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Executive Summary 

During the past few years, India's maize sector has undergone a number of important 
changes. One of the most dramatic has been the rapid growth of the private seed industry. 
Private companies, both Indian and multinational, have captured a significant share of the 
national market for maize seed, and all signs suggest that these companies will continue to 
expand their market share in the future. 

The rise of the private seed industry has important implications for public institutions 
charged with developing improved technologies for India's millions of maize farmers. Since 
the simultaneous pursuit of overlapping goals could lead to a wasteful duplication of effort, 
there is a need to reassess the strategy of public institutions to ensure that their activities 
complement those of the private sector, rather than compete with them. Unfortunately, 
deciding on an appropriate strategy for the future is complicated by the lack of easily 
accessible information about the public and private seed industries. This working paper 
presents the results of a study undertaken to: 

• review recent trends in India's maize economy; 
• generate information on public and private investment in maize research; 
• generate information on products of maize research, particularly germplasm; 
• assess the relative strengths and weaknesses of the public and private sectors in 

developing improved technologies and in delivering them to farmers; and 
• examine future options for maize seed industry policies. 

During the 1950s and 1960s, maize production in India grew at an annual rate of 5.5%, 
reflecting steady expansion in maize area and strong growth in yields. Beginning in 1970, 
growth in production slowed considerably as maize area ceased to expand. Nonetheless, 
maize yields continued to rise, fueling overall growth in production averaging just under 
2% per year. By the early 1990s, annual production had surpassed 10 million tons. Virtually 
all of India's maize is consumed domestically. About 70% is consumed directly as food, 
with the remaining 30% utilized in roughly equal proportions as feed and for industrial 
purposes. Although reliable data on utilization patterns are lacking, the use of maize for 
food appears to have declined during the 1980s and early 1990s, while feed and industrial 
uses appear to have increased. 

Public and private investment in maize research are both substantial. In 1992, public 
research organizations employed 108.5 full-time-equivalent (FTE) maize researchers, about 
75% of whom were involved in germplasm improvement. During the same year, India's 21 
largest maize seed companies reported employing 92 FTE maize researchers. The number of 
maize researchers working for private seed companies thus approaches the number of 
maize researchers employed in public breeding programs. This represents a significant 
change from earlier years, when virtually all maize research was carried out by public 
organizations. 
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An analysis of nearly 100 open-pollinating varieties (OPVs) and hybrids released in India 
from 1961to1992 reveals that the products developed by public and private breeding 
programs have differed. Private companies have concentrated almost exclusively on 
developing hybrids, which perform best in the favorable environments where most 
commercial maize production takes place. Public breeding programs have produced a 
somewhat wider range of materials, including a number of OPVs developed specifically for 
marginal environments where maize production potential is low. 

Most commercial maize seed in India is produced by contract growers. Seed production in 
the public sector and especially in the private sector appear to be efficient, judging by the 
level of reported seed production costs. The modest production costs are reflected in retail 
seed prices, which are low by global standards. However, seed certification procedures are 
sometimes ineffective, and a significant proportion of the maize seed produced in India 
escapes rigorous quality controls. 

Efforts to assemble a comprehensive database on maize seed sales yielded disappointing 
results. Information provided by officials of public agencies and representatives of many 
private companies is not easily reconciled with estimated national seed requirements. 
However, even if the data remain incomplete, several interesting trends can be discerned. 
Most notably, the market share controlled by private companies has grown rapidly during 
the last few years and currently exceeds 50%. Growth in sales of proprietary hybrids 
produced by private companies has been much more rapid than growth in sales of public 
OPVs and hybrids, indicating that private companies are more effective at delivering seed 
to farmers. 

The impressive performance of many private seed companies has raised questions about 
the future role of public seed agencies. Citing the extensive government support for the 
National Seeds Corporation, Ltd. (NSC) and the various state seeds corporations (SSCs), 
some observers have called for a reduction in their level of activity. Others argue that the 
state must maintain a presence in the maize seed industry for economic and political 
reasons, and that the real question is not whether a public maize seed industry is needed, 
but rather how its effectiveness can be improved. 

Despite the impressive gains made by private seed companies, it would be dangerous to 
conclude that the public sector no longer has a role to play. Even though the market for 
commercial maize seed has grown rapidly, the long-term economic viability of many 
private seed companies remains uncertain. Efficient companies will probably manage to 
survive, but they are likely to require continuing support from the public sector. Success in 
the maize seed business cannot be achieved in a vacuum. All seed companies owe a debt to 
the government-funded agencies that have promoted maize production by providing 
research, extension, and development support services. Especially important for the private 
maize seed companies has been the basic germplasm produced by national and 
international research organizations. 
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Private seed companies have demonstrated the ability to perform some of the functions 
formerly assigned to public organizations, but they are unlikely to assume those functions 
which cannot easily be exploited for commercial profit. For this reason, there will always be 
a need for the public sector to participate in the maize seed industry, especially in 
supporting basic research and research targeted at marginal production environments. 
However, the same cannot be said for seed production and distribution. The results of this 
study support the view that public seed agencies in India have not been very effective at 
producing high-quality maize seed and distributing it to farmers in a timely and cost
effective fashion. As has happened in many other countries, government involvement in 
seed production and distribution seems destined to decrease, with responsibility for those 
functions gradually shifting to the private sector. 
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Maize Research, Development, and Seed Production in India: 

Contributions of the Public and Private Sectors 

R.P. Singh, Suresh Pal, and Michael Morris 

Introduction and Objectives 

Maize ranks third in importance among India's cereal crops, covering nearly six million 
hectares and contributing over nine million tons (MT) annually to the nation's grain supply. 
In addition to serving as an important food staple for an economically vulnerable segment of 
the population, maize also ranks first in importance as a feed crop and furthermore is an 
important source of raw material used in numerous industrial processes. 

The maize sector in India has undergone dramatic changes in recent years. One of the most 
significant has been the rapid growth of the private seed industry. Maize seed companies, 
once uncommon, have sprung up in many important maize-producing states and today 
offer farmers a wide range of improved open-pollinating varieties (OPVs) and hybrids. 
Private companies have captured a significant share of the national market for maize seed, 
and all signs point to continuing expansion of this market share in the future. 

The rise of the private maize seed industry has important implications for public institutions 
charged with developing improved production technologies for India's millions of maize 
farmers. Formerly, the authorities in charge of these institutions could plan research and 
development (R&D) activities secure in the knowledge that there were no other players in 
the arena. This made it easier to implement policies designed to meet the needs of a wide 
range of potential end users, and public institutions were able to strike a balance between 
efficiency goals (best achieved by serving the needs of large-scale, commercial farmers) and 
equity goals (best achieved by addressing the needs of small-scale, semi-subsistence 
farmers). However, the rise of the private seed industry has changed the playing field. 
Motivated by the quest for profits, private companies aggressively pursue the most lucrative 
commercial markets; at the same time, they largely ignore marginal areas where the 
potential for maize production is low. Their presence has added a new dimension to the 
challenge facing public organizations. 

Today, there is a need to take a fresh look at maize R&D priorities in India. Although they 
can point to an outstanding record of past successes, administrators of public research 
institutions are finding that their decisions increasingly are influenced by the actions of a 
growing number of private seed companies. This is not necessarily an undesirable 
development. After all, the ultimate goals of public research institutions and private seed 
companies are similar: both seek to raise productivity by developing improved production 
technologies and encouraging their adoption by farmers. However, the simultaneous pursuit 
of overlapping goals could lead to a wasteful duplication of effort and needless competition. 
Consequently, there is a need to reassess the strategy of public institutions to ensure that 
their activities complement those of the private sector rather than compete with them. 
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For policy makers and research administrators, deciding on an appropriate strategy for the 
future is complicated by the lack of easily accessible information about the public and 
private seed industries. Basic data on research investment, research products, and research 
impacts at the farm level are scarce, partly because many research inputs and outputs are 
difficult to measure, and partly because much important information is considered 
confidential and shielded from public view. This paper seeks to redress that deficiency by 
presenting the results of a study undertaken to: 

• review recent trends in the maize economy; 
• generate information on public and private investment in maize research; 
• generate information on products of maize research, particularly germplasm; 
• assess the relative strengths and weaknesses of the public and priv~te sectors in 

developing improved technologies and in delivering them to farmers; and 
• examine future options for maize seed industry policies. 

The study made use of data collected from many sources. Official production statistics were 
taken from government publications. Data on the activities of public agencies involved in 
maize seed production and distribution, such as the National Seeds Corporation (NSC) and 
various state seeds corporations (SSCs), were requested directly from these agencies. Data 
on the level of investment, activities, and products of public research organizations were 
collected through a questionnaire filled out by the leaders of 24 public research programs 
that engage in maize breeding. Data on the level of investment, activities, and products of 
private research organizations were collected through a formal survey of maize seed 
companies. Twenty-one companies participated in the formal survey, including all of the 
companies in India having links to multinational seed companies, as well as most 
companies in India large enough to support their own maize breeding programs. In 
addition to the medium and large companies which were formally surveyed, many small 
seed companies were visited· and informally questioned about their maize seed production 
activities. Finally, global data on maize research indicators, seed production costs, and seed 
prices were taken from various publications produced by staff of the CIMMYT Economics 
Program. 

The Maize Economy of India: 
Production and Consumption Trends 

Maize in India traditionally was grown as a staple food destined primarily for home 
consumption. Farm household requirements, governed by quality and taste preferences, 
influenced production and consumption decisions. However, in recent years significant 
changes have occurred as the result of the growing commercial orientation of the 
agricultural economy and the rising demand for maize for increasingly diversified end uses 
(especially feed and industrial uses). At the same time, substantial investment in maize 
research has generated improved production technologies, which have provided farmers 
with the means to respond to changing demand. 
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Maize production trends 

Area - Between 1951 and 
1970, the area planted to 
maize in India expanded 
at an average annual rate 
of 2.9%, causing national 
maize area to almost 
double in size from three 
million hectares to nearly 
six million (Figure 1). This 
growth in maize area 
coincided with similar 
growth in total cultivated 
area. Beginning in the 
early 1970s, however, the 
expansion in maize area 
slowed dramatically, and 
maize area grew no 
further during the 
following two decades 
(Map 1 depicts the 
distribution of maize area 
in India in 1992). The 
stagnation in maize area 
beginning in the early 
1970s can be attributed to 
a general slowdown in the 
expansion of cultivated 
area, and, more 
importantly, to a 
significant shift in area 
planted to high-yielding 
modem varieties of rice 
and to other high value 
crops, particularly 
sugarcane and 
groundnuts. 

Map. 1. Distribution of maize 
area, India, 1992. 
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Figure 1. Trends in maize area, India, 1950-92. 
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Although the total area planted to maize has changed little during the past two decades, 
there have been important changes in the quality of land used for growing maize. During 
the late 1960s and early 1970s, much maize cultivation was shifted to marginal land of 
relatively low production potential as farmers reserved high quality land for more 
profitable crops. Subsequently, some of the land used to grow maize was put under 
irrigation, partially offsetting the crop's increased exposure to the vagaries of rainfall. The 
proportion of maize area that is irrigated rose from 16% in 1970 to 21%in1990 (Figure 2). 

Another development which is not readily apparent in aggregate statistics has been the rise 
in importance of the rabi (winter) crop. With the introduction of improved materials 
showing good cold tolerance, many farmers have begun to cultivate maize during the rabi 
season as a commercial crop. Rabi maize has assumed considerable importance in northern 
states, especially Bihar and parts of eastern Uttar Pradesh. 
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Yields - Average national maize yields 
have risen throughout the past four decades. 
However, the pattern of yield growth has not 
been constant (Figure 3). Beginning in the 
late 1960s, maize yields began to exhibit 
pronounced year-to-year fluctuations, with 
the mean deviation around trend more than 
doubling during 1970-92 compared to the 
previous two decades.1 Although the causes 
of this heightened yield variability have not 
been established empirically, the pattern is 
consistent with the displacement of maize 
from irrigated land following the appearance 
of the so-called "Green Revolution varieties" 
of rice (and to a lesser extent wheat). As 
maize cultivation shifted to more marginal 
rainfed land, maize became increasingly 
subject to fluctuations in rainfall, a 
development only partially offset by modest 
growth in the use of irrigation. Yet even if 
the variability of maize yields increased, the 
underlying trend continued upward, with 
yield growth averaging 1.9% per year during 
1971-92. Factors contributing to the 
continuing strong growth in yields included 
increased use of inputs (particularly 
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Figure 2. Maize area under irrigation/HYVs, India, 1950-92. 
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Figure 3. Trends in maize yields, India, 1950-92. 

1 The stability of average national maize yields was tested using a two-step procedure proposed. by Glesjer (1969) 
and Johnston (1972) and later used by Hazell, Jaramillo, and Williamson (1989). First, a simple linear trend was 
fitted to average national maize yield data. The absolute values of the residuals from this trend equation were then 
regressed. against time. The slope coefficient from the second equation was found to be positive and significantly 
different from zero (a= 0.01), confirming that maize yields have become more variable through time. 
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germplasm, which helped to fuel productivity increases in both irrigated and rainfed areas 
(Figure 4). 

Despite the significant yield growth evident in national production statistics, farmers' yields 
continue to lag behind yields achieved under experimental conditions with improved 
germplasm and high levels of management (although not including irrigation). Furthermore, 
compared to yields achieved in other cereal crops, maize yields appear to be relatively low. 
In 1992, national average maize yields for India were virtually identical to national average 
maize yields achieved in the neighboring countries of Bangladesh, Nepal, and Pakistan; by 
comparison, India's national average yields of rice and wheat were distinctly higher than 
national average yields achieved in these other countries (CIMMYT 1994). This suggests that 
although Indian farmers have been able to parlay favorable agroclimatic conditions, well
developed infrastructure, effective input delivery systems, and high levels of farmer 
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Figure 4. Yields of irrigated and non-irrigated 
maize in three states, India. 

knowledge into yields of rice and wheat that are 
unusually high by regional standards, the same is 
not true of maize. 

Production - Maize production trends reflect the 
combined effects of the area and yield growth 
patterns described in the preceding two sections. 
(Summary statistics showing trends in maize area, 
yield, and production in important maize
producing states appear in Table 1.) During the 
1950s and 1960s, maize production grew at an 
impressive annual rate of 5.5%, reflecting steady 
expansion in the area planted to maize and strong 
growth in yields. Beginning in 1970, production 
growth slowed considerably as the area planted to 
maize ceased to expand. Nonetheless, growth in 
yields continued to fuel overall production growth 
averaging just under 2% per year. By the early 
1990s, total production had surpassed 10 million 
tons (Figure 5). Not surprisingly, in view of the 
uneven performance of maize yields, production 
during the 1970s and 1980s was characterized by 
marked year-to-year fluctuations. 

