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Eighty-five percent of the wheat
produced in Nepal is grown after rice
and thirty-eight percent of the rice is
followed by wheat, making the rice–
wheat system the most important
cereal-producing system in Nepal.
Seventy percent of the cereal calories
consumed in Nepal come from rice
and wheat together, with most of the
rest coming from maize and millets.
Obviously, the rice–wheat cropping
system, which presently occupies
520,000 ha, should receive top
priority for future research and
production planning if food security
is to be attained in the decades to
come.

The Importance of Rice-Wheat Systems
for Food Security in Nepal

P.R. Hobbs and B.R. Adhikary

Assumptions

It is interesting to try to predict what
the requirements for rice and wheat
will be in the future. Such an exercise
is not easy and requires a lot of
assumptions, but an attempt is made
in this paper to help highlight the
challenge for Nepal in the years to
come.

The first assumption to be made in
predicting future rice and wheat
requirements relates to future
population growth. Figure 1 shows
census data for the past four decades
plus future predictions based on
three assumptions. The data can be

viewed as linear, exponential, and
sigmoidal, and all three curves are
shown in Figure 1. The compound
growth rate for 1981–91 was 2.27%
per year. Using this figure and
assuming the same growth rate for
the future results in exponential
population growth. It is assumed that
the growth rate will be lowered, and
so this represents an upper limit on
population. Finally, at the other end
of the scale, the sigmoid curve
represents the ideal situation in
which the population growth rate
slows to zero by 2020. Somewhere in
between these two figures will be the
actual population. The linear
trajectory represents population
when the 1961–91 growth rate is
extrapolated without compounding
the growth. It is hoped that the
population will be closer to this line
in 2020, although we believe this is a
conservative estimate. Table 1 uses
these three models to show the
population figures in the year 2020
together with the figure for 1995.

The next assumption made is that
the ratio of cereals consumed in
Nepal will remain the same, and that
there will be no significant shift in
cereals consumed for animal
production or cereals saved for buffer
stocks. This is a very conservative
assumption, since it is expected that
as incomes grow, more animal
products will be eaten, and more
cereals will have to be grown in order
to convert the cereals into animal
products. Nor does this assumption
allow for any shift in eating patterns,
even though the acceptance of wheat
in the Nepali diet has increased

Table 1. Projections of rice and wheat production and yield needs in the year 2020 for three
population growth models compared to data from 1995

Factor Exponential Linear Sigmoidal 1995 data

Population (M) 35.5 26.9 22.5 19.3
Rice needs (000 t) 6,075 4,606 3,293 3,300
Wheat needs (000 t) 1,634 1,479 1,239 888
Rice yield at constant area 4.34 3.29 2.11 2.36
Wheat yield at constant area 2.65 2.11 1.79 1.51
Rice yield growth rate needed 2.47 1.34
Wheat yield growth rate needed 2.23 1.35

Figure 1. Population growth scenarios for Nepal up to 2020.
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2 P.R. HOBBS AND B.R. ADHIKARY

significantly in the last 30 years. If we
convert the average production of
rice, wheat, and maize for 1991–95,
we can come up with a ratio of the
percentage production for each
cereal. Table 2 shows that rice, wheat,
and maize are 50%, 20%, and 30% of

the cereal production in Nepal. Based
on the Nepal basic needs target of
2,250 calories per person per day in
the year 2000, the calorie equivalent
for every kilogram of each crop can
be calculated and therefore the
number of kilograms of these cereals

that will be needed per capita.
Multiplying these figures by the
population estimates gives the rice
and wheat production needs shown
in Table 1 for the three different
population models.

The last assumption made is that
the rice and wheat area will remain
constant. Although there is still some
scope for further intensifying the
cropping systems of Nepal (e.g.,
double cropping khala land), this
positive trend will be offset as land is
lost to urbanization, roads, and
industry. In fact, growth in rice and
wheat area in the future could
decline. Table 1 also shows the yields
of wheat and rice that will be needed
under each of the three population
growth models. With the linear
model, rice yields will have to rise by
1 t/ha and wheat by 0.6 t/ha. The
same value for the exponential model
is 2 t/ha and 1.1 t/ha, respectively,
for rice and wheat. These data are
also depicted in Figures 2 and 3 for
rice and wheat. These values result in
annual yield growth rates of 1.35%
for both rice and wheat for the linear
population model and 2.37% for the
exponential population model. This
does not sound too difficult until we
compare these growth rates with
those from 1961 to 1991 (Figure 4),
when rice yields grew by 0.054% and
wheat yields by 0.034%. That means
that most of the growth in production
over the last 30 years has been
through area expansion. So despite
the use of improved germplasm,
fertilizer, and irrigation, yield growth
has not been as high as one would
expect.

The above analysis is based on
statistics for the whole of Nepal and
hides the large variations in different
regions. Figure 5 shows the data for
rice production. What is apparent

Table 2. Average production, cereal percentage, and per capita requirements of rice, wheat, and
maize, based on 1991-95 data

Average production, Percentage cereal
Crop 1991–95 (M t) production by crop Kg needed per capitaa

Rice 2.1 50 171 (114)b

Wheat 0.9 20 46
Maize 1.3 30 68

a Based on the HMG Nepal basic needs target for the year 2000 of 2,250 kcal/day/person.
b Figure in parentheses is for milled rice; the other is paddy.

Figure 2. Required and expected yields for rice for different population and yield models.
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from this graph is the large variation
between normal and bad years. In
bad years, the monsoon rains failed;
they either arrived late, stopped
early, or both. Obviously, the rice
situation would improve
dramatically if the good supplies of
groundwater available in Nepal
could be used as supplemental
irrigation to protect the rice crop in
poor monsoon years. In wheat, the
problem could be related to both
moisture and fertility. Maybe half of
the wheat crop is grown under

rainfed conditions, and drought can
significantly reduce yield. Half of the
crop is also grown in the hills, where
the supply of fertilizer is well below
that needed for good yields.
Although these problems may
explain the low yield growth rate in
both crops over the last 30 years, they
must be corrected if Nepal is to keep
pace with population growth and
maintain food self-sufficiency.

Meeting the production
requirement will not be easy. The
emphasis will have to be kept on

increasing yield growth. This will
require the following technology
components:
•irrigation;
•fertilizer (macro- and micronutrients);
•high-quality seed;
•better agronomic practices (seeding

date and plant stands);
•crop protection (weeds, diseases,

insects, rodents, etc.);
•mechanization; and
•modern post-harvest technology and

storage.
The Rice–Wheat Consortium was
formed in the early 1990s to raise the
productivity of rice–wheat systems in
South Asia in a sustainable way,
without degrading the natural
resource base. This Consortium
consists of the four national research
programs in Bangladesh, India,
Nepal, and Pakistan; international
research centers (International Rice
Research Institute, International
Maize and Wheat Improvement
Center, and International Center for
Research in the Semi-Arid Tropics),
and advanced research institutions
such as Cornell University. This
Consortium has listed the following
research themes to be addressed in
the future:
•integrated nutrient management;
•water management;
•tillage and crop establishment;
•integrated pest management;
•varietal improvements; and
•policy and socioeconomic issues.
These were listed as single themes,
although in fact they all interact with
each other. Research will require a
new paradigm that involves more
team approaches and integration of
the disciplines and commodity
scientists at the site level. In addition,
active farmer and extension
participation in all aspects of
research, from problem identification
to planning and implementation, will
be needed to increase the efficiency
with which new solutions are

Figure 4. Rice and wheat production trends in Nepal.
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developed and adopted by farmers.
The following is a brief description of
each research theme.

Integrated Nutrient
Management

High yields are not possible unless
adequate nutrients are taken up by
plants. Nutrients can come from the
soil or from externally applied
fertilizer. The external fertilizer can
be either organic or inorganic. The
important concept is to increase the
efficiency of the applied nutrients.
This is best achieved by the balanced
use of nutrients. If any one nutrient
becomes limiting, it will limit the
efficiency of others. Farmers will
probably need to rely on a
combination of organic and inorganic
sources of nutrients, because there is
not sufficient organic manure to
provide the needed yield growth, and
the cost of hauling organic manures
is high.

Proper timing of nutrients can help
increase efficiency. Organic matter
dynamics also need to be studied,
since organic matter can provide a
slowly released source of nutrients
that better matches the demand of the
crop to the supply of nutrients.

The figures in Table 3 illustrate the
importance of fertilizer efficiency by
looking at nitrogen needs. Using
average nitrogen contents of rice and

wheat grain, it is possible to calculate
how much nitrogen is needed in the
extra 1 t/ha of rice and 0.5 t/ha of
wheat that are required to meet the
cereal demand projected by the linear
model for 2020. The calculations
show that rice and wheat need 50 and
22.5 kg N/ha, respectively, to achieve
this yield level. Since the extra yield
will come from externally applied
nutrients, as the soils are already
supplying nutrients for the present
yield level, it is easy to calculate how
much urea has to be imported and
what this will cost: 170,000 t of urea
will be needed, at a cost of just over
US$ 17 million at present fertilizer
prices. Nepal presently imports
77,600 t of urea. It is obvious that any
technology that can increase the
efficiency of applied inputs can
significantly reduce the fertilizer
import bill. It is also instructive to
recall that these estimates are based
on the linear model, not the
exponential model, which would be
almost twice as high.

Another factor in nutrient
management is the disturbing trends
shown in some long-term soil fertility
trials, in which stagnating and even
declining productivity are evident.
Obviously, scientists have to
understand the causes of this
problem to achieve increases in yield
growth.

Water Management

Nepal is endowed with plenty of
good quality groundwater and
surface water, which should be used
efficiently to supplement monsoon
rains. This will help stabilize and
reduce the year-to-year variation in
crop production. Water use efficiency
can be achieved at the distribution
and the field level. Research is also
needed in some areas to enable roots
to hook up with the groundwater, so
that irrigation is not needed. Many of
the khala lands have high water
tables. If wheat roots can penetrate
the plow pan and grow down to this
water, a good crop can be raised
without additional water. This can be
done by deeper tillage or by
manipulating the soil moisture
regime.

Tillage and Crop
Establishment

Rice and wheat cannot utilize water
and nutrients efficiently for high
yield unless they are planted on time
and good plant stands are achieved.
A major constraint on timely planting
and good plant stands is the long
time it takes to plow the field for
wheat after a crop of rice. Recent
research shows that by using zero-
and reduced tillage options, wheat
can be planted on time at reduced
cost without sacrificing yield. These
new options need to be fine-tuned
and demonstrated to farmers. Some
options require no equipment
(surface seeding),whereas others will
require that suitable equipment is
available to farmers. In the years
ahead, farm mechanization will be a

Table 3. Nitrogen needed to meet the demand for an additional 1.0 t/ha of rice and 0.5 t/ha
of wheat in 2020 (demand projected using the linear population growth model)

Bags to import Cost
Crop Kg N/ha (M) (US$ millions) Urea (t)

Rice 50.0 2.80 10.7 140,000
Wheat 22.5 0.55 3.2 30,000
Total 47.5 3.35 17.1 170,000

Note: In 1996/97, Nepal imported 77,631 t of urea.
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key factor in performing crop
operations on time and helping raise
yield growth. Tillage will also be
important when it comes to rice. The
cost of hiring labor for transplanting
has risen steeply in recent years. It
may be necessary to develop a
system for direct seeded rice, which
would also benefit the wheat crop
because soils will not be puddled.

Integrated Pest
Management

There is no point in raising yield
potential if pests—insects, diseases,
weeds, and rodents—damage the
crop, both in the field (on foliage and
in the soil) and in storage. An
integrated approach is needed to
minimize the use of externally
applied chemicals and integrate the
use of all sources of control available
to the farmer in an efficient way. This
theme will also interact very strongly
with the other research themes.

Varieties

This theme includes rice and wheat
but also the other crops found in rice–
wheat systems. Crop diversification
is an important need of this system to
help break disease and pest cycles,

maintain soil fertility, and increase
the overall health of the system.
Obviously, for all of these crops
farmers will need varieties that meet
the need for good yield, good quality,
and resistance to abiotic and biotic
stresses. These varieties should also
be able to use nutrients efficiently.
This theme interacts with all of the
other research themes. For example,
there is evidence that the
performance of varieties differs
under zero tillage compared to
traditional tillage practices, and new
rice varieties may be needed for
direct-seeded rice.

Policy and
Socioeconomic
Considerations

Last but not least are the issues of
policy and socioeconomics. Fertilizer
supply and subsidies, seed
multiplication and distribution,
pesticides, mechanization, credit,
markets, and many more issues must
be addressed to stimulate farmers to
increase production. Only when
policies are favorable and farmers can
make a profit will food production
meet demand.

Conclusion

This paper has tried briefly to
highlight the challenge faced in
Nepal to meet future food demands
resulting from continued population
growth. We have used a fairly
conservative estimate of population
growth to highlight future needs for
growth in rice and wheat yields. Our
estimate is conservative because we
assumed a reduction in population
and did not consider the need for
buffer food stocks or for animal
product production. This exercise has
highlighted the need for continued
research and for a new paradigm that
better integrates various research
themes and forges stronger links
between farmers, extension agents,
and research. The remaining papers
in this proceedings review key results
of research by Nepal Agricultural
Research Council (NARC) scientists
at two rice–wheat sites (Bhairahawa
in the Tarai and Naldung in the mid-
hills) in Nepal. This research was
conducted over six years with
funding from the US Agency for
International Development (USAID).
The final part of this proceedings will
summarize discussions of research
results and the future research issues
for this important cropping system in
Nepal.



Introduction

Nepal is a mountainous country
roughly comprising three zones: hills
(68%), Tarai (17%), and Himalayas
(15%). Approximately 2.64 million
hectares of the land is cultivated.
Agriculture is the backbone of the
economy, as more than 89% of the
population depends on agricultural
activities for their livelihoods.
Although the population of Nepal is
increasing, food production is
lagging behind, creating a danger to
national food security.

Rice is the number one crop in area
(1.4 million hectares) and production
in the country, followed by maize and
wheat (0.6 million hectares). These
cereals are the main food grains for
assuring food security in the country.
One-third of the total rice area falls
under the rice–wheat system, and
wheat is the predominant crop in the
winter. There is some possibility of
increasing wheat area to produce
more wheat and feed more people.

Table 1 presents information on the
present status (1995/96) of paddy

Results of the Research Activities in the
Naldung Rice–Wheat Systems Research Area

N.K. Rajbhandari and H.K. Upreti

and wheat in relation to their status a
decade ago (1985/86). By 1995/96,
paddy area, production, and
productivity had increased by 7.6%,
27.6%, and 18.6%, respectively,
relative to 1985/86. Similarly, wheat
area, production, and productivity
had increased by 35.3%, 69.6%, and
20.2%, respectively, over the same
decade.

