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Foreword 

T he Rice-Wheat Consortium for the Indo-Gangetic Plajns (RWC) 
was founded in 1993 to foster sustainable productivity in rice-wheat 
systems. The impetus for creating the RWC was a concern over de
clining productivity in rice-wheat systems, in which rice and wbeat are 
grown in sequence on the same plot of land. This system meets the 
food needs of about one billion people: faltering productivity will 
exact a heavy toll. The rice-wheat seq uence occupies some '1 2 million 
hectares in Bangladesh, India, Nepal, and Pakistan and accounts for 
about 90% of food production over this area. Future food security for 
the region 's expanding population is threatened by a range of difficul
ties, including slower growth in rice and wheat yields, few options for 
expanding cropped area, and alarming s igns of natural resource deple
tion and degradation. 

The RWC has assembled scientific and technical experts from the 
national research systems of Bangladesh, India, Nepal, and Pakistan, 
international research centers, and advanced research institutes. The 
mission they share is to bring a multidiscipl inary, holistic perspective 
to bear on the problems limiting sustainability in rice-wheat cropping 
systems. The RWC was established in 1994 as an Ecoregional Initia
tive of the Consultative Group on International Agricultural Research 
(CGIAR), and in 1998, the International Maize and Wheat Improve
ment Center (CIMMYT) was assigned convening and leadership re
sponsibilities. 

The priorities and research themes of the RWC, which are explored 
in detail in this volume, reflect the broad systems perspective of the 
research team: 

[Hawonh co- indexing entry note I: " Foreword." Reeves. 'l imothy G. Co·publisht:d simultaneously in 
Joumal of Crop Production (Food Products Press. an imprint of The Hawonh Press. luc.) Vol. 3, No. 2(116), 
200 I . pp. xxi -xxv; and: The Rice- Wlretll Cropping System o[Sow/J Asia: Trends. Constraints, Productil·ity 
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and in the future. At the national level, agricul ture must also earn its 
keep as a significant contributor to GDP and export earnings. The 
reality in most countries, including those partic ipating in the RWC, is 
that economic well being and development are almost invariably 
based on productive and profitable agriculture, the "engine room" of 
subsequent industrialization. 

Sustainable farming systems must be environrnentally sound as 
well. Economic success in agriculture cannot come at the expense of 
our soils, air, water, landscapes, and indigenous flora and fauna. 

Sustainable farming systems must be socially acceptable. They 
must be appropriate to the people who, relying on their own meager 
resources, are responsible for implementing and managing them. The 
need for socially acceptable systems implies the need for a better 
understanding of farmer and community needs and values, as well as 
better targeting of technology to meet local conditions. 

Finally, sustainable farming systems must be politically support 
able. Political support depends largely on successfully meeting the 
first three requirements of sustainability. If economic growth is cata
lyzed by agriculture within an environmentally sound, socially accept
able framework, politicians will continue to view agriculture as justi 
fying support. 

All four components combine to form the whole: sustainable agri
culture. 1f one is neglected, it can seriously reduce the rate and extent 
of progress towards sustainability and food security. 

Another important contribution of the RWC to research in South 
Asia is the recognition that to attain sustainable food securities we 
must change the way we plan, conduct, and communicate about re
search. We must blend very specialized research disciplines in teams 
of scientists seeking appropriate outcomes that have an immediate 
impact in farmers ' fields. The RWC, 1 ike CIMMYT, has adopted an 
integrative research paradigm that brings together the best genotypes 
(G), in the right environments (E), under appropriate crop maJ1age
ment (M), generating appropriate outcomes for people (P). All of us 
who are dedicated to fostering sustainable agriculture in developing 
countries recognize the interdependence of these factors. Most organi
zations alone cannot contribute fully to each aspect of G x E x M x 
P. Partne rships and consortia that assemble the best possible teams to 
execute the G x E X M X P approach, such as the RWC, w ill 
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xx THE lUCE-WHEAT CROPPING SYSTEM OF SOUTH ASIA 

underpin the timely and successful achievement of sustainable farm· 
ing systems and future food security. 

