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Abstract 
In general, no remuneration is offered at present for farmers who maintain agrobiodiversity in 
their fields. Although the value of agrobiodiversity is generally acknowledged, a significant 
amount of financial resources is spent for incentives to promote modern, high yielding 
varieties (HYVs). These incentives may act as “disincentives” for on farm conservation and 
use of agrobiodiversity. This is critically evaluated in the light that the farmers’ varieties 
(FVs) have comparative advantages, as it is shown for the case of rice in India. Hence, the 
question arises and is being discussed in this paper, whether HYVs are per se superior to FVs 
and consequently justifying the biased (financial) promotion of HYVs through direct and 
indirect subsidies at the expense of FVs. Furthermore it is discussed what would happen to 
HYVs as well as to agrobiodiversity, if a country like India terminates all its direct and 
indirect incentives for the promotion of HYVs. This paper concludes by highmarking several 
options as informal and formal contract schemes how modern agricultural development is not 
hindered but even supported by on farm management of “old” varieties, which show 
comparative advantages in many areas. 
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1. INTRODUCTION 

Agrobiodiversity has been under serious pressure of agricultural and socioeconomic changes. 
In the last decade, the urgent need to counteract the rapid loss of agrobiodiversity has been 
recognized and signed by governments in international conventions3. Agrobiodiversity has 
multiple functions and represents different values for farmers and other stakeholders. The 
possibilities of ex situ conservation to safeguard threatened agrobiodiversity are limited, and 
are of little direct relevance for farmers who need genetic diversity for risk reduction and food 
security. Hence, the ex situ conservation methods are increasingly being complemented by 
efforts to maintain and use the diversity of crop genetic resources (CGRs) either in its natural 
habitat (especially wild relatives and forestry species) or in locations where the material has 
evolved, i.e. on farms or in home gardens. In the latter cases, farmers manage diversity and 
maintain it through use in their production systems.  

In general, no remuneration is offered at present for farmers who maintain agrobiodiversity in 
their fields although the value of agrobiodiversity is generally acknowledged. Hence, the 
farmers will go on maintaining their agrobiodiverse production system only as long as their 
private marginal benefit is higher than their private marginal costs. In this way, they will 
maintain a specific diversity level of CGRs with their traditional production system correlated 
to a specific level of agrobiodiversity. By changing the production system to a “modern 
system”, the diversity level of CGRs will decrease. In general, this transformation is 
determined by other criteria than the conservation of CGRs. Hence, conservation of CGRs is 
conducted at the farm level only as side-effect of other decisions; as a positive external effect 
(Virchow, 2003).  

This de facto in situ conservation reflects the economic principle of efficient resource 
allocation. Conservation takes place where diversity is high and opportunity costs are low. In 
situ conservation per se has opportunity costs at the national level however, which reflect the 
competition between utilized arable land for a high level of agrobiodiversity and for the 
increasing need to secure food demands through “modern” production systems, including 
high yielding varieties (HYVs). 

It has been shown in the literature that besides farmers undertaking in situ conservation as a 
positive external effect, high cost programs are conceptualized to maintain a specific level of 
agrobiodiversity in farmers’ fields (FAO, 1998; Gehl, 1997). At the same time, developing 
countries like India are investing heavily into the promotion of HYVs in order to improve 
national food security and food sufficiency. These incentives are, however, also 
counterproductive for agrobiodiversity, acting as “disincentives” for on farm conservation and 
use of CGRs in India. As this process of modernization of agriculture is not yet completed, 
the focus given on the in situ conservation of agrobiodiversity in India is also very low. As a 
result, the uncontrolled loss, through the extinction of the precious varieties continues 
unabated in India. However, to ensure the future existence of the diversity, instruments and 
mechanisms for on-farm conservation and sustainable use of agrobiodiversity are needed to 
encourage farmers to continue utilizing FVs as well as to reflect the national objectives of 
over-all food security. Still, many countries seem to have significant difficulties to identify 
adequate incentives and to implement measures that effectively enhance conservation and 
sustainable use of agrobiodiversity on farm level. This is due to the fact that long-term on-
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farm conservation activities of genetic resources face strong competition from other, often 
more short-term development activities for the allocation of financial resources. Hence, 
proposed incentive mechanisms have to be as efficient and as adapted to local conditions as 
possible, reflecting the tight budget constraints of most developing countries in general and 
the enormous efforts to be undertaken to improve the rural development in specific. 

Besides the task to identify the most efficient instruments and mechanisms for on farm 
management of agrobiodiversity, the question arises and is being discussed in this paper, 
whether HYVs are per se superior to farmers’ varieties (FVs), justifying the biased (financial) 
promotion of HYVs through direct and indirect subsidies at the expense of FVs. Furthermore 
it has to be asked what would happen to HYVs as well as to agrobiodiversity, if a country like 
India terminates all its direct and indirect incentives for the promotion of HYVs. Finally, the 
question is discussed, whether agrobiodiversity needs supporting programs to be maintained 
in situ. Hence, this paper discusses the incentives for HYVs in Chapter 2 and the benefits and 
costs of FVs in Chapter 3. Chapter 4 analyzes the comparative advantage of FVs and looks 
into the impacts of the incentives for HYVs leading to a sub-optimal supply of 
agrobiodiversity in Chapter 5. The paper concludes in Chapter 6 by highmarking several 
options as informal and formal contract schemes how modern agricultural development in 
India is not hindered but even supported by on farm management of “old” varieties, which 
show comparative advantages in many areas 

2. INCENTIVES FOR HIGH YIELDING VARIETIES 

Currently, rice occupies around 45 million hectares or 37 % of the area under food crops in 
India. Almost 75 % of the area is under HYVs and the increase in the area under HYVs is 
almost 500 % during the past three decades (see Table 1). In Punjab, for example, just three 
HYVs, PR 106, Pusa 44 and PR111 together occupy almost 76 % of the rice growing area 
today. Around 52 % of the rice growing area is based on secured irrigation. Rice alone 
consumes nearly 40 % of total chemical fertilizer and 23 % of plant protection chemicals used 
for agriculture in India. All these resulted in almost 100 % increase in the productivity (from 
1,073 kg/ha to 2,066 kg/ha) and consequently more than doubling of production from 40.43 to 
91 million tons during past three decades in India (DES, 2000). This along with the more or 
less similar achievements in the production of wheat contributed enormously to attain the 
much needed self sufficiency in food production in India. 