Maize consumption trends 

Virtually all of India's maize is consumed 
domestically. Domestic uses include food, feed 
(grain and fodder), and industrial uses. According 
to National Sample Survey (NSS) data, about 70% 
of the maize crop today is consumed directly as 
food, with the remaining 30% utilized in roughly 
equal proportions as feed and for industrial 
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Table 1. Trends in maize area, yield, and production in 
major maize-producing states of India and the country as a 
whole, 1950-90 

Percen· Percen· 
tage of tage of 

Produc· maize national 
Area Yield ti on area maize 

Area and year (000 ha) (kg/ha) (000 t) irrigated production 

Andhra Pradesh 
1950-52 
1960-62 
1970-72 
1980-82 
1990-92 

114 270 30.8 
189 938 178.0 
271 1,148 310.0 
328 2,134 700.5 
321 2,236 719.6 

Bihar 
1950-52 646 
1960-62 820 
1970-72 890 
1980-82 844 
1990-92 684 

Himachal Pradesh 
1950-52 131 
1960-62 115 
1970-72 252 
1980-82 289 
1990-92 321 

Kamataka 
1950-52 11 
1960-62 11 
1970-72 88 
1980-82 144 
1990-92 317 

Madhya Pradesh 
1950-52 203 
1960-62 483 
1970-72 604 
1980-82 787 
1990-92 872 

Rajasthan 
1950-52 368 
1960-62 674 
1970-72 775 
1980-82 903 
1990-92 960 

Uttar Pradesh 
1950-52 833 
1960-62 1,072 
1970-72 1,357 
1980-82 1,161 
1990-92 1,092 

653 424.0 
1.013 831.2 
1,040 929.2 
1,021 858.8 
1,757 1,202.7 

485 61.8 
1,142 130.9 
1,588 401.9 
1,603 523.1 
1,998 641.4 

632 7.3 
1,037 12.0 
3,538 312.7 
2,474 371.3 
3,076 975.1 

525 89.6 
994 479.6 
954 575.9 
949 746.8 

1,331 1,158.8 

534 198.0 
1,049 707.6 
1,012 780.9 

812 733.3 
1,063 1,020.9 

930 756.6 
757 790.4 
892 1,210.0 
786 911.7 

1,333 1,455.5 

19.0 
14.8 
23.0 
22.2 
25.5 

0.2 
0.4 
4.8 

27.3 
40.1 

4.6 
7.9 
6.1 
6.9 
7.0 

70.1 
55.6 
67.9 
89.8 
78.9 

3.6 
0.4 
0.6 
1.0 
1.0 

9.9 
9.5 

13.5 
18.7 
18.9 

11.0 
8.1 

12.6 
13.5 
31.2 

All India 
1950-52 
1960-62 
1970-72 
1980-82 
1990-92 

3,360 657 2)16.7 13.8 
4,520 958 4,333.3 11.2 
5,787 1,091 6,326.6 16.3 
5,890 1,155 6,803.3 20.1 
5,900 1,531 9,046.7 20.7 

Note: Data on irrigated area for 1990-92 refer to 1990 only. 
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purposes. Feed use and industrial utilization 
have grown sharply during the 1980s and 
early 1990s. 

The absence of reliable time-series data pre
dating 1970 makes it difficult to quantify 
longer term changes in maize utilization 
patterns. Nevertheless, several trends are 
well known. Food consumption of maize, 
historically confined mainly to rural areas, 
declined (on a per capita basis) during the 
1970s and 1980s. The decline can be 
attributed to two factors. First, maize is an 
inferior good, so that as incomes have risen, 
consumers have shifted from maize to more 
preferred cereals. Second, public distribution 
of wheat and rice at concessional prices has 
lowered the relative prices of these two 
cereals and led to substitution away from 
maize (Pal, Bahl, and Mruthyunjaya 1993). 
But while direct human consumption of 
maize was declining, feed and industrial 
uses were rising. Demand for feed maize has 
been driven by rising incomes, which have 
led consumers to consume ever greater 
amounts of meat, particularly poultry. 
Increased industrial demand for maize has 
come primarily from the starch industry. 

Production (000 t) 
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Figure 5. Trends in maize production, India, 1950-92. 



Trends in maize prices 

India imports and exports negligible 
quantities of maize, so market prices are 
determined by domestic supply and demand 
forces. Like the domestic markets for most 
other commodities, the market for maize in 

Fann harvest rice of maize (Rs/100 k ) 
200 

160 

120 

80 

India is affected by government intervention 40 

Nominal 

in the form of an administered price policy. 
Minimum support prices are announced at 
the time of sowing; if market prices later fall 

o+-~-,-~---.-~~.--~--~---..-~~.--~...,.........J 

1950 55 60 65 70 75 80 

b 1 h · f h Source: Government of India. e ow t e support price, armers can c oose 
to sell maize to the government at the 
support price. In recent years, the support 

Figure 6. Nominal and real farm harvest prices of maize, 
India, 1950-92. 

price for maize has been ineffective. Market prices have remained well above the support 
price level, and sales to the government did not take place. 

Nominal farm harvest prices for maize (i.e., prices that do not take into account the effects 
of inflation) have increased steadily during the past several decades (Figure 6). Year-to-year 
fluctuations in prices appear to have been smaller than fluctuations in production, 
indicating that producers have varied their home consumption in order to stabilize sales. 

Adjusting for the effects of inflation, real farm harvest prices have declined slightly (Figure 
6). Meanwhile, the real cost of production has remained basically unchanged, despite some 
year-to-year variability. The fact that the real producer price of maize has declined while the 
real cost of production has remained unchanged suggests that productivity gains 
attributable to the adoption of improved technology have largely been passed on to 
consumers through lower prices. 

Policies Affecting the Maize Seed Industry in India 

Figure 7 shows the overall organization of the Indian maize seed industry and indicates the 
principal flows of germplasm (both breeding materials and commercial OPVs and hybrids) 
between and among public agencies and private seed companies. 

General policies governing the seed industry 

Numerous government policies and regulations affect the introduction, improvement, 
distribution, and utilization of improved maize germplasm. These include regulations 
affecting the seed trade, laws pertaining to the development of varieties and hybrids, seed 
certification procedures, and regulations governing the exchange of germplasm. Still other 
regulations protect researchers' rights. No attempt will be made here to comprehensively 
review all of these. Nonetheless, it is appropriate briefly to touch upon several aspects of 
these policies, particularly as they relate to maize R&D. 
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The Royal Commission on Agriculture (established in 1928) was the first official body to 
recognize the importance of high quality seed. In seeking to promote India's agricultural 
sector, the Royal Commission placed significant emphasis on the production and 
distribution of quality seed. However, despite frequent pronouncements by the Royal 
Commission (which following Independence was renamed the National Commission on 
Agriculture), little was done to develop and implement an action plan until the mid-1960s. 
The National Seeds Corporation, Ltd. (NSC) was founded in 1963 and charged with the 
systematic production and distribution of seed. This action was followed in 1966 by passage 
of the Central Seed Act, which provided statutory support for quality control of seed. The 
National Seed Review Team was constituted in 1967 to make recommendations to the 
National Commission on Agriculture; among these recommendations were several intended 
to strengthen the powers of the NSC and to foster the creation of additional government 
organizations to produce and distribute seed, including the State Farm Corporation of India 
(SFCI), 13 SSCs, 19 seed certification agencies, and 26 seed testing laboratories. 

The passage in 1966 of the Central Seed Act laid the legal foundation for India's present-day 
seed industry. The Central Seed Act governs the production, certification, and distribution of 
seed, prescribing seed certification standards and assigning responsibility for enforcing 
these standards to the state governments (to be implemented through state seed testing and 
certification agencies). The purpose of seed certification regulations is to maintain and make 
available to the public high quality seed and propagating material of known origin .and 
purity. Only seed of varieties "notified" following the provisions of Section 5 of the Act is 
eligible for certification. 2 

Historically, a distinguishing feature of official policy regarding the seed industry was that it 
maintained effective control over the production and distribution of commercial seed in the 
hands of government organizations. During the 1960s and 1970s, the private sector's 
participation in the seed industry was minimal. The situation changed dramatically during 
the mid-1980s, when the private seed industry experienced a sudden expansion, fueled 
primarily by the appearance of an attractive market for hybrid sorghum and pearl millet 
(Pray and Ribeiro 1990). Two specific policy reforms introduced in 1987 further encouraged 
the growth of the private seed industry. First, many public breeding institutes began making 
germplasm (e.g., inbred lines) more readily available to private companies. Second, industry 
licensing policy was modified to attract greater participation of Indian companies, as well as 
a few companies with minority foreign ownership. 

The reforms gained steam in 1988 with the passage of the New Policy for Seed 
Development, a landmark piece of legislation which greatly opened the doors to foreign 
participation in the seed industry. The New Policy for Seed Development permitted private 
companies to import seed of vegetables, flowers, and ornamental plants, although all 
imported materials were subject to prior evaluation by the Indian Council of Agricultural 
Research (ICAR). Imports of seed of coarse cereals, pulses, and oilseeds were also permitted 
(following evaluation by ICAR), but only under the condition that the Indian company 
importing the seed negotiate a technical cooperation agreement with the foreign supplier 

2 "Notification" refers to the process by which seed is officially released by the government (see "Procedures for 
Releasing Varieties and Hybrids" later in this paper). 
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stipulating that parent lines, breeder seed, and/ or seed production technology would be 
ceded to the Indian company within two years. Meanwhile, import duties on seed and seed 
processing equipment were lowered from 100% to 15%. 

When the New Policy for Seed Development was enacted, some analysts expressed concern 
that the Indian seed industry would be unable to withstand competition from foreign 
companies. These fears have proved unfounded, however, at least in the case of maize: 
imports of maize seed have remained negligible. There are at least three reasons for the 
continuing lack of maize seed imports. First, most foreign-bred maize hybrids have turned 
out to be poorly adapted to Indian growing conditions. Second, importing commercial 
maize seed into India is uneconomical in view of extremely low domestic seed production 
costs. Third, many foreign companies wanting to import seed of inbred lines (for use in 
producing commercial hybrids in India) have been unwilling to comply with the 
requirement that samples be deposited with the National Bureau for Plant Genetic 
Resources (NBPGR). 

Seed certification regulations 

Seed certification regulations are intended primarily to ensure the identity and quality of 
seed or propagating material.3 The Central Seed Certification Board, established by the 
Central Seed Act of 1966, advises the central and state governments on all matters relating 
to certification. In addition, it coordinates the activities of lower level certification agencies, 
which have been established by al.most all states and union territories. Certification 
regulations vary slightly from state to state but are similar everywhere, prescribing general 
standards (relating to eligibility, classes, and sources of seed, and to seed house and seed 
bin inspection), as well as specific standards (relating to individual crops and/ or specific 
classes of seed). All commercial seed production and processing is subject to inspection by 
personnel from the seed certification agency to ensure that the standards are being met (for 
details, see Government of India 1988). 

Certification procedures for maize are similar in most states. Seed inspectors are stipulated 
to make multiple visits to production sites during and after the growing season, with the 
minimum number of required field inspections differing depending on the type of material. 
In the case of inbred lines, foundation single crosses, and hybrids, the regulations stipulate 
a minimum of four field inspections plus one post-harvest inspection. In the case of 
composites, synthetics, and OPVs, the regulations stipulate a minimum of two field 
inspections plus one post-harvest inspection. In addition to verifying the genetic purity of 
parental materials, inspectors are supposed to ensure the isolation of seed production plots, 
monitor the size and location of border rows, ensure proper spacing of male and female 
parents, and confirm the timing of flowering dates (known as "nicking"). During the post
harvest visit, inspectors monitor seed quality, uniformity, cleanliness, and moisture content. 
Assuming all certification standards are met, inspectors are authorized to issue certification 
labels to producers, who affix the labels to the bags in which the seed will be sold to 

3 For a comprehensive discussion of the purposes of seed certification regulations, see Tripp (1995). 
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indicate that it is officially certified. To avoid fraudulent re-use of certification labels, a lead 
seal is affixed to the string used to sew each bag shut. 

Procedures for releasing varieties and hybrids 

To be officially released in India, maize varieties and hybrids (whether developed by a 
public breeding program or by a private company) must undergo a rigorous evaluation. 
When a promising material is identified, it is first tested by the breeder. If it demonstrates 
superior performance at the zonal level in at least two production environments, it is 
submitted to the Directorate of Maize Research (DMR) for coordinated, multilocational 
testing at the national level. This stage of testing is extremely rigorous, generally requiring 
three cycles. In the first cycle, known as the Initial Evaluation Trial (IET), the material is 
evaluated at all of the testing sites. Assuming it continues to show promise, it is then 
subjected to two additional cycles of testing, known as Advanced Evaluation Trials (AET I 
and AET II). In the IET, the material is evaluated for yield superiority, resistance to biotic 
and abiotic stresses, and quality. In the AETs, it is further tested under a range of agronomic 
practices. In the case of hybrids, parental lines are also evaluated. 

Information from the evaluation trials is compiled and submitted at the time of the annual 
workshop of the DMR to a group known as the Varietal Identification Committee, made up 
of senior plant breeders and research administrators. If the material is found suitable by the 
Varietal Identification Committee, a detailed release proposal is submitted to the Central 
Sub-Committee Crop Standards, Release and Notification under the Department of 
Agriculture and Cooperation, Ministry of Agriculture (chaired by the ICAR Deputy 
Director General for Crops). Following review by the Sub-Committee, which includes a 
wide representation of scientists, directors of state departments of agriculture, seed 
certification agency representatives, and farmers, the material is officially released, usually 
at the national level but sometimes only at the zonal level. Formal notification of the release 
later appears in the Official Gazette. 

Public sector breeders like to get their materials officially released for two reasons. First, 
farmers know that any material that has managed to demonstrate superior performance 
during the evaluation process can be relied upon to be truly outstanding; thus, materials 
that have been officially released tend to be accepted readily by farmers.4 Second, and more 
important, only materials that have been officially released are sent to the public seed 
production agencies (NSC, SFCI, SSCs) for multiplication and distribution. Thus, the only 
way that a variety or hybrid can be disseminated through the public seed distribution 
system is for it to be officially released. 

However, not everybody is happy with the release procedures. Private seed companies 
point to several problems. One problem is that the process is time consuming, requiring 

4 This is not to suggest that materials marketed under truthful labeling provisions (i.e., without being officially 
released) are not accepted by farmers. However, seed disbibutors report that many farmers tend to be more 
cautious when first trying truthfully labeled materials, often insisting upon seeing several cycles of demonstration 
trials before satisfying themselves that the materials indeed perform well. 
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three cycles. The private companies complain that this unacceptably lengthy delay prevents 
superior materials from reaching farmers in a timely manner. A second problem is posed by 
the requirement that seed of imported inbred lines be deposited with the national 
germplasm bank; private companies are reluctant to do this for fear that the seed could fall 
into the hands of competitors (other private seed companies or one of the public seed 
corporations).5 Recognizing the validity of these complaints, government policy allows the 
production and commercial sale of seed of varieties and hybrids which have not been 
officially released. Under the "truthful labeling" provision, private companies can sell seed 
of non-released materials providing that each lot of seed is accompanied by a label 
indicating the name of the material and vouchsafing the quality of the lot. The seed of 
virtually all proprietary maize hybrids marketed in India is sold in this manner. 