The chapters in this volume constitute a va]uable overview of our 
present knowledge of sustainabiJity problems in the rice-wheat sys
tems of South Asia. They present the results of long-term experiments 
designed to gauge the nature and extent of sustainability problems. 
They also describe the practices and technologies that have been de
veloped, tested, and in some cases adopted to overcome constraints to 
sustainability. Readers should note, however, that this volume is not 
simply an account of the progress that the RWC has achieved to date, 
as important as that is. This book is also a guide to what may be 
achieved by using a research approach in which highly focused, multi
disciplinary teams of researchers work closely with farmers. Two 
examples of the impacts of this research approach will suff ice to 
illustrate this point; readers wiJI find many others in the chapters that 
follow. 

FIRST 

Two alternative tillage methods promoted by the RWC-direct dril
ling and surface seeding-allow farmers to prepare soils and sow wheat 
in a single tractor operation after the rice harvest. These practices 
enable farmers to reduce production costs by US$ 65/ha. It reduces 
fuel use by 75% or more, provides better yields, cuts herbicide use in 
half, and requires 10% less water. In 2000, farmers used direct drilling 
with locally manufactured drills to plant 8,000 hectares in Haryana, 
India, and 5,000 hectares in the Punjab of Pakistan. The area of adop
tion has increased ten-fold each year for several years. The main 
constraint on more rapid expansion has been a lack of good quality, 
fairly priced seed drills, but now small private shops are producing 
more drills in response to the rising demand. 

SECOND 

The potential environmental impacts of the practices promoted by 
the RWC are impressive. By changing to a zero-till system on one 
hectare of land, a farmer can save 98 liters of diesel and approximately 
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1 million liters of irrigation water. Using a conversion factor of 2.6 
ldlograms of carbon dioxide per li ter of diesel burned, this represents 
about a reduction in carbon dioxide emission of a quarter ton. Carbon 
dioxide is a principal contributor to global warming. These benefits 
increase dramatically if extended across even a portion of the rice
wheat region 's 12 million hectares. Adoption of zero tillage on 5 
million hectares would represent a saving of 5 billion cubic meters of 
water each year. That would fill a lake 10 kilometers long, 5 kilome
ters wide, and 100 meters deep. In addition, annual diesel fuel savings 
would come to 0.5 billion liters- equivalent to a reduction of nearly 1.3 
million tons in C02 emissions each year. 

These technologies give an idea of what can be done to achieve 
more sustainable agriculture in major production systems that are 
crucial to the welfare of large numbers of people. They also give an 
idea of the vast challenge taken on by the RWC. The RWC's work is 
certainly not finished, and readers will appreciate that the chapters in 
this volume describe a " work in progress" rather than a job com
pleted. The pages that follow refl ect the importance of the RWC's 
work, the dedication of the researchers in the Consortium, and the 
tremendous human impact of their work. Those of us from CIMMYT 
who have been privileged to share in this work are proud of the 
achievements to date. The contents of this volume serve as a testimony 
10 the enduring value of the research and to the great urgency and 
importance of future support for this group of dedicated researchers. 

Professor Timothy G. Reeves 
Director General 

International Maize and Wheat Improvement Center (CJMMYT) 
• 
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The Rice-Wheat Cropping System 
of South Asia: 

Trends, Constraints and Productivity
A Prologue 

P. K. Kataki 
P. Hobbs 

B. Adhikary 

SUMMARY. The rice-wheat cropping pattern of South A sia has seen a 
phenomenal growth in area, production and y ield in the last two de
cades. This cropping system encompasses the four countries o f Bangla
desh, India, Nepal and Pakistan along the Indo-Gangetic Plains ( lGP) 
and into the mid-hills of the Himalayas. Tradit ionally, w heat was grown 
mostl y in the northwestern belt and rice in the eastern belt of the IGP. 
With the introduction of improved high y ielding, input responsive, 
short duration rice and wheat varieties, the rice-wheat pattern became 
feasible and saw both crops grown in the same year. In this pattern, ri ce 
is grown during the summer months followed by w heat in the winter 
months. It is now found as a maj or system throughout the IGP. Howev
er, there are signs that the productivitY of this cropping system is either 
stagnating or declining. Several site-speci fic benchmark and diagnostic 
farm level surveys have hecn conducted in the region to understand the 
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2 THE RICE-WHEA T CROPPING SYSTEM OF SOUTH ASIA 