However, the HYVs in rice which have played a pivotal role during the beginning of the 
green revolution have now reached the plateau in their productivity. Due to ecological 
imbalances and consequent deterioration in soil fertility, the yields of HYVs of paddy in the 
green revolution belt like Punjab, stagnate and even start declining now. The average yield of 
paddy in Punjab reached the peak with around 3,510 kg/ha in the year 1990. Thereafter, it 
remained more or less stagnant and even declined to the level of 3,347 kg/ha in the year 2000, 
with a negative growth rate of 0.34 % during that period (Singh and Kalra, 2002). On this 
background, scientists and policy makers are looking at a new breakthrough to increase yields 
in rice in India. Influenced by the success in China, their focus is turning more toward hybrid 
rice. A mission mode project, with the assistance from UNDP was initiated during1989 in 
India. In the past 10 years 1,000 evolved rice hybrids were tested through 60 multi-location 
trails in the country. Yield advantage in hybrid rice is around 16 % over HYVs in India. The 
high seed cost (USD 2.4 to 3 /kg) , low consumers’ preference (11 % below the price of 
normal rice varieties), poor grains, cooking and storage qualities, unfavorable smell and taste 
and stickiness of cooked rice are the major reasons for farmers and consumers to show least 
preference for hybrid rice in India. The economic returns to hybrid rice were 5.1 % lower 
when compared to inbred rice (HYVs). Hence, in spite of huge capital and human resources 
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invested during the past decade the hybrid rice has had limited impacts so far in India (Jnaiah, 
2002). 

Table 1: Growth of Green Revolution Technologies in India 

Technology 
Components 

Use in Quantity Growth or Position  

Fertilizer 
Nitrogen 
Phosphates 
Potash 

18.4 million tons  
65 % 
26 % 
11 % 

 
827 % growth in three decades 

Certified seeds 
Cereals 
Pulses 
Oilseeds 
Fibers 
Potato 
Others 

8.3 million quintals 
64 % 

6 % 
15 % 

4 % 
10 % 

1 % 

 
 
47 % growth in one decade 

Electricity for agriculture 
Proportion to total 

91.3 million KWh 
31 % 

21 % growth in one decade 

Pesticides (tech. grade) 49,000 tons 102 % growth in three decades 

Area under irrigation 
 Proportion to total 

Paddy 
Wheat 
Jower 
Bajra 
Maize 
Ragi 

83. 6 million hectares 
41 % 
51 % 
86 % 

7 % 
5 % 

21 % 
10 % 

121% growth in three decades 
36 % growth in three decades 
68 % growth in three decades 
63 % growth in three decades 
26 % growth in three decades 
13 % growth in three decades 
  8 % growth in three decades 
12 % growth in three decades 

Tractors  1.4 million 5.3 % of world (IV position)  

Area under HYVs  
Paddy 
Wheat 
Jower 
Bajra 
Maize 
Ragi 

 
74 %  
86 % 
83 % 
72 % 
57 % 
40 % 

 
476 % growth in three decades 
255 % growth in three decades 
1025 % growth in three decades 
350 % growth in three decades 
620 % growth in three decades 
  -4 % growth in two decades 

Source: DES, 2000 

As can be seen by the agricultural development in Punjab, the incentives, including subsidies, 
given for the promotion of the green revolution technologies were successful. However, 
ecological costs of intensive use of these technologies and the increased fluctuations and 
consequent production risks associated with the HYVs, have to be taken into account here as 
well. The over-utilization of agricultural inputs and resources like agro-chemicals and 
irrigation water gave rise to several forms of ecological costs like salinity, alkalinity and 
water logging, threatening the very sustainability of the cropping system and leading to a 
decline in the rice productivity in Punjab for example, the heartland of the green revolution in 
India (Singh and Kalra, 2002). 
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Ex situ conservation 

Fb1 … F bn 

In situ conservation

Biotic 

Natural selection Selection by 
Farmers 

Exchange among  
farmers

Abiotic 

Fef1 … F efn Ff1… Ffn

Fi1…F in

F ab1 … F abn

Genebank 

F 1 

Landrace F 1 

3. FARMERS’ VARIETIES: THEIR BENEFITS AND COSTS 

In contrast to HYVs, farmers’ varieties (FVs) are based on ‘on farm’ management of and 
developed from indigenous varieties. The benefits and also the costs of these varieties at 
present in a country like India are discussed in the following chapter. These include both 
direct as well as indirect benefits, consisting of evolutionary benefits in terms of enhanced 
variability, non-marketed and qualitative benefits, and the benefits derived from ecological 
services from agrobiodiversity.  

3.1. EVOLUTIONARY BENEFITS OF FARMERS’ VARIETIES 

The evolutionary benefits of FVs maintained through on farm management are in terms of 
variability (both genotypic and phenotypic) developed in FVs in response to biotic and abiotic 
stresses, selection and exchange among farmers and through interaction effects under on farm 
management conditions. This is depicted in Figure 1.  

Figure 1: Evolutionary Benefits in Utilizing Farmers’ Varieties under On Farm 
Management Conditions 

 

 

 

 

 

 

 

 

 

 

 

Note:  
F1  = Existing farmers’ variety 
Fb1..Fbn  = Farmers’ varieties evolved in response to biotic stress 
Fab1…Fabn = Farmers’ varieties evolved in response to abiotic stress 
Ff1…Ffn = Farmers’ varieties evolved in response to farmers’ selection 
Fef1..Fefn = Farmers’ varieties evolved in response to exchange among farmers 
Fi1…Fin = Farmers’ varieties evolved in response to interaction effect 

 

The rich diversity in FVs of rice with high variability within and among the varieties can be 
solely attributed to the evolutionary process takes place under in situ conservation in India. 
The researchers in the past have empirically captured the variability in case of indigenous rice 
cultivars in India. In addition to yield and straw, physiological characters as well as agro-
morphological features such as the duration of the crop, plant height, inflorescence length, 
number of panicles and seeds, seed weight, features of spikelets, kernel, aroma and so on 
were studied by employing the statistical techniques such as the co-efficient of variation, 
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analysis of variance and cluster analysis. Salient findings of some important studies in this 
respect are given below: 

1. Hore and Sharma (1991) analyzed the variability in the land races of rice collected from 
north east regions of India. They exhibited the features of (a) high degree of adaptability 
capable of growing at a depth of 5-6 meter water to high annual rainfall to drought 
condition; (b) protein content varied from 6 to 14 % and amylase content varied from 0 to 
29.5 %; (c) high level of resistance to blast diseases and pests such as gall midge and stem 
borers. The researchers attributed this variability for the geographical variations and the 
ethnic diversity in a region of 67 different ethnic groups. 

2. Interestingly a few varieties introduced from outside, not only adopted well in the region 
but also enhanced their variability over the years. For instance an indigenous rice cultivar 
codified as C14 - 8 assumed to have been introduced to Bay Islands from erstwhile 
Bhurma about a century back has spread to 80 % of the rice growing region by enhancing 
its variability in its agro-botanic features (Mandal and Parmanik, 1999).  