As a member of the Rice–Wheat
Consortium (RWC), the Nepal
Agricultural Research Council
(NARC) has started collaborative
research with other national
agricultural research systems
(NARSs) and international
agricultural research centers (IARCs)
for improving the productivity and
long-term sustainability of rice–
wheat systems. Nepal, India,
Bangladesh, and Pakistan are the four
partner nations in the RWC.

NARC is actively involved in rice–
wheat system research to achieve the
common goals of the RWC. Two
research areas are used in Nepal to
participate in RWC collaborative
studies focusing on the productivity

and sustainability of rice–wheat
cropping systems in the Indo-
Gangetic Plains. The Naldung area,
situated at Kabhre District in the
Central Development Region of
Nepal, represents the hills to mid-
hills and valley bottom. The other
area, in Bhairahawa, represents the
Tarai ecobelt. The Naldung research
sites are located from the valley
bottom to mid-hills (700–2,150 masl),
and are representative of most of the
cultivated land of the mid-hills of
Nepal. The climate is variable,
ranging from a subtropical climate at
Mahadevsthan to a warm, humid,
temperate climate at Naldung
(Chitte). More than 80% of the rainfall
occurs during the monsoon that
starts from May and ends in mid-
September.

Rice–wheat system research started
in 1992/93 at Naldung to focus on
productivity constraints at different
elevations. A diagnostic survey on
farmers’ cropping practices and
constraints was done in the rice and
wheat cropping seasons. The main

Table 1. Area, production, and productivity of paddy and wheat, Nepal, 1985/86 to 1995/96

Paddy Wheat

Area Production Productivity Area Production Productivity
Year (000 ha) (000 t) (kg/ha) (000 ha) (000 t) (kg/ha)

1985/86 1,391.040 2,804.490 2,016 482.820 598.000 1,239
1986/87 1,333.360 2,372.200 1,779 535.530 701.040 1,309
1987/88 1,423.290 2,981.780 2,095 596.750 744.600 1,249
1988/89 1,450.470 3,283.210 2,264 599.290 830.050 1,385
1989/90 1,432.850 3,389.670 2,366 604.240 854.900 1,415
1990/91 1,455.170 3,502.160 2,407 592.740 835.970 1,410
1991/92 1,411.810 3,222.540 2,283 571.260 779.160 1,364
1992/93 1,420.920 2,584.900 2,061 613.980 765.000 1,246
1993/94 1,450.449 3,495.589 2,410 611.309 898.892 1,470
1994/95 1,262.110 2,928.000 2,048 633.810 913.710 1,442
1995/96 1,496.790 3,578.830 2,391 653.500 1,012.930 1,550
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problems identified in rice, wheat,
and the rice–wheat system were:
•poor crop establishment of wheat,
• lack of tillage equipment and tools,
•soil nutrient depletion and poor

production,
• incompatibility of rice and wheat

varieties in the system,
• insect and disease attack on crops,

and
•weed infestation of crops.

Following the identification of
these problems, several research
activities have been carried out in the
Naldung area since 1992/93. Several
on-farm collaborative research
activities, including rice–wheat
monitoring (farm household
monitoring) have taken place as well.
All the central divisions are involved
in conducting field studies at the
Naldung site in their respective
disciplines to identify suitable
technology for farmers.

The main tillage and crop
establishment problems diagnosed in
Naldung were divided into four
categories:
1. Crop establishment of wheat
•Poor plant population
•Lack of vigorous plant growth
•Delayed planting
•Insufficient time for land preparation

(less turnaround time)
•Poor grain quality
2. Incompatibility of rice and wheat

varieties to the system
•Long duration rice variety provides

short turnaround time for land
preparation, which is quite difficult
with existing land preparation
equipment; results in delayed wheat
planting

•Long duration wheat variety may be
affected by rainfall during harvesting;
farmers do not have grain-drying
provisions

3. Tillage equipment and tools, and
seeding machinery

•Due to lack of proper tillage
equipment, land preparation period is
lengthening

•Lack of seeding equipment—no
proper plant stand

•Soil moisture is depleted because of
long land preparation time

4. Seed quality and care
•Farmers lack good knowledge of

producing quality seed
•Farmers lack seed storage facilities
•Farmers recycle seed year after year
Several studies have focused on
better crop establishment practices.
Suitable wheat and rice varieties are
being identified to fit into the system.
Studies of optimal wheat seed rates
are being conducted, as well as
studies of wheat seed sources.
Demonstrations of the Chinese seed
drill and a farmer participatory
assessment of this technology are also
being done. In the sections that
follow,  we review research related to
tillage and crop establishment.

Methodology and
Research Sites

The Naldung research area is
grouped into two sites—the hill site
and river valley site—based on
altitude and climate. In the hill site,
research focuses on three villages,
namely Chitte (1,400 masl) in
Naldung VDC; Singhe (1,100 masl) in
Nayagaun VDC, and Nayagaun
(1,100 masl) in Nayagaun VDC.
These locations are characterized by
cultivated terraces and a warm,
humid, temperate climate. In the
river valley site, research focuses on
an additional three villages, namely
Kunta (750 masl), Dhaitar (750 masl),
and Siurinitar (750 masl), all in
Mahadevsthan VDC. A fourth village
from Devpur VDC (650 masl) is also
included among the river valley
study locations. Cultivated land in

these areas ranges from nearly flat to
well terraced. The climate ranges
from subtropical to humid.

Depending on the nature of the
field trials at these sites, the size of
study plots varied from 20m 2  to
100m 2 and sometimes up to 500 m2

in a single treatment.
Statistical analysis is done

separately for hill trials and river
valley trials, but within the site (hill
or valley) individual farmers’ trials
are treated as replicates.

Treatment combinations depend on
the nature of the study. Variety trials
had 5–8 entries, agronomic studies
had 3–5 treatments, and fertility trials
had 6–9 treatments.

Seed for these trials was obtained
from the national coordinated
program, Agricultural Botany
Division, Agronomy Division, and
farmers.

Rice Variety Trials

1994/95
Rice variety trials were conducted at
Naldung, Chitte, Nayagaun, and
Mahadevsthan (Dhaitar) during
1994/95. Taichung-176 produced the
highest yield, followed by Palung-2
and Khumal-2 (Table 2a). Khumal-4 is
fine quality rice but it did not yield
well at this altitude. Farmers prefer
Taichung-176 for beaten rice and
brewing. Table 2b shows that all the
mid-hill varieties had better yields
except for Palung-2. All the varieties
except Palung-2 are good varieties for
this elevation.

The results presented in Table 2c
for Nayagaun indicate that all
varieties except Makwanpur-1
performed well, producing more than
5.0 t/ha. At the altitude of 750 masl,
Khumal-7 produced the highest yield
(5,654 kg/ha), followed by Khumal-5
and Khumal-4 (Table 2d).
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Table 2. Results of rice variety trials, hill and valley sites, Nepal, in 1994/95

2a. Naldung

Number of Plant height Panicle length
Number of Number ineffective (avg. 10 hills) (avg. 10 hills) Yield

SN Variety hills/m2 of tillers/m2 tillers/m2 (cm) (cm) (kg/ha)

1 Khumal-2 56.25 339.25 11.00 86.23 18.35 3,122
2 Khumal-4 54.00 354.75 13.25 88.98 18.45 1,939
3 Khumal-7 60.00 325.00 11.50 77.35 16.88 2,602
4 Palung-2 56.50 340.50 15.75 96.60 19.65 3,193
5 Taichung-176 59.75 311.75 13.50 75.43 16.13 3,502

F-test S
CV % 31.3
LSD 5 % 1,382
Means of 4 locations/farmers’ plots (altitude 1,900 masl)

2b. Naldung (Chitte)

Number of Plant height Panicle length
Number of Number ineffective (avg. 10 hills) (avg. 10 hills) Yield

SN Variety hills/m2 of tillers/m2 tillers/m2 (cm) (cm) (kg/ha)

1 Khumal-2 48.00 359.00 12.75 113.78 21.35 5,066
2 Khumal-4 51.25 363.00 7.50 110.45 21.48 5,801
3 Khumal-7 49.75 349.25 8.75 101.45 19.95 5,739
4 Palung-2 49.75 343.50 30.00 113.60 22.40 3,235
5 Taichung-176 46.75 329.25 8.00 103.63 21.73 4,778

F-test S
CV % 20.3
LSD 5% 1,537
Means of 4 locations/farmers’ plots (altitude 1,400 masl)

2c. Nayagaun

Number of Plant height Panicle length
Number of Number ineffective (avg. 10 hills) (avg. 10 hills) Yield

SN Variety hills/m2 of tillers/m2 tillers/m2 (cm) (cm) (kg/ha)

1 Khumal-2 36.75 355.25 23.25 97.25 22.70 5,077
2 Khumal-4 35.50 366.50 9.00 106.18 24.35 5,686
3 Khumal-7 36.25 328.00 8.25 99.98 22.35 6,285
4 Palung-2 36.75 362.25 22.00 97.18 23.40 6,821
5 Makawanpur-1 35.00 351.00 34.50 87.73 22.63 4,803

F-test S
CV % 13.2
LSD 5% 1,167
Means of 4 locations/farmers’ plots (altitude 1,100 masl)

2d. Mahadevsthan (Dhaitar)

Number of Plant height Panicle length
Number of Number ineffective (avg. 10 hills) (avg. 10 hills) Yield

SN Variety hills/m2 of tillers/m2 tillers/m2 (cm) (cm) (kg/ha)

1 Khumal-2 39.00 370.00 23.75 105.93 23.25 3,931
2 Khumal-4 39.25 355.25 9.75 106.05 25.73 4,725
3 Khumal-5 36.00 294.00 5.50 101.48 22.73 4,748
4 Khumal-7 38.75 252.50 7.00 96.90 23.30 5,654
5 Makawanpur-1 42.00 335.25 6.00 81.28 21.85 3,393

F-test S
CV % 21.9
LSD 5 % 1,518
Means of 4 locations/farmers’ plots (altitude 750 masl)
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1995/96
Significant differences were observed
between rice varieties in the trials
conducted at Naldung (Chitte) and
Mahadevsthan during 1995/96 (Table
3). Yongeng-3 produced a

considerably higher grain yield (5,450
kg/ha), followed by NR 10188-7-1-2-
1-1 and NR 10165-2B-8-2-1. A
significant yield difference was
observed among the varieties planted
in Mahadevsthan as well. Radha-90

gave a significantly higher yield
(5,271 kg/ha), followed by Radha-98
and Radha-17. Radha-82, Radha-85,
and Mansuli were the lower yielding
varieties among the tested entries.

1996/97
In the rice variety trials
conducted at the hill and valley
sites during 1996/97, differences
in grain yield were observed in
the hill site trials. Of seven
entries tested, NR 10157-2B-7-1-1
produced the highest grain yield
and Yongeng-3 produced the
lowest (Table 4). Of the varieties
tested at the valley site,
Makawanpur-1 produced the
highest grain yield, followed by
BR-1257 and OR-363. The lowest
yield was produced by IR-51672.

Table 4. Results of rice variety trials, hill and valley sites, Nepal, 1996/97

4a. Hill sites: Chitte, Nayagaun, and Chitte

Number of Plant Panicle
Number of Number of producing height length Days to Yield

TN Treatment hills/m2 tillers/m2 tillers/m2 (cm) (cm) maturity (t/ha)

1 NR -10157-2B-1-1 40.8 320.0 291.0 93.0 23.8 147 5.12
2 NR-10165-2B-3-2-1 39.8 324.0 291.6 92.0 22.6 147 4.98
3 NR-10172-2B-12-4-3-2 40.2 284.2 283.0 102.0 23.8 143 4.50
4 NR-10188-7-1-2-1-1 39.6 249.2 218.6 112.6 24.2 141 4.26
5 SPITIR-81399 TG-1-1-2-1-1 42.6 328.8 302.6 99.6 22.0 144 4.36
6 YONGENG 39.6 244.4 209.6 105.0 17.4 144 3.68
7 Khumal-4 42.8 287.0 268.0 120.4 23.4 146 4.62

F-test NS HS HS HS HS HS HS
LSD 5% 6.409 48.744 37.54 8.588 5.53 2.951 0.676
CV % 12.04 12.83 10.8 6.36 1.621 1.56 11.5
Means of 6 locations/farmers’ plots

(altitude above 1,100 masl)

4b. Valley sites: Dhaitar, Sipaghat, and Mahadevsthan

Number of Plant Panicle
Number of Number of producing height length Days to Yield

TN Treatment hills/m2 tillers/m2 tillers/m2 (cm) (cm) maturity (t/ha)

1 IR-51672 34.3 295.3 336.5 89.3 20.5 132.7 3.42
2 OR-363 40.2 380.2 350.2 90.5 23.2 146.8 5.42
3 BR-1257 38.2 357.0 343.5 114.5 21.7 146.8 5.70
4 Masuli 37.2 332.2 310.5 117.5 23.0 148.5 4.25
5 Sabitri 39.8 359.5 284.0 96.8 22.5 152.3 4.57
6 Makawanpur-1 37.3 345.7 364.3 101.0 21.7 144.5 6.10

F-test NS NS NS HS HS HS HS
LSD 5% 7.721 84.631 80.075 9.982 1.464 4.443 1.154
CV % 17.16 20.63 20.06 8.26 5.58 2.57 19.77
Means of six locations/farmers’ plots

(altitude below 750 masl)

Table 3. Results of rice variety trials, hill and valley sites, Nepal, 1995/96

3a. Naldung (Chitte) 3b. Mahadevsthan

Yield Yield
SN Variety (kg/ha) SN Variety (kg/ha)

1 NR 10157-2B-7-1-1 3,866 1 Radha-98 4,561
2 NR 10165-2b-8-2-1 4,661 2 Radha-85 2,832
3 NR 10172-2b-12-4-1-3-2 2,646 3 Radha-90 5,271
4 NR 10188-7-1-2-1-1 5,405 4 Radha-17 4,325
5 SPITIR  81399-TG-1-1-2-1-1 1,702 5 Radha-82 5,653
6 Yongeng-3 5,450 6 Mansuli 2,434
7 Khumal-4 2,232

F-test S F-test S
CV % 23.2 CV % 13.9
LSD 5% 1592 LSD 5% 1,013
Means of 3 locations/farmers’ plots Means of 3 locations/farmers’ plots

(altitude 1,400 masl) (altitude 750 masl)
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Table 5. Grain yields of wheat varieties,
Naldung site, Nepal, 1991/92 to 1993/94

Variety 1991/92 1992/93 1993/94 Mean

A-1 4,568 4,168 2,466 2,734
A-2 3,766 3,266 1,734 2,923
NL-297 3,840 3,311 2,693 3,281
NL-539 4,164 3,664 2,538 3,455
RR-21 2,990 2,564 2,040 2,531

Source: Office file and previous reports.

