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Insights on the rapid adoption of Pusa 1121 Basmati variety in north India 

Kuhu Joshi, P.K. Joshi, Md. Tajuddin Khan, Avinash Kishore 

  

Abstract 

In this paper we apply duration analysis to study the factors driving the speed of adoption of a popular 

Basmati rice variety called Pusa 1121. We use data from a primary survey on variety adoption and crop 

economics conducted in 2017. The sample comprises of 1305 Basmati growing farmers from the north 

Indian states of Haryana and Punjab. Pusa 1121 was adopted rapidly by 60% farmers between 5 and 10 

years from its release in 2005. Results from the duration analysis highlight the key role of superior 

quality traits of Pusa 1121 and assured market demand. Access to varietal information from extension 

agents also shortened farmers’ time to adoption. Moreover, we show that early adopters of Pusa 1121 

positively influenced other farmers’ speed of adoption within their village network. 
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1. Introduction 

Throughout the history of agricultural development, improved seed varieties have played a key 

role in enhancing farmers’ productivity, profitability, resilience to biotic and abiotic stresses, 

and improving food security (Dixon et al., 2006). With the Green Revolution beginning in the 

1960’s, high-yielding varieties of rice and wheat spread across the developing world, 

benefitting both farmers and consumers (Pingali, 2012). These benefits, however, were 

experienced unevenly across crops and regions, depending on the intensity of improved variety 

adoption (Evenson and Gollin, 2003). In India, seed varieties are constantly being developed 

by public research institutions. The rate of adoption of newly developed varieties is not uniform 

across the country. Varietal turnover remains slow and incomplete in several regions (Smale et 

al., 2008; Krishna, Spielman and Veettil, 2016). The north Indian states Haryana and Punjab, 

where the Green Revolution was pioneered, have been a hub of improved varieties and 

agricultural growth in India (Feder and O’Mara, 1981; Singh and Kohli, 1997). 1 Farmers in 

Haryana and Punjab are quick to adopt newly developed varieties. The average age of wheat 

and Basmati rice varieties cultivated in the region, is only 4 and 6 years respectively.2 In 

contrast, majority of the farmers in eastern India are still growing rice varieties released in the 

1980’s or earlier (Das, 2012). 

In this paper, we study the adoption and diffusion of a popular Basmati variety, namely Pusa 

1121, in Haryana and Punjab. Pusa 1121 was developed by the Indian Agricultural Research 

Institute (IARI)3 and released for cultivation in 2005. Basmati is a long-grained aromatic rice 

cultivar which is also a leading agricultural export commodity from India. It fetches a higher 

price than regular cultivars of rice, owing to its unique traits and high domestic and 

international demand (Bhattacharjee, Singhal and Kulkarni, 2002). Pusa 1121 is known for its 

exceptional quality traits compared to traditional Basmati varieties. It possesses extra-long 

slender grains of 9 mm, cooked kernel elongation of up to 22 mm, and cooked volume 

expansion of more than four times (Singh et al., 2018). After the development of Pusa 1121, 

IARI partnered with several private seed companies for its marketing and extension in Haryana 

and Punjab (The Hindu, 2014). We show that in just 5 to 10 years from its release, Pusa 1121 

                                                           
1 Haryana and Punjab are two neighbouring states situated in the alluvial plains of north India. 
2 A variety’s current age is equal to the number of years since its release year. 
3 IARI is a part of the Indian Council of Agricultural Research (ICAR) of the Department of Agricultural Research 

and Education, Ministry of Agriculture and Farmers’ Welfare of India. Refer to http://iari.res.in/ for details. 

http://iari.res.in/
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became the most widely cultivated Basmati variety in the region. It is thus an ideal case study 

of successful and fast variety adoption and diffusion. 

The earliest studies of variety adoption attributed a farmer’s decision to adopt an improved 

cultivar over a traditional one to the differences in profitability from the switch (Griliches, 

1957). Others have emphasized lack of information, lack of market access, and differences in 

individual attitudes as possible reasons for failure to adopt farm innovations (Hägerstrand, 

1967; Brown, 1975). In a study of hybrid maize in south Indian villages, Yapa and Mayfield 

(1978) focus on the role of access to resources required for cultivating improved varieties. They 

argue that non-adoption is not a passive state caused by individual apathy or conservatism, but 

rather, it is an active state arising from the structure of the political economy. More recent 

empirical studies support their hypothesis, showing that different factors can affect a farmer’s 

decision to adopt improved seed varieties, depending on the location, crop, and context. These 

factors include social networks, uncertainty and risk, credit constraints, and the household’s 

socio-economic characteristics (Becerril and Abdulai, 2010; Cunguara and Darnhofer, 2011; 

Shiferaw et al., 2014; Ghimire, Huang and Shrestha, 2015).  

Our paper contributes to the empirical literature on variety adoption and its drivers in 

developing countries. We conducted a detailed primary survey of a sample of 1305 Basmati 

farmers in 2017 and collected information on variety adoption, crop economics, and household 

socio-economic characteristics.4 We use duration models to dynamically analyse drivers of 

adoption and diffusion of Pusa 1121. We find that superior quality traits and the presence of 

assured markets, along with extension efforts, led to the rapid adoption and diffusion of Pusa 

1121 in Haryana and Punjab.  

