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Executive Summary

Dwing 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 companies and multinationals, 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 ofmaize farmers.

Since the simultaneous pursuit of overlapping goals could lead to a wasteful duplication

of effort, there is a need to reassess the strategy ofpublic institutions to ensure that their

activities complement those of the private sector, rather than compete. Unfortunately,

deciding an appropriate strategy for the future is complicated by the lack of easily

accessible information about the public and private seed industries.

This report presents the results of a study undertaken with the following objectives:

• to review recent trends in the maize economy;

• to generate information on public and private investment in maize research;

• to generate information on products ofmaize research, particularly germplasm;

• to assess the relative strengths and weaknesses of the public and private sectors

in developing improved technologies and in delivering them to farmers; and

• to examine future options for maize seed industry policies.

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 work. Dwing the same

year, India's 21 largest seed companies reported employing 92 FTE maize researchers.
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The number of maize researchers working for private seed companies thus is 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

exclusively by leAR.

Analysis of nearly 100 open-pollinating varieties (OPVs) and hybrids released in India

from 1961-92 reveals that the products developed by public and private breeding

programs have differed. Private companies have emphasized the development of hybrids

adapted to favorable environments where commercial production is concentrated. Public

breeding programs have produced a slightly wider range of open-pollinating and hybrid

materials, including some targeted at marginal environments of low production potential.

Most commercial maize seed in India is produced by contract growers. Seed production

activities in the public sector and especially in the private sector appear to be reasonably

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 largely ineffective, and a significant proportion of the maize

seed that is produced escapes rigorous quality controls.

Efforts to assemble a comprehensive data base on maize seed sales yielded disappointing

results. Information provided by officials ofpublic agencies and representatives of many

private companies are 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 ofpublic

hybrids, indicating that farmers prefer proprietary hybrids and/or that private companies

are more effective at delivering these materials to farmers.
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The impressive performance of many private seed companies has raised questions about

the need for public seed agencies. Citing the large subsidies that go to support the

National Seeds Corporation (NSC) and the various State Seeds Corporations (SSCs),

some observers have. called for their reduction or outright elimination. 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 which have promoted maize production through

the provision of research, extension, and developmentsupport services. Especially

important for the private maize seed companies has been the basic germplasm produced

by national and international research organizations.

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 public-sector participation in the maize seed industry, especially in

supporting basic research. 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 distrib.ution seems destined to decrease,

with responsibility for those functions gradually shifting to the private sector.
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1. Introduction and objectives

1.1 Introduction

Maize ranks third in importance among India's cereal crops, covering nearly six million

hectares and contributing over nine million tonnes annually to the nation's grain supply.

In addition to serving as an important food staple for an economically vulnerable segment

of the population, it also ranks first in importance as a feed crop and furthermore provides

an important source of raw material for a wide range of industrial uses.

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 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 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 are aggressively pursuing the most

lucrative commercial markets; at the same time, they are largely ignoring marginal areas

of low production potential. Their presence has muddied the waters and complicated 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 are increasingly being 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 ofoverlapping 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.

For policy makers and research administrators, deciding 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 report seeks to redress this

deficiency by presenting the results of a study undertaken with the following objectives:

• to review recent trends in the maize economy;

• to generate information on public and private investment in maize research; •

• to generate information on products of maize research, particularly germplasm;

• to assess the relative strengths and weaknesses of the public and private sectors

in developing improved technologies and in delivering them to farmers; and

• to examine future options for maize seed industry policies.



1.2 Sources ofdata

Data for this report were 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 Seed Corporations (SSCs), were requested directly from these agencies.

Data on the level of investment, activities, and products ofpublic research organizations

were collected through a questionnaire filled out by the leaders of 24 public research

programs which work on maize. 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 collected through a series of surveys conducted by staff of the CIMMYT

Economics Program.

2. 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 increasing commercial orientation of the

agricultural economy and rising demand 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 forces.



2.1 Maize production trends

2.1.1 Area

Between 1951 and 1970, the area planted to maize in India expanded at an average annual

rate of2.9%, causing national maize area to almost double in size from 3 million ha to

nearly 6 million ha (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 no further maize area growth occurred during the following

two decades. The stagnation in maize area beginning in the early 1970s can be attributed

to a general slowdown in expansion ofcultivated land, and, more importantly, to a

significant shift in area planted to high-yielding modem varieties of rice and to other high

value crops, particularly sugar cane and groundnuts.

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, reducing the exposure of the crop to the vagaries of rainfall. The proportion of

maize area that is irrigated rose from 16% in 1970 to 21 % in 1990 (Figure 2).

Another development which is not readily apparent in aggregate statistics has been the

rise in importance of the rabi (winter season) crop. With the introduction of improved

materials showing good cold tolerance, many farmers have begun to cultivate maize

during the'rabi season. This crop has assumed considerable importance in northern states,

especially in Bihar and parts of eastern Uttar Pradesh.



2.1.2 Yields

At the national level, average maize yields have registered continuous growth since the

1950s. However, the pattern of growth has not been constant. After a relatively long

period of stable growth, maize yields began to exhibit wide year-to-year fluctuations

beginning in the late 1960s (Figure 3). This pattern is consistent with the displacement of

maize from irrigated land as the result of the appearance of the so-called Green

Revolution varieties of rice (and other crops). As maize cultivation shifted to more

marginal rainfed land, the crop became increasingly subject to the vagaries of rainfall.

Yet even if the variability ofmaize yields increased, the underlying trend continued

upward, with yield growth averaging 1.9% per year during the period 1971-92. Factors

contributing to the continuing strong growth in yields included increased use of inputs

(particularly fertilizer) and greater use of improved 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 well behind yields achieved under experimental conditions with

improved germplasm and high levels ofmanagement. Furthermore, national average

yields in India remain quite low by world standards. In 1992, maize yields for India as a

whole were only two thirds of the average maize yields for all developing countries and

less than half of the average yields achieved in Asia (CIMMYT, 1994).