Investment in Maize Research and Development 

Organization of the public maize R&D system 

The Indian Council of Agricultural Research (ICAR) is charged with planning and 
coordinating agricultural research in India. Since it is not itself an implementing agency, 
ICAR has established a network of research institutes, bureaus, and coordinated projects to 
conduct commodity-specific and/ or location-specific research. What will be referred to in 
this report as the "national maize program" comprises a number of different bodies, all of 
which work directly or indirectly on maize. 

The Directorate of Maize Research (formerly the All-India Coordinated Maize Improvement 
Project) was initiated in 1957 to promote and coordinate maize research throughout India. 
The specific objectives of the DMR include the following: 
• undertake basic and applied research for genetic improvements in yield, quality, and 

resistance to biotic and abfotic stresses; 
• conduct and/ or coordinate the multilocational testing of maize germplasm; 
• develop efficient packages of practices for increasing maize production; and 
• generate technologies suitable for tailoring maize for specific end uses (e.g., food, feed, 

industrial). 

To achieve these objectives while covering a wide range of agroclimatic conditions, the 
DMR has established more than two dozen research centers in different parts of the country 
(Table 2, Map 2). In addition to maintaining these research centers, the DMR interacts 
through ICAR with other national and international research organizations. 

A second major component of the national maize program consists of the various state 
agricultural universities (SAUs), which were established to address state- or location
specific problems. Many DMR research stations collaborate closely with SAU maize 
researchers; in fact, many DMR stations are located on SAU land. 

5 Another (unspoken) reason why private companies dislike the existing release requirements is that their hybrids 
do not always survive the rigorous evaluation process and can be rejected by the Varietal Identification 
Committee. 
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Table 2. Distribution of maize area, maize research stations, and maize 
researchers in India, 1986-91 

Maize area .Research stations Maize scientists 

State (000 ha) (%) (number) (%) (number) (%) 

Uttar Pradesh 1,148.2 19.7 4 14.8 11.2 10.3 
Bihar 670.8 11.5 1 3.7 5.0 4.6 
Rajas than 918.2 15.7 2 7.4 17.0 15.7 
Madhya Pradesh 680.0 11.7 1 3.7 2.0 1.8 
Gujarat 323.6 5.6 1 3.7 8.0 7.4 
Himachal Pradesh 302.3 5.2 3 11.l 5.5 5.1 
Andhra Pradesh 302.3 5.2 1 3.7 10.5 9.7 
Jammu and Kashmir 292.S 5.0 2 7.4 4.0 3.7 
Kamataka 238.2 4.1 3 11.1 5.3 4.8 
Punjab 230.2 3.9 1 3.7 10.3 9.5 
Orissa 166.2 2.9 1 3.7 0.0 0.0 
Maharashtra 99.1 1.7 1 3.7 3.0 2.8 
West Bengal 60.3 1.0 0 0.0 0.0 0.0 
Haryana 41.8 0.7 1 3.7 3.6 3.3 
Arunachal Pradesh 33.8 0.6 0 0.0 0.0 0.0 
Tamil Nadu 29.8 0.5 1 3.7 0.0 0.0 
Sikkim 32.0 0.5 0 0.0 0.0 0.0 
Nagaland 22.8 0.4 0 0.0 0.0 0.0 
Meghalaya 18.6 0.3 1 3.7 2.1 1.9 
Assam 19.2 0.3 1 3.7 0.8 0.7 
Manipur 5.2 0.1 0 0.0 0.0 0.0 
Mizoram 5.5 0.1 0 o.o 0.0 0.0 
Delhi 0.1 0.0 2 7.4 24.4 22.5 

All India 5,830.0 100.0 27 100.0 108.5 100.0 

Note: One maize research station in Orissa, one maize research station in Tamil Nadu, and 
one maize research station in Himachal Pradesh did not participate in the survey. 

Public sector 1111iZ1 resurch programs th1t 
p1rticipatld In the IARl-CIMMYT survey: 

1. Andhra Pradesh Agricultural University, Amberpet 
Farm.AP. 

2. Assam Agricultural University, Jorhat, Assam 
3. Rajendra Agricultural University, Dholi, Bihar 
4. Gujarat Agricultural University, Godhra, Gujarat 
5. Haryana Agricultural University, Kamal, Haryana 
6. Himachal Pradesh Agricultural University, Bajaura, H.P. 
7. Himachal Pradesh Agricultural University, Dhaulakuan, H.P. 
8. Sheri Kashmir Agricultural University, Shrinagar, Jammu 

and Kashmir 
9. Sheri Kashmir Agricultural University, Rajouri, 

Jammu and Kashmir 
1 O. University of Agricultural Sciences, Dhalwad, Kamataka 
11. Regional Research Station, Mandya, Karnataka ,___,....._., 
12. University of Agricultural Sciences, Nagenahali, 

Mysore, Kamataka 
13. JNKW Zonal Agricultural Research Station, • 

Chindwara, Madhya Pradesh 
14. MPKW, Koihapur, Maharashtra 
15. Directorate of Maize Research, IARI, New Delhi 
16. Maize Research Unit, IARI, New Delhi 
17. Punjab AgricuJ1ural University, Ludhiana, Punjab 
18. Rajasthan Agricultural University, Udaipur, Rajasthan 
19. Rajasthan Agricultural University, Banswara, Rajasthan 
20. Maize Research Unit, Almora, U.P. 
21. C.S. Azada University, Kanpur, U.P. 
22. G.B. Pant University, Pantnagar, U.P. 
23. N.O. University of Agriculture, Baraich, U.P. 
24. ICAR Research Complex for N.E. Hin Region, Shillong, 

Meghalaya 

Public sector 11111zt resurch progl'lllll that did not 
participate in the IARl-CIMMYT survey: 

25. Agricultural Research Station, Salooni, H.P. 
26. Agricultural Research Station, Mayurbhanj, Orissa 
27. Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu 
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Map. 2. Locations of public 
sector maize research 
programs, India. 



The third major component of the national maize program consists of government 
departments and research organizations, as well as general (i.e., nonagricultural) 
universities, which also undertake research related directly or indirectly to maize. 

Public investment in maize research and development 

Public investment in maize research goes to fund various expenses, including scientific and 
technical personnel, casual labor, operating budgets, buildings and equipment, land, and 
administrative costs. Since detailed expenditure data are not available for several of these 
cost categories, the level of public investment in maize research cannot be determined 
precisely. Rather than attempting to collect detailed financial data on all of these items 
(which would have been extremely difficult, since many research activities are not 
conducted on a commodity-specific basis), we focused on a number of measurable 
indicators, such as numbers of scientists. 

Table 3 presents information on numbers of scientists working on maize in publicly funded 
research programs. Since many scientists divide their time between maize and other crops, 
the data have been converted to full-time equivalent (FfE) maize scientists. In 1992, 108.5 
FfE scientists were employed in 24 research centers, representing an average of 4.5 
scientists per center. This works out to 18.4 FfE scientists for every million hectares of 
maize planted in India, a figure which is low by global standards.6 On the other hand, the 
level of training of these scientists is 
impressive. Of the 108.5 FfE scientists 
working on maize, more than 105 were 
senior staff holding either a Ph.D. or M.Sc. 
degree, nearly double the proportion found 
on average in most other developing 
countries (Morris, Clancy, and Lopez-Pereira 
1992). 

Table 3. Maize scientists employed in the public sector 
in India, 1992 

Level of education 

Ph.D. M.Sc. Other Total 

Scientists involved in germplasm 
improvement work (including plant 
breeders and scientists from other disciplines 
providing direct support to plant breeding) 
dominate the public research system. Fully 
77% of all maize res~archers are engaged in 
germplasm improvement activities. A 
relatively modest 16% are engaged in crop 
management research, and less than 6% are 
involved in social science research (including 
economics and statistics) and extension. 

Germplasm improvement 
Plant breeding 
Entomology 
Pathology 
Nematology 
Biochemistry 

Crop management research 
Agronomy 
Soil science 

Social sciences 
Economics 
Extension 
Statistics 

Unknown 

Total 

Source: IARI-CIMMYT survey. 

30.4 
15.8 
12.0 

1.0 
2.0 

7.8 
0.0 

3.2 
1.0 
0.0 

0.0 

73.1 

13.2 
1.2 
5.0 
0.0 
0.0 

8.0 
1.0 

0.0 
1.0 
1.0 

2.0 

32.4 

3.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

3.0 

6 A 1992 CIMMYT survey of public sector maize research investment in 47 developing countries found an average 
of 22.7 FIE maize researchers per million hectares of maize planted, a figure which rises to 25.6 FIE researchers 
when data from Brazil are excluded (in Brazil an unusually large amount of research is carried out in the private 
sector). See Morris, Clancy, and L6pez-Pereira (1992). 
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46.5 
17.0 
17.0 
1.0 
2.0 

15.8 
1.0 

3.2 
2.0 
1.0 

2.0 

108.5 



Table 4. Germplasm improvement activities of public 
maize breeding progmns, India 

Given the heavy emphasis on germplasm 
improvement, it seems appropriate to 

Number Percentage examine public breeding efforts in some 
of of detail. Table 4 presents information on the 