3. Hore (1999) in another study on rice germplasm diversity in Arunachal Pradesh, a state in 
the Himalayan mountain regions in India further elaborated the link between 
agrobiodiversity and diversity in the socio cultural aspects of the ethnic communities. 
According to the researcher, it is the deliberate selection strategy of the farmers to 
minimize the risk, stabilize the yield to enhance harvest security under the situation of low 
level of technology and resources coupled with the objective of promoting the diet 
diversity that has resulted in the variety and variability in rice germplasm in the region.  

4. Chuuhan and Bhattacharya (1999) studied the variability among 35 traditional rice 
cultivars collected from Uttarapradesh and Bihar states. Their study focused on the 
variability in 12 agro-morphological features and high density grain index among these 
cultivars. They found, statistically significant results which highlighted the high degree of 
variation among all the features studied. The researchers found 9 traditional varieties 
possessing desirable traits such as weight of panicles and grains, length of panicles and 
kernels, which could serve as good donors for future hybridization programs. 

5. A study by Chaudhuri et al., (1999) focused specifically on variability in case of salt 
tolerant indigenous rice varieties in West Bengal. Their study used 18 such salt tolerant 
indigenous varieties for randomized block experiments with two replications. Normal 
crop production and input management practices were followed. Variability with respect 
to eight agro-morphological characters which include plant height, seed weight, duration 
of plants, number of grains per panicle and time taken to 50 % flowering in these cultivars 
was analyzed. The result not only points out statistically significant variation with respect 
to the selected morphological traits among theses 18 varieties but also within the same 
variety. For instance, yield has varied significantly from variety to variety implying the 
variability in the yield across the varieties. But the same variety has also exhibited 
variation in the yield between two replications, which implies inherent genotypic variation 
within the variety. Even the morphological traits which are unique to a particular variety 
such as height, duration and flowering period have exhibited variability not only across 
the varieties but also within the varieties between the replications. 

The cases presented above clearly demonstrate the dynamic nature of on farm management of 
CGRs in providing a mechanism for evolutionary process within the plant species with the 
result of increased variability within varieties over the years. This in fact is the greatest source 
for any further crop improvement and breeding activities.  
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3.2. NON-MARKETED AND QUALITATIVE BENEFITS OF FARMERS’ VARIETIES 

The above assessment has focused on agrobiodiversity for the sole purpose of breeding and 
crop improvement objectives. However, farmers cultivating indigenous varieties have 
multiple preferences which include several non-marketed benefits and quality attributes. A 
few such indigenous rice varieties cultivated by the farmers in South India along with their 
non-marketed and qualitative attributes are given in Table 2.  

Table 2: Examples for Farmers’ Varieties Having Non-Marketed and Qualitative Traits 

Name of the Variety Non-marketed / 
qualitative traits 

Region 

Rathnachudi, Rajmiudi very good cooking quality 

Salu Batha , 
Doddabairanellu 

good taste, nutritious and 
rich in Vitamin 

Kichadi Samba, 
Madumalige, Doddidbatta, 
Doddabairanellu 

high fodder yield 

 
 
 
Thalli region of Karnataka 

Kuzhiyadichan, Neelan 
Samba 

good for lactating mother 
as it is found to increase 
milk 

Koomvalai, Thooyamallee, 
Vaigunda, Sigappu 
Kuruvikar, Kappakar, 
Muttakar, Seegarsamba 

rice is suitable for making 
south Indian dishes like 
Idly, Dosa and Biryani 

Periyavari, Thooyamallee, straw is good as roofing 
purpose 

 
 
Kattankalathur block of 
Tamilnadu 

Dhinkkiyasali best for thatching  Garh, Madhupur region, 
Orissa 

Source: Compiled according data from Ramprasad, 2002; Arumugaswamy et al., 2001 

India is having the largest cattle population in the world. This places a high demand on the 
straw yield, which is effectively fulfilled by the indigenous rice varieties at the farmers’ level. 
The traditional rice varieties have a straw to grain ratio of around 1.50 (i.e. for every kilogram 
of rice yield, the yield of straw is 1.50 kilogram) which is much lower in case of dwarf and 
short duration HYVs of paddy (Shiva, 1995). Here it is not only the quantity of the straw, but 
also the quality of the straw which is better in case of local varieties and hence even preferred 
by cattle (for example, Beli Munduga, a rice variety in Thalli region of Karnataka). In 
addition, the straw is also used as cited in Table 2 for several other purposes, as material for 
thatching, roofing of kacha huts and a range of other purposes depending on the quality of the 
straw. For instance, straw from a particular rice variety called Dhinkkiyasali in Orissa is long, 
stiff and leafy, and hence very good for thatching purposes. This differential straw - grain 
ratio as well as their quality attributes among the traditional rice varieties generates 
preferences that vary from farmer to farmer (Kshirsagar et al., 2002). 

Indian people, cutting across social and economic status, are very sensitive to quality 
attributes such as the taste, aroma, softness, digestibility, keeping quality and culinary benefits 
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of a particular rice variety. Due to thousands of years of selection and cultivation, farmers 
could respond to theses preferences effectively. The variety that cooks faster, expands more 
after cooking and is tender, sweet with aroma is most preferred by the consumers in India. In 
addition traits such as the storage quality determines the demand by the consumers. For 
instance, in some areas, people have preferences for leftover rice (after dinner) which is 
slightly fermented for next day’s breakfast. This rice is mixed with water to prepare a most 
common breakfast item called Pakhala which in fact accounts for almost one third of rice 
consumption in rural Orissa. As traditional rice varieties outperform the HYVs in almost all 
the quality traits, they are preferred more by the consumers in India. According to the study 
by Kshirsagar et al. (2002), the farmers who rated the traditional varieties as “superior” in 
comparison with HYVs ranges from 58 % for aroma, 72 % for cooking quality, 78 % for 
keeping quality and 86 % for taste. 

3.3. ECOLOGICAL SERVICES AND BENEFITS OF FARMERS’ VARIETIES 

The agrobiodiversity – represented by a specific diversity of FVs in farmers’ fields – plays an 
important role maintaining and enhancing the ecosystem stability and integrity. By being 
adopted to the local soil, water and environment and by developing resistance to biotic and 
abiotic stresses, an indigenous variety not only places less demand on inputs from external 
sources such agro-chemicals and irrigation water but also enables to conserve soil, water and 
surrounding ecosystems through nutrient cycling, controlling insect populations and plant 
diseases as well as through an optimal pests and predators relationship in the ecosystem. A 
salt tolerant paddy variety, for instance, not only performs well in the salt affected soils but 
also addresses the problems of salinity and hence restores the ecosystem integrity over the 
years. The indirect benefits through reduced ecological costs from relatively lower (or in 
many cases zero) external sources of chemical inputs and irrigation water in case of local 
paddy varieties compared to HYVs is one important benefit of on farm management of 
agrobiodiversity in a country like India.  

