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Introduction

Agricultural and natural resource management research and development projects are being increasingly criticized for lack of impact in terms of farmers reached and poverty reduced and sustainability of the development process (IIRR, 2000).  However, to ensure more quality benefits to more people over a wider geographical area more quickly, more equitably and more lastingly (IIRR, 2000) there is a compelling need to understand the process of change (Gundel and Hancock, 2001; Douthwaite et al, 2003). Innovation Systems Framework (ISF) provides one way for understanding how the change occurs.  One of the major contributions of the ISF is that it explicitly recognises the wide range of actors – both research and non-research – who are involved in innovation and the institutional context that underpins the way these actors interact (Hall et al, 2003). The ISF also emphasises the importance of linkages, partnerships, alliances or coalition among the various actors, the value of technological and institutional innovations and the role of learning in promoting better innovation systems. Innovation system is defined as “a network of organizations, enterprises, and individuals focused on bringing new products, new processes, and new forms of organization into social and economic use together with the institutions and policies that affect their behaviour and performance" (World Bank, 2007). It is therefore imperative that researchers take into account different players, organizations, mandates and institutional rules in order to achieve impact of their research in terms of poverty reduction (Barnett, 2004).
Given the fact that bulk of the livestock In India are in the holdings of small and marginal farmers having less than 2 hectares of land, livestock development offers a potential pathway out of poverty (Birthal and Singh, 1995; Birthal et al. 2002). Feed is singularly the most important constraint in smallholder dairy (World Bank, 1999).  Farmers in Nalgonda district of Andhra Pradesh, south India keep dairy animals in mixed farming where crop residues form an important component of livestock feeding.  Over time the crop component, while it remained diversified, has undergone changes in terms of specific crops and varieties grown.  For example, farmers adopted hybrid maize during the past 4-5 years at the expense of sorghum, paddy and cotton to some extent.  In 1999 one farmer from a village called K.Gudem planted hybrid maize for which he got advice from his relatives in adjacent district. The impressive performance of the crop during that year which was considered a drought year and the then prevailing price motivated other farmers (FIP 2006).  There was a continuous drought for the Subsequent 4-5 year period (World Bank, 2006) during which more and more farmers took to hybrid maize. Also during this period efforts to introduce dual purpose sorghum germplasm did not meet with success (FIP 2006). The sorghum straw which is still considered by farmers as an ideal staple feed for cattle is almost nonexistent now but the dairy production from the area did not show any decline. In fact the milk production, which is an important source of livelihood of farmers, demonstrated an increase. 
It was considered important to trace the causes and consequences of increased adoption of hybrid maize by the farmers of Nalgonda district with special reference to their fodder use and livestock production. The paper would argue that a series of changes at farm and other levels that include actors concerned with the service provision and delivery were required to accommodate the change at farm level.  The policy and institutional changes associated with the uptake of hybrid maize germplasm are traced to account for the change.
Methodology

Broadly a case study approach was taken to map the change at farm level with special reference to hybrid maize uptake and the processes associated with the change at different levels. The study was taken in two project villages Kacharam and Kamatamgudem in Yadagirigutta mandal
 of Nalgonda district in south India. The two villages are known for dairy production in a mixed farming system and the uptake of hybrid maize increased from 1999 onwards.  The data are collected using both a formal survey method and informal, participatory, semi-structured discussions with different actors during January to June 2005. For survey households in the two villages were stratified on the basis of landholding, irrigation status and caste. Ten percent of households were randomly drawn for canvassing a structured schedule.  Two Focus Group Discussions were held one in each of the study villages attended by  31 farmers, 5 women members from self-help groups, 4 members from different Non-Government Organisations (NGOs) who are part of DDNN (Deccan Development NGO Network) consortium and two government officials, one each from watershed development program and department of agriculture. The meetings have been conducted in an informal environment that allowed participants to take the lead in discussion.  Besides these, two fertilizer and pesticide dealers and a government-marketing official who deals with the maize marketing have been talked to separately.   Secondary data pertaining to milk sale from the two villages were collected   from the records of respective milk collection centres of Nalgonda Dairy for the period ending March 2006; the data on maize marketing arrangements collected from the Joint Director of agriculture included the 2006 Kharif crop.