programs programs types of activities being carried out at the 
~~~~~~~~~~~~~~~~~~ 

Research activity 

Screening and evaluation of materials 
Population improvement 
Maintenance of inbred lines 
Generation of new inbred lines 
Testing of inbred lines (single crossing) 
Testing of inbred lines (test crossing) 

24 
23 
19 
21 
17 
16 

100 
96 
79 
88 
71 
67 

24 research stations where maize breeding 
takes place. As the type of breeding activity 
increases in complexity, the number of 
research stations performing the activity 
declines, reflecting the fact that some 
stations possess neither the facilities nor 

Source: IARI-CIMMYT survey. 
the personnel to carry.out more 

sophisticated procedures. All of the research stations screen and evaluate materials and 
perform basic population maintenance and improvement work, but only the larger, better 
equipped stations generate and test-cross inbred lines. It is important to note, however, that 
approximately two-thirds engage in relatively sophisticated inbreeding and test-crossing, 
attesting to their considerable resource endowments and high levels of human capital. 

Organization of private sector maize R&D 

Although hundreds of private companies produce and sell maize seed in India, relatively 
few conduct research on maize. Until recently, virtually all of the companies conducting 
research were Indian-owned. However, economic reforms introduced beginning in the late 
1980s removed many obstacles to foreign participation, and a handful of multinational 
companies also have begun to establish maize research programs. Multinational companies 
have entered the country via several routes. Some have opened local branch offices, while 
others have formed alliances with Indian companies. 

Private research programs have focused almost exclusively on breeding. Maize breeding 
programs supported by private companies can be classified into three groups based on their 
size. Small breeding programs typically consist of one or two plant breeders doing research on 
maize and other crops for a seed company operating at the state level. Many of these small 
programs have sprung up during the past five years. Medium breeding programs typically 
consist of one or two plant breeders working exclusively on maize for a seed company 
operating at the regional level. A number of these medium-sized programs are well 
established in India, having been active for 10 years or more. Large breeding programs support 
as many as five or more plant breeders working exclusively on maize for a seed company 
operating at the national or even international level. 

It is difficult to provide an exact estimate of the numbers of companies in each category, 
because the industry is experiencing a period of change. Many new seed companies have 
sprung up during the past five years; during the same period, several older companies 
quietly exited from the industry. Meanwhile, a number of established companies have 
merged with competitors or have been bought out. Although the composition of the seed 
industry continues to change, in 1994 about 20 Indian-owned ("national") companies and 
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about five multinational companies were actively engaged in maize breeding activities. Of 
these, about 10 could be classified as small, 6-8 as medium, and 6-8 as large. 

During 1993 and 1994, all seed companies known to have maize breeding programs in India 
were contacted and questioned about their research and seed production activities. 
Information was obtained from 21 companies. Due to the sensitivity of some information, a 
few companies were unwilling to provide all of the information we requested .. 
Nevertheless, it was possible to assemble enough data to develop a reasonably good picture 
of the extent and nature of maize R&D activities in the private sector. 

Private sector investment in maize R&D 

The primary objective of private sector maize R&D is to produce hybrids which can be 
marketed as proprietary, branded products. Thus there is a heavy emphasis on breeding 
activities geared toward the production of hybrids (e.g., development, testing, and 
maintenance of inbred lines). No private companies are working to develop commercial 
OPVs, and relatively few are engaged in crop management research (except to develop 
packages of practices which can be recommended to farmers purchasing hybrids). 

Maize breeding activities in the private sector are almost never conducted in isolation from 
seed production operations. Virtually all private breeding programs are supported by 
companies which also produce and market seed (Table 5). Private breeding programs thus 
comprise the first stage in a vertically integrated industry which combines research, seed 
production, and seed distribution functions. Interestingly, the types of seed produced differ 
between national and multinational companies. Although hybrid seed is produced and 
marketed by both types of company, OPV seed is produced and marketed only by some 
national companies. 

Private breeding programs are often diversified, in the sense that the same scientists, 
equipment, and research plots are used to work on several crops. Only one of the 21 
companies responding to the survey reported working exclusively on maize. The others all 
reported working on maize along with other crops, with maize usually accounting for a 
relatively small proportion of overall 
research activities (the bulk of research 
investment has been directed at more 
commercial crops and/ or crops whose seed 
is more profitable to produce and market, 
e.g., cotton, sunflower, pearl millet, and 
sorghum). 

Table 6 presents data on the numbers of 
workers employed by the seed companies 
that participated in the survey. In 1992, the 
21 companies surveyed reported employing 
over 385 FfE workers, or about 27 workers 
per company on average. Although the focus 
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Table S. Maize research activities of major seed 
companies in India (percentage of companies 
performing each activity) 

Population improvement 
Hybrid development 
Crop management research 
OPV seed production 
OPV seed sales 
Hybrid seed production 
Hybrid seed sales 

National 
companies 

18.8 
100.0 
25.0 
37.5 
37.5 
93.8 

100.0 

Source: IARI-CIMMYT survey. 

Multinationals 

20.0 
100.0 
40.0 
0.0 
0.0 

100.0 
100.0 



of activity was heavily skewed in favor of seed production and distribution, the number of 
people working in research was still impressive. Overall, research engaged 92 FfE scientists 
at the junior or senior level (i.e., not counting casual labor), representing nearly one-quarter 
of all staff employed by these companies. The average size of maize research programs (as 
measured by numbers of researchers) was slightly larger for multinational companies (5.4 
FTE researchers) than for national companies (4.1 FfE researchers), although multinationals 
employed a relatively higher proportion of junior staff. 

The data presented in Table 6 indicate that the number of maize researchers working for 
private seed companies in India is fast approaching the number of maize researchers 
employed in public breeding programs. This represents a significant change from earlier 
years, when virtually all maize research was carried out by ICAR and the SAUs. Although 
the absence of reliable data on research expenditures makes it difficult to compare levels of 
financial investment, maize breeders working for private seed companies on average appear 
to be better funded than their counterparts in the public sector, many of whom have 
watched their operating funds decline in recent years as staff salaries and administrative 
costs have risen to consume an ever-increasing portion of the total budget. If this is true (i.e., 
if the level of investment per scientist being made by private seed companies exceeds the 
level of investment per scientist being made by ICAR), then overall investment by the 
private sector in maize breeding research is comparable to overall investment by the public 
sector. 

Although it is not directly observable from the data appearing in Table 6, an important link 
exists between the scientists employed in the public and private sectors. During the survey, 
it became clear that the breeding programs of many private seed companies are staffed by 

Table 6. Employment (numbers of full-time equivalent workers) in the private sector maize seed industry, 
India, 1992 

Company and Seed 
staff type Research production Distribution Administration Total 

National companies 
Senior staff 28.80 41.05 36.25 15.80 121.90 
Junior staff 36.20 70.10 40.00 33.15 179.45 
Total 65.00 111.05 76.25 48.95 301.35 

Multinational companies 
Senior staff 10.00 4.00 8.50 7.10 29.60 
Junior staff 17.00 16.00 18.00 3.50 54.50 
Total 27.00 20.00 26.50 10.60 84.10 

All companies 
Senior staff 38.80 45.05 44.75 22.90 151.50 
Junior staff 53.20 86.10 58.00 36.65 233.95 
Total 92.00 131.15 102.75 59.55 385.45 

Source: IARl-CIMMYT survey. 
Note: Distribution data are underestimated because some companies contract out distribution activities and 

do not have reliable information on the numbers of people involved in distribution. 
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former employees of public research institutes. Many Indian-owned seed companies in fact 
were founded by scientists (usually plant breeders) who decided to strike out on their own 
following a career in public service. Since these scientists received their professional 
training at government expense and later gained experience working in public breeding 
programs, the cost of developing the human capital employed in the private sector is 
largely borne by the government. 

Breeders working for private companies were understandably reluctant to provide detailed 
information about the pedigrees of commercial hybrids. However, most were willing to 
provide general estimates concerning the source germplasm used in their breeding 
programs (Table 7). Several significant differences can be noted in the sources of germplasm 
used by national companies and multinationals. Perhaps the most striking is the heavy 
reliance by multinationals on breeding materials developed by their own breeding 
programs, both materials developed inside India and especially outside India. This ability 
of the multinationals to draw on a worldwide network of germplasm sources provides 
them with a competitive advantage compared to national companies. National companies 
do make efforts to diversify their breeding materials by importing exotic materials from 
foreign sources (public and private), but they do not have a ready supply of in-house 
materials on which to draw. 

Another noteworthy aspect of the data presented in Table 7 is the extensive reliance by 
private companies on germplasm developed by public breeding programs, to which they 
have ready access. Over one-half of the breeding materials used by national companies 
were obtained from public sources (34% from the Indian national program, 16% from 
CIMMYT, and 8% from other public institutions overseas), as were over one-third of the 

Table 7. Sources of germplasm used in private sector maize 
breeding programs, India 

breeding materials used by 
multinational companies (23% from 
the Indian national program, 10% 

National Multinational from CIMMYT, and 1 % from other 

Percentage of germplasm that is: 
Collected locally from farmers' fields 
Developed in India by company's 

breeding program 
Developed outside India by company's 

breeding program 
Obtained from another seed company 

in India 
Obtained from ICAR or from an 

Indian university 
Obtained from CIMMYf 
Obtained from a public institution 

outside India 
Obtained from another seed company 

outside India 
Obtained from other sources 

Total 

Source: IARI-CIMMYT survey. 

companies 

4 

23 

0 

2 

34 
16 

8 

13 
<1 

100 

companies 

1 

28 

33 

2 

23 
10 

<1 

1 
2 

100 
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public institutions overseas). These 
figures undoubtedly understate the 
true use of public materials by 
private breeding programs, because 
many of the materials attributed to 
other sources also trace back to 
public materials. It is interesting to 
note that until recently, in the 
United States the degree of reliance 
of public seed companies on public 
breeding materials was quite 
similar (Duvick, personal 
communication, 1995). 



In responding to the formal survey, seed company representatives indicated that exchanges 
of breeding materials between seed companies are infrequent. This finding is not 
surprising, considering that seed companies have obvious legal (and ethical) reasons to 
deny using their competitors' materials. However, when questioned "off the record," many 
breeders acknowledged that use of competitors' materials is common within the industry. 
The data appearing in Table 7 therefore should be interpreted with caution. 

Products of the Public and Private Maize Research Systems 

Overall number of releases 

Because most research investment in both the public and private sectors goes toward 
germplasm improvement, our efforts to assess the products of research focused on 
germplasm. Leaders of the public breeding programs and representatives from the private 
seed companies were asked to identify improved maize varieties and hybrids developed by 
their organizations since 1961. In addition, the respondents were asked to provide 
information about the characteristics of the materials (type of material, grain color, grain 
texture, recommended planting date, recommended season, recommended moisture 
regime). Finally, respondents were requested to provide some indication Qf the sources of 
germplasm used in developing the materials.7 

Types of materials 

Table 8 presents information on improved maize materials developed in India between 1961 
and 1993.8 Approximately 40% of all materials developed during this period were improved 
OPVs, with the remaining 60% comprising various types of hybrids. Among the hybrids, 
double-cross hybrids predominated, accounting for approximately two-thirds of all hybrids 
developed. Three-way cross hybrids and single-cross hybrids also were developed in some 
numbers. 

Not surprisingly, there were differences between the types of materials developed by public 
breeding programs and private companies.9 All of the OPVs developed since 1961 
originated from public breeding programs. In contrast, hybrids were developed by both 
public programs and private companies. 

The almost exclusive focus by private companies on double-cross hybrids is a bit unusual 
and deserves a few words of explanation. In most other countries, maize seed companies 

7 Because it was not always possible to obtain complete information about all of the characteristics of each variety or 
hybrid, the totals reported in some of the following tables and figures may differ slightly. 

8 The term developed in this case includes a range of activities. In most cases, Indian breeders must perform multiple 
cycles of crossing, selection, and testing before they come up with a variety or hybrid which can be submitted for 
notification. Occasionally, however, imported materials have been tested and submitted for notification with little 
or no additional improvement. 

9 A table listing all materials released by public breeding programs appears in Appendix B. A similar table listing 
hybrids developed by private companies is in preparation. 
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have tended to devote a good deal more effort to single-cross hybrids, which, while 
expensive to develop, frequently deliver higher yields than other types of materials and 
therefore can be sold at particularly remunerative prices (Morris 1995). Virtually all of the 
breeders interviewed as part of this study expressed the belief that considerable 
productivity gains could be achieved in India through the promotion of single-cross hybrids. 
Many breeders furthermore indicated that development of single-cross hybrids for Indian 
production conditions is technically feasible. However, seed company representatives were 
unanimous in stating that commercial production of single-cross hybrids is presently 
unattractive because of the difficulty of protecting the parental lines. To recover the 
investment that goes into the development of inbred lines used to produce single-cross 
hybrids, it is essential to keep the lines from falling into the hands of competitors. This is 
extremely difficult in India, especially since most commercial seed production is carried out 
by contract growers who must be supplied with parent seed. Also, even if it were possible to 
maintain tight security around seed production plots to prevent "poaching" by competitors, 
few private companies would be willing to comply with the current seed certification 
requirement that seed of inbred lines be deposited with the national germplasm bank. 
Whether or not this concern is valid (it may simply reflect paranoia on the part of seed 

Table 8. Materials developed by public and private breeding programs, India, 1961-93 

Number of materials developed 

Type of material Public National Multinational 
developed programs companies companies Total 

OPVs 69 0 0 69 
Total hybrids 25 64 13 102 

Varietal cross hybrid 1 0 0 1 
Top-cross hybrid 1 1 0 2 
Double top-cross hybrid 3 3 0 6 
Three-way cross hybrid 4 12 2 18 
Double-cross hybrid 16 39 11 66 
Single-cross hybrid 0 9 0 9 

Yellow grain color 75 52 13 140 
White grain color 18 14 13 35 
Orange grain color 6 0 0 6 

Flint grain texture 72 11 5 88 
Semi-flint grain texture 5 26 5 36 
Semi-dent grain texture 9 18 6 33 
Dent grain texture 11 11 0 22 
Opaque 1 0 0 I 

Recommended for lcharif season 82 21 3 106 
Recommended for rabi season 6 8 2 15 
Recommended for both seasons 10 37 11 58 

Recommended for rainfed zones 22 5 0 27 
Recommended for irrigated zones 39 20 5 64 
Recommended for both zones 38 41 11 90 

Recommended for early planting 15 8 1 24 
