
The rice-wheat (RW) rotation is one of the world’s largest agricultural production
systems, occupying 24 million ha of cultivated land in the Indo-Gangetic Plains and

China (Fig. 1). The system provides staple grain
for millions of people and is responsible for
the food security of the region. It is a unique
system due to the contrasting requirements
of rice and wheat (Fig. 2).

Adoption of green
revolution
technologies led to
impressive increases

in rice and wheat
production from 1965

to 1985, when the major
focus was output
maximization. However,
the sustainability of this
important system depends
on maximizing input use
efficiency and reducing the
cost of cultivation.

Technological options for
producing more rice and wheat with efficient

use of resources (water, labor, fertilizer, and agrochemical
inputs) are emerging, but they have yet
to be integrated into a systems
approach and thoroughly evaluated on
farm. Our goal is to integrate resource-
saving technologies for rice within rice-
wheat systems. The technologies being
considered for integration into the
system include land leveling for water
savings, production of nonpuddled rice
for water and labor savings, alternative
residue management for environmental
protection and nutrient savings, and
balanced nutrient management for
fertilizer savings. This work involves an
interdisciplinary team of IRRI scientists
from National Agricultural Research and Extension Systems (NARES), The International
Maize and Wheat Improvement Center (CIMMYT), and other International Agricultural
Research Centers (IARC) and organizations under the umbrella of the Rice-Wheat
Consortium (RWC).

Research agenda and research sites
A multidisciplinary team of IRRI scientists is actively pursuing a system research agenda
(Fig. 3) through networking and training at several sites in Bangladesh, India, Nepal,
and Pakistan (Fig. 4).

• Measured yield increases of up to 40%
with site-specific nutrient 
management in both rice and wheat.
While improving N management 
continues to be the most 
important activity, widespread 
depletion of soil K is emerging.

• Provided simple tools - e.g., the 
leaf color chart (LCC) -, to help 
farmers determine the right time 
to apply N to their rice crops based
on crop demand. In 2001, about 
175 farmers used the LCC for 
managing N in RW systems in 
Karnal. Majority of the farmers 
saved about 40 kg N ha-1 without 
loss of yield (Fig. 5).

• Introduced resource-use efficient 
alternative tillage and crop 
establishment strategies to farmers
(Fig.6). Initial trials on the 
cultivation of rice on raised beds 
in several farmers’ fields in 
Ghaziabad, India, revealed similar 
or higher yields than on puddled 
fields. This strategy resulted in 
considerable water savings. This 
work has also identified some 
potential problems such as Zn, Fe, 
and P deficiencies and termite and 
weed problems.

• Developed laser land-leveling 
techniques for reducing water 
input, increasing fertilizer 
efficiency, and reducing weed 
populations (Fig. 7).

• Increased the capacity of NARES 
scientists in rice research in RW 
system through training and 
interdisciplinary research.

Challenges
The research team is continuing its intensive monitoring of the RW ecosystem, further
refining its understanding of soil, water, and nutrient processes and continuing to 
‘fine-tune’ its advice to farmers on site-specific resource management in various soils
and the measures necessary to make continued intensive cultivation sustainable.

The major challenge is raising food security in the region, making the RW system
more profitable, and maintaining or enhancing natural resources (land, water, and
climate). While funding is a key constraint and international programs are investing
less in research, our aim should be to continue to develop strategic collaborative
research and training partnerships with NARES.

This collaborative work involves an interdisciplinary team of scientists from IRRI, the NARES of
Bangladesh, India, Nepal, Pakistan and China, and RWC. coordinator is J.K. Ladha.

Research highlights and impact
• Analyzed the yield trends from 33 RW long-term experiments (LTE) in Bangladesh,

China, India, and Nepal. Analyses suggest that yields of rice and wheat have 
stagnated or, to some extent, declined (particularly rice) across the Indo-Gangetic
Plains (IGP) (Table 1).

• Estimated gaps between climatic yield potential and yields in experimental and 
farmers’ fields. Large yield gaps exist in both experimental sites and farmers’ fields.
A decline in potential yield trends were observed in 6 of 9 data sets analyzed, 4 of
which were significant at P<0.05. A significant increase in radiation and an increase
in minimum temperature appear to be the cause of decline of potential yield.
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Fig. 1. Rice-wheat areas
in the Indo-Gangetic
Plains and China

Fig. 4. Research sites in the Indo-Gangetic
Plains

Fig. 5. Farmer’s fertilizer savings from the
use of LCC in Karnal, India

Fig. 6. Rice on raised beds
and an Indian bed planter

Fig. 7. Farmers in Karnal, India leveling
land using laser equipment

Table 1. Yield trends of rice and wheat in LTEs in different parts of the IGP, non-IGP, and China

    Crop         Location       No. of       Yield change           Average yield          No. of positive and
                                            data sets       (Mg ha-1 yr-1)           Mg ha-1             negative trendsa

                                                                                              Positive    Negative

Rice IGP2 6 -0.002 6.04 2 (0) 4 (2)
IGP3 6 -0.044 5.00 2 (1) 4 (2)
IGP4 9 -0.056 3.69 4 (0) 5 (4)
IGP5 4  0.007 3.22 2 (0) 2 (0)
Non-IGP 7 0.022 4.11 4 (1) 3 (0)
China 4 -0.036 6.43 2 (0) 2 (0)

Wheat IGP2 6 0.090 4.70 6 (1) 0
IGP3 6 -0.002 3.82 3 (1) 3 (0)
IGP4 8 -0.036 2.91 1 (0) 7 (1)
IGP5 3 0.044 3.14 3 (0) 0
Non-IGP 7 0.000 2.73 3 (1) 4 (1)
China 3 -0.040 3.82 1 (1) 2 (0)

anumbers in parentheses indicate the number of LTEs  with time trends that are significant at P < 0.05

Fig. 3 IRRI’s rice-wheat program: a colla-
borative research agenda

Fig. 2. Contrasting requirements of rice and
wheat in terms of climate, land preparation
and soil condition.
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