Previous studies using cross sectional data have focused on the static aspect of adoption (Dixon 

et al., 2006; Shiferaw et al., 2014; Ghimire, Huang and Shrestha, 2015). They use binary choice 

models like logit and probit to analyse adoption measured at a point in time. These studies fail 

to explain the timing of adoption and the path of diffusion. The benefit of using duration 

analysis is that adoption and diffusion are investigated together. We asked farmers to specify 

the year in which they first adopted a variety. Our data thus allows us to trace the time-path of 

                                                           
4 The survey was conducted as a part of the ICAR-IFPRI study called ‘Mapping the Adoption of Improved 

Varieties and Farm Management Practices in India’. 
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Basmati variety adoption for sample farmers and study its relationship with possible 

explanatory variables. 5  

Duration analysis has previously been used in a few variety adoption studies. Matuschke and 

Qaim (2008) find that private seed companies played a positive role in the diffusion of hybrid 

pearl millets in India. In a more recent paper, Beyene and Kassie (2015) examine the 

determinants of the speed of adoption of improved maize varieties in Tanzania, and find 

extension services and social networks to have a positive effect. A couple of other studies 

model the diffusion of organic farming techniques, fertilizers, and conservation agriculture 

technology (Fuglie and Kascak, 2002; Burton, Rigby and Young, 2003; Dadi, Burton and 

Ozanne, 2004; D’Emden, Llewellyn and Burton, 2006). Ours is the first study to employ 

duration analysis to model the time-path of Basmati variety adoption and identify its key 

drivers.  

Anecdotal reports attribute the success of Pusa 1121 to its superior grain quality and 

subsequently high domestic and international demand (The Hindu Business Line, 2014). How 

do we empirically study drivers that cannot be quantified? Variety adoption analyses tend to 

focus on possible drivers which are easily observable, like household characteristics, and 

overlook the effects of other factors which may affect choice. Variety traits and market demand 

can influence adoption patterns (Timu et al., 2014). We proxy these in our duration analysis 

using farmers’ perceptions. Farmers’ subjective perceptions about variety traits have 

previously been established as important determinants of adoption behaviour (Adesina and 

Zinnah, 1993; Adesina and Baidu-Forson, 1995). The following variety traits were considered 

in our survey: grain size, grain yield, grain quality, taste, buyer’s demand, selling price, 

resistance to breakage, resistance to pests and diseases, early maturity, and dry fodder yield. 

Farmers responded to the question “How important is this trait in your choice of a Basmati 

variety?” by allocating a rank between 0 and 10 to each trait.  Rank 0 (Rank 10) indicates that 

a trait is perceived as least (most) important for a farmer’s choice of variety. We find that 

farmers who perceive grain quality, pest resistance, or market demand to be the most important 

variety trait, were faster to adopt Pusa 1121.  

We also analyse the role of early adopters in the speed of adoption of Pusa 1121. While the 

effect of early adopters on the diffusion curve has been widely studied in the technology 

                                                           
5 We believe that our data on year of adoption is unlikely to suffer from recall bias because farmers in Haryana 

and Punjab are cultivating the most recent varieties. The oldest variety found in our sample was released in 2001. 
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adoption literature, their effect on variety adoption has not been explicitly examined. Early 

adopters provide early feedback for the technology, thereby affecting the speed at which it 

diffuses (Mahajan, Muller and Srivastava, 1990; Hippel, 2005; Catalini and Tucker, 2016; 

Emerick et al., 2016). We find that farmers residing in villages that have a larger number of 

early adopters are quicker to themselves adopt Pusa 1121. Our result also relates to the literature 

on the role of peer-effects in technology adoption. Early adopters can influence peer farmers 

to adopt a technology through observational learning or through social influence (Foster and 

Rosenzweig, 1995, 2010; Bandiera and Rasul, 2006; Conley and Udry, 2010). 

The rest of our paper is structured as follows: Section 2 describes the data and sampling 

strategy, section 3 gives a brief overview of Basmati rice cultivation in Haryana and Punjab, 

and section 4 presents descriptive statistics of variables used in the analysis. In section 5 we 

discuss the duration analysis methodology and in section 6 we present results from our analysis. 

The final section discusses conclusions and policy implications. 

2. Data and sampling strategy 

Our dataset comprises of 1305 Basmati farmers from 111 villages across 22 districts of 

Haryana and Punjab. The survey was conducted in 2017 for the ICAR-IFPRI study ‘Mapping 

the Adoption of Improved Varieties and Farm Management Practices in India’. We selected 

districts from the rice-wheat belt in both states. These include 12 districts from Punjab: 

Amritsar, Barnala, Fatehgarh Sahib, Firozpur, Faridkot, Gurdaspur, Jalandhar, Ludhiana, 

Moga, Muktsar, Sangrur, and Tarn Taran. And 10 districts from Haryana: Ambala, Fatehabad, 

Jind, Kaithal, Karnal, Kurukshetra, Panipat, Sirsa, Sonipat, and Yamunanagar. We randomly 

sampled 5 villages from each district, making a total of 111 villages in our sample. House-

listing was conducted in each village, from which we randomly sampled 20 households for the 

survey. We obtained detailed information on crop variety adoption, crop economics, farm 

machinery, plot characteristics, and household socioeconomic characteristics. The complete 

dataset has information for three major crops grown in the survey region: Basmati rice, non-

Basmati rice, and wheat. This paper is based on the 1305 (64%) farm households that cultivate 

Basmati rice.  