Recommended for timely planting 80 so 12 142 
Recommended for late planting 4 8 3 15 
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Table 9. Historical trends in types of materials 
developed in India, 1961-93 

OPVs 
(number) 

Public breeding programs 
1961-70 
1971-80 
1981-90 
1991-93 

National companies 
1961-70 
1971-80 
1981-90 
1991-93 

Multinational companies 
1961-70 
1971-80 
1981-90 
1991-93 

All sources 
1961-70 
1971-80 
1981-90 
1991-93 

Source: IARI-CIMMYT survey. 

8 
22 
30 
8 

0 
0 
0 
0. 

0 
0 
0 
0 

8 
22 
30 
8 

All types of 
hybrids 

(number) 

10 
4 
7 
4 

0 
3 
27 
19 

0 
0 
2 
11 

10 
7 
36 
34 

Total 
(number) 

18 
26 
37 
12 

0 
3 
27 
19 

0 
0 
2 
11 

18 
29 
66 
42 

companies), the end result is that the 
development of single-cross hybrids is 
effectively precluded. 

The rate at which materials have been 
released has varied through time (Table 9). 
During the 1960s, when most breeding was 
still done in the public sector, all releases 
were public materials originating from 
public breeding programs. Not until the 
1970s did private companies begin to market 
proprietary materials (exclusively hybrids).10 

The rate at which private companies 
produced materials accelerated sharply 
during the early 1980s, and additional 
impetus came during the latter half of the 
decade following the entry into the market of 
multinational companies (Figures 8 and 9). 

The relative numbers of OPVs and hybrids 
developed also have changed through time 
(Figure 10). During the 1960s, OPVs and 
hybrids were developed in almost equal 
proportions, but during the following two 

decades, the proportion of OPVs increased substantially. The shift in emphasis from hybrids 
to OPVs, which also occurred in many other developing countries, appears to have been 
stimulated by several widely held beliefs: 1) hybrid seed technology is not appropriate for 

Cumulative number of materials developed 
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Figure 8. Trends in development of maize OPVs and hybrids, 1961-93. 
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Figure 9. Growth in importance of private breeding 
programs, 1961-93. 

10 For reasons explained earlier, many of the hybrids developed by private companies were not "released" in the 
sense that they never underwent the official notification process. Instead, they were introduced and marketed as 
"truthfully labeled" seed. 
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Figure 9. Pattern of releases by public breeding 
programs, 1961-93. 

small-scale farmers, especially since it requires 
annual seed purchases; 2) hybrids cannot succeed 
without the support of a sophisticated seed industry; 
and 3) seed of OPVs can be produced with simple 
technology, and once distributed to farmers, will 
travel from farmer to farmer. In the early 1980s, the 
emphasis on OPVs began to wane, and researchers' 
attention gradually shifted back to hybrids. At least 
two factors help explain this shift. First, despite a 
number of isolated success stories, adoption of OPVs 
was less extensive than expected; seed supply and 
quality were often inadequate, ~d even where 
improved OPVs were initially adopted, few farmers 
replaced seed regularly. Second, maize scientists had 
become aware that despite conventional wisdom to 
the contrary, hybrids can perform well under a wide 
range of production conditions and levels of 
management and can be adopted profitably even by 

small-scale farmers. The renewed interest in hybrids is clearly evident in the large number 
of hybrids introduced by private companies during the 1990s. Less visibly, public breeding 
programs also have stepped up their hybrid development efforts, although the results have 
not yet been reflected in the pattern of releases because many public hybrids are still 
working their way through the notification process. 

Grain color 

More than three-quarters of the improved OPVs and hybrids developed in India since 1961 
have been yellow, reflecting farmers' preference for yellow grain. Most of the other 
materials have been white, except for a small number of orange-grained OPVs developed 
by public breeding programs to meet specialized needs in several states. Interestingly, 
although yellow materials have outnumbered white materials by a ratio of about 3:1 among 
materials developed by public breeding programs and national companies, the ratio is 
exactly 1:1 among materials developed by multinational companies. Presumably this 
reflects multinationals' greater reliance on exotic germplasm imported from tropical Africa 
and Latin America, where white grain types are more common. 

Grain texture 

Maize breeders in India have responded to farmers' preferences by emphasizing hard
textured (flint) materials, which tend to store better than soft-textured (dent) materials. 
Nearly three-quarters of all OPVs and hybrids developed since 1961 have been flints or 
semi-flints, with the remaining materials comprising a mixture of semi-dent and dent 
materials (as well as one OPV featuring opaque grain). Public breeding programs have 
shown a particularly strong tendency to produce flinty materials, whereas private 
companies have tended to emphasize semi-flints and semi-dents. Relatively little emphasis 
has been placed on developing true dent materials, reflecting the generally poor adaptation 
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of these materials to India's often harsh production conditions and their greater 
susceptibility to insect attack during storage. 

Seasonal adaptation 

Materials recommended for kharif (summer) season planting have greatly outnumbered 
materials recommended for rabi season planting, reflecting the greater importance of the 
kharif crop. However, the recent rise in importance of rabi maize has led to the development 
of many newer materials specifically recommended for rabi season (many of these have been 
proprietary hybrids). In addition, many older materials originally developed for kharif 
planting have been found to perform well during rabi season as well, and many of these are 
now recommended for planting during both seasons. 

Moisture regime adaptation 

About half of the materials developed in India since 1961 have been recommended for 
planting in both rainfed and irrigated zones. Among more specialized materials developed 
expressly for one moisture regime or the other, materials recommended for irrigated 
production conditions have outnumbered those recommended for rainfed production 
conditions by more than 2:1. The greater emphasis on materials adapted to irrigated 
production conditions has been evident among both public and private sector materials. 

Recommended planting date 

Full-season materials recommended for timely planting constitute the vast majority of 
materials developed since 1961. However, recognizing farmers' need to adapt their maize 
planting dates to fit within larger cropping rotations, breeders have invested considerable 
effort in developing materials specifically adapted to early planting (13% of all releases) or 
late planting (8% of all releases). Public breeding programs have made relatively greater 
efforts in this regard compared to private companies and especially multinationals, whose 
materials have tended to be recommended for timely planting. 

Source germplasm 

Survey respondents were asked to provide 
information about the source germplasm 
used in developing commercial materials. 
The response to this question confirmed 
the extensive use of materials developed by 
public breeding programs (Table 10). 
Nearly one-third of all hybrids developed 
by private companies were described as 
containing ICAR germplasm, indicating 
that materials developed by the Indian 
national program are successfully finding 
their way into commercial releases. Use of 

Table 10. Source germplasm of materials developed in 
India, 1961-93 

Percentage of materials containing: 

Private 
ICAR CIMMYT company 

germplasm germplasm germplasm 

Materials developed by: 
Public programs (n = 95) 64 
National companies (n = 66) 31 
Multinationals (n = 16) 33 

Source: IARI-CIMMYT survey. 

35 
25 
0 

8 
100 
100 

Note: Materials may contain more than one type of source 
gennplasm, so row totals can exceed 100%. 
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CIMMYT materials was also found to be extensive: 35% of all public sector releases and 
18% of all private sector releases were described as containing CIMMYT germplasm. 
Interestingly, the degree to which Indian national companies and multinationals have used 
CIMMYT materials apparently has differed: while reportedly present in 25% of all hybrids 
released by Indian companies, CIMMYT germplasm reportedly is found in none of the 
hybrids developed by multinational companies. This finding, which is a bit difficult to 
believe, may simply indicate that India-based representatives of multinational companies 
are not fully aware of the source germplasm used in developing materials which eventually 
find their way into the multinationals' Indian breeding programs. Alternatively, it could 
also indicate that the multinationals have been less than forthcoming in identifying the 
sources of their breeding materials. 

Maize Seed Production and Sales 

Organization of public sector seed production 

Both the central government and various state governments are involved in maize seed 
production and distribution. The NSC and the SFCI are administered by the central 
government, while the SSCs operate at the state level. In addition, a number of state 
agricultural departments, research institutes, and universities (SAUs) also supply small 
quantities of maize seed to farmers, often as part of pilot programs (minikHs) designed to 
test experimental varieties and/ or promote new releases. All of these agencies procure 
breeder's seed and foundation seed from public research programs and produce certified 
seed for sale to farmers. Like the private companies, many of the public seed agencies work 
with contract growers. Seed certification procedures are followed to ensure that quality 
standards are upheld. 

The exact quantity of maize seed produced and sold by public agencies is difficult to 
determine. Reliable information on seed production and sales is not published on a regular 
basis. Managers of some public seed agencies will provide data upon request, but the 
accuracy of these data cannot easily be verified. Production figures are probably more 
accurate than sales figures, since production data must be consistent with the amount of 
public funds spent on procurement (i.e., purchasing from contract growers). Sales figures 
are less easily verifiable, since it is often difficult to find out how much seed remained 
unsold in government warehouses, how much was transferred to other government 
departments (e.g., for use in on-farm demonstrations), how much seed was eventually 
disposed of as grain, and/ or how much seed was lost through spoilage or leakage. 
Although it is obviously difficult to obtain evidence, there are incentives for production and 
sales data to be misrepresented. 

Organization of private sector seed productjon 

Private-sector maize seed production is concentrated in Andhra Pradesh, Karnataka, and 
Maharashtra, where much of India's commercial maize production takes place. There are 
two obvious advantages to locating seed production operations in these three states. First, 
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the climate allows for production of two crops per year, an important consideration in the 
production of hybrid seed. Second, locating seed production facilities and conditioning 
plants within major production zones reduces the cost of delivering seed to important 
markets. 

In considering the private maize seed industry, it is useful to distinguish between two 
categories of seed companies. Large and medium seed companies (most of which have their 
own research programs) produce and sell seed of proprietary hybrids and sometimes seed 
of public OPVs and hybrids. Small seed companies (which do not have their own research 
programs) produce seed only of public OPVs and hybrids. Seed production and 
distribution procedures generally differ between these two categories. 

Large and medium seed companies - Large and medium seed companies almost never 
produce commercial seed using their own land and laborers; instead, virtually all 
companies employ contract growers. In earlier years, many companies negotiated contracts 
with individual growers, but as the numbers of contract growers increased, this proved 
impractical. Most companies now deal with a small number of agents (known as 
"supervisors"), who handle negotiations with individual growers in return for a modest 
commission. In 1992, this commission averaged Rs 0.25/kg for maize seed. 

Contracting arrangements have changed over time. In earlier years, many seed companies 
simply offered growers a fixed price per kilogram of seed delivered. This price, which was 
agreed upon prior to planting, was usually determined in relation to the market price for 
maize grain prevailing at the time of harvest (e.g., the market price plus a 25% margin to 
reimburse the farmer for additional costs associated with producing a seed crop). However, 
the fixed-price system proved unworkable, because growers suffered heavy losses in years 
of adverse weather. Because of the high cost of continually training new growers, the 
contracting system was modified to include a minimum guaranteed payment per hectare 
designed to protect contract growers in extremely poor production years. 

The support provided to contract growers often extends beyond economic incentives. Most 
seed companies provide foundation seed and bags; a few also provide fertilizer, crop 
chemicals, machinery services, or even cash loans. Perhaps most importantly, the 
companies also provide technical assistance. Company representatives visit each grower at 
regular intervals throughout the season, offering technical advice and helping to supervise 
critical operations. This ensures production of a good seed crop and increases the likelihood 
that the companies' quality standards are met. 

Production managers employed by the seed companies feel that the contract grower system 
works reasonably well. The incidence of problems has decreased over the years, although 
negotiating with contract growers (who are extremely well organized in some regions) 
continues to be costly and time consuming for many seed companies. Other recurring 
problems have to do with ensuring the production of adequate supplies of seed and 
avoiding seed "leakage," which occurs when individual contract growers refrain from 
selling their production back to the seed company and instead opt to sell directly to local 
distributors. 
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Seed produced by contract growers is bagged and delivered to a central assembly point, 
from which it can be collected and delivered by truck to the plant for conditioning. 
Conditioning entails drying the seed to a uniform standard and cleaning the seed to remove 
dust, stones, and other foreign materials. After treatment with a fungicide, the seed is then 
bagged and labeled for retail sale. 

Although some of the maize seed marketed by large and medium companies is sold as 
certified (mostly seed of public OPVs and hybrids, since seed of proprietary materials is 
almost always sold as truthfully labeled), there is some question as to the effectiveness of 
official certification procedures. Seed companies clearly have an interest in ensuring that 
seed sold under their brand name meets high quality standards, but they would prefer to 
look after quality control themselves, without interference from seed certification inspectors 
(who have the power to exact bribes by threatening to reject lots of perfectly good seed). 
Under current law, certified seed is exempted from sales tax. This means that the companies 
have an incentive to "certify" their seed simply by purchasing certification labels from 
corrupt inspectors or by printing counterfeit labels; it is in their interest to pay any amount 
up to the value of the sales tax. Many seed company representatives admitted off the record 
that these practices are widespread. 

Most seed companies have a marketing division to handle distribution. Regional sales 
managers arrange delivery to local distributors, often medium-sized agricultural input 
wholesalers who in tum supply small retail shops. Seed is usually supplied.to distributors 
on credit; distributors pay the seed company only after the seed is sold. Unsold inventory is 
returned to the seed company, which can either store the seed until the following season or 
attempt to sell it in the cash grain market (after washing off traces of fungicide, if the seed 
has been treated). 

Small seed companies - Not all of the maize seed produced by the private sector in India 
originates from large or medium seed companies. A significant proportion - probably 
between 10% and 35% in most years - is produced by small seed companies.11 Since these 
small companies do not have their own breeding programs, they produce only seed of 
public OPVs and hybrids. 

Small seed companies are concentrated in three zones: around Samastipur (in Bihar), 
around Jalna (in Maharashtra), and around Hyderabad (in Andhra Pradesh). Most small 
seed companies are family-run enterprises operated by commercial grain farmers. Typically 
these farmers cultivate 5-40 ha of maize, usually in addition to other crops. Since the costs 
involved in selecting, grading, and processing maize seed are modest, these farmers comply 
(more or less) with seed production requirements and try to sell their maize as seed rather 
than as ordinary grain in hopes of capturing an attractive price premium. Due to recent 
growth in the number of seed companies, in most years only a portion of their total output 
can be sold as seed; surplus seed is disposed of as ordinary grain for little or no profit. 