2.1.3 Production

Maize production trends reflect the combined effects of the area and yield growth patterns

described in the preceding two sections.) 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

) Summary statistics showing trends in maize area, yield, and production in important maize-producing
states appear in Table 1.



considerably as the area planted to maize ceased to expand. Nonetheless, continuing yield

growth continued to fuel overall production growth averaging just under 2% per year. By

the early 1990s, total production had surpassed 10 million tonnes (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. These

fluctuations were translated into considerable variability in maize prices, which today

may be discouraging further expansion in maize production and may also be discouraging

risk-averse farmers from using optimal levels of inputs.

2.2 Maize consumption trends

Virtually all ofIndia'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 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 ofmaize, 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 other preferred cereals. Second, public distribution ofwheat and

rice at concessional prices has lowered the relative prices of these two cereals and led to

substitution away from maize (Pal et al., 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.



2.1 Trends in maize prices

India imports and exports negligible quantities ofmaize, so market prices are determined

by domestic supply and demand forces. Like the domestic markets for most other

commodities, the market for maize in India is affected by government intervention in the

form of an administered price policy. Minimum support prices are announced at the time

of sowing; if market prices later fall below the support price, farmers can choose to sell

maize to the government at the support price. In recent years, the support price for maize

has been ineiIective; 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 have increased steadily during the past several

decades (Figure 6). Surprisingly, year-to-year fluctuations in prices appear to have been

much smaller than fluctuations in production, perhaps indicating that producers have

varied their home consumption so as to effectively stabilize sales and revenues. 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 and the real cost of

production have both declined suggests that productivity gains attributable to the

adoption of improved technology have largely been passed on to consumers through

lower prices.

3. 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-sector agencies and private seed companies.
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3.1 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 varietal development activities, seed

certification procedures, and regulations governing the exchange of germplasm. In

addition, there are regulations for the protection of 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

activities.

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 in the form of a developing and implementing an action plan

until the mid 1960s. The National Seeds Corporation (NSC) was founded in 1963 and

charged with the systematic production and distribution of seed. This was followed in

1966 by the 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 engage in seed production

and distribution activities, including the State Farm Corporation of India (SFCI), 13 State

Seed Corporations (SSC), 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 enforcement of 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 ofvarleties notified under Section 5 of the Act is

eligible for certification.

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 firmly in the hands of government organizations. Because seed was considered to be

ofcritical importance for national food security, participation by the private sector in the

seed industry was restricted. The situation changed drastically in 1987, when industry

licensing policy was modified to allow limited 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 Develop~ent, a landmark piece of

legislation which further opened the doors to private sector participation in the seed

industry. Under the New Policy for Seed Development, imports ofvegetable seeds were

permitted, subject to certain restrictions regarding access to and disposal of foreign

exchange. Imports of seeds of several other crops (including maize, but excluding wheat

and rice) were also permitted, but only under the condition that the Indian company

importing the seed negotiate a technical cooperation agreement with the foreign supplier

stipulating that parent lines, breeder seed, and/or seed production technology would be

. ceded to the Indian company within a period of two years. Meanwhile, import duties on

seed 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 not be able to withstand competition from

.well-established, financially powerful foreign seed companies. These fears have proved

unfounded, however, at least in the case of maize: imports ofmaize seed have remained

negligible. At least two reasons explain the continuing lack of a foreign presence. First,

importing maize seed into India is uneconomical in view ofextremely low domestic seed



production costs. Second, and probably more important, foreign companies have been

reluctant to import seed because of their unwillingness to comply with the requirement

that samples of parent seed (i.e., seed of inbred lines) be deposited with the seed

certification authorities.

3.2 Seed certification regulations

Seed certification regulations are intended primarily to ensure the identity and quality of

seed or propagating material.2 The Central Seed Certification Board, which was

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 almost 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 additional 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, the inspectors are supposed to ensure

2 For a comprehensive discussion of the purposes of seed certification regulations, see Tripp (1995).



the isolation of seed production plots, monitor the size and location of border rows,

ensure proper spacing ofmale and female parents, and establish the timing of blooming

dates (known as "nicking"). During the post-harvest visit, the inspectors monitor seed

quality, uniformity, cleanliness, and moisture content. Assuming all certification

standards are met, the inspector is authorized to issue certification labels to the producer,

who affixes the labels to the bags in which the seed will be sold to indicate that it is

officially certified. In order to avoid fraudulent re-use ofcertification labels, a lead seal is

affixed to the string used to sew shut each bag.

3.3 Varietal release procedures

In order to be officially released in India, maize varieties and hybrids must undergo a

rigorous evaluation procedure which involves testing at three levels. When a promising

material is identified, it is first tested by the breeder at the research station. If the material

demonstrates superior performance, it is submitted for testing at the zonal level. The best

materials from the zonal trials are then submitted to the Directorate of Maize Research for

coordinated, multi-Iocational testing at the national level. This third and final stage of

testing is extremely rigorous, generally requiring three cycles. In the first cycle, 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 the Initial Evaluation Trial

and the Advanced Evaluation Trial. In the Initial Evaluation Trial, the material is

evaluated for yield superiority, resistance to biotic and abiotic stresses, and quality. In the

Advanced Evaluation Trial, it is further tested under a range ofagronomic practices. In

the case of hybrids, parental lines are also evaluated.

Information from the national trials (Initial and Advanced Evaluation Trials) is compiled

and submitted at the time of the annual workshop of the Directorate of Maize Research to

a group known as the Varietal Identification Committe~, 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 ICAR Sub-Committee on,