Table 6. Grain yields of wheat varieties tested in the hill areas of Naldung site, Nepal,
1994/95 to 1996/97

6a. 1994/95

SN Variety Rep. 1 Rep. 2 Rep. 3 Mean

1 NL-665 4,628 3,470 979 3,026
2 NL-645 5,100 4,584 1,144 3,610
3 NL-714 – – – –
4 WK-801 5,408 4,086 714 3,403
5 WK-810 – – – –
6 WK-820 – – – –
7 Annapurna-1 3,878 3,719 825 2,840
8 RR-21 5,428 5,056 1,979 4,154

Mean 4,888 4,202 1,127 3,407

F-test S
CV % 10.77
LSD 5% 488.50

6b. 1995/96

SN Variety Rep. 1 Rep. 2 Rep. 3 Rep. 4 Mean

1 NL-665 4,098 3,520 3,120 2,567 3,326
2 NL-645 – – – – –
3 NL-714 4,134 3,960 2,947 1,760 3,200
4 WK-801 – – – – –
5 WK-810 2,028 3,400 3,197 1,200 2,456
6 WK-820 3,600 2,630 2,913 2,865 3,002
7 Annapurna-1 3,040 3,237 3,111 2,006 2,848
8 RR-21 3,274 3,200 2,649 2,367 2,878

Mean 3,362 3,324 2,989 2,130 2,952

F- Test NS
CV % –
LSD 5% 17.89

6c. 1996/97

Variety Rep. 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Rep. 6 Rep. 7 Mean

WK-823 1,288 5,524 3,304 2,596 4,571 7,268 5,783 4,333
NL-276 2,898 4,189 3,471 1,658 3,214 5,381 4,054 3,624
NL-773 2,113 4,020 2,625 1,439 2,243 3,734 3,301 2,789
NL-769 1,896 3,598 2,980 1,783 2,548 6,002 4,151 3,280
BL-1530 876 4,263 949 851 2,425 5,424 2,600 2,482
A-1 1,614 4,394 2,780 1,227 3,015 3,558 3,857 2,686
RR-21 1,246 4,153 3,029 1,975 3,997 6,003 3,405 3,404

F-test S
CV % 21.4
LSD 5% 749 kg/ha

Wheat Variety Trails

Naldung, 1991/92 to 1993/94
Trials on wheat varieties were
conducted at Naldung site from
1991/92 to 1993/94. Annapurna-1
was the highest grain yielder,
followed by NL-539 and NL-297. RR-
21 was the lower yielder among the
tested entries (Table 5).

Naldung Hill Sites,
1994/95 to 1996/97
The wheat variety trial, consisting of
five entries in 1994/95, viz. NL-665,
NL-645, WK-801, Annapurna-1, and
RR-21 (check), and six entries in
1995/96, viz. NL-665, NL-714, WK-
810, WK-820, Annapurna-1, and RR-
21 (check), were tested at the Chitte
hill area of Naldung. Three farmers in
1994/95 (Table 6a) and four farmers
in 1995/96 (Table 6b) were selected
and the trial was planted with a
complete recommended package of
practices. Each farmer’s field was
considered one replicate.

Wheat grain yields were
documented from a net harvested
area of 5 m2 and adjusted at 14%
moisture level. Table 6 shows that
differences in grain yields of the
varieties were statistically significant
in 1994/95 but not in 1995/96. None
of the varieties was superior to the
check. However, farmers preferred
varieties Annapurna-1 and NL-665
for their “sweet” grain and good
straw quality.

In 1996/97, the wheat variety trial
in Chitte and Singhe consisted of
seven entries (Table 6c). Five farmers
participated. The harvested grain
yield was adjusted at 14% moisture
level. The entries were statistically
significant and WK-823 produced the
highest yield.

Naldung Valley Sites,
1994/95 to 1996/97
A wheat variety trial consisting of
five entries, viz. BL-1473, NL-683,
NL-1096, UP-262, and RR-21 (check)
in 1994/95 and of six entries, viz. NL-
713, NL-746, NL-728, NL-729, UP-
262, and RR-21 (check) in 1995/96
were tested in the valley/river fan
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area of Naldung site (Mahadevsthan)
(Tables 7a and 7b).

In each year, three farmers were
selected for the trials, which were
planted with a complete package of
practices. Each farmer’s field was
considered one replication. The tested
varieties were statistically significant
in 1994/95. In 1996/97, all varieties
except UP-262 and RR-21 showed
sterility problems in two blocks, but
all performed better in one block,
which was well drained and in a
sunny place. These varieties are likely
to require well-drained, sunny places
for better growth, but this finding
needs further testing.

During 1996/97, six varieties were
tested in the valley area (NL-713, NL-
724, NL-727, NL-731, UP-262, and
RR-21). Yield differences among the
varieties were not statistically
significant, but none of the new
varieties was better than RR-21 (3,754
kg/ha).

Wheat Seed Rate Trials, Hill
and Valley Areas, 1995/96
and 1996/97
Trials assessing four wheat seed rates
(100, 120, 140, and 160 kg/ha) were
conducted in the hill and valley areas
of Naldung in 1995/96 and 1996/97.
For the hill trials, two farmers were
selected in each year and the trials
were planted with a complete
recommended package. Each
farmer’s field was considered a
replicate. The tested variety was
Annapurna-1. Grain yield was
adjusted at 14% moisture level. In
1995/96, no significant difference was
observed among seed rates, but the
opposite was true in 1996/97. The
highest yield was produced at a seed
rate of 160 kg/ha, followed by 140
kg/ha, where as the 100 and 120
kg/ha seed rates produced
significantly lower yields (Table 8a).

Table 7. Grain yield of wheat varieties tested in the valley areas of Naldung site, Nepal, 1994/95 to
1996/97

7a. 1994/95

SN Variety Rep. 1 Rep. 2 Rep. 3 Mean

1 BL-1473 3,500 5,200 6,922 5,208
2 NL-683 4,891 3,460 2,675 3,675
3 NL-1096 4,369 4,580 3,013 3,987
4 UP-262 3,866 3,964 1,047 2,959

F-test S
CV % 40.77
LSD 5 % 488 kg/ha

7b. 1995/96

SN Variety Rep. 1 Rep. 2 Rep. 3 Mean

1 RR-21 3,219 3,921 2,679 3,273
2 NL-713 3,995 2,929 2,835 3,253
3 NL-746 718 2,833 3,504 2,352
4 NL-728 820 1,740 2,842 1,801
5 NL-729 1,828 2,564 2,050 2,147
6 UP-262 2,161 2,827 2,100 2,363

F-test NS
CV % 32.91
LSD  5% –

7c. 1996/97

SN Variety Rep. 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Mean

1 NL-713 3,750 2,431 3,420 2,114 2,152 2,773
2 NL-724 2,156 1,304 3,263 6,321 5,277 3,664
3 NL-727 2,178 1,577 2,156 2,495 2,159 2,123
4 NL-731 4,324 2,352 3,237 5,364 2,219 3,499
5 UP-262 4,251 3,046 2,177 4,331 2,177 3,197
6 RR-21 4,910 1,889 3,824 4,228 3,824 3,745

F-test NS
CV % 34.0
LSD 5% –

Table 8. Grain yield in wheat seed rate trial, hill and valley areas, Naldung, Nepal,
1995/96 and 1996/97

8a. Hill area

1995/96 1996/97
Seed rate
(kg/ha) Rep. 1 Rep. 2 Mean Rep. 1 Rep. 2 Mean

100 2,600 2,965 2,783 1,282 1,058 1,170
120 2,360 3,400 2,880 2,273 1,872 2,073
140 2,671 2,671 2,671 2,104 2,413 2,259
160 2,682 2,840 3,261 2,845 3,174 3,010

F-test NS S
CV % 30.8 12.3
LSD 5% – 826

8b. Valley area

1995/96 1996/97
Seed rate
(kg/ha) Rep. 1 Rep. 2 Mean Rep. 1 Rep. 2 Rep. 3a Mean

100 2,216 1,651 1,933 2,210 4,287 1,044 3,248
120 2,570 1,759 2,165 2,381 4,339 1,046 3,363
140 2,542 1,880 2,211 3,250 4,701 232 3,975
160 2,590 3,116 2,853 3,252 4,244 232 3,748

F-test NS S
CV % 25.4 21.3
LSD 5% – 826

a Not included in mean; yield decreased by sterility.
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Table 9. Grain yield in wheat seed source trial, hill and valley areas, Naldung, Nepal, 1995/96 and
1996/97

9a. Hill area

1995/96 1996/97

Seed source Rep. 1 Rep. 2 Mean Rep. 1 Rep. 2 Rep. 3 Mean

Farmers’ seed 2,873 2,570 2,721 4,119 4,068 3,992 4,059
Foundation seed 4,467 3,835 4,151 4,097 3,738 3,805 3,880
Breeder seed 2,266 3,960 3,113 4,061 4,758 4,355 4,391

F-test NS S
CV % 26.7 6.6
LSD 5% – 617

9b. Valley area

1995/96 1996/97

Seed source Rep. 1 Rep. 2 Mean Rep. 1 Rep. 2 Mean

Farmers’ seed 2,727 3,209 2,968 2,682 3,104 2,893
Foundation seed 3,206 2,412 2,809 3,236 3,056 3,146
Breeder seed 3,399 2,847 3,123 2,732 2,898 3,815

F-test NS NS
CV % 17.4 7.35
LSD 5% – –

Table 10. Chinese seed drill demonstration plots, Nepal

Sipaghat Mahadevsthan Bhaktapur Total

1996/97
Area (ropani) 67.5 44.0 – 110.5
Beneficiaries (no.) 23 21 – 44

1995/96
Area (ropani) 11 47.61 4.75 63.36
Beneficiaries (no.) 3 20 4 27

1994/95
Area (ropani) 10 10 8 28
Beneficiaries (no.) 12 6 4 22

Table 11. Farmers’ evaluation of the Chinese seed drill

Positive characteristics of the seed drill Limitations of the seed drill

Can be used for zero tillage planting Cannot work at high moisture conditions
Just after harvesting, wheat can be sown Transportation of equipment is difficult in terraced plot
Seed can be drilled at desired depths, A trained person is needed to calibrate the seed rate and

which will result in high germination dropping of seed
Seed rate can be adjusted depending on soil Sometimes rows are left without seeds

moisture and seed quality
Per unit hour, seed drill can cover a greater area
Seed drill is more economic than animal power

Similar seed rate trials were
conducted in the valley areas in two
farmers’ fields in 1995/96 and three
farmers’ fields in 1996/97. Grain
yield was adjusted at 14% moisture
level. The treatment effect was found
to be statistically significant both in

the hill and valley areas. The seed
rate of 160 kg/ha gave significantly
higher yields in both years. The grain
yield produced by the 100 kg/ha
seed rate was relatively low
compared to yields produced by the
140 and 160 kg/ha seed rates (Table
8b).

Wheat Seed Source Trial, Hill
and Valley Areas, 1995/96
and 1996/96
This trial was conducted using seed
from three different sources; farmers’
seed, foundation seed, and breeder
seed (Tables 9a and 9b). Two farmers
were selected in each year. Each
farmer’s plot was considered a
replicate. Grain yield was adjusted at
14% moisture level. There were no
significant differences in grain yield
in either year. If the germination
percentage of the seed is satisfactory,
than the quality of the seed will not
affect grain yield. But seed quality,
measured as seedling vigor, has to be
assessed.

Chinese Seed Drill
The Chinese seed drill was
demonstrated and tested in Sipaghat
(Devpur VDC), Dhaitar, and Khunta
(Mahadevsthan VDC) of Kabhre
District, as well as in Bhaktapur and
Lalitpur Districts. Details of the
demonstrations are given in Table 10.
In 1995/96, 27 households seeded 63
ropani (3.15 ha) of land with the
Chinese seed drill. The following
year, 44 households used the seed
drill. Farmers observed the drill’s
operation and evaluated its
performance as shown in Table 11.



Weeds are an important component
of our agricultural system because of
their potential to compete with crops
for water, nutrients, air, and light. No
other pests have such an association
with crops. Weeds are estimated to
cause yield losses of 17–47% in
transplanted rice, 14–93% in upland
rice, and 9–36 % in wheat (Ranjit et al.
1988; Ranjit 1981). In the mid-hill
(khet) area of Kabhre District,
Polygonum hydropiper reduced wheat
yields by 50% (Harrington et al.
1992). In Rupandehi District, a rapid
rural appraisal indicated tremendous
yield losses from weed infestations in
rice and wheat.

Rice and wheat are the basic staple
foods for people in the Indo-Gangetic
region of South Asia, and the rice–
wheat rotation is the main cropping
system throughout much of this
region, occupying an estimated 12
million hectares. In Nepal, cultivated
land is 2.64 million hectares; of this,
1.5 million hectares are occupied by
rice and 0.667 million hectares by
wheat. The national average yield of
paddy is 2,460 kg/ha; the national
average wheat yield is 1,590 kg/ha
(Rice Research Report 1997, Mudwari
1996).

As part of the research undertaken
by the Rice–Wheat Consortium,
collaborative research on the rice–
wheat system was started from 1989
in Bhairahawa and 1992 in Naldung
after diagnostic surveys in those sites.
Based on those surveys, several
research activities have been carried
out since 1989 in Bhairahawa and
since 1992 in Naldung. This paper
will focus on the survey results and
research related to weed control.

Naldung Diagnostic
Survey

Three diagnostic surveys were
conducted during 1992 and 1993 at
Naldung, which is located in Kabhre
District near the southeastern border
of the Bagmati zone of Nepal’s
Central Development Region.
Naldung lies between 85o24' and
85o59' E and 27o20' and 27o45' N, to
the east of Kathmandu, Bhaktapur,
and Lalitpur Districts. This district is
a typical mid-hill area, ranging in
elevation from 850 to 2,150 masl.

The Naldung climate ranges from
warm and temperate at Nagarkot to
subtropical at Mahadevsthan. The
average annual rainfall is close to
1,300 mm (based on data collected
from three sites—Nagarkot,
Panchkhal, and Khumaltar)—over
ten years (Harrington et al. 1992). The
main research locations in the
Naldung area include Naldung,
Chitte, Singhe, Mahadevsthan,
Nayagaun, and Sipaghat. The main
cropping patterns are rice–wheat,
rice–rice, rice–potato, rice–rice–
wheat, rice–rice–potato, and rice–
fallow (Harrington et al. 1992). In the
next section of this paper, the survey
findings and research related to weed
control will be discussed for the
wheat and rice crops.