Time line of cropping change

Way back in early 1970s the study villages were growing predominantly local sorghum, pigeonpea, groundnut and tobacco along with other minor crops like sesame. Tobacco and groundnut were the major sources of cash income and rain fed sorghum followed by white sorghum were the major providers of staple food for farmers and stover for cattle. Farmers held larger herds of local animals mainly buffalos, cows, oxen and young stock. Cattle rearing was based on sorghum straw, grazing on fallow lands and village commons. Open wells were the only source of irrigation and limited households were growing paddy. Also during this period due to continuous dry spells at harvest time, farmers gave up groundnut as it became difficult for them to pluck and harvest the pods. From 1975 onwards under Small Farmers Development Agency (SFDA) program government encouraged community wells and areas under paddy have shown some increase. Another significant development from 1983 in Andhra Pradesh was the availability of rice to farmers from Public distribution System (PDS). This policy that made rice accessible to the economically deprived (Kleih et al 2000) reduced importance of sorghum as food crop. Further, early and mid-eighties saw many changes like more households have gone for boreholes with government support and the area under paddy increased. Subramanyam et al (2006) also reported that in Kacharam 116% increase in boreholes during 1990-2003 and at the same time there was an increase of 18% open wells. Cotton started to become the major cash crop during 1990s while paddy, pigeon pea and a limited sorghum continued to be the major sources of crop residues for cattle feeding. From late nineties onwards, however, climatic aberrations such as early drought, late drought, and/or untimely rains at October-November have become a feature.  All the open wells were dried and about 1/3rd of the boreholes were also dried up due to insufficient recharge (Subramanyam et al 2006) at the onset of agricultural season and the area under Paddy reduced particularly during 1999-2004.  It is during this period farmers increased the uptake of hybrid Maize. It served as a fodder yielding commercial crop. 

Area under maize

There are about 10-12 crops grown in the study area and many of them are grown in rainy season. The main crops grown are paddy, maize, sorghum, sesame, pigeon pea, and other commercial crops like castor, cotton, tobacco, green gram etc. In terms of areas sown cotton followed by maize are the principal crops. However the number of farmers that grew maize is 63% more than those that took to cotton. While only 7 per cent of the cotton growers are from rain fed farmer category more than 1/3rd of the maize farmers belonged to that category. Unlike cotton maize is a fodder yielding commercial crop. For rain fed farmers maize, sorghum and pigeon pea are the fodder yielding crops grown.  With the mean increase in landholding, the area allotted to hybrid maize increased. Percentage of households growing hybrid maize increased from 29 per cent in the case of the lowest land holding category of 1hectare and less to 88 per cent in the >4 hectare category. On an average 54% of farmers have taken up in about 18% of cropped area. While maize tops in frequency of adoption, it only follows cotton in mean area allotted by the sample households (Table 1). 

Table 1.  Cropping pattern of sample households according to landholding, irrigation status and caste
                                                                                                                                                N=48

	Strata of farmers according to:
	No of households
	Mean landholding (ha)
	Area (ha) of major crops in Kharif5

	
	
	
	Maize
	Paddy
	Sorghum
	Pigeon pea
	Castor
	Cotton

	Landholding (ha)
	Up to 1
	7
	0.76
	0.23 (2)
	-
	-
	0.20 (2)
	0.16 (2)
	0.13 (2)

	
	1.1 - 2.0
	22
	1.60
	0.29 (11)
	0.08 (6)
	0.08 (3)
	0.20 (9)
	0.23 (9)
	1.91 (4)

	
	2.1 - 4.0
	11
	2.96
	0.52 (6)
	0.11 (2)
	0.06 (1)
	0.38 (4)
	0.07 (2)
	0.17 (3)

	
	4.1 - 8.0
	8
	5.96
	1.00 (7)
	0.18 (4)
	0.05 (1)
	0.63 (7)
	-
	1.09(7)

	Irrigation status
	Rainfed
	21
	1.84
	0.39 (10)
	-
	0.05 (2)
	0.18 (5)
	0.19 (6)
	0.21 (5)

	
	Irrigated4
	27
	3.04
	0.50 (16)
	0.16 (12)
	0.07 (3)
	0.42 (17)
	0.11 (7)
	1.82 (11)

	Caste groups
	SC1
	10
	1.36
	0.04 (1)
	0.02 (1)
	-
	0.32 (5)
	0.15 (2)
	0.04 (1)

	
	BC2
	28
	2.32
	0.52 (19)
	0.04 (5)
	0.08 (4)
	0.18 (9)
	0.17 (9)
	1.63 (8)

	
	OC3
	10
	4.21
	0.67 (6)
	0.31 (6)
	0.06 (1)
	0.68 (8)
	0.06 (2)
	0.75 (7)

	Overall
	48
	2.52
	0.45 (26)
	0.09 (12)
	0.06 (5)
	0.31 (22)
	0.15 (13)
	1.11 (16)