11 In the United States, the equivalent figure is approximately 35% (Ouvick, personal communication). 

26 



However, even if only part of the crop is sold as seed, the marginal revenue more than 
compensates for the marginal processing cost. 

Small-scale seed production is economically viable because it requires little investment 
beyond that needed for ordinary grain production. Other than the negligible costs involved 
in isolating seed plots, in the case of OPVs the only additional costs are those associated 
with screening, drying, and packaging seed. These operations can be carried out manually, 
without any need for expensive equipment. In the case of hybrids, detasseling is also 
necessary, but detasseling is inexpensive because labor costs are low. 

But low-cost seed production has a drawback: the quality of the seed produced by small 
companies is often poor. This problem is compounded by the fact that the official seed 
certification system is frequently ineffective. In theory, inspectors are supposed to make at 
least three visits (four in the case of hybrids) during the course of the growing season to 
verify the purity of the foundation seed, examine the management of the crop in the field, 
and witness seed processing practices. In practice, many inspectors do not have sufficient 
resources to make all of the required visits, with the result that certification procedures 
often are not followed. As a result, much of the "certified" seed produced by small-scale 
producers has not really met certification standards. 

On a more positive note, even if the quality of seed sold by small companies is unreliable, 
these companies perform a useful function by providing a supply buffer. Because the area 
planted to rabi maize varies significantly from year to year, the large companies which make 
up the bulk of the established seed industry frequently have difficulty forecasting demand. 
In years when demand for seed exceeds supply, small-scale producers stand ready to step 
forward with additional supplies. Although this seed may be of variable quality, it is 
probably better than no seed at all. 

Cost of seed in the public sector 

The cost of maize seed produced by public seed agencies is difficult to estimate with 
precision, since the public seed organizations do not publish complete data on production 
costs. Variable seed costs are reported annually, but these provide only a partial picture 
because they do not include overhead (fixed) costs associated with running the seed 
agencies, which are considerable. 

Table 11 presents information on maize seed production costs reported by NSC for 1992. 
Table 12 presents equivalent information reported by the state seed corporations of Andhra 
Pradesh, Kamataka, and Uttar Pradesh; In all of these agencies, direct production costs 
(payments to contract growers) accounted for over half of the final wholesale selling price. 
Transportation to the conditioning plant and conditioning costs made up an additional 20% 
on average. Distribution costs (including advertising and promotion costs) accounted for a 
negligible proportion of the total, usually 5% or less, which is not surprising since these 
public seed agencies engaged in very little promotion of their products and did most of 
their selling directly from processing plants or through nearby wholesale outlets. Deducting 
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Table 11. Estimated cost of producing maize seed (NSC, India), 1992 

OPVs Hybrids 

(Percentage 
(Rs/kg) of cost) 

Gross wholesale selling price 11.50 
Discount on selling price 1.15 
Net selling price, of which: 10.35 100 

Price paid to contract farmer 4.75 46 
Transport to seed plant 0.09 <1 
Processing 0.45 4 
Seed certification and treatment materials 0.48 5 
Packing materials (gunny bags) 0.20 2 
Obsolescence charges 0.08 <1 
Revalidation charges 0.06 <l 
Money back guarantee 0.23 2 
Quantity rebate 0.22 2 
Miscellaneous expenditure 0.03 <l 
Publicity 0.08 <l 
Interest 0.78 8 
Net margina 2.90 28 

Source: NSC. 
Note: In 1992, the rupee-dollar exchange rate was roughly Rs 31.00 to US$ 1.00. 
a Net margin = contribution toward overhead cost of NSC plus profits, if any. 

Table 12. Estimated cost of producing maize seed (selected SSCs, India), 1992 

(Rs/kg) 

12.50 
1.25 

11.25 
5.25 
0.09 
0.45 
0.48 
0.20 
0.08 
0.06 
0.25 
0.25 
0.03 
0.08 
0.83 
3.20 

Andhra Pradesh Kamataka 

OPVseed Hybrid seed Hybrid seed 

(Percentage (Percentage (Percentage 
(Rs/kg) of cost) (Rs/kg) of cost) (Rs/kg) of cost) 

Gross wholesale selling price 6.93 8.24 9.00 
Discount on selling price 0.63 0.40 0.90 
Net selling price, of which: 6.30 100 7.84 100 8.10 100 

Price paid to contract farmer 3.70 59 4.10 52 5.20 64 
Transport to seed plant 0.28 4 0.28 4 
Processing 0.55 9 0.55 7 0.26 3 
Seed certification and treatment materials 0.10 2 0.10 1 0.25 3 
Packing materials (gunny bags) 0.70 11 0.70 9 0.70 9 
Obsolescence charges 0.16 3 0.46 6 0.26 3 
Revalidation charges 0.02 <1 0.10 <1 0.10 1 
Money back guarantee 0 0 
Quantity rebate 0 0 0.10 1 
Miscellaneous expenditure 0.10 2 0.30 4 0.22 3 
Publicity 0.05 <1 0.15 2 0.10 1 
Interest 0.27 4 0.47 6 0.57 7 
Netmargina 0.37 6 0.63 8 0.34 4 

Source: Andhra Pradesh SSC; Kamataka SSC; Uttar Pradesh SSC. 

(Percentage 
of cost) 

100 
47 
<1 

4 
5 
2 

<1 
<1 

2 
2 

<1 
<l 

7 
28 

Uttar Pradesh 

OPVseed 

(Percentage 
(Rs/kg) of cost) 

8.90 
0.80 
8.10 100 
5.50 68 
0.07 <1 
0.60 7 
0.37 5 
0.72 9 

0.10 1 

0.74 9 

Note: No hybrid maize seed is produced by the SSC in Uttar Pradesh; no OPV maize seed is produced by the SSC in Kamataka. 
In 1992, the rupee-dollar exchange rate was roughly Rs 31.00 to US$ 1.00. 

a Net margin = contribution toward overhead cost of SSC plus profits, if any. 
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another 15% for interest and other financial charges left "net margins" on the order of 4-28%, 
an amount which was used to offset part of the overhead costs. In 1992, as in every year, 
total overhead costs incurred by the public seed agencies far exceeded the net margins 
earned on seed sales, so they ended up operating at a loss. However, since data on overhead 
costs were not made public, the size of the losses cannot be determined. 

Cost of seed in the private sector 

Table 13 shows average seed costs reported by a sample of private companies for the 1992 
kharif season. The data reflect the cost of producing and selling seed of a double-cross 
hybrid. Direct production costs made up the largest share of the total cost, accounting for 
40% of the final wholesale selling price. Transportation to the conditioning plant, as well as 
conditioning costs, accounted for an additional 16%, while distribution costs (including 
advertising and promotion costs) accounted for another 10%. Deducting 10% for 
administrative overhead left a net margin of about 23% of the wholesale selling price. 

It is important to note that the data appearing in Table 13 do not include any research costs. 
Thus, the data should be interpreted as reflecting the cost of producing public hybrids for 
which no research costs were incurred by the seed company. For at least two reasons, many 
of the seed companies contacted for this study had difficulty estimating the research cost 
component of the eventual market price. First, as mentioned previously, private maize 
breeding activities are frequently carried out in conjunction with breeding activities for other 
crops, and the costs are rarely disaggregated by crop. Second, many of the companies that 
provided data on seed costs only recently established maize research programs and are still 
in the early (start-up) stages of the research cycle; thus, there is no expectation that current 
levels of research expenditure will be recovered through current seed sales. 

Table 13. Estimated cost of producing maize seed (private 
sector, India), 1992 

Wholesale selling price 
Price paid to contract farmer 
Value of inputs supplied to farmers 
Transport to seed plant 
Seed conditioning and treatment 
Packing materials 
Transport to distributor 
Advertising and promotion costs 
Administrative overhead 
Netmargin 

Source: IARI-CIMMYT survey. 

Cost of production 

(Percentage 
(Rs/kg) of cost) 

15.00 
5.25 
0.75 
0.50 
0.75 
1.25 
1.00 
0.50 
1.50 
3.50 

100 
35 
5 
3 
5 
8 
7 
3 

10 
23 

Note: Data reflect the cost of producing seed of public hybrids, 
for which seed companies bear no R&D costs. In 1992, the 
rupee-dollar exchange rate was roughly Rs 31.00 to 
US$1.00. 
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The pattern of costs appearing in 
Table 13 is typical for developing 
countries in which adoption of 
hybrids is still at an early stage 
(L6pez-Pereira and Filippello 1995). 
Experience has shown that farmers 
who are relatively unfamiliar with 
hybrids are unlikely to invest heavily 
in expensive seed; under these 
circumstances, seed companies cannot 
afford to spend heavily on advertising 
and promotion, since this will drive 
up seed prices. During the period 
when a hybrid seed market is first 
emerging, it is common to find seed 
companies relying heavily on the 
public sector to educate farmers about 



the advantages of hybrid technology (e.g., through demonstration trials and extension 
campaigns). Only after farmers have successfully adopted hybrids and become familiar 
with them will they willingly pay higher prices for seed. At that point private companies 
will find it profitable to increase expenditures designed to differentiate their product in the 
market place, at which point the relative importance of packaging, advertising, and 
promotion costs will rise. At the same time, increased competition in the seed industry will 
usually cause net margins to fall. This tendency is illustrated in Table 14, which presents 
seed cost data for India, Brazil, Mexico, and the USA. 

Seed prices 

Since farmers' willingness to adopt seed of improved OPVs and hybrids will depend in part 
on economic considerations, seed price is potentially important in the adoption decision. 
The price of seed depends on various factors: 

• Seed production costs. The cost of producing seed varies considerably, depending 
primarily on seed yields and on management requirements of the seed crop. Yield of 
parental materials varies considerably, resulting in large differences in production 
costs. Seed yields of the inbred lines used to produce single-cross hybrids tend to be 
very low, making single-cross hybrids relatively expensive to produce. In contrast, seed 
yields of the composite materials used to produce top-cross hybrids and varietal 
hybrids tend to be higher, making top-cross and varietal hybrids relatively inexpensive 
to produce. Seed yields of OPVs tend to fall somewhere in the middle of the range, but 
production is less costly because no detasseling is required. The resulting differences in 
production costs are often reflected in the prices charged for different types of seed. 

• Level of support provided by the public sector. If seed is produced from parental 
materials developed by the public sector, research and development costs do not have 
to be reflected in the price of seed. Likewise, if improved OPVs and hybrids are 
promoted extensively through public sector extension programs, marketing and 
promotion costs borne by private companies are low. 

Table 14. Breakdown of hybrid seed production costs in selected countries, 1992 (%) 

Foundation seed 
Production costs 
Processing costs 
Distribution costs (including advertising) 
Overhead 
Net margin 

Source: CIMMYT (1994) and authors' estimates. 

India 

5 
35 
15 
10 
10 
25 

30 

Brazil 

16 
33 
7 

14 
10 
20 

Mexico 

12 
38 
7 

13 
10 
20 

USA 

10 
30 
15 
15 
15 
15 



• The structure and competitiveness of the seed industry. A seed industry characterized 
by companies that actively compete for market share is likely to be more efficient than 
one made up of companies that enjoy monopoly or oligopoly power. Competitive seed 
industries are more likely to develop if the public sector provides a source of improved 
germplasm and supports extension and promotion activities, particularly during the 
period when farmers are first learning about the advantages of hybrid technology. 

Table 15 presents information on prices of maize seed in India and in selected Asian 
countries. To facilitate comparisons between countries, seed prices are expressed in terms of 
the number of kilograms of maize grain that must be sold to pay for one kilogram of seed, 
known as the seed-to-grain price ratio. Several points are noteworthy. First, in all countries, 
hybrids are considerably more expensive than improved OPVs, often selling for two or 
three times as much. Second, seed produced by private companies tends to be more 
expensive than seed produced by the public sector, which often reflects subsidies paid to 
public seed production agencies. Third, hybrid seed prices in India are low compared to 
prices in other Asian countries, confirming the generally low structure of production costs. 

Demand for maize seed 

India's total maize seed requirement can be expressed as the sum of the requirement for 
hybrid seed and the requirement for OPV seed: 

(1) HYBREQ 
(2) OPVREQ 

= 
= 

AREA 
AREA 

MULTH 
MULT0 pv 

where: 

HYBREQ 
AREA 
PERCH 
RATEH 

= 
= 
= 
= 

total national hybrid seed requirements, 
total national maize area, 
percentage of total national maize area planted to hybrids, 
average seeding rate for hybrids, 

Table 15. Seed-to-grain price ratios in India and selected Asian countries, early 1990s 

Public 

OPVs Hybrids 

India 3.4 4.0 

Indonesia 7.8 
Pakistan 2.1 4.3 
Nepal 2.0 
Philippines 3.2 9.3 
Thailand 5.5 14.8 
Vietnam 2.5 14.5 

Source: CIMMYT (1994) and IARI-CIMMYT survey. 
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OPVs 

7.8 

3.2 
6.0 

Private 

Hybrids 

6.0 

14.5 
9.3 
7.5 
10.9 
16.7 
20.0 



MULTH 

OPVREQ 
PERCorv 
RATEorv 
MULTorv 

= 

= 
= 
= 
= 

multiplication factor for hybrid seed (a function of the degree to which hybrid 
seed is recycled by farmers), 
OPV seed requirements, 
percentage of total national maize area planted to OPVs, 
average seeding rate for OPVs, and 
multiplication factor for OPV seed (a function of the degree to which OPV 
seed is recycled by farmers). 

Many of these parameters are difficult to estimate with precision, because relatively little 
detailed information exists about farmers' maize production practices. Such information is 
currently being collected through a series of producer surveys being done under the IARI
CIMMYT collaborative research project. Until these surveys are completed, maize seed 
requirements must be estimated using incomplete information about several parameters. 

According to government production statistics, currently about six million hectares are 
planted to maize in India (AREA), but the proportion of this area that is planted to improved 
materials remains subject to intense debate. The lack of consensus concerning this critical 
parameter is startling. For example, at the 1995 National Maize Workshop held in Ludhiana, 
Punjab, knowledgeable maize scientists and seed company representatives presented wildly 
discrepant estimates of the area planted to hybrids (PERCH); the estimates ranged from as 
low as 6% to as high as 50% of India's total maize area. At the same workshop, estimates of 
the area planted to improved OPVs (PERC0 pv) ranged from 15% to 50% of India's total 
maize area. 

Casual observation of farmers' fields suggests that average seeding rates for both OPVs and 
hybrids (RATEH and RATEopv) are close to the recommended rate of 15 kg/ha. 

Information on recycling of seed (MULT H' MULT OPV) is practically nonexistent, although 
recycling is known to be common. Many farmers purchase small quantities of OPV seed 
which they then multiply up to use again and/ or sell to others. Some farmers even recycle 
hybrid seed, especially in marginal production environments where the risk of total crop 
failure discourages purchases of fresh seed.12 

Based on ''best guess" estimates of the key parameters, equations (1) and (2) were estimated 
as follows: 

(1) HYBREQ 
(2) OPVREQ 

= 6,000,000 ha 
= 6,000,000 ha 

20% 
30% 

15 kg/ha 
15 kg/ha 

1 
0.2 

= 
= 

18,000MT 
5,400MT 

Given the uncertainty surrounding a number of the parameters used in estimating the 
equations, these figures should be treated as rough approximations; actual seed 

12 Although seed companies strongly discourage recycling of hybrid seed, recycling may be economically rational 
when seed is expensive and the. risk of crop failure is high. In double-cross hybrids, the expected yield decline 
from replanting F2 generation seed is low, averaging around 8-10%; in single-cross hybrids, it is much higher, 
averaging 25-40%. 
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requirements in 1992-93 could have differed from these figures by as much as 25%. 
However, even despite their lack of reliability, these rough approximations provide a 
standard against which to compare reported seed sales figures. 

Seed sales 

One important obj~ctive of the study was to develop an accurate picture of the quantities 
and types of improved maize seed sold in India in recent years. Information on the size, 
composition, and growth of the market for maize seed is needed for a number of reasons. 
Researchers and research administrators can use seed sales data to assess the degree to 
which the products of maize breeding programs are reaching farmers. Government policy 
makers can use seed sales data to gauge whether efforts to promote the use of improved 
production technologies are succeeding. Private seed companies can use seed sales data to 
develop more effective marketing strategies. 

Unfortunately, efforts to assemble a comprehensive database on maize seed sales yielded 
disappointing results. Although officials of public seed agencies and representatives of 
private seed companies both expressed a willingness to cooperate, the data they provided 