Wheat
Wheat fields are rarely weeded,
although weeds in fields near the
homestead may occasionally be
removed for fodder. Few farmers are
aware of herbicides as an alternative
weed control measure. Weed
problems are aggravated by poor

plant stand (Harrington et al. 1992).
Although they rarely weed their
wheat fields, farmers recognize the
extent of yield losses caused by
weeds, especially the weed called pire
(Polygonum hydropiper, or water
pepper), which is the most common
weed on khet land. Farmers reported
losing up to 50% of their yields from
pire, with an average loss of about
10% on half of the farmers’ fields.
Various other grassy and broadleaf
weeds observed in wheat are
Alopecuros pratensis and Polypogon
fugex in wheat grown on khet land
and Chenopodium album in wheat
grown on bari land (Table 1). The
main causes of the pire weed problem
are the broadcast method of seeding,
which makes weeding difficult; poor
palatability of pire for livestock feed
because of its hot, peppery taste; and
continuous rice-wheat cultivation.
However, farmers noted that after a
crop of potato, fields were relatively
free of this weed.

Alternative control measures that
should be assessed by farmers
include the use of alternative crop
rotations such as potato, spring
maize, and legumes; mixed cropping
with toria; or removal of weeds from

Weeds and Weed Management in the Rice–Wheat System

J.D. Ranjit

Table 1. Important weeds of wheat, Nepal

Scientific name Local name Importance

Polygonum
hydropiper Pire ***

P. viscosum Pire **
P. plebium – **
Phalaris minor Ragate ***
Polypogon fugex – **
Alopecuros spp. – **
Chenopodium

album Bethe ***

Source: Diagnostic survey in wheat, 1992.
Note: *** = most important, ** = important.
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the field before they set seed. An
improvement in plant stands would
enable wheat to become more
competitive with this weed.

Spring Rice
Farmers usually do the first weeding
in rice 20–25 days after transplanting.
No herbicide use was reported
during the diagnostic survey.
Farmers simply buried the weeds in
the mud of the rice field with their
feet and hands. The second weeding
was done 45–50 days after
transplanting. The total labor
requirement for weeding was about
30 person days/ha. Table 2 shows the
10 most common weeds in order of
their incidence in spring rice. The
most common weed in spring rice
was Echinochloa colona, commonly
known as sanwa, followed by Cyperus
iria, locally known as chhatre or mothe
(Ali et al. 1993).

Summer Rice
In summer rice the major weeds are
Echinochloa colona, Cyperus iria, and
Cyperus cuspidatus, in both the mid-
hills and river valley bottom. But
Monochoria spp. was most commonly
observed at high elevations. These
weeds infest rice every year in each
field with different intensities
depending on water management,

time of planting, and the residual
moisture content from the previous
crop (Ali et al. 1992).

Cropping pattern has an important
role in weed dynamics. More weeds
were observed in the rice–rice–wheat
and rice–rice systems than in the
rice–wheat system. Most farmers do
two manual weedings, although a
few do only one. The first weeding is
done at 25–30 days after
transplanting (DAT) and the other at
50–60 DAT. The farmers were not
aware of rice herbicides at the time of
the diagnostic survey, but they
showed interest in applying
herbicides. Weeds taken from rice
fields are used to feed livestock (Ali
et al. 1992) (Table 3).

Naldung Research
Highlights

Weed Monitoring
Some major weeds in summer and
spring rice and in wheat were
identified during the diagnostic
surveys of 1992 and 1993 at Naldung.
The Weed Science unit of the
Agronomy Division collected,
identified, and preserved weeds from
Naldung during the rice and wheat
growing seasons (Table 4). The
collected weeds are maintained in an
herbarium in the Agronomy Division,
Khumaltar.

Fifty-four households were
monitored in the Naldung area (8 in
Naldung, 10 in Chitte, 18 in
Nayagaun, and 18 in Mahadevsthan).
Besides identifying some important
weeds in wheat and rice, researchers
recorded information on weed
populations and weed management.
The perceptions of farmers in
Mahadevsthan, Nayagaun, Chitte,
and Naldung regarding weeds and
weed management in wheat and rice
are presented in Tables 5, 6, 7, and 8.

Although farmers reported weed
problems in wheat ranging from
none to severe, most farmers in
Naldung do not weed their wheat
fields. More than 70% of farmers did
not control weeds in wheat; only 6%
said they weeded manually. Even so,
46% of farmers reported having some
weed problems, and 9% felt weeds
were a severe problem (Tables 5
and6).

Farmers reported that weed
infestations in rice ranged from none
to severe. “Some weed problems”
were reported by 50% of the farmers,
9.8% reported severe problems, 12.8%
reported moderate problems, and
24.6% had no problem with weeds
(Table 7). Only 2% of the farmers
managed their rice weeds with the
herbicide butachlor. More than 90%
of farmers controlled weeds in rice by
hand (Table 8).

Table 2. Important weeds of spring rice, Nepal

Scientific name Local name Rank

Echinochloa colona Sanwa 1
Cyperus iria Chhatre/mothe 2
Ischaemum rugosum Mandilo 3
Digitaria adscendens Banso 4
Cyperus cuspidatus Juwane 5
Cynodon dactylon Dubo 6
Commelina diffusa Kane 7
Polygonum hydropiper Pire 8
Monochoria vaginalis Pindale 9
Oxalis corniculata Chariamilo 10

Source: Diagnostic survey in spring rice, 1993.

Table 3. Important weeds of summer rice, Nepal

Scientific name Local name Frequency of occurrence

Monochoria spp. Pindale Every year
Ischaemum rugosum Mandilo Every year
Echinochloa colona Sama Every year
Cyperus spp. Chhatre Every year
Cynodon dactylon Dubo In water-deficient areas,

immediately after transplanting
Cyperus cuspidatus Juwane Every year

Source: Diagnostic survey on summer rice, 1992.
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Table 4. Common weeds of the rice–wheat systems in Naldung area, Nepal

Location/weed type Site no. Scientific name Local name Family

Naldung and Chitte
Broadleaf weeds 1 Artemisia vulgaris Tite pati Asteraceae

2 Ageratum conyzoides Ganne Asteraceae
3 Alternananthera sessilis – Amarantaceae
4 Bulbostylis capillaris – –
5 Conyza cannadensis Bokepati Asteraceae
6 Crassocephalum crepidioides Kalakura –
7 Cannabis sativa Ganja Cannabinaceae
8 Centella asiatica Ghodtapre Umbelliferae
9 Cotula hemispherica – Asteraceae
10 Chenopodium album Bethe Chenopodiaceae
11 Cardamine hirsuta Baritori Cruciferae
12 Equisitum arvense Nigale jhar, Ankhle –
13 Gallinsoga parviflora Chitalange Asteraceae
14 Gallinsoga ciliata Jhusechitlange Asteraceae
15 Gnaphalium indicum – Asteraceae
16 G. lutio album – Asteraceae
17 Hydrocotyle rotundifolia – Umbelliferae
18 Hemarthria compressa Ghode dubo –
19 Lactuca polycephala – Asteraceae
20 Mazus jaranicus (thunb) Phulijhar Scrophulariaceae
21 Polygonum viscosum Jhuse pire Polygonaceae
22 Polygonum plebium RBr Jalijhar Polygonaceae
23 Pire (Red flower) Pire Polygonaceae
24 Polygonum longisetum Pire Polygonaceae
25 Polygonum hydropiper L. Pire Polygonaceae
26 Rotala rotundifolia – Lythraceae
27 Senecio vulgaris – Asteraceae
28 Stellaria uliginosa – Caryophyllaceae
29 Soliva anthemifolia Bhuin Aiselu Asteraceae
30 Vicia sativa Kutilkosa(large poded) Fabaceae
31 Vicia tetrasperma Kutilkosa Fabaceae
32 Vicia hirsuta Kutilkosa (small 2 seeds) Fabaceae

Grassy weeds 1 Avena fatua Jangali Jaie Poaceae
2 Alopecuros aequalis – Poaceae
3 Cynodon dactylon (L) Pers Dubo Cyperaceae
4 Fimbristylis littoralis Jwane Cyperaceae
5 Juncus bulbonius – Cyperaceae
6 Lolium temulentum L. Jangali Gahun Poaceae
7 Phalaris miner Ragate Poaceae
8 Polypogon fugax Lenihar ? Poaceae
9 Wahlenbergia marginata – Poaceae

Mahadevsthan, Sipaghat
Broadleaf weeds 1 Ageratum conyzoides L. Ganne Asteraceae

2 Alternanthera sessilis L. – 0Amarantaceae
3 Aeschynomine indica L. Armale Fabaceae
4 Commelina paludosa Kane Commelinaceae
5 Caesulia axillaris Thukjhar Asteraceae
6 Drymaria cordata L. – Caryophyllaceae
7 Eclipta prostrata L. – Asteraceae
8 Lindernia oppositifolia – Scophulariaceae
9 Lindernia antipoda L. – Scrophulariaceae
10 Lindernia pyxidaria – Scrophulariaceae
11 Lindernia angustifolia – scrophulariaceae
12 Lindernia antipode L. – Scrophulariaceae
13 Ludwigia hyssopifolia Lwangjhar Onagraceae
14 Monochoria vaginalis – Potenderaceae
15 Polygonum minus – Polygonaceae
16 Polygonum posumbo – Polygonaceae
17 Polygonum hydropiper Pire Polygonaceae
18 Rotala indica – Lythraceae
19 Sagittaria guayanenisis Karkale
20 Sacciolepis indica L. A. Chase –

Grassy weeds 1 Cyperus halpan L. – Cyperaceae
2 Cyperus panjuinotantus – Cyperaceae
3 Cyperus halpan L. – Cyperaceae
4 Cyperus difformis L. Mothe Cyperaceae
5 Cyperus iria L. Chhartra mothe Cyperaceae
6 Cynodon dactylon L. – Poaceae
7 Digitaria adsendens – Poaceae
8 Echinochloa crussgalli ssp. hispidula – Poaceae
9 Echinochloa colona L. – Poaceae
10 Echinochloa glabrescens – Poaceae
11 Eriocaulon sieboldionum – Cyperaceae
12 Fimbristylis dichotoma L. – Cyperaceae
13 Fimbristylis miliacea L. – cyperaceae
14 Ischaemum rugosum salisb Madilo Poaceae
15 Leersia hexandra – Poaceae
16 Paspalum distichum L. – Poaceae

Pteridophytes 1 Ceratopteris thalictroides (L.) Brogn –
2 Marsilea quadrifolia L. –

Source: Based on the weeds collected by J.D. Ranjit, M. Joshi, R. Ghimire, and C.K. Shrestha. Herbarium maintained in Agronomy Division.
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Table 5. Weed severity in wheat, Naldung, Nepal (mean of 4 locations)

1994 1995 1996 1997 Mean
Weed
severity No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None – – – – 12 (22.0) 10 (18.5) 22 (10.2)
Some 28 (51.8) 29 (53.7) 19 (35.0) 25 (46.0) 101 (46.7)
Moderate 18 (33.3) 5 (9.2) 9 (16.6) 7 (12.9) 39 (18.0)
Severe 7 (12.9) 5 (9.2) 6 (11.0) 12 (3.7) 20 (9.0)
No response 1 (1.8) 15 (27.7) 8 (14.8) 10 (18.5) 34 (15.7)

Table 6. Weed management in wheat, Naldung, Nepal (mean of 4 locations)

1995 1996 Mean
Control
method No. farmers (%) No. farmers (%) No. farmers (%)

None 36 (66.6) 41 (75.9) 77 (71.2)
Hand weeding 2 (3.7) 5 (9.2) 7 (6.5)
Herbicide 1 (1.8) – – 1 (0.9)
No response 15 (27.7) 8 (14.8) 23 (21.3)

Table 7. Weed severity in rice, Naldung, Nepal (mean of 4 locations)

1994 1995 1996 Mean
Weed
severity No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 27 (50.0) 13 (24.0) – – 40 (24.6)
Some 23 (43.0) 35 (65.0) 23 (43.0) 81 (50.0)
Moderate 4 (7.0) 2 (3.7) 15 (27.7) 21 (12.8)
Severe – – 1 (1.8) 15 (27.7) 16 (9.8)
No response – – 3 (5.5) 1 (1.8) 4 (2.4)

Table 8. Weed management in rice, Naldung, Nepal (mean of 4 locations)

1994 1995 1996 Mean
Control
method No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 3 (5.5) 2 (3.7) – – 5 (3.0)
Hand weeding 48 (88.9) 49 (90.7) 53 (98.1) 150 (92.5)
Herbicide 3 (5.5) – – – – 3 (1.8)
No response – – 3 (5.5) 1 (1.8) 4 (2.4)

Table 9. Cost of alternative weeding practices at Naldung
valley sites, Nepal, 1992/93

Labor Cost of field Cost of
for 36 m2 weeding 36 m2 weeding 1 m2

Replication (h) (Rs) (Rs)

1 6 30 0.8333
2 6 30 0.8333
3 10 50 1.3888
4 8 40 1.1111
5 3 15 0.4166
Average 6.6 33 0.9166

Integrated Weed
Management
Based on the problems and
suggestions arising from the
diagnostic surveys on wheat and rice,
weed and weed management studies
were started in 1992/93 in the
Naldung area. A weed control study
was initiated in the river valley sites
(Sipaghat and Siurinitar) with six
farmers. 2,4-D Na salt was used to see
the effect on weeds in comparison
with hand weeding and not weeding
(farmers’ practice). Chemical weed
control raised wheat yields by

30-39%. An economic analysis
comparing 2,4-D Na salt with hand
weeding found that 2,4-D Na salt
(Rs150/ha) to be mor e economical
than hand weeding (Rs 9,166/ha)
(Gyawali 1993) (Table 9).

In 1993/94, a trial was
initiated at four locations, two
in Siurinitar (Mahadevsthan)
and two in Sipaghat. Tolkan
50 WP post-emergence
herbicide was added,
considering the Phalaris minor
and other grassy weeds in the

Naldung area. The mean grain yields
obtained under the weed control
treatments were highly significant
compared to yield obtained under the
control.
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In 1994/95, two isoproturon
herbicides, isoguard and marklon,
were applied in addition to 2,4-D Na
salt at three locations, two in
Sipaghat and one in Suirinitar.
However, there was no significant
difference among the treatments.

In 1995/96, 2,4-D Na salt and
isoguard were used in two locations
at Kunta (Mahadevsthan) as weed
control strategies, given the presence
of P. hydropiper and grassy weeds.
The variety used in the trial was
Bhrikuti. The 2,4-D Na salt and
isoguard suppressed the P. hydropiper
population by more than 70%;
isoguard, on the other hand, also
suppressed Alopecuros spp. (locally
referred to as leu). Isoguard can be
applied where Alopecuros spp. are a
problem and 2,4-D can be used for
broadleaf weeds such as P. hydropiper
(Table 10). The grain yield difference
with the herbicide treatments was
highly significant (Ranjit et al. 1996).

At Chitte during 1995/96, the
population of Alopecuros spp. was
higher in the wheat seed
multiplication field, followed by P.
hydropiper, Chenopodium album, and P.
minor. As P. hydropiper was found to
be the most important broadleaf
weed, a plant analysis of this weed
per square meter was carried out in
two areas in collaboration with the
Soil Science Division, Khumaltar. The
nutrient uptake by this weed during
the vegetative stage was 42 kg/ha N,
24 kg/ha P, and 93 kg/ha K. The
study showed that these nutrients
could be utilized by the wheat crop to
some extent by removing the weed in
time (Ranjit et al. 1996).