constraints of this cropping system and ways to improve its productiv
ity and sustainability. This article analyzes the trend in the area, produc
tion and yields of rice and wheat as a whole and assumes these trends 
are similar in rice-wheat areas. It also summarizes the results of the 
farm level surveys and productivity analyses done in the IGP on rice 
and wheal. /Article copies available for a fee from The Haworlh Document 
Delivery Setv ice: 1-800-342-9678. E-mail address: <getinfo@haworthpressinc. 
com> Websile: <http://wM\{HawortlzPress.com> © 2001 by Tlte Haworth Press, 
Inc. All rights reserved.j 

KEYWORDS. Bangladesh, cropping pattern, cropping system, Hima
layas, India, Indo-Gangetic Plains, Nepal, Pakistan, productivity, rice~ 
South Asia, wheat 

• 

JN_TRODUCTION 

The "rice-wheat cropping system" (RWCS) region of South Asja 
spans the fertile Indo-Gangetic Plains (IGP) of four countries, from 
western Pakistan, northern, northwestern and eastern India, the Terai 
plains and portions of the Himalayan mid-hills of Nepal, to the west
ern and northwestern region of Bangladesh (Figure 1 ). Traditionally, 
eastern India, Nepal and Bangladesh were rice-growing areas with 
very little wheat being cultivated, while in northwestern India and 
Pakistan wheat was the major cereal crop with very little or no rice 
being grown in the early 1960's. The traditional varieties of rice and 
wheat were of longer duration; thereby requiring more time to reach 
physiological maturity for harvest, and were not respons ive to inten
sive inputs and management. The green revolution introduced shorter 
duration, dwarf, largely photo-insensitive, high yielding, and fertilizer 
responsive varieties of d ee and wheat during the 1960's and 1970's. 
Due to these varietal changes, it was possible to grow rice during the 
monsoon months following wheat in the otherwise non-rice growing 
northwestern region of these fertile plains. Simultaneously, it was als<? 
possible to plant wheat in November/December after rice harvest in 
the eastern region of the JGP. During the last two decades, the spread 
of this cropping system in this fertile region earned it the terminology 
" The Rice-Wheat Cropping System" region. 

Over twenty cropping patterns are practiced in South Asia, but the 
rice-wheat cropping sequence dominates in area, production and pro
ductivity (Yadav, Prasad and Singh, 1 998). Besides appropriate vari-
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Kataki, Hobbs, and Adhikary 3 

FIGURE 1. Schematic map of the Indo-Gangetic Plains (IGP) showing the 
rice-wheat growing regions (shaded areas) of Bangladesh, India, Nepal and 
Pakistan. 
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etal development, a key to the success of the rice-wheat rotation has 
been the development of irrigation facilities in the hotter and drier 
western region of the IGP. Regions wi th assured irrigation has favored 
the rice-wheat cropping system, while the rainfed and dryland regions 
support a larger variety of cropping patterns in addition to rice-wheat, 
due to the greater risks involved (Yadav, Gangwar and Prasad, 1998; 
Yadav, Prasad, Gangwar, 1998). 

This article analyzes the trend in the area, production, and produc
tivity of rice and wheat in the region, followed by a summary of the 
site-specific farm level surveys conducted in the region that identified 
the constraints in this cropping system. Finally, productivi ty analysis 
done on rice-wheat is discussed in the last section of this article. The 
data for the analysis of the acreage, production, and yield trends for 
this paper has been taken from country and international publications 
(multiple years) including the Fertilizer Association of India, Ministry 
of Agriculture, Nepal, Ministry of Agriculture, Pakistan, Bangladesh 
Bureau of Statistics, International Rice Research Institu te, and FAO. 
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4 THE RICE-WHEAT CROPPING SYSTEM OF SOUTH ASIA 