are not easily reconciled with estimated seed requirements. 

Seed sales figures reported by public seed agencies seem low, especially for OPV seed 
(Table-16). Since medium and large seed companies produce very little OPV seed, the 
figures appearing in Table 16 suggest that small-scale seed producers produce much more 
OPV seed than is generally assumed, that farmers recycle OPV seed to a much greater 

Table 16. Production and sales of maize seed by public sector organizations, India 

Seed production (t) Seed sales (t) 

NSC ssc• Total NSC ssc• Total 

Year OPVs Hybrids OPVs Hybrids OPVs Hybrids OPVs Hybrids OPVs Hybrids OPVs Hybrids 

1978 78 2,439 8 2,880 86 5,319 78 2,439 122 1,715 200 4,154 
1979 70 2,591 102 988 172 3,579 70 2,591 3 201 73 2,792 
1980 37 1,639 118 7,191 155 8,830 37 1,639 102 2,270 139 3,909 
1981 74 2,370 165 4,497 239 6,867 74 2,370 118 3,714 192 6,084 
1982 5 1,735 18 4,502 23 6,237 5 1,735 165 2,317 170 4,052 
1983 181 1,417 122 3,676 303 5,093 181 1,417 2,473 181 3,890 
1984 268 1,050 94 2,438 362 3,488 268 1,050 53 1,114 321 2,164 
1985 433 1,252 88 1,832 521 3,084 433 1,252 94 855 527 2,107 
1986 663 1,650 105 2,575 768 4,225 663 1,650 88 1.132 751 2,782 
1987 1,050 1,515 33 1,674 1,083 3,189 1,050 1,515 105 903 1,155 2,418 
1988 275 1,157 110 797 385 1,954 275 1,157 32 1,356 307 2,513 
1989 1,064 1,561 256 1,949 1,320 3,510 1,064 1,561 151 726 1,215 2,287 
1990 417 1,824 140 800 557 2,624 417 1,824 241 1.165 658 2,989 
1991 320 1,314 248 1,218 568 2,532 320 1,314 276 1,315 596 2,629 
1992 395 516 175 1,383 570 1,899 395 516 326 941 721 1,357 

Source: NSC, SSC. 
a Andhra Pradesh, Kamataka, Uttar Pradesh. 
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extent than is generally recognized, and/or that the area planted to improved OPVs is 
much lower than is generally believed. 

Seed sales figures provided by private companies also seem low compared to estimated 
seed requirements (Table 17). However, it should be recalled that small-scale seed producers 
were not formally surveyed and that many larger seed companies declined to provide sales 
data. If it had been possible to obtain a complete accounting of private sector seed sales, the 
gap between estimated seed requirements and sales would probably have narrowed 
considerably. 

Why is it so difficult to obtain accurate data on seed sales? The public seed agencies have 
difficulty providing complete, up-to-date information, mainly because of poor data 
management systems. Private seed companies generally maintain reliable-records, but often 
they are reluctant to provide seed sales data on the grounds that this information is 

considered confidential because it provides a competitive advantage to rival companies. 
Another reason why private companies might want to withhold seed sales data (although 
one seldom mentioned) is that the information conceivably could be used by government 
officials to estimate business profits, which could be used as a basis for tax assessment. 

Since public seed agencies and private companies both have incentives to misrepresent 
their seed sales figures, one must be careful in interpreting the data presented in Tables 16 
and 17. However, even if the figures do not present a complete picture of the market for 
maize seed in India, at least three interesting trends can be discerned. First, the market share 
of the private seed companies has grown rapidly, particularly during the last few years, and 
private companies now dominate the market for maize seed. Second, growth in the volume 
of hybrid seed sold by private companies has been much more rapid than growth in the 
volume of OPV seed, raising serious questions as to whether or not OPV seed will remain 

Table 17. Sales of maize seed (t) by private seed companies, India 

OPVs Public hybrids Proprietary hybrids Total hybrids 

Year (t) na (t) na (t) na (t) 

1981 0 0 316 2 0 2 316 
1982 0 0 228 2 200 1 428 
1983 0 0 269 2 120 1 389 
1984 0 0 273 1 200 1 473 
1985 0 0 180 2 350 1 530 
1986 260 2 197 2 600 2 1,057 
1987 320 2 230 2 560 2 1,110 
1988 297 2 188 2 788 3 1,273 
1989 355 2 1,163 3 1,471 4 2,989 
1990 430 3 1,070 5 2,387 5 3,887 
1991 518 4 1,449 6 3,422 7 5,389 
1992 508 2 3,287 7 7,186 10 11,611 

Source: IARI-CIMMYT survey. 
a n = number of companies reporting sales of this type of seed in this year. 
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available in the future. Third, growth in the volume of seed of proprietary hybrids sold by 
private companies has been much more rapid than growth in the volume of seed of public 
hybrids, indicating that private companies are more effective at delivering their materials to 
farmers (particularly in more favorable production environments). 

Summary and Conclusions 

Evolution of India's maize seed industry 

Historically, maize research in India has been dominated by the public sector. Until quite 
recently, breeding and crop management research were carried out by seientists working 
with ICAR or with one of the many SA Us. For years, the main concern was to strike a 
balance between meeting the diverse needs of many types of farmers, from small-scale 
subsistence farmers to large-scale commercial growers. The consensus among researchers 
and policy makers alike was that this objective could best be achieved by concentrating 
resources on the development of improved germplasm (initially OPVs, later hybrids) and 
by distributing seed at prices that were affordable to all. 

This strategy was unquestionably successful. Improved OPVs and hybrids developed by 
public research programs helped bring about sustained growth in maize productivity 
during the 1960s, 1970s, and 1980s. Yet despite the gains achieved over the past three 
decades, average yields in farmers' fields remain well below potential yields. Although 
many factors have contributed to the persistent yield gap, one of the most important has 
been the low use of improved germplasm. Official statistics on adoption of HYVs are not 
altogether reliable, but there can be little doubt that at least half of the area planted to maize 
in India continues to be sown with unimproved local varieties of low production p0tential. 

Recognizing in this situation a commercial opportunity, during the 1970s and 1980s a few 
private companies began to produce and market maize seed. These early maize seed 
companies were all local companies, as multinationals initially faced legal barriers which 
effectively prevented them from entering the Indian market. Most local companies started 
out as family-owned enterprises engaged exclusively in the production and distribution of 
seed of public materials. Over time, however, some of the largest diversified into research, 
correctly perceiving that greater profits would accrue to those who could sell proprietary 
materials. Meanwhile, smaller companies continued to concentrate on seed production and 
distribution. 

Policy reforms introduced during the late 1980s and early 1990s led to an expansion in the 
maize seed industry, characterized by rapid growth in the number of companies, volume of 
sales, and scope of activities. During this period, many legal barriers to foreign participation 
were lowered, and multinational companies began to enter the Indian market. Responding 
to increasingly competitive market conditions, many maize seed companies launched 
research divisions, with the intention of developing proprietary hybrids that could be 
marketed as exclusive, branded products. Over time, the private sector became increasingly 
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active in maize research, to the point that seed companies now play a leading role not only 
in producing and distributing seed, but also in developing improved germplasm. Not 
surprisingly, private companies have concentrated on the development of commercial 
hybrids suitable for conditions in major production zones; they have shown little interest in 
developing more specialized types of materials required by small-scale, semi-subsistence 
farmers. 

The emergence of a thriving private maize seed industry has been accompanied by changes 
in the types and numbers of activities carried out by public research organizations and seed 
production agencies. Like the private seed companies, public organizations have responded 
to changing market conditions. Recognizing the advantages of hybrid technologies, and 
impressed by their growing popularity, public breeding programs have shifted the focus of 
their research away from OPVs and toward hybrids. At the same time, public seed 
production agencies have improved their balance sheets by raising efficiency and by 
concentrating on the production of materials with relatively high market potential. 

What future roles for the public and private sectors? 

The rapid growth of the private seed industry has raised questions about the appropriate 
role of India's public maize seed industry. Citing the extensive budgetary support given to 
the public agencies responsible for maize research and development, some observers have 
called for their activities to be scaled back. Others have adopted a less extreme view, 
arguing that the state must maintain a presence in the maize seed industry for economic 
and political reasons, and that the real question is not whether a public maize seed industry 
is needed, but rather how its effectiveness can be improved. 

Which view is correct? Information presented in this report suggests that there is good 
reason to be optimistic about the prospects for the private maize seed industry, whose 
relatively recent emergence has been nothing short of startling. Propelled by the search for 
profits, private companies have demonstrated resourcefulness and flexibility in adapting to 
rapidly changing market conditions. Their initial narrow focus on seed production and 
marketing has been expanded through the addition of R&D functions, and the industry 
continues to integrate vertically. Strong growth in sales of proprietary hybrids provides 
dear evidence that private companies have been able to develop good hybrids, produce 
high-quality seed of those hybrids at low cost, and deliver that seed to farmers. 

But despite these achievements by the private sector, it would be dangerous to conclude 
that the public sector no longer has a role to play. Although the market for commercial 
maize seed has grown rapidly, the long-term economic viability of many private seed 
companies remains uncertain. Corporate balance sheets remain closely guarded, but it 
would appear that many of the companies which entered the maize seed market in recent 
years have yet to generate consistent profits. As competition continues to intensify, it is 
becoming increasingly dear that private companies will have difficulty expanding market 
share if they continue to sell only seed of public OPVs and hybrids, and that increasing 
profitability in the long run will require the development of proprietary hybrids that can be 
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differentiated successfully in the marketplace. Recognizing the crucial importance of 
proprietary materials, many seed companies have launched research divisions. In most 
cases, it is still too early to tell whether the move will pay off. Many of the seed company 
representatives interviewed for this study admitted that they have not been involved in 
maize R&D long enough to understand the economics and that they still do not know 
whether the considerable sums being invested in research will pay off. For the handful of 
companies that have already closed down their research divisions (or in some cases gone 
out of business completely), maize research clearly was not profitable. 

One thing seems clear: private seed companies that manage to survive over the long run are 
likely to require continuing support from the public sector. Success in the maize seed 
business cannot be achieved in a vacuum. Every seed company operating today in India, 
from the largest multinational to the smallest Indian-owned company, owes a debt to the 
government-funded agencies which have promoted maize production through the 
provision of research, extension, and development support services. Sometimes the debt is 
quite obvious, as in the case of the large amounts of ICAR and CIMMYT germplasm used 
by private companies in their breeding programs, or the many government-trained 
scientists hired away by private companies to head up their research divisions. Sometimes 
the debt is more subtle, as in the case of the many government-sponsored technology 
extension schemes (especially demonstration trials for new varieties) whieh have served to 
educate farmers about the advantages of hybrids. But whether the debt is direct or indirect, 
obvious or not, the fact remains that the success of private seed companies has been 
achieved in large part because the companies have been able to build on a foundation 
established by public organizations. 

Although private seed companies have demonstrated the ability to assume many of the 
functions formerly carried out exclusively by public agencies, they are unlikely to assume 
all of the functions, especially research functions. The main reason for this is that public 
agencies produce many goods and services which cannot easily be exploited for commercial 
profit. Examples include basic research of all kinds; multilocational testing of experimental 
varieties and hybrids; training of scientific manpower; and collection and dissemination of 
information. The fact that these goods and services are unlikely to be produced by profit
motivated private companies indicates a continuing need for active public sector 
participation in the maize seed industry. 

Implications for seed industry policies 

Assuming that the public and private sectors will continue to play complementary roles, 
what actions can be taken to improve the performance of the industry? 

Research - India's public maize breeding programs have been extremely successful in 
developing and releasing improved OPVs and hybrids. However, in the future it may 
become increasingly difficult to maintain historical rates of varietal releases in the face of 
increased competition from private industry. Private companies have been able to hire away 
many of the best breeders from public breeding programs by offering higher salaries, more 
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generous benefits, and better working conditions. Many senior staff working for private 
companies spent the early part of their careers working in public research organizations. 
Although the training and experience they received in the public sector was not lost when 
they moved to the private sector, the constant drain of human resources has made it 
difficult for public breeding programs to remain competitive. If public research 
organizations are to continue to attract and retain competent scientists, salaries and benefits 
will have to be re-examined. Operating budgets of public research programs may also have 
to be strengthened to ensure that scientists are not lured away to the private sector by the 
prospect of better working conditions. 

Assuming the necessary changes are made to ensure that public research institutions are 
able to attract and maintain outstanding staff, then it will become necessary to make sure 
that public research resources are used effectively. This might require introduction of a more 
formal research planning process designed to identify potential research objectives clearly 
and rank them correctly, taking into account both efficiency and equity goals. Experience 
suggests that private companies rarely undertake research unless it is likely to produce 
commercial payoffs, which frequently causes them to neglect the technology needs of 
important groups of disadvantaged producers. A more formal research planning process in 
the public sector could help to ensure that the needs of disadvantaged producers are 
correctly identified and addressed. Currently, public breeding programs are developing 
relatively more special-trait germplasm adapted to marginal areas of low production 
potential, but perhaps not to the extent needed. 

With a relatively small amount of fine-tuning, public research programs can continue to 
play an important behind-the-scenes role in providing vital support to the private seed 
industry. An additional challenge facing policy makers and research administrators is to 
increase the effectiveness with which this support is provided. For example, the 
mechanisms through which the products of public breeding programs are transferred to 
private companies need to be improved. Many private companies complain that procedures 
for obtaining germplasm are cumbersome, resulting in long delays between the time 
materials are requested and the time they are received. Furthermore, the materials provided 
by public breeding programs are sometimes contaminated. These problems, if true, need to 
be addressed. At the same time, private companies must recognize the value of the products 
and services they receive from public breeding programs, and if necessary they should be 
willing to pay for them. In today's political climate, it is simply unrealistic to expect that 
public research organizations will continue to subsidize profit-oriented activities of private 
companies. 

Recent policy reforms have made it easier for private companies to engage in research. 
However, a number of regulations remain on the books which inhibit the ability of private 
companies to get on with the job. Plant varietal protection laws are one example. Given 
extremely high development costs, seed companies are understandably reluctant to give up 
control of inbred lines unless an effective system is in place to identify and protect 
germplasm. Since such a system is still lacking, no seed company has been willing to enter 
into large-scale commercial production of single-cross hybrids. This is a serious problem, 
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because the highest-yielding experimental materials include many single-cross hybrids. 