Because of persistent weed
problems, further weed management
studies were conducted at two

locations of the Naldung area (Lakure
and Devpur) (results are summarized
in Tables 11 and 12). Anulan
(isoproturon 75 wp) was applied to
see the effect on P. hydropiper. The
wheat variety used in both locations
was BL1135. The yield parameters
were not significantly different.

Visual observations of the effects of
Anulan and 2,4-D Na salt on P.
hydropiper were also made. Both
herbicides had a very good effect on
P. hydropiper in the first application,
but after a month the weed emerged
again.

Table 10. Effect on weed count (weeds/m2) of herbicide treatments in wheat, 1995/96 (mean of 2
locations)

Weed count Weed count
before herbicide application after herbicide application

SN Treatment Pire Leu Dubo Other Pire Leu Dubo Other

1 No weeding 987 255 12 – 1,130 320 19 35
2 One weeding 930 435 21 – 221 185 12 –
3 2,4-D Na salt 1,256 35 4 21 416 255 2 –
4 Isoguard 1,130 275 15 – 11 7 – –

Note: Pire is Polygonum spp.; leu is Alopecuros spp., and dubo is Cynodon dactylon.

Table 11. Effect of weed management treatments on wheat plant height and spike length, Naldung,
Nepal

Plant height (cm) Spike length (cm)

Treatment 1993 1995 1996 1993 1995 1996

No weeding 109 74 73 15 14 10
One hand weeding – 71 84 – 16 10
2,4-D Na salt @ 1 kg/ha 108 72 84 16 16 11
Isoguard @ 2 kg/ha – 81 – – 17 –
Tolkan @ 2 kg/ha 112 – – 18 – –
Anulan @ 2 kg/ha – – 87 – – 11
Marklon @ 2 kg/ha – – – – – –

F-test NS HS – NS NS NS
CV % 2.5 .58 – 8 4 –
LSD 5% – .96 – – – –

Note: NS = not significant; HS = highly significant.

Table 12. Effect of weed management treatments on wheat yield, Naldung, Nepal

Tillers/m2 Yield (kg/ha)

Treatment 1992 1993 1995 1996 1992 1993 1994 1995 1996

No weeding 140 215 154 322 2,200 2,328 3,407 826 2,091
One hand weeding 176 – 203 320 2,560 – 3,574 555 3,157
2,4-D Na salt @ 1 kg/ha 202 212 354 215 3,316 3,178 3,325 1,452 3,656
Isoguard @ 2 kg/ha – – 245 – – – 4,606 3,343 –
Tolkan @ 2 kg/ha – 237 – – – 3,525 – – –
Anulan @ 2 kg/ha – – – 230 – – – – 2,304
Marklon @ 2kg/ha – – – – – – 4,230 – –

F-test – NS NS – – HS NS HS NS
CV % – 19 123 – – 8 – 8 –
LSD 5% – – – – – 340 – 340 –

Note: NS = not significant; HS = highly significant.
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Weed Seed Contamination
Study in Rice and Wheat
Weed seed present in crop seed is
the primary source of weed
infestation in the field. Preventive
measurers can be applied to
minimize this weed seed
contamination. During 1995/96, a
preliminary study was carried out
to assess the level of weed seed
contamination in farmer’s seed.
The rice and wheat seed used for
the study came from the material
collected in the household survey
of 54 farmers in the Naldung area.

At harvest and during seedbed
preparation, Echinochloa
glabrescens, E. crusgalli, and E.
colona (family Poaceae) were
recorded in most farmers’ seed
samples. Almost all of the rice
samples from Naldung, Chitte,
Singhe, and Nayagaun had weed
seeds. Samples from Devpur
(Sipaghat) had no weed seed, and
very few samples from
Mahadevsthan had weed seed at
harvest. In samples of the rice
variety Makawanpur-1 (farmers
call it Himali), the number of weed
seeds was minimal. At harvest, of
51 g of Taichin rice seed from
Chitte, 4 weed seeds were
recorded. Of 156 g of Himali marsi
rice variety from Naldung, 151
weed seeds were recorded. During
the seedbed preparation, the range
of weed seed recorded was 1–94.
Of 258 g of Mansuli rice from
Chitte, 94 weed seeds were found
(Ranjit 1995).

In all Naldung study locations,
the most popular wheat variety
was RR-21. Of 40 wheat samples
obtained from farmers, only 5
contained weed seed
(unidentified), ranging in number
from 1 to 17 (Ranjit 1996).

Effect of Planting Method on
Weeds in Wheat
Two planting methods—relay-surface
seeding and normal seeding with the
Chinese seed drill—were examined
in a preliminary study at Khumaltar
to examine the effect of these
planting methods on weed
populations in wheat. Wheat variety
Annapurna-4 was broadcast after the
rice harvest (Khumal-3) when the
moisture was sufficient. Isoproturon
herbicide at a rate of 2 L/ha was
applied after weeds emerged. The
weed flora in relay/surface seeding
differed slightly from the flora in
plots that were plowed/harrowed
and planted by Chinese seed drill
(Table 13). Weeds such as P. minor
were present under both types of
planting method, but weed density
was higher in normally seeded plots.

Weed Management
Studies in Rice
Weed management studies were
carried out in the normal rice–wheat
system at Naldung from the 1995
summer season. A weed distribution
study was carried out in some of the
farmers’ fields in Sipaghat area
(Table14). The study was initiated
with the quadrate method.
Parameters such as relative density
(Rde), relative frequency (Rfe),
frequency abundance (Fab),
important value (IV), and summed
dominance ratio (SDR) were
calculated based on Rao (1995).

The highest relative density was
recorded for the weed Eclipta alba,
followed by Monochoria vaginalis. The
relative frequency of Cyperus iria and
Eclipta alba was higher, however, than
that of M. vaginalis. The highest

Table 13. Weed species by planting method (+ indicates species is present; – indicates it is absent),
Khumaltar, 1996/97

Relay/surface Normal seeding
Weed species seeding with Chinese seed drill

Grassy weeds
Alopecuros spp. + +
Cynodon dactylon + +
Phalaris minor + +

Broadleaf weeds
Cannabis sativa – +
Chenopodium album – +
Clinopodium spp. + –
Cypsella-bursa-pastories + –
Gnaphalium + +
Hydrocotyle nepalensis + –
Mazus rugosus + –
Oxalis latifolia + –
Plantago major + –
Polygonum aviculare + –
Polygonum hydropiper – +
Rorripa palustries + –
Rumex spp. + +
Senicio vulgaris + -
Stellaria media + +
Viccia hirsuta – +
Chaulani – +
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Bhairahawa Diagnostic
Surveys

In 1989, a diagnostic survey was
initiated in the Bhairahawa area, in
Rupandehi District, to identify the
major constraints in rice–wheat
systems. The Rupandehi District is
part of Nepal’s Tarai and ranges in
elevation from 100 to 200 masl. The
Tarai, a part of the Gangetic Plain,
represents about 14% of Nepal’s total
land area and 42% of its cultivated
land. Rupandehi District
encompasses about 83,000 ha of
arable land, of which 19% is irrigated
all year, 32% is irrigated in the

monsoon season, and 49% is rainfed.
The district has a subtropical climate
highly influenced by the
southwestern monsoon. On average,
annual rainfall totals 1,600 mm and
increases from the south to the north.
More than 85% of the rain falls from
mid-June to the end of September.
November and December are the
driest months and some light
precipitation may be expected in
January and February. Mean
temperatures are lowest (15°C) in
January and highest (30°C) in May.
Occasional strong, hot, dry westerly
windstorms occur in March, April,
and May (Hobbs et al. 1996).

During the diagnostic survey, a
number of weeds were identified in
wheat and rice. Some of the major
weeds are listed in Tables 17 and 18.
Past research has shown that
butachlor, thiobencarb,
pendimethalin, and other chemicals
have been effective in controlling
annual weeds in rice, that
isoproturon has controlled P. minor in
wheat, and that 2,4-D Na salt has
controlled broadleaf weeds in wheat.
However, the best weed control is
achieved when environmentally
sound integrated weed management
is used.

Table 16. Effect of weed management on yield parameters of rice at Naldung sites, Nepal, 1996

Devpur Dhunge (Mahadevsthan)

Plant Panicle Plant Panicle Tiller
height length Yield height length production/ Yield

Treatment Hills/m2 (cm) (cm) (kg/ha) Hills/m2 (cm) (cm) m2 (kg/ha)

Anilophos 51 107 21 7,308 36 72 22 233 3,098
Butachlor 37 108 22 6,909 31 74 23 208 3,044
Butachlor+one hand weeding 55 108 23 6,167 37 71 21 224 3,945
Hand weeding (twice) 47 109 23 6,922 41 71 23 266 3,901
Control 38 105 23 7,042 33 71 20 228 3,329

Table 14. Weed count and biomass in farmers’ fields, Sipaghat, Nepal, 1996/97

Weed count (weeds/m2) Fresh biomass (g/m2) Dry biomass (g/m2)

Treatment Broadleaf Grassy Total Broadleaf Grassy Broadleaf Grassy

Anilophos 18 24 42 55.4 51.2 3.2 8.2
Butachlor 12 11 23 41.8 13.2 3.2 2.4
Butachlor+one hand weeding 24 3 27 44.2 15.2 3.2 6.3
Hand weeding (twice) 12 0 12 9.2 - 0.4 -
No weeding 33 15 48 15.4 9.8 1.2 1.0

Table 15. Distribution of weeds in farmers’ rice fields, Mahadevsthan, Nepal, 1996/97 (mean of 5 farmers)

Parameter

SN Weed species Rde Rfe Fab IV SDR

1 Cyperus iria 14.80 18.5 18.2 52 17
2 Cynodon dactylon 18.10 14.8 22.0 55 18
3 Eclipta alba 39.90 18.5 49.0 108 36
4 Echinochloa crusgalli 0.32 7.4 0.4 9 3
5 E. colona 3.26 14.8 4.0 22 7
6 Fimbristylis littoralis 1.14 7.4 1.4 10 3
7 Monochoria vaginalis 19.90 14.8 24.4 59 19
8 Unidentified 2.45 3.7 3.0 9 3

Note: Rde = relative density; Rfe = relative frequency; Fab = frequency abundance; IV = important value; and SDR = summed dominance ratio.

important value was recorded in
E. alba followed by M. vaginalis,
Cynodon dactylon, and C. iria
(Table 15). The yield parameters
for rice in both locations (Devpur
and Dhunge) showed little
difference (Table 16).
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Weed Monitoring
Although weed management
research has not been initiated in
farmers’ fields, since 1991 frequent
monitoring of pest buildup has been
done in wheat as well as rice in
Rupandehi District. The total number
of farmers monitored was 141 (on
danda land) and 29 (on khala land).
Weeds were identified as a problem
for 38% of the farmers with danda and
31.7% of farmers with khala land. The
severity of weed infestation is nearly
the same regardless of land type.

Severe weed problems were
experienced by 4% and 5% of farmers
in danda and khala land, respectively
(Table 19).Farmers’ weed
management strategies included no
weeding, hand weeding, feeding
weeds to livestock, and using
herbicides. Weed management
patterns were similar for both land
types. Weeds from wheat fields either
remain in the field or are used to feed
livestock (Table 20). More than 44% of
farmers with danda land and 51%
with khala land do not weed their
fields. Twenty-three percent of
farmers with danda land and 18%
with khala land use the wheat weeds
to feed livestock (Table 20). However,
hand weeding is practiced by only 2–
4% of farmers with danda land and
3% of those with khala land (Table 20).

Weeds such as Lathyrus aphaca, Vicia
spp., Chenopodium album, Anagalis
arvensis, and P. minor were fed to
livestock. However, because wheat is
sown broadcast, the crop is damaged
during weeding, with an adverse
effect on wheat yield. Weeds such as
P. minor are increasing in intensity,
giving severe problems to many
farmers (Giri 1996).

Table 17. Weeds of wheat, Bhairahawa, Nepal

SN Weed type and scientific name Common name Local name Family name

Broadleaf weeds
1 Cypsella bursa pastories Shepherds purse Bon Rayo Cruciferae
2 Cannabis sativa Indian hemp Bhang Cannabinaceae
3 Cardamine pratense Cuckoo flower Chamsure Cruciferae
4 Chenopodium album Lambsquarter Bethe Chenopodiaceae
5 Lathyrus aphaca Wild pea Jungali Khesari Papilionaceae
6 Melilotus parviflora – Methi ghans Papilionaceae
7 Seinebiera pinnetifida Watercress Ban chamsur Cruciferae
8 Spergula arvensis Corn spurry Jhyau Jhar Caryophyllaceae
9 Trifolium repens Clover Pyauli Papilionaceae
10 Rumex crispus Curly dock Halhale Polygonaceae
11 Vicia hirsuta Spring vetches Akti Papilionaceae
12 Vicia sativa Spring vetches Kutuli cosha Papilionaceae
13 Circium arvense – – Asteraceae
14 Fumaria spp. – – Papilionaceae
15 Agremone mexicana – – Papaveraceae

Grassy or narrowleaf weeds
16 Alopecuros pratense Foxtail Puchhre Gramineae
17 Cynodon dactylon Canary grass Dubo Gramineae
18 Phalaris minor – Ragatajhar Gramineae
19 Digitaria ascendens – – –

Table 18. Most common weeds in rice,
Bhairahawa, Nepal

Lindernia spp.
Echinochloa colona
E. crusgallis
Paspalum distichum
Cynodon dactylon
Cyperus difformis
Cyperus iria
Monochoria vaginalis
Commelina diffusa
C. benghalensis
Caesulia axillaris
Ischaemun rugosum
Alternanthera sessilis

Table 19. Weed severity in wheat by land category, Bhairahawa, Nepal

Danda land

1991 1994 1995 1996 Mean
Weed
severity No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 35 (25) 14 (10) 18 (13) 101 (72) 200 (28.6)
Some 67 (48) 42 (14) 53 (38) 40 (28) 271 (38.4)
Moderate 31 (22) 23 (16) 16 (11) – – 81 (11.5)
Severe 7 (5) 8 (6) 9 (6) – – 27 (3.8)
No response 1 (1) 38 (26) 45 (32) – – 126 (17.8)

Khala land

1991 1993 1994 1995 1996 Mean
Weed
severity No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 5 (17) 7 (24) 2 (7) 2 (7) 24 (83) 40 (27.5)
Some 16 (55) 7 (24) 7 (24) 11 (38) 5 (17) 46 (31.7)
Moderate 6 (21) 7 (24) 8 (28) 4 (14) – – 25 (17.2)
Severe 2 (7) 7 – – – 2 (7) 3 (10) 7 (4.8)
No response – – – – 8 (28) 10 (34) 9 (31) 27 (18.6)
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Weed problems in rice also ranged
from none to severe. Some problems
were reported by 39% of the farmers
with danda land and 50% with khala
land. A moderate to severe problem
was experienced by 10% of farmers
with danda land and 4% with khala
land (Table 21). However, weeds
were not a problem for 38% of
farmers with danda land and 37%
with khala land (Table 21).