3. Basmati cultivation in Haryana and Punjab 

Rice and wheat are the principle crops cultivated in Haryana and Punjab. Farming in the region 

is characterized by the use of modern seed varieties, irrigation from canal and ground water, 
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chemical fertilizers and pesticides, and conservation agriculture machinery (Chauhan et al., 

2012). Farmers grow two types of rice: Basmati and non-Basmati. Basmati is a slender grained 

aromatic rice cultivar which is native to the Indian subcontinent. It is popular amongst 

consumers and the restaurant industry for its long grains, cooked volume expansion, unique 

aroma, and taste. It is also an important agriculture-export commodity, making it a profitable 

crop for farmers as well as millers and traders. According to the Agricultural and Processed 

Food Products Export Development Authority (APEDA), India contributed 60% exports to the 

international Basmati market in 2014 (APEDA, 2014).  During the past few years, the quantity 

of India’s Basmati exports has been steadily growing from 770 thousand MT in 2003-04 to 4 

million MT in 2016-17 (Figure 1). According to a recent study, since 2008, Pusa 1121 has 

earned a cumulative foreign exchange of US$ 20.8 billion; it contributes to nearly 70% of 

India’s annual Basmati exports (Singh et al., 2018).  

Figure 1: India's annual Basmati exports 

 

Source: Agricultural and Processed Food Products Export Development Authority (APEDA) 

Table 1 summarizes the variety wise share in area and share of farmers from our sample of 

Basmati cultivators. Five Basmati varieties are grown in the region, all of which are 

modern/improved varieties notified for cultivation after 2001. Pusa 1121 is the dominant 

variety, grown in 65% of the Basmati area by 66% farmers. The share of Pusa 1121’s area is 

higher in Punjab compared to Haryana, as Haryana has greater variety diversity. Other 

varieties, namely CSR 30 and Pusa Basmati 1 are not prominent in Punjab. Pusa 1401, released 

in 2008, is the second most common variety across the two states. The newest variety, Pusa 

1509, was released in 2013 as an improvement over and replacement for Pusa 1121 (Singh et 

al., 2014). However, we find that Pusa 1121 continues to dominate even today. In fact, the 
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adoption of Pusa 1121 has been growing rapidly since it was released in 2005 (APEDA, 2017), 

leaving behind its competitors.  

We plot variety adoption curves for the sample Basmati farmers over the years 2001-2017. 

Figure 2 depicts a cumulative curve of the proportion of sample farmers adopting a variety by 

their year of adoption. Figure 7 in the Appendix depicts the corresponding proportion of area 

by the year of adoption. The figures highlight the rapid adoption and diffusion of Pusa 1121. 

In just 5 years after its release, Pusa 1121 was cultivated by 45% farmers in 50% of the Basmati 

area. The adoption continued to increase sharply over the years, and Pusa 1121 was the 

dominating variety within 10 years. In contrast, the up-take of other varieties has been slow in 

the same region. Pusa 1401, released in 2008, has not gained popularity even after 8 years, 

clearly showing farmers’ preference towards Pusa 1121. CSR 30 is mainly grown in Haryana 

where its adoption seems to have been localized.6 Adoption of the latest variety in our sample, 

Pusa 1509, also seems to be growing much slower than what was observed for Pusa 1121. 

Table 1: Basmati varieties grown in sample districts of Haryana and Punjab, India 

Basmati Year Percentage area Percentage farmers 

Variety notified Overall Haryana Punjab Overall Haryana Punjab 

Pusa 1121 2005 65.5 56.8 88.0 66.6 51.6 92.3 

Pusa 1401 2008 16.5 20.2 7.2 9.9 13.9 3.0 

CSR 30 2001 7.8 10.8 0.0 9.9 15.6 0.0 

Pusa 1509 2013 7.2 9.3 1.7 10.3 14.9 2.4 

Pusa Basmati 1 2007 1.5 2.1 0.0 1.5 2.3 0.0 

Others n.a. 1.5 0.8 3.1 1.9 1.6 2.3 
Source: Authors’ calculation from survey data. 

  

                                                           
6 CSR 30 was developed by the Central Soil Salinity Research Institute (CSSRI). Pusa 1401, Pusa 1509, Pusa 

Basmati 1, and Pusa 1121 were developed by the Indian Agricultural Research Institute (IARI). Both are part of 

the Indian Council of Agricultural Research (ICAR). 
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Figure 2: Variety-wise adoption curves of sample Basmati farmers (2001 – 2017) 

  

Source: Authors’ calculation from survey data. Note: Adoption may be before release year in some cases as varieties are often 

distributed to farmers by research institutions for trial before official release. 

Comparing the output and input prices of varieties in Table 2, we find that Pusa 1121 has lower 

average yield than newer varieties Pusa 1401 and Pusa 1509. Pusa 1121 also has higher average 

input cost. However, it benefits from a higher selling price and is overall more profitable. In 

2014-15, the year after its release, average selling price of Pusa 1509 was equivalent to that of 

Pusa 1121. There was an overall fall in Basmati prices in 2015-16 due to fluctuations in the 

global market (Financial Express, 2015). While prices fell for both varieties, the decline was 

sharper for Pusa 1509, which did not recover from the shock even in 2016-17. This variety was 

not preferred by millers and traders owing to a higher incidence of breakage (The Tribune, 

2015). At present, Pusa 1121 still enjoys greater acceptability in the domestic and international 

market (Singh et al., 2014).  