Statistical Issues 

Unfortunately, production and yield statistics are not collected on a 
cropping system basis, but rather for individual crops of rice and 
wheat, and so specific data solely for the rice-wheat cropping system 
is not available. This would require aggregating District level data and 
making assumptions for each District on what percentage of each crop 
is in the rice~wheat system. That was not feasible and so the following 
data is based on statistics for the entire region and includes data from 
all cropping systems. It is estimated that there are 12 million hectares 
of rice-wheat in the region, 9 million in India, 1.5 million in Pakistan 
and the rest in Nepal and Bangladesh. In Nepal and Bangladesh 
80-85% of the wheat follows rice, so wheat statistics should foJtow 
total statistics. However, only 30% and 5% of the rice in Nepal and 
Bangladesh is in the rice-wheat system. In India, only 21% of the rice 
area and 35% of wheat is rice-wheat, so some caution should be gjven 
to interpreting the folJowing trends. In Pakistan, 18% and 70% of the 
wheat and rice, respectively, are in the rice-wheat areas. The assump
tion is made that growth rates in area, production and yield for those in 
rice-wheat systems mimic rice and wheat in the whole country. 

A REA, PRODUCTION AND YIELD TRENDS 
OF THE RICE-WHEAT CROPPING S YSTEM 

IN THE INDO~GANGETIC PLAINS 

Area Trend: Rice 

T he acreage under rice has been steadily increasing in South Asia 
from 1958 to 1997. T he increase in rice area growth in South Asia has 
been linear at 0.64% per annum rising from 43 miJiion to more than 58 
million hectares in 1998 (Figure 2A). The total rice acreage is highest 
for India, followed by Bangladesh, Pakistan and Nepal. Total acreage 
under rice increased from 33 million to over 43 million hectares in 
India at 0.6% per annum growth between 1958 and 1998 (Figure 2B). 
In Bangladesh, acreage under rice increased rapidly between 1958 and 
1970 from 8 million hectares to over 10 million hectares at 1.9% per 
annum growth (Figure 2D). But between 1970 and 1997, the increase 
in the acreage growth under rice has slowed to 0.24% and was around 
10.5 million hectares in 1997. The rice area growth increase in Paki-
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FIGURE 2. Rice area trends in South Asia, 1958-98. 
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stan was initially slow at 0.7% per annum, thereafter increasing rapid
ly from 1.2 million hectares in 1963 to two million hectares in 1979 at 
2.6% annual growth rate. After 1979, the growth in the acreage of rice 
in Pakistan slowed to a rate of 0. 76% per annum (Figure 2C). The total 
acreage under rice in Pakistan during 1997 was approximately 2.3 
million hectares. Overall, the percent annual area growth increase for 
rice in Pakistan between 1958 to 1997 was 1.7% per annum. The 
growth in area under rice in Nepal started later in 196 1, but this 
increase has been linear at 0.9% per annum ever since (Figure 2E). 
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6 THE RJCE-WHEAT CROPPING SYSTEM OF SOUTH ASIA 

Rice acreage in Nepal increased from 1.1 miJJion hectares in 1961 to 
above 1.5 million hectares in 1997. 

Area Tre11d: Wheat 

Unlike the linear growth increase in area for rice in South Asia, the 
increase in the acreage of wheat has followed a sigmoid pattern (Fig
ure 3A). Between 1958 and 1967, before the introduction of new 
varieties, wheat acreage growth for all of South Asia was as low as 
0.6% per annum and grew from 17 million to about 18 million hect
ares in this period. Subsequent increase in wheat acreage growth was 
rapid at 2.8% per annum and area grew from 20 to more than 32 
million hectares between 1967 and 1982. After 1982 area growth of 
wheat has slowed to l.l %. Wheat acreage is highest for India, fol
lowed by Pakistan, Bangladesh and Nepal. The increase in the wheat 
acreage in India has followed a sigmoid pattern. fnjti al growth be
tween 1958 and 1966 was slow at 0.1% annually with 13 million 
hectares in 1966 (Figure 3B). Between 1966 and 1983, wheat acreage 
growth rate in India increased at 3% per annum to reach 25 million 
hectares, after which the growth rate slowed to 1% a year to reach 26 
million hectares in 1997. The overall growth rate in India during the 
period of Green Revolution (1967-1997) was 2%. The wheat acreage 
growth trend in Pakistan was linear since 1958 at 1.5% per annum 
(Figure 3C). The acreage rose from a little over 4.5 million hectares in 
1958 to around 8.5 million hectares in 1997. 