Farmers use a range of methods to
control weeds in rice, including
weeding by hand once, twice, or
three times; using weeds as livestock

fodder; and applying herbicides.
Hand weeding or other traditional
methods are the most popular
strategies. Hand weeding is done 30–
40 days after rice is transplanted, and
some farmers do an additional
weeding 20–30 days after the first
weeding. However, weed control in
wet, direct-seeded rice is largely
achieved through planking and
plowing. More weeding is done in
direct-seeded rice (45 person-days/
ha) than in transplanted rice
(25person-days/ha) (Harrington et
al. 1989).

Table 20. Weed management in wheat by land category, Bhairahawa, Nepal

Danda land

1991 1994 1995 Mean

Control method No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 95 (67) 69 (49) 70 (50.0) 246 (43.6)
One hand weeding 5 (4) 5 (4) 2 (1.0) 13 (2.3)
Two hand weedings – – – – 1 (0.7) 23 (4.0)
Weeds used as fodder 40 (28) 25 (18) 17 (12.0) 129 (22.8)
Herbicide – – 3 (2) 6 (4.0) 11 (2.9)
No response 1 (1) 39 (28) 45 (32.0) 142 (25.2)

Khala land

1991 1993 1994 1995 Mean

Control method No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 22 (76) 5 (17.0) 14 (48) 18 (62) 59 (50.8)
One hand weeding 1 (3) 1 (3.4) 1 (3) – – 3 (2.5)
Two hand weedings – – 3 (10.0) – – – – 3 (2.5)
Weeds used as fodder 6 (21) 9 (31.0) 4 (14) 2 (7) 21 (18.0)
Herbicide – – – – – – – – – –
No response – – 11 (38.0) 10 (34) 9 (31) 30 (25.8)

Hand weeding was done by 45–
70% of farmers with danda land and
by 48–62% of farmers with khala land.
Fewer farmers used rice weeds as
fodder than wheat weeds. Eleven
percent of farmers did three hand
weedings in rice grown on danda
land. Only 1% of farmers reported
using herbicides for weed control
(Table 22). Traditional rice varieties
were reportedly weeded more than
modern varieties, as traditional
varieties were grown in direct-seeded
fields (Hobbs et al. 1996).

Table 21. Weed severity in rice by land category, Bhairahawa, Nepal

Danda land

1991 1993 1994 1995 1996 Mean
Weed
severity No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 49 (35) 64 (45) 53 (38) 60 (43.0) 37 (26) 320 (37.8)
Some 59 (42) 51 (36) 60 (43) 65 (46.0) 44 (31) 331 (39.0)
Moderate 12 (9) 13 (9) 15 (11) 11 (8.0) 18 (13) 86 (10.1)
Severe 11 (8) 4 (3) 5 (4) 1 (0.7) 4 (3) 34 (4.0)
No response 10 (7) 9 (6) 8 (6) 4 (3.0) 38 (27) 74 (8.7)

Khala land

1991 1992 1993 1994 1995 1996 Mean
Weed
severity No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

None 9 (31) 11 (38) 15 (52) 9 (31) 11 (38) 9 (31) 64 (36.7)
Some 16 (55) 15 (52) 13 (45) 18 (62) 18 (62) 8 (28) 88 (50.5)
Moderate 3 (10) 2 (7) 1 (3) 2 (7) – – 4 (14) 12 (6.8)
Severe 1 (3) 1 (3) – – – – – – – – 2 (1.1)
No response – – – – – – – – – – 8 (28) 8 (4.5)
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Future Research Strategies
In many areas of Nepal, researchers
have noted the build-up of P. minor,
especially in the rice–wheat cropping
system. The Agronomy Division has
collected a number of P. minor
specimens from many districts of
Nepal, but the severity of P. minor
infestations has yet to be quantified
properly. Several areas of research
will be undertaken in an effort to
minimize these weeds through
environmentally sound, integrated
weed management practices. Under a
collaborative project with Cornell
University, USA, P. minor populations
will be mapped in rice–wheat
growing areas. Planting methods in
relation to weed management will be
studied in rice and wheat. Rice
planting with the Chinese seed drill,
with integrated weed management,
will be assessed; at the same, time,
other integrated weed management
options for controlling P. minor in
wheat will be studied. Frequent
monitoring of weeds in rice–wheat
systems (especially under different
planting methods) will continue.
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Table 22. Weed management in rice by land category, Bhairahawa, Nepal

Danda land

1991 1993 1994 1995 1996 Mean
Control
method No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%) No. farmers (%)

Check 23 (16) 25 (18.0) 17 (12.0) 24 (17.0) 15 (11.0) 119 (14.0)
One hand weeding 89 (63) 99 (70.0) 95 (67.0) 83 (59.0) 79 (56.0) 507 (60.0)
Two hand weedings 18 (13) 2 (1.0) – – 20 (14.0) 22 (16.0) 94 (11.0)
Three hand weedings – – – – – – 1 (0.8) – – 1 (0.1)
Weeds used as fodder – – 2 (1.0) 18 (13.0) 4 (3.0) 1 (0.8) 28 (3.3)
Herbicide – – – – 2 (1.0) 5 (4.0) 1 (0.8) 10 (1.2)
Bidhani 1 (1) – – – – 2 (1.0) 1 (0.8) 4 (0.5)
No response 10 (7) 13 (9.2) 9 (6.4) 2 (1.0) 22 (16.0) 62 (7.3)

Khala land

1991 1992 1993 1994 1995 1996 Mean

Control No. No. No. No. No. No. No.
method farmers (%) farmers (%)  farmers (%) farmers (%) farmers (%) farmers (%) farmers (%)

Check 12 (41) 8 (28) 12 (41) 11 (38) 11 (38) 3 (10) 57 (32.7)
One hand weeding 17 (59) 17 (59) 16 (55) 16 (55) 14 (48) 18 (62) 98 (56.3)
Two hand weedings – – 3 (10) 1 (3) – – 1 (3) 1 (3) 6 (3.4)
Three hand weedings – – – – – –- – 2 (7) – – 2 (1.5)
Weeds used as fodder – – – – – – 2 (7) – – 1 (3) 3 (1.7)
Herbicide – – – – – – – – 1 (3) – – 1  (0.6)
Bidhani – – – – – – – – – – – – – –
No response – – 1 (3) – – – – – – 6 (21) 7 (4.0)



The rice–wheat system today is one
of the world’s major cropping
systems, occupying 22.5 million
hectares in the Indo-Gangetic Plains
and China. The system accounts for
about one-third of the rice and wheat
grown in South Asia, providing
staple food for more than one billion
people or about 20% of the world
population (Duxbury and Dosch
1996).

Rice and wheat are major food
crops in Nepal and are frequently
grown sequentially (Manandhar
1993). Rice covers 1.5 million hectares
and wheat 653,000 ha (CBS 1996).

The Naldung area, located in the
mid-hills of Nepal, is dedicated to
research on the rice-wheat cropping
system. Located in Kabhre District,
Naldung is situated approximately 34
km east of Kathmandu and is
representative of agriculture in the
mid-hills of Nepal. Parts of the area
are accessible by road. Diverse
agroecological conditions—ranging
from a subtropical climate in the
foothills to a temperate climate in the
high hills—are found in the area,
which rises from 750 masl to 2,150
masl.

Over 80% of the rainfall in the
Naldung area occurs during the
monsoon, from June to August. The
main sites selected for rice-wheat
research in the Naldung area are
Chitte and Singhe in the upper mid-
hills, Nayagaun and Devpur in the
lower mid-hills, and Dhaitar,
Siurinitar, Sipaghat, and

Plant Pathology Studies in the Naldung Rice–Wheat Area

K. Shrestha, C.B. Karki, and H.K. Manandhar

Mahadevsthan in the river valley. The
site comprises lowlands (121 ha),
uplands (222 ha), kharbari (65 ha),
pasture land (34 ha), and forest land
(33 ha). Streams are the only source of
irrigation on the 343 ha of cultivated
land. Of this area, 3.4% is fully or
partially irrigated lowlands, 26.2% is
rainfed lowlands, and 65.4% is
upland.

Plant Pathology
Research

Research was initiated at Naldung in
1992 on the major problems of rice–
wheat cropping in the mid-hills,
including plant disease problems.
Diagnostic surveys revealed that one
of the most important problems
prevalent in the area was disease.
Diseases observed during the surveys
were noted and their percentage
severity was assessed either visually
or using some other scale. Varying
incidences and severities of rice and
wheat diseases have been observed at
different altitudes.

The main objectives of plant
pathology studies conducted in the
Naldung area are to evaluate the
disease resistance of local and
improved varieties of rice and wheat
at different sites, under different
fertilizer doses. Results of these trials
are discussed next, first for rice and
then for wheat.

Rice Diseases

The major diseases of rice, such as
blast (Pyricularia oryzae), brown spot
(Bipolaris oryzae), and sheath blight
(Rhizoctonia solani), were recorded at
all sites in the Naldung area.
However, blast and sheath blight
were more common in the lower mid-
hills and river valley sites than in the
other sites. Blast incidence was great
in areas where rice cultivars such as
Chainan-242, Himali, and Taichung-
176 were grown. Severe sheath blight
was recorded in heavily fertilized
soils and in plots rotated with potato.
The incidence of brown spot was
high in mature rice grown in low
fertility soils.

Other important diseases prevalent
in the area were sheath rot
(Sarocladium oryzae), foot rot
(Fusarium moniliforme), bacterial
blight (Xanthomonas oryzae pv. oryzae),
and khaira (zinc deficiency). Sheath
rot and foot rot were more or less
similarly distributed at all locations,
whereas bacterial blight and khaira
were confined to the lower mid-hills
and river valley bottom areas.
Similarly, diseases such as narrow
brown spot (Cercospora oryzae), false
smut (Ustilaginoidea virens), and leaf
scald (Microdochium oryzae) were
commonly encountered. Incidence of
false smut was relatively high in the
river valley, whereas incidence of leaf
scald was high in the upper and mid-
hills (Adhikary et al. 1994; Karki et al.
1996). The status of rice diseases at
Naldung sites is given in Table 1.
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Rice Variety Trials
Disease observations were recorded
on rice variety trials conducted at
Naldung sites during 1993-95. The
trial included test varieties Khumal-2,
Khumal-4, Khumal-5, Khumal-7,
Khumal-9, and Palung-2, as well as
farmers’ varieties Taichung-176 and
Mallika. In the 1993 rice season,
disease incidences were quite low
and disease scores for blast, sheath
blight, sheath rot, and leaf scald did
not exceed 3 on a 0–9 scale. In
general, disease scores were higher in
the upper mid-hills than in the lower
mid-hills and river valley bottom
(Adhikary et al. 1994). However, in
the 1994 rice season, blast and sheath
blight were higher in the lower mid-
hills and river valley bottom than in
the upper mid-hills (Karki et al.
1996). In both years, the test varieties
showed resistant to moderately
resistant reactions to blast disease at
all trial locations.

In the 1995 rice season, five test
varieties (Radha-17, Radha-82,
Radha-85, Radha-90, and Radha-98)
and checks such as Masuli and
Mallika were evaluated at Sipaghat in
the river valley. Of the varieties
tested, Masuli and Radha-17 were
susceptible to blast. All other
varieties, except Radha-82, were
susceptible to sheath blight (Table 2).

In the 1996 rice season, seven lines
and varieties (“hill set”) were tested

at the upper and lower mid-hill sites.
Across the test sites, all varieties were
free from neck blast (Table 3). False
smut was observed on two cultivars
(NR 10172-2B-12-4-1 and Yongeng 3) at
Chitte. Surprisingly, all the varieties
tested at Nayagaun were infected by
bacterial blight (Table 3). Of these, NR
10157-2B-7-1-1 showed susceptible and
NR 10188-7-1-2-1-1 showed highly
susceptible reactions to the disease.

Similarly, six varieties (“Tarai set”)
were tested at the river valley sites. Of
these, IR 15672-186-1-1 was severely
infected by neck blast at all test sites
(Table 4). Disease pressure on Masuli
was quite high. Makawanpur-1 was
moderately susceptible to neck blast,
whereas OR 363-SP-11, BR 1257-31-1-1,
and Sabitri were resistant. Sheath rot
was observed more on BR 1257-31-1-1 at
Kunta Besi than at other sites. Besides
this, false smut was seen on OR 363-SP-
11, BR 1257-31-1-1, and Makawanpur-1
at Siurintar and Sipaghat.

Table 1. Rice diseases at Naldung sites, Nepal (+ indicates low severity, ++ indicates moderate
severity, – indicates disease not present)

Disease Upper mid-hills Lower mid-hills River valley

Blast (Pyricularia oryzae) + + ++
Sheath blight (Rhizoctonia solani) + + ++
Sheath rot (Sarocladium virens) + + +
Brown spot (Bipolaris oryzae) + + ++
False smut (Ustilaginoidea virens) + + ++
Narrow brown spot (Cercospora oryzae) + + +
Leaf scald (Microdochium oryzae) ++ + +
Foot rot (Fusarium moniliforme) + + +
Bacterial blight (Xanthomonas oryzae pv. oryzae) – + +
Root nematode (Hirschmanniella sp.) – – +
Khaira (zinc deficiency) – + ++

Table 2. Blast and sheath blight reactions in rice
cultivars evaluated at Sipaghat (river valley),
Nepal, 1995

Disease score

Cultivar Blast (0-9) Sheath blight (0-9)

Mallika 0 7
Radha-17 5 5
Radha-82 0 3
Radha-85 0 5
Radha-90 0 5
Radha-98 0 5
Masuli 7 5

Source: Karki et al. (1996).
Note: A score of 0–2 = resistant, 3–4 = moderately

resistant, and 5–9 = susceptible.

Table 3. Disease incidence in rice varieties evaluated at Chitte (upper mid-hills) and Nayagaun
(lower mid-hills), Nepal, 1996

Chitte Nayagaun

Neck Bacterial False Neck Bacterial False
Variety blast blight smut blast blight smut

NR 10157-2B-7-1-1 0 0 0 0 M 0
NR 10165-2B-8-2-1 0 0 0 0 L 0
NR 10172-2B-12-4-1 0 0 L 0 L 0
NR 10188-7-1-2-1-1 0 0 0 L H 0
Spitir 81399 0 0 0 0 L 0
Yongeng 3 0 0 L 0 L 0
Khumal-4 0 0 0 0 L 0

Source: H.K. Manandhar, unpublished data
Note: 0 = disease absent, L = low incidence, M = moderate incidence, and H = high incidence.