	Source:  Survey data from Project villages, 2005

1Scheduled Castes (SC)  2 Backward Castes (BC) 3Other Castes (OC)

4Indicates only the presence of a well or borehole whose recharge is highly dependent on rainfall

5Values in parenthesis indicate number of households grown that particular crop


In-situ changes in Maize growing

At the outset, farmers in the area continue to believe that food-feed sorghum stover is an excellent source of cattle feed, both in terms of quality and quantity. Paddy straw is the alternative particularly for those having dairy animals.  However, having adopted maize for other benefits like increased income farmers have readily adapted it as a viable rainy season option. To this end, some in situ changes to make up for the loss of sorghum fodder:  

1. The seed rate adopted by the farmers is more by 25 to 50 per cent of the recommended rate. Farmers strongly perceived that increase in population makes the stem of the plant thinner and fodder more palatable to animals. Otherwise the stem of maize plant is very thick leading to more wastage as the animals leave the stem portion after eating only leaf portion.

2. The farmers are of the opinion that more plant population does not lead to reduction in grain.

3. By increasing the seed rate farmers realize twin benefits, more suitable cattle fodder and more ease of harvesting compared to sorghum, which is more important for them because family labour is involved in the operation. 

4. Area under hybrid maize was increased to meet the fodder requirement, as it will give less quantity of fodder compared to sorghum. As a result, the maize straw comprised over 90% of the farm-harvested dry straw in the case of rain fed farmers 

5. The limited number of farmers who are still growing sorghum do so on residual moisture in post rainy season and feed the animals as green sorghum

In-situ changes in cattle herds

The term cattle is used throughout the text in a generic sense to signify both cattle and buffalos. From the survey and discussion with farmers it is evident that:

1. Presently there are 6 cattle per household, which ranged from 3 to 10 across land holding sizes. The present livestock numbers are 75% of what were held prior to 1995

2. While majority animals held in 1995 are of local type performing draft and a limited dairy function, presently only 17% are work oxen and of the remaining, 92% of the cows and 33% of buffalos represent the improved dairy animals. 
3. After 2002 replacement of even graded buffalos with crossbred cows began obviously to reduce the relative demand on feed with out decreasing milk yield.  Farmers perceived that crossbred cows eat less of fodder compared to buffalos.

Purchasing dry fodder to meet the shortage

All rain fed farmers buy paddy straw particularly for the 3-5 months of summer. So the maize straw which otherwise is the principal farm produced dry fodder constitutes less than 50 % of the total dry straw fed to cattle.  This will also ensure a mix of crop residues, which farmers selectively apportion to different animals depending on age and physiological condition. Purchasing some straw for the summer is also an adaptation, which has particularly increased during the last 5 years. The survey findings and discussions with farming community indicated that, given better cash returns from crops like cotton and maize, farmers preferred to purchase fodder by way of coping with the shortage of farm produced dry fodder (Table 2). It is interesting to note that while paddy was reduced as a crop the use of paddy straw continued through purchase from other villages.

Table 2.  Dry fodder scenario at the household across irrigation status

	Irrigation status
	Dry Fodder (tonnes)
	Purchased as % of total 
	% of farmers purchasing

	
	 Own
	 Purchased
	Total 
	
	

	Rainfed
	0.69
	0.79
	1.48
	53.38
	100.00

	Irrigated
	1.63
	2.14
	3.77
	56.76
	82.14

	Overall 
	1.22
	1.55
	2.77
	55.96
	87..50


Source:  Survey data (N=48) from Project villages, 2005 
Improved services by the Dairy Union

During the last 5 years the Dairy Union has been increasing its milk collection from the study villages (Table 3). While the cooperative milk union has been in place since 1987, it is from 1999 onwards the Union became autonomous and from the year 2000 their milk procurement network and the producer price offered to farmers increased. This also prompted farmers to have more improved dairy animals.  The Union also supplied the hybrid fodder seeds of Sudan Sorghum Grass (SSG), which became very popular with farmers. The survey showed 45 percent of the farmers, mostly irrigated farmers have been growing fodder in an average area of 0.09 ha. Subramanyam et al (2006) also reported that 2.5 % of the gross cropped area in one of the study village was under fodder production.  Presently over sixty percent of milk collected by union from the study area is from cows.  This is truly amazing because the study villages were long known for buffalo based dairying. Thanks to the improved producer prices, agro-climatic change and the adaptive capacity of farmers, milk from crossbreds became popular. The dairy union also stands to gain from the change as cows, unlike buffalos calve round the year and the lean season fluctuations got minimised. In other milksheds where buffalos are the principal dairy animals, union has to offer premium price to farmers to maintain the capacity utilization of the dairy plant during summer.