3.4.  LIMITATIONS OF MAINTAINING FARMERS’ VARIETIES ON FARM 

The main (opportunity) costs of maintaining FVs on farm are apparently the lower food 
production and quality. Due to the genetic uniformity built in deliberately, the HYVs are best 
suited for a large scale mono-cultivation, especially in high-potential areas with secured and 
controlled (ground) water irrigation like in Punjab. This uniformity in the cropping system 
also facilitates for increased mechanization which further enhances the scope for extension of 
mono-cropping into a still larger geographical area. The FVs as indigenous varieties, on the 
other hand, have a great limitation in this regard. Due to the variability in agro-morphological 
features which they possess inherently4, FVs are unable to adopt for a larger geographical 
area. Due to the peculiar genotypical make up and the requirements of a complex of soil, 
climate and ecological conditions, an indigenous rice cultivar is always confined to a specific 
agro-ecological niche. This calls for a “portfolio” of several diverse varieties even for a small 
location or village or a micro watershed. A single farm under dry/rain fed condition may need 
different rice varieties for its upland, midland and low land situations. 

Besides this main disadvantage attributed to FVs maintained through on farm management, 
the unnoticed extinction of varieties from farmers’ fields has to be mentioned as well. The 
farmers working under economic and ecological marginalized situations are using FVs and 
hence conserving agrobiodiversity. The development of roads, communication and other 

                                                 
4 The variability in agro-morphological features of FVs are in fact their basic feature and strength. 
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infrastructure is inadequate in these regions or those marginalized farmers do not have access 
to improved infrastructures. All these limitations act as bottlenecks in the flow of information 
on the unique diversity of CGRs at a specific place. In the absence of information, concerted 
policies and programs to conserve the agrobiodiversity in farmers’ fields are lacking and 
hence the disappearance of FVs from farmers’ fields cannot be prevented5. 

4. COMPARATIVE ADVANTAGE OF FARMERS’ VARIETIES 

A HYV by design is supposed to produce more per plant and unit area compared to a 
traditional variety. When such FVs are planted in a large scale, it is quite natural that the total 
output obtained is relatively lower compared to that of HYVs. Most of the varietal 
improvement programs, in general, are focused mainly on this aspect of increasing the 
physical output from the agricultural crop.  

But the argument that the indigenous rice varieties are low yielding was contested long back 
in India. In Thondai Mandalalam region, Chengalpet district in Tamil Nadu, a paddy yield of 
8,400 kg per ha was recorded during 1764-1774 (Dharampal, 1990). A study by Shiva et al. 
(1994) indicated the traditional rice varieties in Garhwal region of the Himalaya yielded a 
grain quantity of 7,200 kg along with a straw yield of 10,400 kg/ha during 1992-93. This was 
compared very favorably with the prevailing HYVs such as Saket which yielded a grain 
output of 6,200 kg and a straw yield of 6,400 kg/ha in the region. Table 3 provides estimates 
of average yields of prominent indigenous rice varieties along with other details in two 
traditional rice growing states of Tamil Nadu and West Bengal along with Punjab in India and 
finally the table is then comparing these results with the Indian average. 

Table 3: Yields of Rice Varieties in India 

 Average 
of FVs 
in kg/ha 

Highest 
among the 

sample of FVs
in kg/ha 

State 
average 
in kg/ha 

Paddy 
area under 
irrigation 

in % 

Total rice 
production 
in million 

tons 

Proportion 
to national 
production

in % 

Tamil 
Nadu 3,117 4,310 3,481 94 7.53 8.4 

West 
Bengal 2,723 3,490 2,237 26 13.76 16.34 

Punjab --- --- 3,347 90 8.72 9.72 

All 
India --- --- *  1,986 52.3 89.68 **  9.72 

Note: *: country average; **: proportion to total Indian food production 

Sources: Compiled according to data from Chaudhuri et al., 1999; Arumugasamy et al., 2001; 
DES, 2002 

                                                 
5 An explorative survey conducted by the NBPGR and the initiatives such as the “Community/People 

Biodiversity Registry” at the village level may fill this information gap to some extent. This register is a 
documentation of biological diversity present in the locality along with their feature and uses undertaken by the 
local people,. The work is mostly carried out either by local NGOs or local bodies called ‘Panchyaths” in India. 
A number of groups currently are working on this. 
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Information and estimates of indigenous rice varieties given in Table 3 pertain to two 
important traditional rice growing states in India. West Bengal, compared with other 
prominent rice growing states (there are 16) occupies first place in both production as well as 
the area under rice crop in India. Tamil Nadu, on the other hand, though placed 5th in this 
respect, occupies first place in obtaining highest state average productivity in the country. 
More importantly both the states possess a rich diversity in rice. The eighteen indigenous rice 
varieties from West Bengal’s sample are salt tolerant varieties collected and maintained by 
two research institutes, the Chinsura Rice Research Station and the Central Soil Salinity 
Research Institute West Bengal (Chaudhuri et al., 1999)6. Indigenous varieties from Tamil 
Nadu on the other hand are conserved in the fields of 300 farmers spread in 20 villages of 
Kattankalathur region of Tamil Nadu. This was promoted by a Chennai based Non-
Governmental Organization called “Center for Indian Knowledge System”. The farmers were 
motivated to conserve and grow these varieties in the local “seed banks”.7  

In Tamil Nadu, nearly 94 % of rice growing area is supplied with secured irrigation. 
Assuming that mostly HYVs are grown under secured irrigation, the state average yield of 
3,481 kg/ha represents the average yield of HYVs of rice in Tamil Nadu. In that case, the 
average yield of indigenous varieties is not only comparable (around 10 % lower than the 
HYVs) but the highest in the sample out-performs the state average almost by 25 %.  

In West Bengal the area under irrigation in rice crop is just 26 %. Hence, the state average 
yield of 2,237 kg/ha reflects the average of local and indigenous varieties of rice in West 
Bengal. However, the average yield of traditional varieties is the “experimental” average 
conducted systematically by following the normal cultural practices. Hence, the productivity 
of indigenous varieties compared to state average is higher by 22 % and the highest yield of 
the sample is higher by almost by 56 % when compared to state average.  

It is very important to note that the average yield of indigenous varieties from both the states 
works out to 2,920 kg/ha. This, when compared with the average yield of Punjab, the heart 
land of green revolution in India, is lower by just 15 % and higher by almost 25 % when 
compared to all India average yield of rice. The average of the two highest yielding FVs of 
rice from West Bengal and Tamil Nadu comes to 3,900 kg/ha. This is the highest paddy yield 
compared to any averages including that of Punjab. However there are inbred conventional 
HYVs of rice which are capable of giving a yield of 5,900 kg/ha in Tamil Nadu and 5,100 
kg/ha in West Bengal (Janaiah, 2002). This is under the conditions of secured irrigation and 
proper input management. The performance of FVs under such favorable conditions is yet to 
be evaluated properly. The relevant point to be noted here is that FVs of paddy under 
“normal” rain fed conditions without much dependence on either irrigation water or external 
sources of inputs have all the “potentials” to perform on par with the HYVs under similar 
conditions. In addition the superiority of straw in terms of both quantity and quality aspects is 
also equally relevant under Indian situation. 