Table 4. Disease incidence in rice varieties evaluated at sites in the river valley, Nepal, 1996

Dhaitar Siurinitar Kunta Besi Sipaghat

Neck Sheath Neck Sheath Neck Sheath Neck Sheath
Variety blast rot blast rot blast rot blast rot

IR 15672-186-1-1 VH 0 VH 0 VH 0 VH 0
OR 363-SP-11 0 0 0 0 0 0 0 0
BR 1257-31-1-1 L L L L L M L L
Masuli H 0 H 0 M 0 H 0
Sabitri 0 0 0 0 0 0 0 0
Makawanpur-1 L 0 L 0 L 0 L 0

Source: H.K. Manandhar, unpublished data.
Note: 0 = disease absent, L = low incidence, M = moderate incidence, H = high incidence, and VH = very

high incidence.
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Fertilizer Trials
Disease incidence was evaluated for
rice varieties grown in fertilizer trials
conducted during 1993–94. No
significant difference in disease
incidence was reported between
treatments or localities, perhaps
because of low disease pressure in
that year. Results from subsequent
experiments, however, indicated that
balanced doses of NPK fertilizer
resulted in a lower incidence of blast
and sheath blight diseases compared
to the application of nitrogen alone. A
heavy application of compost
generally increased blast incidence in
general.

Chemical Control of
Sheath Blight and
Yield Loss Assessment
Fungicides were tested for the control
of sheath blight at different sites in
the river valley. Two sprays of
validamycin at 2 ml/L water during
the vegetative and boot stage of the
rice crop effectively controlled the
disease and increased rice yields.

An assessment of rice yield losses
caused by sheath blight disease was
done at Siurinitar during the 1995
rice season. For the study, 100 healthy
tillers and 100 infected tillers of the
same rice variety (Mallika) were
selected. Sheath blight severities for
all 100 tillers were averaged and the
grain yields in infected and healthy
tillers recorded. A yield reduction of
as much as 26% was observed with a
sheath blight severity of 67% (Karki
et al. 1996).

Wheat Diseases

Regular surveys and monitoring of
the wheat crop at different sites in the
Naldung area indicated that leaf rust
(Puccinia recondita f. sp. tritici), yellow
rust (P. striiformis f. sp. tritici), loose

smut (Ustilago tritici), powdery
mildew (Erysiphe graminis f. sp. tritici),
and foliar blight (Bipolaris sorokiniana)
were common wheat diseases (Table
5). Leaf rust occurred more in the
river valley, whereas yellow rust was
more common in the lower mid-hill
region. Loose smut and powdery
mildew occurred in all the ecological
regions, but the incidence and
severity of foliar blight were greater
in the river valley sites. In the recent
past, the incidence of leaf rust was
observed to be increasing but that of
yellow rust was seen to be
decreasing. Earlier, yellow rust was
observed to be severe on RR-21 and
other varieties grown in the Naldung
area.

Wheat Variety Trial
Two sets of wheat varieties were
tested, one in the upper mid-hills and
lower mid-hills (Annapurna-1,
Annapurna-2, Nepal-297,
Annapurna-4, and RR-21) and the
second in the river valley (NL-683,
BL-1096, BL-1473, UP-262 and R-21)
for the river valley. In the hills,
Annapurna-1, Annapurna-2, and
Annapurna-4 showed low or no rust
infection during the 1992-94 wheat
seasons, but Nepal-297 and RR-21
had varying severities of the rusts
(Tables 6 and 7). The average
coefficient of infection (ACI) of
yellow rust noted on Nepal-297 in
1993 and 1994 was higher (35, 40) in
the lower mid-hills than in the upper
mid-hills, although the ACI for leaf

Table 5. Wheat diseases at Naldung sites (+ = low severity, ++ = moderate severity, and +++ = high
severity)

Disease Upper mid-hills Lower mid-hills River valley

Leaf rust (Puccinia recondita f. sp. tritici) + ++ +++
Yellow rust (P. striiformis f. sp. tritici) + +++ ++
Loose smut (Ustilago tritici) ++ ++ ++
Powdery mildew (Erysiphe qraminis f. sp. tritici) ++ ++ ++
Foliar blight (Bipolaris sorokiniana) + + ++

Table 6. Average coefficient of infection (ACI) for leaf rust on wheat varieties evaluated in the mid-
hills, Nepal, 1992-94

Leaf rust (ACI)

Upper mid-hills Lower mid-hills

Variety 1992 1993 1994 1992 1993 1994

Annapurna-1 0.7 0.2 0.2 4.0 2.0 3.1
Annapurna-2 1.4 0.2 0.2 5.9 0.2 0.2
Nepal-297 2.1 0.2 1.0 6.5 3.8 5.0
Annapurna-4 0.6 0.0 0.0 1.1 0.2 0.2
RR-21 12.7 13.8 24.0 36.7 43.0 60.0

Source: Karki et al. (1996)

Table 7. Average coefficient of infection (ACI) for yellow rust on wheat varieties evaluated in the mid-
hills, Nepal, 1992-94

Yellow rust (ACI)

Upper mid-hills Lower mid-hills

Variety 1992 1993 1994 1992 1993 1994

Annapurna-1 0.0 0.0 0.0 0.7 0.2 0.2
Annapurna-2 0.0 0.2 0.5 1.5 0.7 1.0
Nepal-297 0.0 0.7 2.0 20.3 35.0 40.0
Annapurna-4 0.0 0.0 0.0 1.4 0.2 Trace
RR-21 0.0 2.7 8.0 24.9 65.0 75.0

Source: Karki et al. (1996).
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rust was much lower. The ACIs for
both rusts on RR-21 were higher in
the lower mid-hills. The ACI of leaf
rust on RR-21 was moderate even in
the upper mid-hills.

At the river valley bottom, all three
of the new wheat lines, NL-683, BL-
1096, and BL01473, were free from
both leaf and yellow rusts (Table 8).
UP-262 showed low to moderate
severities of both rusts, whereas RR-
21 and the farmers’ variety (mostly
RR-21) showed moderate to high rust
severities. Moderate to high infection
of powdery mildew was recorded at
Siurinitar and Sipaghat, but the
disease was not observed at Dhaitar.
Although foliar blight was observed
on all varieties at all river valley
locations, the severity of infection
was low to medium.

Wheat lines tested at Sipaghat and
Mahadevsthan during 1996-97 were
also compared for different disease
reactions. At both locations, the
checks RR-21 and UP-262 were
infected with leaf and yellow rusts.
The severity of leaf rust on RR-21 was
higher at Sipaghat than at
Mahadevsthan. The severity of
yellow rust, which was much higher
in early years, was low on both RR-21
and UP-262 (Table 9). Interestingly,
the newly tested cultivars NL-713,
NL-724, NL-727, and NL-731 had no
or very little rust but were highly
sterile, at least in Sipaghat. The newly
released cultivar BL-1135 had no
yellow rust and a moderate leaf rust
score but was highly susceptible to
powdery mildew at both locations.

Fertilizer Trial
Disease notes were taken on fertilizer
trials at different sites in the Naldung
area during the 1992-93 wheat
seasons. Fertilizer treatments
included N, NP, NPK, NPK+FYM,
and NPK+FYM+lime. Disease

severity was quite low in the upper
mid-hills in both years, but responses
to the major diseases were different
in different treatments in the lower

mid-hills and river valley (Table 10a
and 10b). The ACI for leaf rust was
higher with incomplete fertilization
(N or NP only) than with the

Table 8. Severity of diseases on wheat cultivars, Naldung, Nepal (0–9 scale)

Dhaitar Siurinitar Sipaghat

Cultivar YR LR PM HLB YR LR PM HLB YR LR PM HLB

BL-683 0 0 0 2 0 0 M 2 0 0 M 2
BL-1096 0 0 0 1 0 0 M 4 0 0 M 4
BL-1473 0 0 0 1 0 0 H 4 0 0 M 4
UP-262 L L 0 3 L L M 1 M L M 1
RR-21 M M 0 1 L M M t M H L 2
Farmers’ variety M M 0 2 M H M 2 M H M 2

Source: Parajuli (1994).
Note: YR = yellow rust, LR  = leaf rust, PM = powdery mildew, and HLB = helminthosporium leaf blight. L =

low severity, M = medium severity, H = high severity, and t = trace disease.

Table 9. Evaluation of wheat lines and check varieties for resistance to major diseases, Sipaghat and
Mahadevsthan, Nepal, 1996-97

Sipaghat Mahadevsthan

Yellow Powdery Yellow Powdery
Variety Leaf rust rust mildew Leaf rust rust mildew

NL-713 0 0 0 0 0 0
NL-724 0 0 0 0 0 0
NL-727 10MR 0 0 TMR 0 0
NL-731 TMR TMR 99 0 0 0
BL-1135 30MS 0 98 0 0 95
UP-262 40MS 20MS 0 10MR 20MR 0
RR-21 80S 30MR 0 30MS TMR 0

Source: C.B. Karki, unpublished data.
Note: Leaf rust and yellow rust scores in modified Cobb’s scale, and powdery mildew score in double-

digit 0–9 scale.

Table 10. Effects of fertilizer application on disease incidence in Nepal-297 wheat variety in the
upper and lower mid-hills, Nepal, 1992 and 1993

10a. 1992
Upper mid-hills Lower mid-hills

Powdery Yellow Leaf Powdery Yellow Leaf
mildew rust rust mildew rust rust

Treatment (0–9) (ACI) (ACI) (0–9) (ACI) (ACI)

120:00:00 kg NPK/ha 2.5 3.4 0 2.7 5.4 27.0
120:60:00 kg NPK/ha 3.0 1.4 0 2.6 7.1 20.6
120:60:40 kg/NPK/ha 3.0 0.9 0 2.0 4.9 14.2
120:60:40 kg/NPK/ha+5t/ha FYM 3.0 0.9 0 2.5 4.4 12.3

10b. 1993
Upper mid-hills Lower mid-hills

Powdery Yellow Leaf Powdery Yellow Leaf
mildew rust rust mildew rust rust

Treatment (0–9) (ACI) (ACI) (0–9) (ACI) (ACI)

120:00:00 kg NPK/ha 2.0 0.7 0 2.0 3.3 43.3
120:60:00 kg NPK/ha 1.8 0.7 0 1.5 2.6 38.7
120:60:40 kg/NPK/ha 1.3 0.5 0 1.4 2.3 30.0
120:60:40 kg/NPK/ha+5t/ha FYM 2.3 0.7 0 2.0 3.4 35.3
120:60:40 kg NPK/ha+5t/ha FYM+
  2t/ha lime 2.5 1.0 0 1.9 2.8 37.3

Source: Adhikary et al. (1994).
Note: ACI = average coefficient of infection.
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balanced fertilizer application (NPK).
Similar responses were observed for
yellow rust and powdery mildew.

Cultivation Practices
The effect of cultivation practices on
major diseases was noted at different
testing sites. It was observed that
improved practices (planting
foundation seed with 120:60:40 kg
NPK/ha and weeding) lowered
incidence of all major diseases, such
as leaf rust, yellow rust, and powdery
mildew, at all localities. Compared to
farmers’ practices (planting farmers’
own seed with 8–10 kg NPK/ha and
no weeding), the improved practices
reduced the incidence of yellow rust
by 13–57%, of powdery mildew by
21–31%, and of leaf rust by about 5%
(Table 11). Clearly, yellow rust and
powdery mildew can be controlled
with better management practices
and balanced fertilization.

Future Strategies

Pathologists participating in surveys
in the Naldung area raised concerns
that continuous rice–wheat cropping

could create conditions favoring the
build-up of soil-borne pathogens,
which could conceivably affect crop
yields in farmers’ fields. Although a
considerable effort is being made to
control major foliar diseases in the
rice–wheat system, the effects and
biology of soil-borne diseases should
be studied in greater detail.
Assessments of yield losses from
important diseases of rice, wheat, and
other crops should be done under
minimum tillage conditions.
Emphasis should be given to using
tillage methods for disease control
rather than hazardous chemical
fungicides. Integrated disease
management strategies should be
developed for the rice–wheat system.
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Rice and wheat are the basic staple
foods for people living in the Indo-
Gangetic Plains of South Asia. In
Nepal, the rice–wheat cropping
system dominates food crop
production in the Tarai, Inner Tarai,
and irrigated river basins. Rice has
been grown for a long time, whereas
wheat is a relatively new crop. The
area under the rice–wheat system in
Nepal is 0.52 million hectares.
Despite past research efforts, average
yields of rice and wheat have
stagnated over the past two decades
at 2 t/ha for rice and 1.2 t/ha for
wheat. Low and declining soil
fertility is the main factor limiting
production.

As part of the international
research program on rice–wheat
cropping systems in South Asia, a
diagnostic survey of farmers’ fields
was initiated in the Naldung area in
1992. The survey identified soil-
related problems, including soil
nutrient depletion in wheat and the
unbalanced use of chemical fertilizer
in the early and normal rice crops.

Rice and wheat differ considerably
in their physical and chemical
processes. Rice fields require
puddling prior to transplanting,
which causes the soil to develop a
hard pan and restricts drainage. An
increase in soil bulk density is also
thought to be an effect of the rice–
wheat sequence and adversely affects
water intake and water balance.
Finally, rice and wheat remove far
more nutrients from the soil than are
applied. The need for balanced doses

of fertilizer, in conjunction with
organic manure, is becoming
apparent from long-term soil fertility
experiments at different research
stations in Nepal. Sustainable
production of rice and wheat will
depend on farmers’ adoption of such
technologies.

During 2050/51–52,
demonstrations on balanced use of
chemical fertilizers were conducted
in farmers’ fields in Naldung using
different rice varieties under five
treatments (Adhikary et al. 1994): N
at 120 kg/ha; NP at 120-40 kg/ha;
NPK at 120-40-30 kg/ha;
NPK+compost; and
NPK+compost+lime. Most of these
studies were conducted for one
season only, so the longer-term effects
of the treatments on soil
characteristics could not be
ascertained. Since the Naldung
research sites are situated near
Kathmandu, the use of chemical
fertilizers is relatively higher than in
other areas of the mid-hills in Nepal.
The Farming System Division of
NARC had also conducted previous
soil studies in the area. Soil samples
from farmers’ fields in the Naldung
area were analyzed and possessed
the following characteristics: they are
strongly acidic, have low to very low

levels of organic matter and nitrogen,
and have medium to high levels of
available phosphorus and potassium
(Table 1).

Previous fertilizer trials on the rice–
wheat sequence had concluded that
the most economic dose of fertilizer
for rice was 40:20:0 NPK (Vaidya and
Adhikary 1991). Considering this
research result, a program was
prepared for soil fertility research in
the Naldung area. The program has
three components:
1. Preparation of a soil fertility map

(crop suitability) of the rice–wheat
area.

2. A preliminary trial to determine
optimum dose of chemical
fertilizers in combination with
green manure and/or organic
manure.