Table 2: Variety-wise economics of Basmati cultivation 

Basmati Variety Average yield  

(qtl/ha) 

Average selling 

price (Rs./qtl) 

Average unit cost  

(Rs./qtl) 

Average unit 

profit (Rs./qtl) 

Pusa 1121 45.54 2181.04 794.23 1386.26 

Pusa 1401 56.12 2104.09 723.20 1380.89 

Pusa 1509 51.16 2039.24 737.02 1302.22 

Overall 46.10 2195.42 810.32 1385.45 

Source: Authors’ calculation from survey data. 
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4. Descriptive statistics of variables used in the analysis  

To understand the factors which influenced the rapid adoption and diffusion of Pusa 1121, we 

use a set of possible explanatory variables. Summary statistics are given in Table 3. We 

compare the means for Pusa 1121 farmers and other variety farmers using t-tests. Age, gender, 

and family size do not significantly differ between farmers who grow Pusa 1121 and those who 

grow other varieties. Pusa 1121 farmers are more likely to have secondary education. There 

are also minor differences in caste: a greater percentage of general caste farmers are growing 

Pusa 1121. Land-holding size, ownership of kisan credit card7, ownership of a bank account, 

and household asset index8 are not significantly different across the two groups. However, 

farmers who grow Pusa 1121 are more likely to purchase seeds from private sources, and less 

likely to use farm saved seeds, compared to farmers who grow other varieties. Moreover, a 

significantly greater percentage of Pusa 1121 farmers report grain quality and reliability of 

buyers as their main reason for adoption. In contrast, farmers who grow other varieties are more 

likely to report grain yield as their main reason for adoption. 

  

                                                           
7 Kisan credit card scheme is a national credit scheme introduced in 1998 in India for financial support of farmers. 
8 We create an asset index using principal components analysis with information on ownership of the following 

household and agricultural assets: rotavator, tractor, laser land leveller, tube-well, electric pump, drip irrigation, 

power tiller, thresher, hand pump, refrigerator, cooler, air conditioner, television, radio, bicycle, motorcycle, car, 

truck, sewing machine, laptop, telephone, and internet. 



10 
 

Table 3: Descriptive statistics of variables: Comparing Pusa 1121 farmers to farmers growing other 

Basmati varieties 

Variable 

Mean 

(1121) 

SD 

(1121) 

Mean 

(Other) 

SD 

(Other) 

Difference 

in means 

Std. 

Error 

1. Farmer/Household characteristics 

Age 45.67 (14.15) 46.99 (13.74) -1.32 (0.88) 

Gender (1=male) 0.99 (0.10) 0.99 (0.08) 0.00 (0.01) 

Caste (1=GEN) 0.89 (0.32) 0.73 (0.44) 0.15*** (0.02) 

Family size 6.92 (3.50) 7.17 (3.25) -0.25 (0.22) 

Illiterate/Below primary 0.16 (0.36) 0.15 (0.36) 0.01 (0.02) 

Primary education 0.12 (0.32) 0.12 (0.33) 0.00 (0.02) 

Middle education 0.15 (0.36) 0.23 (0.42) -0.07*** (0.02) 

Secondary education 0.27 (0.44) 0.19 (0.40) 0.07*** (0.03) 

Higher secondary education 0.19 (0.39) 0.19 (0.40) 0.00 (0.02) 

Graduation and above 0.11 (0.32) 0.12 (0.32) 0.00 (0.02) 

Own land 0.97 (0.17) 0.98 (0.13) -0.01 (0.01) 

Marginal farmer 0.10 (0.30) 0.10 (0.30) 0.00 (0.02) 

Small farmer 0.19 (0.39) 0.16 (0.37) 0.03 (0.02) 

Medium farmer 0.27 (0.44) 0.29 (0.45) -0.02 (0.03) 

Large farmer 0.45 (0.50) 0.45 (0.50) 0.00 (0.03) 

Own bank account 0.98 (0.15) 0.99 (0.12) -0.01 (0.01) 

Own kisan credit card 0.64 (0.48) 0.67 (0.47) -0.04 (0.03) 

Primary occupation is agriculture 0.93 (0.25) 0.95 (0.22) -0.02 (0.02) 

Asset index -0.02 (1.85) 0.05 (1.92) -0.07 (0.12) 

2. Source of purchased seed 

Private 0.88 (0.33) 0.79 (0.40) 0.08*** (0.02) 

Government 0.03 (0.18) 0.04 (0.18) 0.00 (0.01) 

Farm Saved 0.09 (0.29) 0.17 (0.38) -0.08*** (0.02) 

3. Source of information about the variety 

Progressive farmer 0.75 (0.43) 0.76 (0.43) -0.01 (0.03) 

Input dealer 0.12 (0.32) 0.16 (0.37) -0.05** (0.02) 

Media 0.05 (0.22) 0.02 (0.13) 0.03** (0.01) 

Public extension 0.06 (0.24) 0.04 (0.21) 0.02 (0.01) 

Private extension 0.02 (0.15) 0.01 (0.11) 0.01 (0.01 

4. Main reason for adoption of the variety 

Grain yield 0.49 (0.50) 0.59 (0.49) -0.10*** (0.03) 

Reliability of buyers 0.09 (0.28) 0.03 (0.16) 0.06*** (0.02) 

Selling price 0.14 (0.35) 0.15 (0.35) -0.01 (0.02) 

Earliness in maturity 0.03 (0.17) 0.02 (0.14) 0.01 (0.01) 

Quality/taste 0.08 (0.28) 0.04 (0.20) 0.04*** (0.02) 

Grain size 0.08 (0.27) 0.11 (0.31) -0.03 (0.02) 