The yield of both grains as well as straw from FVs can statistically be explained through the 
agro-morphological features associated with them. A regression equation was fitted to study 
the variation in yield (both grain and straw) of FVs from Tamil Nadu and West Bengal 
mentioned above. The relevant agro-morphological features such as the duration of crop, 
plant height etc were taken as the explanatory variables. In order to distinguish the agro-
ecological features of these two states and their impacts on the yield, a zero – one dummy 

                                                 
6 The yield and related estimates are obtained from two years repeated experimental trial systematically 

conducted at Department of Botany, University Calcutta (Chaudhuri et al., 1999). 
7 The information regarding the yield and other estimatations were collected through survey method by the staff 

of the NGO. 
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variable was employed. The analysis was undertaken by using the data from Chaudhuri et al. 
(1999) and Armugasamy et al. (2001). The results are presented in Table 4 and can be 
summarized as follows: 

1. Indigenous rice varieties are capable of yielding not only good quantities of grains but also 
high amount of straw. This is very crucial for a country like India with its large native 
livestock population. In spite of the inherent genetic variability and heterogeneity in agro-
climatic conditions in the growing regions, these indigenous varieties have exhibited a greater 
stability in the yield of both grains as well as straw. This was revealed through a lower value 
of co-efficient variation. Relatively yield of straw, in this respect, is more stable compared to 
grains. 

2. Plant life or duration has a positive impact on the yield of grains. This is contrary to the 
case with the HYVs where the short duration varieties are known to yield higher. Plant height, 
as expected has a significant and positive impact on the yield of straw. However its impact 
though non-significant, is positive on the grain yield. Straw yield is also influenced positively 
by the length of inflorescence.  

3. Surprisingly the grains and straw have a significant but mutually complimentary (positive) 
bearing with each other. They move in unison in enhancing the “overall yield”, fulfilling the 
requirement of both human as well as livestock population, which is very crucial to a country 
like India. A significant dummy variable implies that, on productivity ground, indigenous 
varieties in Tamil Nadu are superior to the varieties in West Bengal. The R square value is 
high which implies the adequacy of the model fitted. 

The regression results of Table 4 highlight the consistency and stability of the yield of 
traditional rice varieties. It also shows how the yield is being explained through the agro-
morphological features inherently associated with these varieties. But the normal practice 
under production economics is to explain the response of yield of HYVs for the “external” 
factors such as the application of fertilizer, providing irrigation water and so on. Having found 
the stability and consistency in the yield of FVs against the features which are inherent, it is 
very crucial to assess their response for the external factors mentioned. Such an attempt at the 
field level in a macro scale is definitely going to strengthen the argument that the productivity 
of FVs is no way inferior to that of the HYVs.  

However, the arguments above are not intended to deny the contribution of HYVs of rice in 
enhancing the food production at the country level in India. Comparing their genetic 
uniformity and production specific suitability with the variability in agro-morphological 
features of FVs, the comparative advantage of HYVs is their capacity to produce more in the 
short run. To meet immediate food security objectives in a country like India, possibilities for 
higher production cannot be underestimated. However, the ecological problems in the long 
run as consequence of the uniformity for a large scale mono-cropping of HYVs of rice have to 
be taken into account as well. 8 

                                                 
8 It is also noteworthy to mention that there are significant initiatives at the grassroot-level going on to evolve a 

‘low external input dependent farmers’ rice varieties’ capable of adopting to a larger area in the dry regions in 
India. One such local paddy variety called “Mysore mallige” evolved by a farmer Sri Lingamadaiah from 
Karnataka. This variety is not only capable of adopting to a larger area without any dependence on inorganic 
chemical inputs but also could produce an yield of 9,000 kg of grain per hectare. This variety has already 
spread to 30 % of the rice growing region of Channapattana taulk in Karnataka. Mr. Lingamadaiaha’s effort 
was recognized and supported by the National Innovation Foundation of India (NIF) and the President of India 
honored him with a cash prize of 0.1 million rupees last year.  

  The NIF was established by the Department of Science and Technology, Government of India, to recognize and 
promote grassroots innovations and biological diversity conserved by farmers, women, indigenous 
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Table 4: Regression Results on Grain and Straw Yields from Indigenous Rice Varieties 
in India. 

Dependant Variables 
Mean value (qtl./ha) 
Standard deviation (qtl./ha) 
Co-efficient of variation (%) 

Grain Yield 
29.60 
6.87 

11 % 

Straw Yield 
43.80 
3.63 
8 % 

Explanatory Variables Co-efficient T value Co-efficient T value 

 Intercept -3.770 -0.507 -3.040 -0.998 

   Duration (days) 0.120 *   3.335 0.016 0.962 
   Length of inflorescence (cm) 0.288 0.881 0.173 ***  1.292 
   Plant height (cm) -0.046 -0.744 0.077 *    3.352 
   1000 seed weight (g) 0.046 0.301 0.034 0.537 
   Straw / grain (quintals) 0.703 **  2.013 0.120 **   2.013 
   Dummy (0 =WB, 1 = TN) 7.081 *   3.587 -2.069 **  -2.369 

R square 

   Adjusted R 

Observations 

0.50 

0.44 

51 

0.70 

0.65 

51 

Note: Where *, ** and *** represent significance at one, five and ten % levels respectively. 
Source: Analysis based on data from Chaudhuri et al., 1999; Armugasamy et al., 2001 

Furthermore, the inability of HYVs to adapt easily to the surrounding ecosystem on the one 
hand and the over-dependence on the external sources of inputs on the other hand are 
amenable more the HYVs compared to FVs for production risks and consequently to 
production instability. Farmers cultivating rice have clearly perceived the inability of the 
HYVs in effectively withstanding the stresses; both biotic and abiotic, compared to FVs in 
Orissa. As per the study by Kshirsagar et al. (2002) 94 % of the farmers from the sample 
chosen for the study perceived that traditional rice varieties are superior in facing the flood 
situation. It was 92 % for water submergence, 88 % for pest attack and 76 % in facing the 
drought. These risks associated with high yielding rice varieties, leading to the instability in 
the production at different levels in India was empirically estimated. Ninan and 
Chandrashekar (1991) have estimated that the crop yield variability in the case of rice 
increased by 35 % after the green revolution in India. A study by Saha (2001) points out the 
relative risks in production (as measured by variance) of the rice yield which works out to be 
almost 300 % higher in HYVs compared to traditional varieties in West Bengal. The study 
further points out that the variability or risk in the yield of HYVs of paddy was unrelated to 
the use of inputs especially the marketed inputs like fertilizers. A study by Prakash and Pearce 
(2000) indicates that yield of HYVs of paddy even under secured irrigation condition has 
exhibited a variability in Karnataka South India. The instability as measured through standard 