Table 3.  Average milk procurement by local milk cooperative collection point (litres per day) in study villages

	Year
	Average milk procurement by local milk cooperative collection point (litres per day)

	1998-99
	734

	1999-00
	789

	2000-01
	862

	2001-02
	762

	2002-03
	804

	2003-04
	955

	2004-05
	1197

	2005-06
	1250


                 Source: Nalgonda Dairy Union, Nalgonda. 

Green Fodder Marketing
The survey indicated that all the rain-fed farmers were accessing green fodder from about 0.01 ha. In practice the rain-fed farmers were purchasing green fodder from bigger farmers who have a source of irrigation. Two types of arrangements are prevalent in the study villages for green fodder marketing: either the buyer farmer grows fodder in his/her own field and pay for the irrigation water borrowed from the neighbouring farmer or daily harvests the fodder from the seller farmers field. In the later case the area of 0.01 ha (one gunta) is demarcated for the buyer who harvests the grass from the area. Invariably the fodder marketed is from SSG, which has become popular among dairy farmers. The buyer farmers pay Rs. 500 to Rs 1000 for the grass grown in one gunta depending on the period of fodder access. This practice of fodder marketing became more popular after   2002. 

Demand-led cattle breeding service

The two Project villages are exceptionally well served on cattle breeding activities. Apart from the government institution, a well-known NGO, BAIF has a cattle breeding centre operating in the area.  A para worker trained by BAIF offers round-the-clock Artificial Insemination (AI) service at the doorstep of the farmer by charging Rs 40 for insemination.  The demand responsive service of the NGO, initiated in 2001, is popular with the farmers and is largely responsible for the increased number of crossbreds. While BAIF is responsible and accountable for the performance, the services of BAIF are paid for by the Nalgonda milk union. 
Impact of watershed Development Program on Maize uptake

 AP Rural Livelihoods Program (APRLP) was implemented in the study villages from 2000 onwards. The Program entailed capacity building and organisation of men and women farmers to carry out watershed related like soil conservation, water harvesting and afforestation in public and private lands.  The productivity enhancement component of APRLP was executed in the area with the collaboration of ICRISAT where a package of practices including improved seeds of maize, pigeon pea, and castor along with micro nutrient application have been supplied and tried with farmers for enhanced productivity (Dixit and Wani 2003; http://www.icrisat.org/satrends/ju 2003.htm). Subramanyam et al (2006) studied the impact of watershed program on the cropping pattern and agricultural productivity in one of the study villages in comparison with a control village where watershed development was not taken up and reported that maize area was 48% more and the yield levels of maize 32% higher in the watershed village in comparison with the agro climatically similar and geographically close control village.  The productivity enhancement in the case of millets and cotton were much less compared to maize. 
Marketing Services for maize

From 2000 onwards a number of hybrid seed varieties produced by the Private industry were available with the retail seed dealers in the area. For three years there was an aggressive promotional campaign in that the retailers delivered the seeds right in the villages along with the necessary information of the package of practices.  From 2003 onwards the germplasm produced by the private industry was available on subsidy through the government delivery system.  With regard to the marketing of maize at farmers level, the general scenario is quite encouraging with more than 90 per cent of the produce sold in the village itself to the local traders. Farmer has the choice to sell it to the local trader or at the weekly market or to poultry industry.  In addition to this state government initiated a novel marketing arrangement through village level women groups who in turn sell to other traders, poultry feed manufacturers, animal feed manufacturers and other industry users. Animal feed compounding unit of cooperative milk federation which is located in Bhuvanagiri, a near by town for the project villages, is also purchasing maize grain directly from the farmers.  At times when purchase price fell like it happened in 2006, government intervened through a tie-up arrangement with Marketing Federation (Mark fed) to purchase the produce at Minimum Support Price (MSP) which is Rs 100 higher than the then prevailing price (SERP, 2006). It was interesting to note that government organised the maize procurement through women self-help groups at the village level and allowed the Village Organisations (VO) to earn the margins on procurement (SERP, 2006). This may further increase the uptake of Maize by small farmers in future.