5. Production characteristics      
Variety area (ha) 2.29 (3.04) 2.55 (2.99) -0.26 (0.19) 

Total cost of cultivation (Rs/ha) 32869.4 (10646.12) 36863.9 (14282.5) -3994.4*** (737.7) 

Rice variety yield (quintal/ha) 44.81 (88.2) 47.59 (14.67) -2.78 (4.80) 

Net returns (Rs. /ha) 65176.9 (196113.2) 67649.5 (35149.5) -2472.57 (10761.9) 

N (Total = 1,305) 964  341    

Note: Age, family size, asset index, and all the production characteristics are continuous variables. The rest are all 

binary/dummy variables, taking value 1 if the criteria are fulfilled and 0 otherwise. *, **, and *** denote that the difference 

in means is statistically different from 0 at 10%, 5%, and 1% level of significance respectively. Source: Authors’ calculation 

from survey data. 
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5. Empirical methodology 

Duration analysis is used to study the factors that explain the length of a spell (Heckman and 

Singer, 1984). It is also called ‘survival analysis’ owing to its roots in medical research. We 

use duration models to understand the factors affecting the time to adoption of Pusa 1121. The 

‘spell’ starts when the variety is made available to the farmers for cultivation and ends when a 

farmer adopts the variety for the first time.9 The question of interest is: ‘What is the probability 

of a farmer adopting Pusa 1121 at time t, given that he or she has not adopted it by that time?’ 

(Burton, Rigby and Young, 2003). In our model, variable T ≥ 0 denotes the duration of time, 

measured in years, until a household adopts Pusa 1121 while t denotes a value of T. Assuming 

that T is a continuous variable and has a differentiable cumulative distribution function 

(cdf) 𝐹(𝑡), the survival function 𝑆(𝑡) is given by:   

 𝑆(𝑡) = 1 − 𝐹(𝑡) = 𝑃(𝑇 ≥ 𝑡) (1) 

It denotes the probability that a farmer has not adopted Pusa 1121 at time t. Our data is right-

censored since a subset of farmers do not adopt Pusa 1121 by the date of the survey. We employ 

a non-parametric approach called the Kaplan-Meier method to estimate the survival function 

(Kaplan and Meier, 1958). Since it does not assume any functional form for the distribution of 

survival times, and provides a graphical summary of the survival function, it is useful for 

suggesting appropriate functional forms for further parametric analysis. We also use Kaplan-

Meier estimates to compare survival times of farmers sampled from different sub-groups of 

our data (for example, across land holding sizes). Parametric duration analysis is based on the 

hazard function ℎ(𝑡). It is the instantaneous rate of completion of a spell at time 𝑇 = 𝑡 

conditional upon survival up to time 𝑡 (Beyene and Kassie, 2015). It is specified as follows: 

 
ℎ(𝑡) = 𝑙𝑖𝑚

𝑥→0

𝑃𝑟(𝑡 ≤ 𝑇 < 𝑡 + 𝑥 | 𝑇 ≥ 𝑡)

𝑥
=  

𝑓(𝑡)

𝑆(𝑡)
 

(2) 

In our analysis, the hazard function represents the speed of adoption of Pusa 1121 i.e. the 

probability that a household adopts Pusa 1121 at time 𝑡, given that it has not adopted till time 

𝑡.10 (Henceforth we refer to the hazard function as the speed of adoption.) We use Weibull and 

Gompertz distributions for our parametric analysis. These distributions are commonly used in 

the empirical literature when the speed of adoption does not remain constant over time. In case 

                                                           
9 Although Pusa 1121 was officially released in 2005, seeds were given to farmers for demonstration purposes 

from 2003 onwards (Singh et al., 2018). A few of our sample farmers also report adopting the variety in 2003. 

Thus, for our analysis, we consider 2003 instead of 2005 as release year, i.e., as the start of the spell. 
10 Higher hazard rate means higher rate of speed of adoption.  
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of constant speed, Exponential distribution is employed. Weibull distribution is the most 

appropriate for our analysis as the speed of adoption is found to be increasing over time. 

Gompertz distribution has similar properties as Weibull and is used to explore the robustness 

of our results. To allow for the influence of explanatory variables, we use the Cox proportional 

hazards framework (Cox, 1972). It assumes that given the covariates, the speed of adoption 

differs between one subject and another in a proportional manner. It does not assume any shape 

for the adoption curve. Moreover, it also allows incorporating unobserved farm-level 

heterogeneity (Abdulai and Huffman, 2005).  

Coefficients of explanatory variables are estimated by the maximum likelihood technique and 

are presented as hazard ratios (exponentials of the coefficients). A value of 1 means that the 

variable has no effect on the speed of adoption. A value greater than 1 means that the variable 

increases the speed of adoption, and hence reduces the time taken to adopt Pusa 1121. A value 

less than 1 means that the variable reduces the speed of adoption, hence increasing the time 

taken to adopt Pusa 1121.  

6. Results 

Non-parametric duration analysis: 

Figure 3 illustrates the Kaplan-Meier survival estimate of the relationship between proportion 

of non-adopters and duration of the spell. Duration is given by the time taken to adopt, which 

is the number of years between release of Pusa 1121 and its adoption.  At time 0, the function 

takes value 1 since no farmer had adopted Pusa 1121. Survival rate falls rapidly with time and 

its decline is the fastest between 5 and 10 years. This implies that the speed of adoption of Pusa 

1121 increased over time, specially 5 years after its release. The survival function tapers off at 

the survey year. The proportion of sample not adopting Pusa 1121 in 2017 comprises of the 

censored farmers.  