Introduction of a more effective system of plant varietal protection would allow seed 
companies to protect their inbred lines, encouraging them to begin commercial production 
of their best hybrids and encouraging additional investment in research. Farmers would 
gain increased access to new germplasm at competitive prices. At the same time, more 
effective plant varietal protection measures would help to identify the extent to which 
public materials are used in developing proprietary hybrids. 

Seed production and distribution - If a continuing role seems assured for the public 
sector in maize research, the same cannot be said for seed production and distribution. The 
results of this study support the widely held view that public seed agencies in India have 
not been very effective at producing high-quality maize seed and distributing that seed to 
farmers in a timely, cost-effective fashion. To be fair, it must be pointed out that the public 
seed agencies handle many unprofitable crops and that they are required to operate in 
marginal production environments where demand for seed is low and distribution costs are 
high. But even taking into account these factors, in areas where public seed agencies and 
private companies both operate, private companies appear to provide better service in 
producing seed and delivering it to farmers on time. The difference in performance is no 
doubt attributable in large part to economic factors: profit-driven private companies must 
pay attention to the bottom line, whereas public agencies continue to receive government 
support that undermines their incentives to operate efficiently. 

Of course, even if public agencies are unlikely ever to produce and distribute maize seed as 
efficiently as private companies, policy actions could improve the performance of both 
types of organizations. One such action would be the introduction of an effective market 
information system. At present, it is almost impossible to get reliable statistics on 
production and sales of maize seed in India. Because of the lack of information, public 
agencies and private companies both have difficulty forecasting supply and demand. This 
makes it hard to plan seed production activities, resulting in frequent overproduction and 
leading to losses in many years. The NSC, the country's principal seed agency, could work 
with the seed trade association in developing and implementing a market information 
system to track supply and demand trends. In addition to helping improve seed production 
planning, knowledge of market supply and demand conditions would help in the 
identification of growers whose seed requirements are being neglected. Armed with such 
information, public seed agencies would be able to concentrate their efforts on growers who 
are not being served effectively by the private sector. 

Another policy action likely to improve the performance of both public agencies and 
private companies would be the introduction of a more effective seed certification system. 
The existing system is not always effective. A significant proportion of what is sold as 
"certified seed" is not subjected to official certification procedures, and many farmers end 
up purchasing an inferior product. Although a revised certification procedure could take 
many forms, the key to success will be to shift the responsibility for certification (as well as 
legal accountability) back to the seed companies themselves. Seed companies have an 
obvious interest in ensuring the quality of their product; this interest should be harnessed 
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and put to work. Experience from around the world suggests that any seed certification 
system involving government inspectors is unlikely to be effective; the opportunities for 
rent seeking are simply too great (Tripp 1995). Seed certification requirements should also 
recognize that farmers themselves are often capable of identifying inferior products, so that 
complicated certification procedures may not always be needed. The fact that virtually all 
private seed companies in India sell their proprietary hybrids under the truthful labeling 
provision (i.e., without certification) provides strong evidence that certification procedures 
are not always needed. 

The establishment of an accurate market information system and implementation of 
effective seed certification procedures should help to improve industry performance in the 
short run, but these actions probably will not ensure a permanent role for public seed 
agencies in the long run. One lesson that has emerged from the study of seed industries 
around the world is that public involvement in seed production and distribution eventually 
decreases, with responsibility for those functions gradually shifting to the private sector 
(Jaffee and Srivastava 1992). In India, this process has already begun, and the role of the 
public seed agencies is destined to decline further as the maize seed industry continues to 
mature. 

Rather than trying to resist this trend, policy makers should embrace the reforms needed to 
make the national maize program better prepared to meet the challenges of the future. 
Inevitably, this will mean considering changes in the role played by some public agencies. 
Although there will probably always be valid reasons for the government to remain actively 
involved in maize research, the case for continuing public-sector participation in 
commercial seed production seems less clear. At present, public seed agencies are still 
needed to promote price competition in the marketplace and to deliver seed to areas not 
served by the private sector. However, if present trends continue, it is likely that sooner or 
later private companies will move into marginal production environments. If and when that 
happens - and assuming private companies demonstrate the ability to offer farmers in 
those environments the same good service that they have been able to provide in favorable 
environments - then the need for government support to commercial seed production 
agencies will have to be questioned. Policy makers will then have to come to grips with the 
fact that state agencies are inherently ill-equipped to compete with private companies in the 
business of producing and distributing maize seed. At that point, they will have to consider 
the possibility that the government should get out of the maize seed business. 
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Appendix A 

Sources of Data 

Public sector maize research programs that participated in the IARI-CIMMYT survey: 

Andhra Pradesh Agricultural University, Amberpet Farm, A.P. 
Assam Agricultural University, Jorhat, Assam 
Rajendra Agricultural University, Dholi, Bihar 
Gujarat Agricultural University, Godhra, Gujarat 
Haryana Agricultural University, Kamal, Haryana 
Himachal Pradesh Agricultural University, Bajaura, H.P. 
Himachal Pradesh Agricultural University, Dhaulakuan, H.P. 
Sheri Kashmir Agricultural University, Srinagar, Jammu and Kashmir 
Sheri Kashmir Agricultural University, Rajouri, Jammu and Kashmir 
University of Agricultural Sciences, Dharwad, Kamataka 
Regional Research Station, Mand ya, Kamataka 
University of Agricultural Sciences, Nagenahali, Mysore, Kamataka 
JNKVV Zonal Agricultural Research Station, Chindwara, Madhya Pradesh 
MPKVV, Kolhapur, Maharashtra 
Directorate of Maize Research, IARI, New Delhi 
Maize Research Unit, IARI, New Delhi 
Punjab Agricultural University, Ludhiana, Punjab 
Rajasthan Agricultural University, Udaipur, Rajasthan 
Rajasthan Agricultural University, Banswara, Rajasthan 
Maize Research Unit, Almora, U.P. 
C.S. Azad University, Kanpur, U.P. 
G.B. Pant University, Pantnagar, U.P. 
N.D. University of Agriculture, Baraich, U.P. 
ICAR Research Complex for N.E. Hill Region, Shillong, Meghalaya 

Private seed companies that participated in the IARI-CIMMYT survey: 

Proagro Seed Company Ltd. 
Messina Beej Pvt. Ltd. 
IN GEN Pure Seed Genetics International (p) Ltd. 
Mahendra Hybrid Seed Company Pvt. Ltd. 
Nath Seeds Ltd. 
Maharashtra Hybrid Seed Company Pvt. Ltd. 
Vijay Seeds Company Pvt. Ltd. 
IML Seeds Pvt. Ltd. 
J.K. Industries, Agri Genetics Division 
Bioseed Genetics, India, Ltd. 
Hindustan Lever Ltd. 
ITC Ltd. 
Bisco Seedtec Pvt. Ltd. 
Vikki's Agrotech Pvt. Ltd. 
Kanchan Ganga Seeds Company, Ltd. 
Shakti Seeds Pvt. Ltd. 
Ganga Agri Seeds, Ltd. 
Pioneer Overseas Corporation, India 
Cargill Seeds India Pvt. Ltd. 
Model Seeds Pvt. Ltd. 
ICI Zenica Ltd. 
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Appendix B 

Maize Germplasm Developed by Public Breeding Programs in India, 1961-93 

Table Bl. Maize varieties and hybrids developed by public breeding programs in India, 1961-93 

Program which Name of 

developed material material 

Srinagar, J&K 

2 Srinagar, J&K 
3 Srinagar, J&K 

4 Srinagar, J&K 

5 Srinagar, J&K 

6 Srinagar, J&K 

7 Srinagar, J&K 

8 Srinagar, J&K 

9 Srinagar, J&K 

10 Srinagar, J&K 

11 Rajouri, J&K 

12 Bajaura, HP 

13 Bajaura, HP 

14 Bajaura, HP 

15 Bajaura, HP 

16 Dhaulakuan, HP 

17 Dhaulakuan, HP 

18 Dhaulakuan, HP 

19 PAU, Punjab 

20 PAU, Punjab 

21 PAU, Punjab 

22 PAU, Punjab 

23 PAU, Punjab 

24 PAU, Punjab 

25 PAU, Punjab 

26 PAU, Punjab 

27 PAU, Punjab 

28 PAU, Punjab 

29 PAU, Punjab 

30 PAU, Punjab 

31 IARI, New Delhi 

32 IARI, New Delhi 

33 !ARI, New Delhi 

Himalaya 123 

CI 

C2 

C3 

C6 

c 15 

cs 
C7 

Super 1 

CB 

Rajouri Cl 

Early Comp (B) 

Parvati B 

NavinB 

Sartaj 

Early Com (D) 

Parvati D 

NavinD 

Vijay 

Ageti-76 

Partap 

Sangam 

Navjyot 

Partap-1 

Hybrid Sartaj 

J 1006 

Kiran 

Megha 

Kesri 

Pb. Sathi-1 

Ranjit 

Ganga Safed 2 

Hi Starch 

Source: IARl-CIMMYT survey. 

Year Type of Moisture Sowing Source germplasm 

released material Color Texture Season regime date ICAR CIMMYT 

1964 

1968 

1968 

1968 

1975 

1978 

1978 

1978 

1978 

1993 

1980 

1987 

1992 

1993 

1982 

1984 

1992 

1967 

1976 

1980 

1981 

1982 

1983 

1987 

1988 

1988 

1990 

1992 

1992 

1961 

1963 

1963 

DC 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

DC 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

vc 
OPV 

OPV 

DC 

OPV 

OPV 

OPV 

OPV 

OPV 

DC 

OTC 

OTC 

y 

y 

y 

y 

y 

y 

y 

y 

y 

w 
w 
y 

y 

0 
y 

y 

y 

y 

y 

y 

y 

w 
y 

y 

y 

w 
y 

y 

y 

y 

y 

w 
w 

SF 

F 

D 

F 

F 

D 

F 

F 

F 

SD 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

D 

F 

F 

F 

D 

F 

F 

F 

F 

F 

F 

F 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K,R 

K 

K 

R 

K 

K 

K 

K 

K 

K 

K 

K 

R 

R,I 

R,I 

R,I 

R,I 

R,I 

R,l 

R,I 

R,I 

R,I 

R,I 

R 

R 

R,I 

R 

R,I 

R 

R,l 

R 

I 

R,l 

I 

I 

R,I 

R 

I 

R,I 

E 

E 

L 

T 

E 

E 

T 

T 

T 
T 

T 

T 

T 

T 

T 

T 

E 

T 

T 

E 

E 

T 

L 

T 

E 

E 

L 

T 
L 

E 

T 
T 

T 

)( 

)( )( 

)( )( 

)( )( 

)( 

)( 

)( 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

)( 

x 

x 

x 

Note: In many cases, Indian scientists did most or all of the breeding work that went into developing these materials. \ery exceptionally, the 
national maize program simply tested an imported OPV or hybrid before releasing it with little or no further improvement. 

Key: Type of material: OPV = open-pollinating variety; DC = double-cross hybrid; 1WC = three-way cross hybrid; and VC = varietal cross 
hybrid. Grain color: Y = yellow; W = white; and 0 = orange. Gr11in texture: F = flint; D = dent; SF =semi-flint; and D = semi-dent. Seuon: 
K = recommended for kharif, R = recommended for rabi; and K.R = recommended for kharif or rabi. Moisture regime: R = rainfed; I = 
irrigated; and R,I = rainfed or irrigated. Sowing date: E = recommended for early sowing; T = recommended for timely sowing; and L = 
recommended for late sowing. 
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Table 81 (continued). 

Program which 
developed material 

34 !ARI, New Delhi 

35 IARI, New Delhi 

36 !ARI, New Delhi 

37 lARI, New Delhi 

38 IARI, New Delhi 

39 !ARI, New Delhi 

40 !ARI, New Delhi 

41 IARI, New Delhi 

42 !ARI, New Delhi 

43 Almora, UP 

44 Almora, UP 

45 Almora, UP 

46 Almora, UP 

47 Almora, UP 

48 Almora, UP 

49 Almora, UP 

50 Almora, UP 

51 Pantnagar, UP 

52 Pantnagar, UP 

53 Pantnagar, UP 

54 Pantnagar, UP 

55 Pantnagar, UP 

56 Pantnagar, UP 

57 Pantnagar, UP 

58 Pantnagar, UP 

59 Kanpur, UP 

60 Dholi, Bihar 

61 Dholi, Bihar 

62 Dholi, Bihar 

63 Dholi, Bihar 

64 Dholi, Bihar 

65 Udaipur, Rajasthan 

66 Banswara, Rajastan 

Name of 
material 

Jawahar 

Kisan 

Sona A 

Vikram 

Ganga5 

Shakti 

A run 

PC 1 

PC2 

V1 Makka54 

VI Makka 1 

Himalaya 128 

V1Makka16 

V1 Amber 

V1 Makka41 

VI Makka 88 

V1 Makka42 

Ganga4 

Protina 

Tarun 

NavinP 

Sweta 

Kanchan 

0765 

Surya 

Azad Uttam 

Hemant 

Suwan-1 

Laxmi 

Rajendra I 

Rajendra Ii 

Mo ti 

Mahi Kanchan 

Source: IARI-CIMMYT survey. 

Year 
released 

1967 

1%7 

1967 

1%7 

1968 

1971 

1987 

1988 

1988 

1962 

1973 

1979 

1980 

1981 

1986 

1988 

1988 

1971 

1971 

1977 

1979 

1980 

1982 

1984 

1988 

1989 

1988 

1993 

1993 

1977 

1992 

Type of Moisture Sowing Source 
material Color Texture Season regime date ICAR 

OPV Y 

OPV Y 
OPV 0 

OPV 0 

OTC Y 
OPV Y 
OPV Y 
OPV Y 
OPV Y 
DC y 

OPV Y 
DC W 
OPV Y 
OPV 0 
OPV Y 
OPV Y 
DC W 
TWC W 

OPV Y 

OPV Y 

OPV Y 

OPV W 

OPV Y 

OPV Y 

OPV Y 

0 

w 
y 

OPV W 

w 
y 

OPV W 

OPV Y 

F 

F 

F 

F 

F 

0 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

D 

D 

D 

F 

F 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

R 

K 

R 

K,R 

K 

K 

K 

R,I 

I 

R,I 

I 

R,I 

R 

R,I 

R 

R 

R 

R 

R 

R 

R 

R,I 

R,I 

R,I 

R,I 

R,I 

R,I 

R 

I 

R 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

E 

T 

T 

T 

E 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

·gennplasm 
Cl MM YT 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Note: In many cases, Indian scientists did most or all of the breeding work that went into developing these materials. Very exceptionally, the 
national maize program simply tested an imported OPV or hybrid before releasing it with little or no further improvement. 

Key: Type of material: OPV =open-pollinating variety; DC =double-cross hybrid; TWC = three-way cross hybrid; and VC = varietal cross 
hybrid. Grain color: Y = yellow; W = white; and 0 = orange. Grain texture: F = flint; D = dent; SF = semi-flint; and D = semi-dent. Season: 
K = recommended for /rharif, R = recommended for rabi; and K,R = recommended for /rharif or rabi. Moisture regime: R = rainfed; I = 
irrigated; and R,I = rainfed or irrigated. Sowing date: E = recommended for early sowing; T = recommended for timely sowing; and L = 
recommended for late sowing. 
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Table Bl (continued). 

Program which 

developed material 
Name of 

material 

Year 

released 

67 Chindwara, MP Chandan Makka 1 1972 

68 Chindwara, MP Chandan Makka 2 1973 

69 Chindwara, MP Chandan Makka 3 1976 

70 Kolhapur, Maharashtra Hunis 1980 

71 Kolhapur, Maharashtra Maniri 1980 

72 Kolhapur, Maharashtra African Tall 1982 

73 Kolhapur, Maharashtra Panchganga 1988 

74 Godhra, Gujarat 

75 Godhra, Gujarat 

76 Hyderabad, AP 

77 Hyderabad, AP 

78 Hyderabad, AP 

79 Hyderabad, AP 

80 Hyderabad, AP 

81 Hyderabad, AP 

82 Hyderabad, AP 

83 Hyderabad, AP 

84 Hyderabad, AP 

85 Hyderabad, AP 

86 Hyderabad, AP 

87 Hyderabad, AP 

88 Hyderabad, AP 

89 Hyderabad, AP 

90 Mysore, Kamataka 

91 Dharwar, Kamataka 

92 Dharwar, Kamataka 

GujMakai 1 

Guj Makai2 

Ohm 

Amber 

Ohm 101 

Ohm 103 

Rohini 

Ashwini 

Dhml 

Harsha 

Ohm 105 

Madhuri 

Varun 

Trishulata 

Ohm 107 

Ohm 109 

Ganga 11 

Renuka 

Prabha 

93 DMR, !ARI, New Delhi Ganga 1 

94 DMR, !ARI, New Delhi Ganga 1-1 

95 DMR, !ARI, New Delhi Ganga 3 

96 DMR, !ARI, New Delhi Ganga 9 

97 DMR, !ARI, New Delhi Diara 3 

98 DMR, IARI, New Delhi Mcv5-8 

99 DMR, !ARI, New Delhi Dhawal 

Source: IARI-CIMMYT survey. 

1987 

1993 

1%1 

1972 

1975 

1982 

1982 

1987 

1988 

1988 

1990 

1990 

1990 

1991 

1992 

1993 

1988 

1986 

1992 

1961 

1961 

1964 

1979 

1985 

1987 

1988 

Type of Moisture 

material Color Texture Season regime 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

OPV 

DC 

OPV 

DC 

DC 

OPV 

OPV 

DC 

OPV 

DC 

OPV 

OPV 

1WC 

1WC 

1WC 

TC 

OPV 

OPV 

DC 

DC 

DC 

DC 

OPV 

OPV 

OPV 

y 

w 
y 

y 

y 

w 
w 
w 
y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

y 

w 

F 

D 

F 

F 

F 

D 

F 

F 

F 

SD 

SF 
SD 

SD 

SD 

F 

SD 

SF 
SD 

D 

SF 
D 

SD 

SD 

F 

F 

SF 
F 

F 

F 

F 

F 

F 

F 

K 

K 

K 

K,R 

K,R 

K,R 

K,R 

K 

K 

K 

K 

K 

K,R 

K 

K 

K 

K 

K 

K,R 

K 

K 

K 

K 

K,R 

K,R 

R 

K 

K 

K 

K 

K 

K 

R 

R 

R 

R 

R,I 

R,l 

R,I 

R,I 

R 

R 

I 

R,l 

R,l 

R,I 

R,I 

I 

R,l 

R,I 

R,I 

R,I 

R 

Sowing 

date 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

r 
T 

T 

T 

T 

T 

T 

E 

T 

T 

T 

T 

E 

E 

T 

Source 

ICAR 

x 

x 

x 

x 

x 

x 

X· 

x 

x 

x 

x 

germplasm 
CIMMYT 

x 

x 

x 

x 

x 

x 

x 

x 

Note: In many cases, Indian scientists did most or all of the breeding work that went into developing these materials. 'kry exceptionally, the 
national maize program simply tested an imported OPV or hybrid before releasing it with little or no further improvement. 

Key: Type of material: OPV = open-pollinating variety; DC = double<ross hybrid; TWC = three-way cross hybrid; and VC = varietal cross 
hybrid. Grain color: Y = yellow; W = white; and 0 = orange. Grain texture: F = flint; D = dent; SF = semi-flint; and D =semi-dent. Season: 
K = recommended for kharif, R = recommended for rabi; and K,R = recommended for kharif or rabi. Moisture regime: R = rainfed; I = 
irrigated; and R,I = rainfed or irrigated. Sowing date: E = recommended for early sowing; T = recommended for timely sowing; and L = 
recommended for late sowing. 
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