                                                                                                                                                         
communities and other disadvantaged sections of society. It is in a way a culmination of a decade long 
experiment of the Honey Bee Network, to document and disseminate grass root innovations and biological 
diversity, initiated by Prof. Anil K Gupta, of the Indian Institute of Management, Ahmedabad, India. 
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deviation was almost 247 % higher than that of a FV. Interestingly, the local paddy varieties 
when supplied with secured irrigation have exhibited much lower instability or almost stable 
yields. These results clearly point out that the modern HYV is the single most important 
factor responsible for the risk and ultimately for instability in the productivity of rice crop in 
India. This variability at the yield level when passed on to the production assumes a 
significant proportion in creating a substantial fluctuation in the supply of essential cereals 
like rice in India. At the national level, this instability in the production of rice has a serious 
implication on food stocking, public distribution and consequently on India’s objective to 
effectively meet the food security.  

5. IMPACT OF INCENTIVES FOR HIGH YIELDING VARIETIES ON A SUB OPTIMAL SUPPLY OF 
AGROBIODIVERSITY 

Input subsidies and support prices (subsidies to output) given to the agricultural sector comes 
to US $ 7,247 million annually which form around 1.7 % of Nation GDP or around 6.5 % of 
agricultural GDP during 1999 in India. Item wise 45 % is electricity subsidy given to energize 
pump sets, 20 % fertilizer subsidy, 19 % food subsidy and 17 % for canal irrigation (DES, 
2002; Acharya, 2000). In addition, there are other forms of support such as credit at reduced 
interest rates and crop insurances, which also form a major portion of the government 
spending on agriculture. Based on the principal role for food production taken by rice in India 
it can be assumed that the promotion and support of green revolution technologies relevant for 
rice production are benefiting the most from the national subsidies. Hence, taking into 
account the contra-productive impact of these subsidies to the level of agrobiodiversity, the 
diversity of CGRs in rice is affected the most by these subsidies. 

The subsidies to promote HYVs may be essential from the point of view of increasing 
production and assuring supply and stock of food grains to meet the food security objective of 
the nation. However, the subsidies to promote HYVs are distorting the competition between 
HYVs and FVs leading to a (biased) comparative production advantage of HYVs. This 
distortion is responsible then for a certain loss of the diversity of CGRs in farmers’ fields and 
hence the loss of agrobiodiversity.  

It is very important to assess the impacts of a removal of “distortionary” incentives and the 
installation of relevant policies and programs on production of rice in India. Acharya (2000) 
made an assessment of the values of subsidies given per unit of input used in agriculture. 
Accordingly, the subsidy given to fertilizer works out to Rupees9 4.50 per kilogram in the 
recent year. Similarly, it is Rupees 1.60 per kilo watt of electricity and Rupees 3,072 for canal 
water supplied to one hectare. Based on these values, an assessment is made to workout the 
actual increase in the cost of production of rice and its implication on profitability and variety 
choice if the subsidies are removed. This analysis is conducted for two major states Punjab 
and West Bengal. The secondary data from CACP, 2000 was used to arrive at these estimates. 
The results are presented in Table 5. 

                                                 
9 100 Indian Rupees = 1.90708 EURO 
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Table 5: Cost Increase in Paddy Cultivation due to Removal of Subsidies 

Items West Bengal 

(Rupees10 per hectare) 

Punjab 

(Rupees per hectare) 

Gross Revenue: 

a) From Grains 

b) From Straw 

Total 

 

15,897 

3,191 

19,088 

 

20,961 

196 

21,157 

Cost of Production (with subsidies): 

a) Cost A 1 (only paid-out cost) 

b) Cost C2 (A1 + all non-paid cost) 

c) Share of rental values of own land 

 

8,105 

16,929 

4,780 

 

9,261 

18,272 

6,563 

Cost of Production (without subsidies): 

a) Cost A 1 (only paid-out cost) 

b) Cost C2 (A1 + all non-paid cost) 

 

9,493 

18,317 

 

13,355 

22,366 

Net Return (with subsidies) (I-II): 

a) Over A1 

b) Over C2 

c) Benefit Cost (C2) Ratio 

 

10,983 

2,159 

1.13 

 

 

11,896 

2,885 

1.16 

Net Return (without subsidies) (I-III): 

a) Over A1 

b) Over C2 

c) Benefit Cost (C2) Ratio 

 

9,595 

773 

1.04 

 

7,802 

-1,207 

0.95 

Source: Calculations based on information from CACP, 2000; Acharya, 2000 

Table 5 clearly points out that the removal of subsidies has not affected the profitability 
position of the farmers producing paddy in traditional regions like West Bengal. As discussed 
earlier, the level of development of irrigation in these states is very low (around 26 % in West 
Bengal) and hence, the use of external inputs such as fertilizer, electricity HYVs is also low. 
This insulated the farmers against the raise in the cost due to removal of input subsidies. 
Hence, even after removing the input subsidies, farmers producing paddy will make a profit 
of Rs. 9,595 per hectare over paid out costs (A1) and Rs. 773 over cost C2 which includes all 
costs including the imputed cost items like rental value of own land, family labor and so on. 
For the farmers in West Bengal, the benefit cost ratio remains positive. Hence, farmers in 
such regions will continue with the cultivation of FVs of rice with or without subsidies for 
modern inputs.  

However, the removal of the subsidies affects the profitability of paddy production to a large 
extent in the highly developed regions like Punjab. Without subsidies, farmers growing paddy 
in Punjab may have to incur a net loss of Rupees 1,207 per hectare if all costs (C2) are taken 

                                                 
10 100 Indian Rupees = 1.90708 EURO 
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into account (see Table 5). Among the items under cost C2, the imputed value of “rent” on 
own land is the main one, which alone forms nearly 30 % of the cost production of paddy. 
This cost, in fact, became non-recoverable if input subsidies are removed in states like 
Punjab. The rent, here, is the return to land as factor of production or, as per natural resource 
economics, “user cost” or “opportunity cost” of the resource. So, the above result implies that 
the opportunity cost of land, due to the removal of subsidies, became very low or zero in 
Punjab.  

