direct seeded 

rice farms was 4232.56 kg per hectare and 6990.56 kg per hectare on basmati and non-basmati farms respectively, as compared to 

3909.53 kg per hectare and 7015.23 kg per hectare on non-DSR farms. A minimal decrease in yield of 0.35 per cent was observed 

on direct seeded rice fields in Parmal varieties.  

Table - 5 

Water productivity and energy saving of paddy crop among sample farmers, Punjab 2012-13 

Particular 

Basmati 

Difference (DSR farms over Non-

DSR farms) 

Non-basmati 

Difference (DSR farms over Non-

DSR farms) DSR 

farms 

Non-

DSR 

farms 

DSR 

farms 

Non-

DSR 

Farms 

Water-use 

(cu.m/ha) 
4639.04 

6452.3

3 

-1813.29 

(28.10) 

5549.

72 

7432.5

1 

-1882.79 

(25.33) 

Yield 

(kg/ha) 
4232.56 

3909.5

3 

323.03 

(8.26) 

6990.

56 

7015.2

3 

-24.67 

(0.35) 

Water productivity 

(kg/m3) 
0.91 0.60 

0.31 

(51.67) 
1.25 0.94 

0.31 

(32.97) 
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Energy-use 

(Kwh/ ha) 
1058.15 1352 

-293.85 

(21.73) 

1147.

72 

1384.8

4 

-237.12 

( 17.12) 

Note: Figures in parentheses indicate the per cent change for DSR farms over non-DSR farms 

The per hectare water productivity on direct seeded rice basmati fields was 0.91 kg per m3 and in non-basmati fields was 1.25 

kg per m3. However, on non-DSR farms the per hectare water productivity was 0.06 kg per m3 and 0.94 kg per m3 on basmati and 

non-basmati farms respectively. This means direct seeded rice resulted in the enhancement of water productivity to the tune of 

51.67 per cent and 32.97 per cent in basmati and non-basmati varieties, respectively. The energy used by the farmers who adopted 

direct seeded rice technology was less as compared to non-DSR sample farms. About 17 to 22 per cent energy was saved on DSR 

farms over non-DSR farms in both varieties. 

 Binary Logistic Regression 

To identify the factors affecting the adoption of direct seeding of rice technology, binary logistic model was used in which adoption 

of direct seeded rice technology was regressed with independent variable listed in Table 6.  The dependent variables in logistic 

regression is usually binomial, that is, the dependent variable can take the value 1 with a probability of success q, or the value 0 

with the probability of failure 1-q. In the model, the dependent variable was “1” for adopter of technology and “0” for non-adopter 

of the technology. The explanatory variables were operational size of holding per horse power of electric motor used, age of 

respondent, educational level of respondent, availability of family labour, scarcity of hired labour and lectures attended of DSR 

technology conducted by government or agricultural department.  
Table - 6 

Estimated results for Logistic Regression Model 

Variables Estimated Coefficients Standard Error Significance Odds Ratio 

Constant -11.149 4.88 0.022 0.000 

Operational area per horse power of electric motor used 0.471 1.123 0.675 1.601 

Age of respondent 0.044 0.041 0.286 1.045 

Educational level of respondent 1.073 0.332 0.001* 2.923 

Availability of family labour -2.457 0.819 0.003* 0.086 

Scarcity of hired labour (0;1) 2.479 1.286 0.050** 11.924 

Lectures attended of DSR technology 1.640 0.723 0.023** 5.153 

Log likelihood Ratio 36.31 

Nagelkerke R2 0.80 

Cox & Snell R2 0.60 

*Significant at 1 per cent level 

**Significant at 5 per cent level 

*** Significant at 10 per cent level 

To assess how well the model fitted the data, Hosmer and Lemeshow’s Goodness-of-Fit test statistic was calculated and a chi-

square test between the observed and expected frequencies was computed. There was little difference between the observed and 

predicted values for the both adopter as well as non-adopters as is evident by the chi-square value not being significant. The Hosmer 

and Lemeshow’s statistics evaluate the goodness-of-fit by creating 10 ordered groups of subjects and then compares the number 

actually in the each group (observed) to the number predicted by the logistic regression model (predicted). Thus, test statistic is a 

chi-square with a desirable outcome of non- significance, indicating that the model prediction does not significantly differ from 

observed. The Hosmer and Lemeshow’s test was non-significant indicating that overall model was correctly specified.  The 

likelihood ratio test is significant at one percent level indicating that the model has good explanatory power.  The co-efficient of 

multiple determination (Nagelkerke R2) of the fitted model was 0.80 implying that 80 per cent of the variation in adoption of DSR 

technology could be explained by the variables included in the model. In this model the six most relevant explanatory variables 

were included. Among these six variables, educational level of respondent was positively significant at one per cent level whereas 

availability of family labour was negatively significant at one per cent level, whereas, scarcity of hired labour and lecture attended 

by respondent on DSR technology was positively significant at 5 per cent level. The other variables i.e. operational size of holding 

per horse power of electric motor and age of the respondent were positively non-significant. In Table 1, odds ratio are also presented 

which shows the effects of individual independent variables of the possibility or chance of adoption of direct seeding of rice 

technology, others things being equal. 

The odds ratio is computed by exponentiating the parameter estimates for each explanatory variable. The estimated odds ratio 

for educational level of respondents was 2.92 which means if the education of a respondent increase by one year, the adoption of 

DSR technology will increase by 2.92 times. Similarly, the estimated odds ratio for the availability of family labour was 0.08 (the 

estimated coefficient has negative sign) which means that as the availability of family labour decreased there were 0.08 times fewer 

chances that the farmers will adopt DSR technology.  The odds ratio for scarcity of hired labour was 11.92 which shows strongest 

association with the DSR technology, indicating that one per cent increase in the scarcity of hired labour would increase the 

adoption of DSR technology by 11.92 times. The estimated odds ratio for lectures attended by the respondent about DSR 

technology was 5.15 which suggested that one per cent increase in lectures attended by the respondent will lead to increase in the 

technology adoption by 5.15 times.  The co-efficient of operational area per horse power of electric motor used and age of 

respondent were positive, but were not statistically significant.  
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V. CONCLUSIONS 

Farmers perception about the adoption of DSR technology plays an influential role in adopting and non-adopting DSR technology. 

Concluding the results, the adoption of DSR technology had positive impact on the farmer’s life i.e. cost saving, enhanced 

profitability, increased efficiency and resulted into enhancement of water productivity to the tune of 51.67 per cent and 32.97 per 

cent in basmati and non-basmati respectively. Hence, awareness should be created though extension programmes describing the 

advantages of DSR technology to change their mindset and perception about this new technique of farming. For this purpose, a 

complete package of practices regarding DSR technology should be made available to the farmers, so as to increase area under 

direct seeded rice technology.  
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