We further plot Kaplan-Meier survival estimates for different sub-populations to better 

understand the influence of likely covariates on the speed of adoption of Pusa 1121. We find 

that the speed of adoption does not differ by land holding sizes. Marginal, small, medium, and 

large farmers11 are equally likely to adopt Pusa 1121 at any given time (Figure 8 in the 

                                                           
11 We classify farmers according to land holding size as follow: marginal < 1 ha, small 1 – 2 ha, medium 2 – 4 

ha, large > 4 ha. 
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Appendix). This implies that the adoption and diffusion of Pusa 1121 was neutral to land 

holding sizes.  

In Figure 4, we differentiate between those farmers whose primary source of variety 

information is private extension and those whose primary source is media, other farmers, or 

input dealers. We find that farmers who received variety information from private extension 

are faster to adopt Pusa 1121 than those who did not. However, private extension is likely to 

be endogenous to adoption. Previous studies have found that the private sector is more likely 

to enter areas where adoption is already higher (Griliches, 1957). In Figure 5 and Figure 6, we 

focus on farmers’ preference for variety traits. Farmers for whom assured markets and grain 

quality are the most important variety traits, are faster to adopt Pusa 1121.  

Conversely, farmers’ preference for selling price and yield do not have a differential effect on 

the speed of adoption of Pusa 1121 (Figure 9 and Figure 10 in the Appendix). In fact, farmers 

whose most preferred variety trait is yield, are slower to adopt Pusa 1121, especially in the later 

time periods, when newer varieties having higher yields became available in the region.  

Overall, results from the non-parametric analysis point towards quality traits, assured markets, 

and extension as the major drivers of adoption and diffusion of Pusa 1121. 

Figure 3: Kaplan - Meier survival estimate: Adoption of Pusa 1121 variety 

 

Source: Authors’ calculation from survey data. 
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Figure 4: Kaplan-Meier survival estimate by extension source 

 

Source: Authors’ calculation from survey data. 

 

Figure 5: Kaplan-Meier survival estimate by variety traits: Reliability of buyers 

 

Source: Authors’ calculation from survey data. 



15 
 

Figure 6: Kaplan-Meier survival estimate by variety traits: Quality and taste 

 

Source: Authors’ calculation from survey data. 

 

Parametric duration analysis: 

Parametric duration models are used to incorporate control variables in our analysis. Table 4 

presents results from Weibull and Gompertz distributions. District fixed effects control for all 

unobserved differences across districts like policy and infrastructure. Standard errors are 

clustered at the village level to account for our sampling framework. The results mostly confirm 

what we observed in the non-parametric analysis: extension and variety traits are the two key 

factors driving the adoption and rapid diffusion of Pusa 1121 variety.  

Household characteristics like age, education, gender, caste, and land holding size are not 

significant in explaining the speed of adoption in Haryana and Punjab. Moreover, access to 

credit and asset index also do not have any effect.  

Rather, we find that farmers who obtain variety information from private extension are 37% 

faster to adopt Pusa 1121 compared to farmers who obtain information from other farmers. 

(Variety information denotes the first source of information, i.e., the source from whom the 

farmer learns about a Basmati variety for the first time. In most cross-sectional studies of 

technology adoption, extension is recorded only for the survey year. By controlling for the 

effect of information received before adoption, we capture more relevant variation.) We do not 

see a similar impact of other information sources like input dealers and media.12 IARI partners 

                                                           
12 Media includes radio, television and internet. 



16 
 

with several private seed companies for the marketing and extension of promising Basmati 

varieties in Haryana and Punjab. We thus believe that these public-private partnerships played 

an important role in the diffusion of Pusa 1121. 

From the variety trait variables, we again find that quality traits were important in speeding up 

the adoption of Pusa 1121. The speed of adoption is 17% higher for farmers who perceive grain 

quality and taste as the most important variety trait. (We are capturing the quality parameters 

of the grain and the taste-based acceptance of the variety in the market.) Other variety traits 

also emerge as important in determining the diffusion process. It seems that farmers believe 

Pusa 1121 to be more pest resistant and more fodder yielding than other varieties. These two 

traits contribute in increasing the speed of adoption of Pusa 1121. In contrast, farmers who 

value labour saving are slower to adopt Pusa 1121. 

In a Weibull distribution, hazard rate is monotonically increasing or decreasing in time t. 

Gompertz distribution is a log-Weibull form where the log of hazard is monotonically 

increasing or decreasing in time t. Results remain robust across the two distributions. As 

mentioned earlier, we choose these distributions since our non-parametric analysis shows that 

the hazard rate increases over time. This finding is corroborated in the parametric results, where 

we find that the parameters p for Weibull and γ for Gompertz imply positive and significant 

duration dependence of the hazard rate, conditional on the covariates. More specifically, we 

reject the null hypotheses that p =1 and γ = 0 in favour of the alternate hypotheses that p >1 

and γ > 0, respectively. Probability that a farmer will adopt Pusa 1121, given that he has not 

adopted previously, is increasing over time. Thus, assuming a constant hazard rate and 

employing an exponential distribution as is common in previous studies, seems unreasonable 

for our analysis and we refrain from doing so (Heckman & Singer, 1984a). 