Lessons implications and conclusions

In the present case study it is clear that a series of changes have been associated at farm, household, market and other levels with the change to hybrid maize.  Farmers have effected on-farm changes in the management of maize crop so that it would suit the fodder needs of their dairy animals, which were an important for their livelihood.  They also made changes to their system in that they reduced the animal number in the first place and replaced a majority of their local animals with the improved ones so that not only they would cope with fodder scarcity but improve on their farm productivity. Agricultural development is fundamentally a social process in which people construct solutions to their problems. A simplistic establishment of causality between costs and benefits may not be sufficient to account for the change. Farmers usually make certain changes in their own systems to adapt to new technological interventions and similarly modify technology packages to adapt them to their systems (Douthwaite et al. 2003).

More important, the technological change is brought about by the formation and actions of networks of stakeholders/actors. While the change started with one farmer being motivated by his relative in the nearby village, the availability of seed and aggressive promotional campaign by the private seed industry gave further fillip during the initial two years of change. Subsequently a consortium of service providers from public, private and civil sectors have facilitated the uptake of hybrid maize as a part of the AP livelihood program for about four years from 2002 onwards (Dixit and Wani 2003).  The initiative not only contributed to the uptake of improved germplasm but brought the service providers across public, private and civil sectors into a functional alliance and provided a forum for knowledge flow among the players. While the APRLP provided the hybrid maize seed to limited farmers, the presence of private companies through retail outlets catered to the requirement of seed and information to others.  The fact that government supplied the hybrid maize seed of private industry on subsidy through the Public delivery outlets from 2003 has further strengthened the public–private partnership in responding to a farmers’ demand drive (Dixit and Wani 2003; WWW.agri.ap.nic.in 2006). More important, apart from announcing the minimum support Price, that government enabled the women groups to procure the grain for marketing indicates that supporting the rain-fed maize farmers became politically attractive (SERP, 2006). 

Further, the dairy milk union besides offering remunerative milk price also implemented support services like fodder seed supply and successfully partnered with BAIF in organising AI services. The tie-up between the union and BAIF is not a mere administrative arrangement but a partnership for mutual advantage. Such win-win relations are a reflection of change in behaviour of actors in terms of habits and practices which, in turn, provide for the adaptive capacity. The importance of actor interactions and partnerships in scaling up fodder technologies have been reported ( Prasad et al 2006a; 2006b)  So whatever in situ modifications and improvisations farmers achieved have to be understood in the light of the availability or otherwise of the support services and processes (Douthwaite et al.2001). In doing this, the researcher or the development practitioner will be able to target other new areas where the farmers’ innovations can be introduced. In other words scale-up replicates the social and organisational processes associated with technical change rather than technology per se. Appreciating farmers’ adaptations in the light of associated processes is also required to be supportive of farmers and to create an enabling environment.  

Given the multiple service providers the maize system in the present context is well served.  Actors drawn from different sectors are at play each trying to cater to ones own interests and at the same time responsive to the demands of the system. This dynamic entails some planned and some unplanned outcomes which cannot be accounted for by the linear technology transfer mode of thinking. Obviously the self-interested stakeholders are lobbying to each other.  So it is the system as a whole and not farmers alone that can bring about the change. By further strengthening the linkages and facilitating the knowledge flows across the board, the process of stakeholders co evolving with the technology can be fully realized.  While a focus on farmers and use of participatory approaches may allow researchers to identify technologies that match farmers’ needs and preferences more closely at the farm level but the present case of hybrid Maize uptake indicated that more attention needs to be paid to the other actors and how they interact with each other if technology is to become innovation. 
The innovation systems concept is now gaining widespread recognition as a way of more effectively putting research and other forms of knowledge into productive use (World Bank, 2007) and as a way of exploring and strengthening the capacity to innovate. The approach has emerged firstly from a widespread dissatisfaction with the impact of research-driven models of technical change (Byerlee and Alex, 1998), the recognition of multiple sources of innovation (Biggs 1990) and the unfulfilled promise of alternatives such as farming systems research, participatory research (Hall et. al., 2001) and Agricultural Knowledge and Information Systems (AKIS).  The concept of an innovation system focuses on the process of innovation.  It considers the different roles of a wide range of individuals and organizations (including but beyond research), their habits and practices (often referred to as institutions by social scientists) and the patterns of interaction between them that influence this process.  The concept therefore tells us that to promote innovation and bring about socio-economic change does not require more knowledge per se – although this is still an essential ingredient. Instead it tells us that efforts need to be concentrated on the relationship and processes through which knowledge is accessed, shared, adapted and used and through which learning and innovation take place (Horton and Mackay 2003; Hall et. al., 2003; Watts el. al., 2004). This, in turn would increase the poverty reduction impact of research (Barnett, 2004). 
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� Mandal is a sub district level administrative unit consisting of about 30 villages 
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