After this analysis, the crucial question is, whether the farmers in Punjab are going to 
continue the production of paddy at the same scale and with HYVs, after the subsidies are 
removed. A study by Sah and Sha (1995) points out that given the technology and expectation 
of an increase in the price, almost 70 % of the sample farmers expressed that they are not 
going to reduce the use of chemical fertilizer even if subsidies are removed. In addition, as the 
opportunity cost of the land has become almost zero, it may be difficult for Punjab farmers to 
shift over smoothly to other crops. And hence, there may not be much impact on the 
production of rice in the immediate future, if subsidies are removed. The declining tendency 
in the productivity of rice in Punjab may create more problems in this respect.  

In states like Tamil Nadu, though the impact of removal of subsidies may be similar, its 
implication on production of paddy output will be different. As happened in the other parts of 
India, HYVs of rice have reached their plateau in their productivity in Tamil Nadu. The 
productivity of rice has exhibited even negative growth rates in the recent decades in the 
major paddy growing states in India, for example - 0.74 during the last decade in Tamil Nadu 
(Janaiah, 2002). But the paddy production system in Tamil Nadu, unlike Punjab has not yet 
faced the problems of environmental unsustainability. There may be problems of pests and 
diseases attack, but the opportunity cost of land is high here (Janaiah 2002). In case of the 
removal of subsidies for HYVs, the farmers can either shift over to other competitive crops or 
plant FVs of paddy which are resistant to pests and disease attacks as listed by 
Aurmugaswamy et al. (2001).  

These results indicate that removing subsidies for HYVs may lead to an increase in FVs, 
wherever these varieties are still commonly used and known and where the production system 
is still flexible enough for changes.  

6. POLICIES, PROGRAMS AND OPTIONS FOR ON FARM MANAGEMENT OF FARMERS’ 
VARIETIES 

6.1. INDIAN POLICIES AND PROGRAMS FOR ON FARM MANAGEMENT OF FARMERS’ VARIETIES 

In the backdrop of mounting burden of support for the promotion of HYVs through subsidies 
on the government budget on the one hand, and increasing pressures emanating in the context 
of liberalization and globalization to reduce such support to agriculture on the other hand, a 
serious rethinking on these incentive system has to take place in India. A few significant 
policies, programs and acts initiated recently will have major impacts on on farm management 
of agrobiodiversity in India. These are envisaged to address the failures and distortions 
mentioned above and promote to a certain extent the agrobiodiversity in India. Some 
initiatives exist and effects of such policies on the on farm management of agrobiodiversity 
are worth examining. 

WTO’s Agreement on Agriculture along with the structural adjustment policies initiated by 
the government compelled India to reduce or remove the distortionary subsidies and supports 
given to agriculture and for HYVs. Its “Green Box” provisions, on the other hand, may be 
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useful to support the conservation of agrobiodiversity in India. This provides, what is 
commonly referred under WTO discourse, “the level playing ground” for farmers’ varieties 
with the HYVs.  

Plant Variety Protection and Farmers’ Right (PVP & FR) Act 2001 intends to uphold the 
“rights” of the farmers and communities who conserve the agrobiodiversity. This act also 
provides a mechanism for sharing of benefits from the use of CGRs indirectly through a 
“gene fund”. Through “breeders’ rights” it ultimately facilitates the commercial production 
and supply of HYVs of seeds to benefit farmers in India. The envisaged “farmers’ rights” on 
the other hand also encourages the breeding and crop improvements at the farmers’ level and 
also facilitates the supply of farmers’ varieties11. Rice as compared with any other crop is 
having the long history of on farm conservation, undertaken by both farmers as well as 
communities in India. Hence, the PVP & FR Act, in this respect, may help to conserve and 
use rice diversity in India. The Act will come into effect after the establishment of Plant 
Varieties and Farmers’ Right Authority and Registry.  

The Biological Diversity Act (BDA) 200012 is part of the Government of India’s follow-up 
to the international Convention on Biological Diversity. The Act regulates access, transfer and 
IPRs of CGRs along with deciding the fees and royalties. There is also sufficient focus on the 
issues related to equitable sharing of benefit from the use of CGRs on a mutually agreed terms 
and conditions between the users and conservers or benefit claimers. It provides a platform 
for the sharing of benefits through various ways which include transfer of money or 
technology, joint R & D and IPR ownership or creation of the venture capital fund. The act 
envisages the creation of biodiversity fund at local, state and national level to be utilized for 
the conservation of CGRs and sharing of benefits with the conservers. Here, each and every 
proposal for transfer of CGRs abroad will have to be screened before granting permission for 
such a transaction.  

National Biodiversity Strategy and Action Plan (NBSAP)13 is the most ambitious plan of 
the Government of India to prepare a “vision” document for conservation and use of 
biological diversity in an equitable and sustainable way in the country. Focus is given more 
on the issues related to ethics, culture, equity, gender and food security associated with 
conservation of biodiversity. It has an elaborate plan on domesticated biodiversity which 
includes agrobiodiversity as the key component. Its focus is more on the in situ conservation 
and the action plan envisaged includes inter alias subsidy, credit, insurance, creation of 
market and other infrastructure for conservation of agrobiodiversity in India. 

These Indian policies and programs for on farm management of FVs will provide a legal and 
much needed institutional framework for in situ conservation of agrobiodiversity in India. 
However this itself cannot ensure the conservation and secured supply of CGRs whenever 
needed. What is essential is a market based approach to have an unbiased competition 

                                                 
11 The cases of Mysoremallige; a farmer’s paddy variety which is popular in Karnataka may become prominent 

under this Act. 
12 The BDA 2000 came in to existence recently in India. For implementation purposes, the BDA 2000 provides 

for a National Biodiversity Authority which consists of both government and non-government members. This 
will be situated at Chennai, South India. At the state level there will be a State Biodiversity Board to oversea 
use and conservation of biodiversity. At local levels, Biodiversity Management Committees will have the role 
to regulate the transfer, use and conservation of CGRs as well as the knowledge associated with it at the 
individual and community levels.  

13 The NBSAP is Ministry of Environment & Forestry, Government of India’s initiative undertaken with the 
financial assistance from UNDP and GEF. It is most participatory process, probably the largest attempt ever 
made any where in the world. The NBSAP is finalizing its national plant to submit to government shortly. 
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reflecting the true comparative advantages of HYVs or FVs and to develop different strategy 
options for the on farm management of FVs in India. 

6.2. OPTIONS FOR ON FARM MANAGEMENT OF FARMERS’ VARIETIES IN INDIA 

Besides some market failures, which lead to improper valuation of the benefits and services of 
agrobiodiversity, it is mainly policy distortions which lead to a suboptimal level of 
agrobiodiversity in farmers’ fields. Subsidies to promote the intensification of agriculture 
through modern, high yielding varieties are mainly creating an “artificial” advantage for 
HYVs vis-à-vis FVs. Furthermore, it has been shown that for the over-all objective of food 
security, it seems important that a free and unrestricted competition between FVs and HYVs 
exists. The area planted with FVs should be then the result of a market competition increasing 
the efficiency of both, the conservation of agrobiodiversity as well as the food production. For 
this national competition it is necessary to abolish distorted incentives, like direct and indirect 
subsidies for HYVs, while internalizing the degradation costs of natural resources14. 