Role of early adopters: 

So far, we have established the factors that speed up the variety adoption process and 

distinguish early adopters from late adopters. A further question arises: What is the role of 

having more early adopters in a farmer’s neighbourhood? We explore this by including in our 

analysis the total number of early adopters in a village. A farmer is an early adopter of Pusa 

1121 if he/she adopts it within 5 years of release. To each farmer we then assign the total 

number of farmers apart from himself/herself who are early adopters in his/her village. This 

continuous variable is used in the same parametric duration framework as before. We study the 

influence of early adopters in a village on the speed of a farmer’s adoption of Pusa 1121. There 
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are several studies on the importance of social learning in technology adoption. Foster and 

Rosenzweig (1995) use household level panel data from rural Indian households and find 

evidence of learning spill-overs in the adoption of high-yielding seed varieties (HVY’s) within 

neighbourhoods. Similarly, Conley and Udry (2010) find that pineapple farmers in Ghana 

adjust their adoption decisions to align with those of their successful neighbours.  

We hypothesize that the presence of more innovators in the neighbourhood is likely to induce 

positive peer effects. In other words, early adopters may function as important information 

agents for their peers. The direction of the effect may be positive or negative depending on the 

overall success or failure of the variety amongst the early adopters. We assume that 

geographical proximity causes unobserved but plausible information flows between members 

of the same village (Abdulai & Huffman, 2005). This assumption is common across similar 

studies of peer effects owing to data limitations. However, to the best of our knowledge, no 

other study so far has investigated the role of early variety adopters in the variety diffusion 

process. In our dataset, the number of early adopters in a village ranges from 0 to 12, with mean 

2.34 and standard deviation 2.70. Results are presented in Table 5. We find that a unit increase 

in the number of early adopters in a farmer’s village increases his/her speed of adoption of Pusa 

1121 by 6%. The hazard ratio is highly significant and robust across the two distributions. 
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Table 4: Parametric duration analysis using proportional hazards framework 

 Weibull distribution 

 

Gompertz distribution 

Control variables Hazard Ratio S.E. Hazard Ratio S.E. 

Farmer/Household characteristics 

  

Age 1.00 (0.00) 1.00 (0.00) 

Gender (1=Male) 1.28 (0.61) 1.28 (0.62) 

Caste (1=General) 0.99 (0.13) 0.98 (0.12) 

Family size 1.01 (0.01) 1.01 (0.01) 

Land size (ha) 1.00 (0.01) 1.00 (0.01) 

Own kisan credit card 0.94 (0.06) 0.95 (0.06) 

Asset index 0.98 (0.03) 0.98 (0.03) 

Seed source: Base = Farm saved     

Government  0.73 (0.17) 0.73 (0.16) 

Private  0.87 (0.08) 0.89 (0.09) 

Variety information source: Base = Other farmers   

Input dealers 1.01 (0.12) 1.02 (0.12) 

Media 1.16 (0.14) 1.18 (0.14) 

Government extension 1.23 (0.22) 1.23 (0.21) 

Private extension 1.37* (0.26) 1.36* (0.25) 

Variety trait most preferred:   

Yield 0.86 (0.10) 0.85 (0.09) 

Maturity 0.97 (0.14) 0.96 (0.13) 

Size 1.03 (0.16) 1.03 (0.15) 

Fodder yield 1.24* (0.14) 1.22* (0.13) 

Pest resistance 1.34* (0.22) 1.34* (0.22) 

Lodging resistance 0.72 (0.15) 0.73 (0.15) 

Water saving 1.33 (0.40) 1.35 (0.39) 

Fertilizer/pesticide saving 0.93 (0.26) 0.93 (0.27) 

Labour saving 0.70* (0.13) 0.72* (0.13) 

Breakage 1.13 (0.18) 1.12 (0.17) 

Selling price 0.93 (0.09) 0.95 (0.09) 

Reliability of buyers 1.04 (0.09) 1.03 (0.09) 

Quality and taste 1.17* (0.10) 1.16* (0.10) 

     

Constant 0.0004*** (0.0003) 0.003*** (0.003) 

p 2.57*** (0.12)   

γ   0.23*** (0.01) 

Log-pseudolikelihood -887.60  -1009.37  

District F.E Yes  Yes  

Number of observations 1,287  1,287  

Note: Age, family size, land size, and asset index are continuous variables. All other variables are binary. Standard errors are 

clustered at the village level for 111 sample villages. *, **, and *** denote that the coefficient is statistically different from 0 

at 10%, 5%, and 1% level of significance respectively. 
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Table 5: Parametric duration analysis of the role of early adopters in a village 

 Weibull distribution 

 

Gompertz distribution 

Control variables Hazard Ratio S.E. Hazard Ratio S.E. 

     

Number of early adopters in the village 1.06*** (0.01) 1.05*** (0.01) 

     

Log-pseudolikelihood -880.54  -1003.45  

District F.E. Yes  Yes  

Control variables Yes  Yes  

Number of observations 1,287  1,287  

Note: All other control variables are the same as in Table 4. Complete version of this table is available upon request. Standard 

errors are clustered at the village level for 111 sample villages. *, **, and *** denote that the coefficient is statistically different 

from 0 at 10%, 5%, and 1% level of significance respectively. 