Wheat acreage growth rate in Bangladesh was initially at 3% per 
annum between 1968 and 1977, then rose to 4% per annum to reach 
0.85 million hectares in 1997 (Figure 3D). Overall increase in wheat 
acreage in Bangladesh was a phenomenal 7.3% per year mainly due to 
a rapid increase from 1977-1980. Wheat acreage growth rate in Nepal 
followed a three-step process (Figure 3E). Initial growth rate was 
stagnant at -0.1% from 1961 to 1966 at 0.1 million hectares. From 
1966 to 1986, the growth rate accelerated to 5.8% per annum to reach 
0.6 million hectares. Thereafter, the wheat acreage growth rate slowed 
to 1.3% per annum to reach 0.65 million hectares in 1997. The overall 
growth rate in Nepal from 1966 to 1993 was an impressive 5.3% per 
annum. 

Area increase under rice and wheat for the entire JGP is slowing as 
most land becomes double or triple cropped and more land goes for 
housing, industry, and other purposes. That means that future growth 
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for India, followed by Bangladesh, Pakistan and NepaL The produc
tion growth rate in India for rice has been generally linear between 
1958 and 1997 at 2.6% per annum (Figure 48 ). Total production in 
India was approximately 45 mill ion tons in 1958, which increased to 
L20 million tons in 1997. T he rice production growth trend in Bangla
desh has been linear, similar to that of India 's at 2.1% per annum 
(Figure 40). Production in Bangladesh increased from 10 mill ion tons 
in 1958 to around 30 million tons in 1997. 

The production growth rate in Pakistan has seen a sigmoid growth 

~ 

FIGURE 4. Rice production trends in South Asia, 1958-98. 
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pattern-a growth rate of 6.3% from l million tons in 1958 to 5 miLlion 
tons in 1979 due to the cultivation of modern high yielding varieties 
(Figure 4C). This impressive ini tial growth rate s lowed to zero be
tween 1979 and 1991 with production stayjng at 5 million tons, and 
then grew as production rose to 6.5 million tons between 1991 and 
1997 at a growth rate of 5.8% per annum. The stagnant growth rate of 
rice production between 1979 to 199 1 in Pakistan was largely due to 
cultivation with basmati rice, a traditional long duration, low yielding 
rice preferred for its aroma and flavor and for export. The overall 
production growth rate for Pakistan from 1958 to 1997 was 2% per 
annum. The rate of rice production growth increase started later in 
Nepal at an initial rate of 0.4% per annum between 1961 and 1973, 
after which the production growth increased at 2% per annum to reach 
3.6 million tons in 1997 due to the introduCtion and spread of modern 
high yielding varieties (Figure 4E). 

Prod11ction Trend: Wheat 

The wheat production growth rate in South Asia was very rapid at 
4.3% between 1967 and 1997 after an initial slow growth rate of l % 
per annum from 1958 and 1967 (Figure SA). For South Asia, the 
overall production growth rate since 1958 was an impressive 5.2% per 
annum for registeri.ng 90 mill ion tons of wheat production in 1997. 
Wheat production has been the highest :for India, followed by Paki
stan, Bangladesh and Nepal. The overall wheat production in India 
registered a growth rate of 5.4% after an initial slow growth of 1% per 
annum between 1958 and J 967, followed by a rapid growth of 4.4% 
between 1967 and 1997 (Figure 5B). The total production in India 
reached 70 million tons in 1997. The overall wheat production in 
Pakistan was 4.2%, the increase being slow between 1958 and 1966 at 
1.4%, thereafter increasing rapidl y at 3.6% per annum between 1966 
and 1998 (Figure 5C). Total wheat production in Pakistan reached 18 
million tons in 1997. 

Production growth rate increased in Nepal at a phenomenal 6.1% 
per annum from s lightly over 0.1 million tons in 1961 to more than 1 
million tons in 1 997 (Figure 5E). In Bangladesh, wheat production 
trend was slow at 0.8% between 1968 and 1974, being stagnant at 
around 0.1 million tons (Figure 50). Thereafter, production increased 
at 21.8% between 1974 and 1983 to register more than 1.2 mil1 ion 
tons of wheat. From 1983 to 1992, wheat production in Bangladesh 
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