The described Indian policies and programs provide a “level playing” ground for the 
promotion of agrobiodiversity vis-à-vis the modern HYVs in India. In this respect, based on 
the level of development of irrigation and other, mainly agricultural, infrastructure and the 
extent of prevalence of diversity in rice, the major rice growing states in India can be grouped 
into six main categories as depicted in Table 6.  

Table 6: Categorization of Major Rice Growing States Based on Development and 
Diversity 

  Extent of agrobiodiversity 

  Rich Medium Poor 

High Tamil Nadu Andhra Pradesh Punjab, 
Hariyana 

Medium Bihar 
Uttar Pradesh, 

Karnataka, 
Kerala 

Gujarath 

E
xt

en
t o

f A
gr

ic
ul

tu
ra

l 
D

ev
el

op
m

en
t 

Low 
Orissa, Assam, 

Chattisgarh, 
Jharkhand 

West Bengal, 
Maharashtra,  

Madhya Pradesh 
Rajasthan 

 

Categorizing the states based on their level of agricultural development and agrobiodiversity 
and combining them with available in situ conservation / on farm management strategies for 
CGRs, the following five options can be developed and employed to different Indian states. If 
judiciously followed, the five options help to balance the achievements and benefits of on 
farm management of agrobiodiversity and developmental objectives. After all, it will not be 
the question of conservation (of CGRs) versus development (of agriculture), but how 
conservation and on farm management of CGRs may complement agricultural development.  

                                                 
14 The internalization of degradation costs of soil and water for instance, applies to HYVs  as well as for FVs. It 

is not per se guaranteed that FVs degrade less the natural resources than HYVs do. 
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Option I: Uncontrolled in situ conservation 

Based on the official Indian initiatives like NBSAP, PVP & FR Act 2001, BDA 2000, the 
main purpose of this option is to transfer partially the benefits of FVs and their CGRs from 
breeders and the other beneficiaries to the farmers who are maintaining these varieties and 
their communities. It is assumed that poor agricultural development in these areas marginalize 
the farmers and their production systems, forcing farmers to maintain a high level of CGRs 
diversity. The opportunity costs for farmers to change their production system are low or even 
zero, leading to the de facto in situ conservation of CGRs. This reflects after all an efficient 
resource allocation. This option is best suited for those states which are rich in rice diversity 
but poor in agricultural development, as for instance the north-eastern states and Orissa. 

Option II: Uncontrolled in situ conservation with FVs 

Based again on the official Indian initiatives like NBSAP, PVP & FR Act 2001, BDA 2000, 
the main purpose of this option is to evolve and strengthen FVs and thereby making use of the 
comparative advantage of FVs in regions with suboptimal infrastructure and therefore less 
development. Through decentralized and participatory breeding the benefits of FVs are 
supposed to be siphoned off by the farmers in these regions who are maintaining these 
varieties themselves and their communities.  

Hence, it is suggested to support small-scale seed production and distribution enterprises 
where necessary in order to improve the access to a wider range of planting material, 
including the provision of FVs stored ex situ, and the promotion and improvement of farmers’ 
breeding of varieties. In this connection it is of importance to review and adapt agricultural 
development policies and regulatory frameworks for variety release and seed certification. It 
must be, however, carefully considered how far the support for FVs leads to a perverse 
incentive for HYVs which is inefficient as well.  

This option is best suited for states in dry regions and which are less developed, like utilizing 
minor scale irrigation (such as tank irrigation) and which are medium to rich in 
agrobiodiversity, as for instance West Bengal. 

Option III: Controlled in situ conservation along with FVs/HYVs 

This option is based on the concept of a “controlled in situ conservation system” (Virchow, 
1999), which is a very flexible and self-targeting market incentive mechanism and comes only 
into effect when a FV is endangered by extinction. This incentive system meets the main 
criteria for an economic efficient regulation mechanism and is therefore suggested as an 
operational way of maintaining all CGRs as well as increasing the agricultural production at 
the same time. Conservation of rice diversity should take place in selected farms where the 
diversity prevails, as well as FVs should be promoted under rainfed conditions and 
problematic irrigation situation. HYVs should be propagated in areas with improved 
agricultural infrastructure, for instance secured irrigation. This option is valuable for those 
states which are moderate to high in agricultural development and rich in agrobio- (rice-) 
diversity, as for instance Tamil Nadu and Karnataka.  

Option IV: Selective HYVs and FVs along with crop diversification 

This option is feasible for states highly developed in agriculture and poor in agrobiodiversity, 
as it is the case for Punjab and Hariyana. Here the “green revolution model” has been 
implemented and efforts have to be undertaken to maintain environmental sustainability in the 
long run. In this context, reintroduction of specific FVs should be taken into account. FVs 
with traits like saline resistance from West Bengal could be of high benefit to salt affected 
areas such as the Punjab.  
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In general, a careful breeding strategy aimed to evolve varieties not only for marketed benefits 
like yield but also sustainability criteria such as saline resistance, drought tolerance as well as 
pest and disease resistance should be considered in these states. Here, not only (multi) 
national breeding companies but local and private small companies in collaboration with the 
public sector R & D institutions could play a crucial role. And not only HYVs, but also FVs 
utilized in the past or from other areas could determine the development path in these areas.  

The free competition between modern varieties and FVs will identify the economic 
marginalized areas, and the crops and varieties of which the FVs still have comparative 
advantages. Hence, the attention to further development of infrastructure and for further 
breeding must be turned to these regions and to these crops and varieties in particular. 

Finally, the breeding industry could cooperate with farmers in marginal areas. While the 
private sector’s influence is currently rudimentary in marginal areas, because of poor 
infrastructure or the site-specific needs are of less interest to the private sector, cooperation 
with the individual breeding of farmers in marginal areas could, however, produce outputs of 
some interest for the breeding sector in the long run. Consequently, the breeding sector should 
support these farmers with seed and other inputs. 

Option V: Critical ex situ conservation 

After all, in situ conservation / on farm management of FVs is only one part of a long-term 
strategy to maintain CGRs and their option value for the future. Hence, ex situ conservation 
of all FVs threatened by extinction should take place in gene banks. This holds true for all rice 
varieties, but especially for varieties having certain high values like medicinal values, drought 
or heat resistance etc.  

These 5 options show that there is no one right strategy for a country in in situ conservation, if 
in situ conservation of CGRs takes into account other, in the short-term even more important, 
objectives like the objective of accomplishing national food security and food sufficiency. 
These options try to show various ways how modern agricultural development is not hindered 
but even supported by on farm management of “old” varieties, which show comparative 
advantages in many areas.  
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