7. Discussion and Conclusions 

Our results are consistent with the hypothesis that extension efforts, coupled with farmers’ 

perceptions about variety traits, were crucial in ensuring the rapid adoption and diffusion of 

Pusa 1121 Basmati variety in Haryana and Punjab. The Indian Agricultural Research Institute 

(IARI) partnered with several private seed companies to market seeds to farmers and popularize 

Pusa 1121 through large scale extension. Although similar public-private partnerships have 

been undertaken in the past for other Basmati varieties, we believe that the fast diffusion of 

Pusa 1121 was uniquely successful owing to its superior quality traits. This highlights the 

importance of demand side factors for the growth of technology adoption (Hall and Khan, 

2002). Extension alone is unlikely to determine the success of a variety, unless combined with 

quality traits which are in line with the domestic and international market demand.  

Variety characteristics and market demand are often overlooked in adoption studies. We study 

the role of these using farmers’ perceptions about variety traits (Adesina and Baidu-Forson, 

1995). In line with media and government reports, we believe that Pusa 1121’s superior grain 

quality made it popular among consumers and appealing to rice millers and exporters. Our 

analysis shows that farmers who perceived grain quality and taste to be the most important 

variety trait were faster to adopt Pusa 1121.  

Historically, varietal turnover in the developing world has been influenced primarily by risk 

factors (Antle and Crissman, 1990). Haryana and Punjab are relatively secure from abiotic risk 

compared to the rest of India (owing to easily accessible ground water and canal irrigation in 

times of rainfall shortage) but still face biotic risk which has been increasing over the years 

(Singh et al., 2008). Basmati varieties are highly susceptible to pests called stemborers and to 
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blast disease (Department of Agriculture, 2003). Pusa 1121 is more resistant to pests and crop 

diseases than preceding Basmati varieties (Singh et al., 2018). Thus, farmers who perceived 

pest resistance as the most important variety trait were also faster to adopt Pusa 1121. 

The above factors distinguish early adopting farmers from late adopting ones. Timely adoption 

and widespread diffusion of improved varieties is desirable for agricultural productivity, 

profitability, and resilience (Emerick et al., 2016). We find that the presence of early adopters 

in a village speeds up the adoption and diffusion process. Farmers residing in villages that have 

a larger number of early adopters are quicker to themselves adopt Pusa 1121. This is an 

important insight into the role of early adopters in the diffusion of a variety. Peer effects within 

villages act as accelerators of information and learning (Foster and Rosenzweig, 1995; 

Bandiera and Rasul, 2006; Conley and Udry, 2010). It is also likely that early adopters’ 

experiences influenced farmers’ perceptions about variety traits, causing them to update their 

beliefs in favour of Pusa 1121. 

Our conclusions are most directly relevant to Basmati varieties in Haryana and Punjab. 

However, we learn essential policy lessons from the Basmati revolution which can be 

generalized to several other contexts. First, public-private partnerships to market seeds and 

provide extension can ensure greater adoption and faster diffusion of improved crop varieties. 

Such partnerships are especially likely to be successful if the technology in question has high 

quality standards in line with domestic and international market demand. In the past, increasing 

privatisation of the Indian seed industry was met with concerns about the likely seclusion of 

small farmers because of inflated prices. However, the diffusion of Pusa 1121 has been even 

across farm sizes. Our conclusion in favour of the role of private sector in technology diffusion 

is similar to Matuschke and Qaim (2008)’s findings for pearl millet varieties in Maharashtra.13 

Second, our results have an important implication for the development of future seed varieties. 

Varietal research should focus on enhancing key quality traits and stress resilience rather than 

just boosting yields. Third, early adopters can function as information networks in further 

diffusing a variety (Beal and Bohlen, 1957; Rogers, 1995; Emerick et al., 2016). Although 

further analysis, outside the scope of this paper, is necessary to examine the precise 

mechanisms by which early adopters influence farmers, our results nonetheless underline the 

benefit of ensuring that a variety reaches out to a group of innovators in the early stages of 

diffusion. 

                                                           
13 Maharashtra is a state in south-central India.  
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Appendix 

Figure 7: Variety-wise area under different Basmati varieties over the years (2001 – 2017) 

 

Source: Authors’ calculation from survey data. Note: Adoption may be before release year in some cases as varieties are often 

distributed to farmers for trial before official release. 

 

 

Figure 8: Kaplan-Meier survival estimate by land holding size 

 

Source: Authors’ calculation from survey data. 
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Figure 9: Kaplan-Meier survival estimate by variety traits: Selling price 

 

Source: Authors’ calculation from survey data. 

 

 

Figure 10: Kaplan-Meier survival estimate by variety traits: Yield 

 

Source: Authors’ calculation from survey data. 

 



   

 

ALL IFPRI DISCUSSION PAPERS 

All discussion papers are available here  

They can be downloaded free of charge 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTERNATIONAL FOOD POLICY RESEARCH INSTITUTE 

www.ifpri.org 

 

IFPRI HEADQUARTERS 

1201 Eye Street, NW 

Washington, DC 20005 USA 

Tel.: +1-202-862-5600 

Fax: +1-202-862-5606 

Email: ifpri@cgiar.org           

 

SOUTH ASIA REGION 

Block C, NASC Complex, DPS Marg 

Opposite Todapur, Pusa 

New Delhi 110012 India 

Phone: +91-11-66166565 

Fax: +91-11-66781699 

Email: ifpri-newdelhi@cgiar.org 

 

http://www.ifpri.org/publications?sm_content_subtype_to_terms=4&sort_by=ds_year&f%5B0%5D=sm_content_subtype_to_terms%3D1&f%5B1%5D=sm_content_subtype_to_terms%3A88
http://www.ifpri.org/
mailto:ifpri@cgiar.org
mailto:ifpri-newdelhi@cgiar.org