3. Training in improved methods of
compost preparation and
application.

For the soil map, the basic work has
been completed, but field verification
and preparation of the map have not
been completed because of various
constraints. Work on the other two
aspects of the soil fertility research
program, however, is described in
greater detail in the next sections of
this paper.

Soil Fertility Studies in the Naldung
Rice–Wheat Research Area

S.L. Maskey, Y.G. Khadka, P.R. Shakya, S.N. Vaidhya,
P.R. Pandey, and R.C. Munakarmy

Table 1. Characteristics of soil samples collected from farmers’ fields, Naldung, Nepal

Characteristic Sipaghat Mahadevsthan Chitte

pH 4.7–5.2 4.4–5.0 4.4–4.5
OM (%) 1.4–2.0 2.0–2.5 2.0–2.8
N (%) .06–.12 .11–.15 .07–.09
P2O5 (kg/ha) 60–116 60–130 110–130
K2O (kg/ha) 120–180 190–310 200–400
Texture Sandy loam Loam –
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Fertilizer Trial

A fertilizer trial was conducted at
Chitte, Mahadevsthan, and Sipaghat,
with three farmers at each location.
The treatments consisted of 0:0:0
NPK, 80:40:30 NPK, 80:40:30 NPK +
compost (5 t/ha), 80:40:30 NPK +
compost + lime (wheat), 80:40:30
NPK + green manure (rice), 40:20:15
NPK, 40:20:15 NPK + compost
(5t/ha), and 40:20:15 NPK + gr een
manure.

Data on grain yields in the fertilizer
trial are presented in Tables 2, 3, and
4. Yields obtained under the different
fertilizer combinations were not

different for all the rice varieties
tested at all locations. Application of
120:60:40 NPK increased wheat
yields, whereas the application of
lime was not effective. There was no
significant response to phosphorus
application. Grain yields were higher
at Sipaghat and Mahadevsthan than
at Chitte, although higher wheat
yields were seen in the second year of
the trial at Chitte. The response to
compost at lower doses of chemical
fertilizer was more pronounced at
Sipaghat and Chitte than at
Mahadevsthan. Green manuring was
effective at Chitte and Sipaghat.

Table 2. Rice yield (kg/ha) under various fertilizer and organic manure treatments, Naldung sites, Nepal

Taichung-176 Pokhreli Taichung-176 Himali Marshi Khumal-4

Treatment Kunta Chitte Sipaghat Nayagaun Nayagaun Naldung Naldung Chitte

N 1,642.53 6,291.66 4,822.5 4,476.25 5,622.5 2,500.00 2,083.33 6,250.00
NP 1,591.77 6,250.00 5,245.0 3,968.75 5,235.0 3,333.33 2,083.33 6,250.00
NPK 1,366.54 6,291.66 5,940.0 3,196.25 4,007.5 2,625.00 2,500.00 6,875.00
NPK+compost 1,684.00 6,416.66 5,317.5 3,671.25 4,625.0 2,916.66 3,125.00 6,500.00
NPK+compost+lime 1,740.28 6,250.00 4,457.5 4,433.75 4,840.0 3,125.00 3,125.00 6,250.00

Table 3. Wheat yield (kg/ha) under various fertilizer and organic manure treatments, Naldung sites,
Nepal

Average grain yield

Treatment 1993 1994 Mean

120:0:0 3,109 1,764 2,437
120:60:0 3,951 1,873 2,912
120:60:40 4,259 2,054 3,156
120:60:40+5t/ha FYM 4,162 2,230 3,196
120:60:40+5t/ha FYM+2t/ha lime – 2,114 2,114

Table 4. Rice and wheat yields (t/ha) under different fertilizer and organic manure treatments at three locations, Naldung, Nepal, 1995/96

Sipaghat Mahadevsthan Chitte

Treatment Wheat Rice Wheat Wheat Rice Wheat Wheat Rice Wheat

0:0:0 NPK – 5.60 1.78 – 5.86 1.70 – 3.23 2.36
80:40:30 NPK 2.80 6.49 3.25 2.67 8.06 2.73 3.15 4.60 4.24
80:40:30 NPK+compost 2.76 6.63 3.52 2.95 6.96 2.90 2.63 3.88 4.56
80:40:30 NPK+compost+lime 2.93 6.99 4.25 2.34 7.53 2.80 2.88 4.96 4.80
80:40:30 NPK+green manure 2.52 7.16 3.45 2.30 7.50 2.70 2.32 5.24 3.70
40:20:15 NPK 2.18 6.69 2.57 2.01 7.27 2.43 1.86 2.89 2.60
40:20:15 NPK+compost 2.26 6.40 2.49 1.85 7.59 2.41 3.21 4.23 3.20
40:20:15 NPK+green manure 2.04 7.26 3.86 1.95 7.31 2.20 1.95 2.70 2.90
Farmers’ practice 2.57 6.39 1.94 2.40 7.08 2.18 1.67 3.48 2.95

Training

A training-cum-demonstration
program on improved methods of
making compost was conducted at
Mahadevsthan and Chitte with 32
farmers. After completing the
training, farmers were able to
understand that plant nutrients were
required for plant growth and had
learned improved methods of
making and applying compost. All
participants agreed that they would
use the improved methods to prepare
compost in their own fields.
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Table 5. Soil pH across fertilizer treatments and farmers’ fields at three sites, Naldung, Nepal

Chitte Sipaghat Mahadevsthan
Sampling

Treatmenta time I II III Mean IV V VI Mean VII VII IX Mean

1 53 RH 4.50 4.60 4.10 4.40 4.40 4.40 4.20 4.33 4.60 4.50 NA 4.55
52 WH 4.70 4.40 5.00 4.70 4.70 4.80 5.20 4.90 4.60 5.00 4.50 4.70
52 RH NA NA NA NA 4.60 5.10 5.50 5.07 4.80 4.80 4.80 4.80

2 53 RH 4.00 4.90 4.10 4.33 4.40 4.40 4.80 4.53 4.60 4.50 NA 4.55
52 WH 4.50 4.50 4.40 4.47 4.50 4.80 5.10 4.80 4.70 4.90 4.50 4.70
52 RH NA NA NA NA 4.70 5.20 5.40 5.10 4.90 4.90 4.80 4.87

3 53 RH 4.40 4.60 4.40 4.47 4.50 4.40 4.50 4.47 4.50 4.70 NA 4.60
52 WH 4.20 4.40 4.50 4.37 4.50 4.80 5.00 4.77 4.70 4.50 4.50 4.57
52 RH NA NA NA NA 4.70 5.00 5.20 4.97 4.80 4.90 5.00 4.90

4 53 RH 4.80 4.60 4.50 4.63 4.40 4.20 4.50 4.37 4.70 4.60 NA 4.65
52 WH 4.30 4.20 4.50 4.33 4.50 4.80 4.90 4.73 5.00 4.50 4.50 4.67
52 RH NA NA NA NA 4.60 5.00 5.10 4.90 5.00 4.90 4.70 4.87

5 53 RH 5.00 4.50 4.50 4.67 4.50 4.30 4.30 4.37 4.70 4.60 NA 4.65
52 WH 4.20 4.10 4.00 4.10 4.50 4.70 4.90 4.70 4.70 4.50 4.50 4.57
52 RH NA NA NA NA 4.60 5.00 5.10 4.90 5.10 4.90 5.00 5.00

6 53 RH 4.50 4.50 4.50 4.50 4.00 4.20 4.00 4.07 4.50 4.40 NA 4.45
52 WH 4.40 4.20 4.00 4.20 4.50 4.70 4.80 4.67 4.70 4.50 4.50 4.57
52 RH NA NA NA NA 4.70 4.90 5.10 4.90 4.80 4.50 4.70 4.67

7 53 RH 5.00 4.60 4.40 4.67 4.10 4.10 4.50 4.23 4.50 4.40 NA 4.45
52 WH 4.40 4.00 4.50 4.30 4.50 4.70 4.80 4.67 4.80 4.50 4.50 4.60
52 RH NA NA NA NA 4.40 5.00 5.00 4.80 5.20 4.40 4.70 4.77

8 53 RH 4.30 4.70 4.50 4.50 4.00 4.10 4.20 4.10 4.70 NA NA 4.70
52 WH 4.40 4.50 4.70 4.53 4.50 4.50 4.50 4.50 4.70 4.70 4.60 4.67
52 RH NA NA NA NA 4.00 5.00 5.00 4.67 5.00 4.80 4.50 4.77

9 53 RH 4.00 4.60 4.50 4.37 4.00 4.00 4.00 4.00 4.70 NA NA 4.70
52 WH NA NA NA NA NA NA NA NA NA NA NA NA
52 RH NA NA NA NA NA NA NA NA NA NA NA NA

Note: Roman numeral indicates farmer number. NA=not available.
a Treatmeants were (1) T8 0:0:0 NPK, (2) T3 80:40:30 NPK; (3) T1 80:40:30 + compost @ 5 t/ha, (4) T5 80:40:30 NPK + compost @ 5 t/ha + lime @ 2.5 t/ha (Wheat), (5)

T6 80:40:30 NPK + green manure (in Rice) @ 5 t/ha sesbania and other green leaves, (6) T2 40:20:15 NPK, (7) T4 40:20:15 NPK + compost @ 2.5 t/ha, (8) T7 40:20:15
NPK + green manure @ 2.5 t/ha, and (9) T9 farmers’ practice, little nitrogen and some farm yard manure.

Conclusions

Some more specific conclusions from
the soil fertility research described
here can be seen in Tables 5–10.

Generally, pH at Sipaghat and
Chitte decreased within one year of
the cropping season, except in one
location in Chitte (farmer II) where
pH increased from 0.2 to 0.6 units in
six months (one cropping period)
(Table 5).

In Sipaghat, soil organic matter
increased at all sites, except in
treatment 8, and treatment 1 for
farmers VI and IV, where organic
matter decreased by 0.8 and 1.52
units, respectively (Table 6).

For farmer IV in Sipaghat, the
nitrogen content of the soil decreased
under all management practices but
increased for farmer V under
treatments 1, 2, 4, and 6. Nitrogen
levels also increased for farmer VI

under all treatments except T6, for
farmer VII under all treatments
except T7, and for farmer VIII under
T2, T4, and T5 treatments within one
year of the cropping period. (Table 7).

For three farmers (VI, VII, and
VIII), an increased level of
exchangeable potassium was seen
under T4. For farmer IV,
exchangeable potassium decreased
for all treatments (Table 9).
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Table 6. Soil organic matter (%) across fertilizer treatments and farmers’ fields at three sites, Naldung, Nepal

Chitte Sipaghat Mahadevsthan
Sampling

Treatmenta time I II III Mean IV V VI Mean VII VII IX Mean

1 53 RH 2.35 2.48 2.21 2.35 0.55 2.48 1.79 1.61 3.45 3.59 NA 3.52
52 WH 1.34 2.14 0.27 1.25 2.28 1.20 0.80 1.43 2.01 2.55 2.41 2.32
52 RH NA NA NA NA 2.07 1.34 0.94 1.45 2.54 2.50 2.68 2.57

2 53 RH 2.21 2.07 2.48 2.25 2.48 2.35 2.35 2.39 3.04 3.59 NA 3.32
52 WH 1.74 2.28 1.20 1.74 2.28 1.47 1.34 1.70 2.55 2.95 2.55 2.68
52 RH NA NA NA NA 2.14 1.47 1.74 1.78 2.74 2.68 2.14 2.52

3 53 RH 1.93 2.90 2.76 2.53 2.62 2.48 2.07 2.39 3.73 3.31 NA 3.52
52 WH 1.88 1.88 2.01 1.92 2.41 1.74 1.47 1.87 2.55 3.08 2.14 2.59
52 RH NA NA NA NA 2.21 1.47 1.34 1.67 2.41 2.68 1.88 2.32

4 53 RH 2.62 3.04 2.48 2.71 2.62 2.48 2.21 2.44 3.45 3.31 NA 3.38
52 WH 2.01 2.14 2.14 2.10 2.68 2.01 0.93 1.87 2.95 2.81 2.55 2.77
52 RH NA NA NA NA 2.14 1.34 1.47 1.65 2.08 2.64 2.14 2.29

5 53 RH 2.35 1.93 2.62 2.30 2.76 2.48 2.21 2.48 3.73 3.59 NA 3.66
52 WH 1.88 2.28 1.74 1.97 2.81 1.07 1.20 1.69 3.08 2.55 2.14 2.59
52 RH NA NA NA NA 2.41 1.61 1.74 1.92 2.68 2.28 2.14 2.37

6 53 RH 2.48 3.04 2.62 2.71 2.90 2.21 2.07 2.39 3.59 3.59 NA 3.59
52 WH 1.47 2.41 1.88 1.92 3.22 1.61 1.60 2.14 2.95 2.55 2.28 2.59
52 RH NA NA NA NA 2.28 1.61 1.61 1.83 2.81 2.55 2.28 2.55

7 53 RH 2.21 3.04 2.76 2.67 2.76 2.21 2.07 2.35 2.90 3.31 NA 3.11
52 WH 2.01 1.88 1.61 1.83 2.41 1.61 1.20 1.74 3.08 2.14 2.28 2.50
52 RH NA NA NA NA 2.14 1.47 1.47 1.69 2.68 2.41 2.28 2.46

8 53 RH 1.38 3.17 2.62 2.39 2.48 2.48 0.27 1.74 3.86 NA NA 3.86
52 WH 0.94 2.14 1.61 1.56 2.55 1.74 1.34 1.88 3.08 2.28 2.14 2.50
52 RH NA NA NA NA 2.41 1.47 1.07 1.65 2.68 2.01 2.81 2.50

9 53 RH 2.07 3.04 2.35 2.49 2.62 1.79 1.93 2.11 3.04 NA NA 3.04
52 WH NA NA NA NA NA NA NA NA NA NA NA NA
52 RH NA NA NA NA NA NA NA NA NA NA NA NA

Note: Roman numeral indicates farmer number. NA=not available.
a Treatmeants were (1) T8 0:0:0 NPK, (2) T3 80:40:30 NPK; (3) T1 80:40:30 + compost @ 5 t/ha, (4) T5 80:40:30 NPK + compost @ 5 t/ha + lime @ 2.5 t/ha (Wheat), (5)

T6 80:40:30 NPK + green manure (in Rice) @ 5 t/ha sesbania and other green leaves, (6) T2 40:20:15 NPK, (7) T4 40:20:15 NPK + compost @ 2.5 t/ha, (8) T7 40:20:15
NPK + green manure @ 2.5 t/ha, and (9) T9 farmers’ practice, little nitrogen and some farm yard manure.

Table 7. Nitrogen (%) across fertilizer treatments and farmers’ fields at three sites, Naldung, Nepal

Chitte Sipaghat Mahadevsthan
Sampling

Treatmenta time I II III Mean IV V VI Mean VII VII IX Mean

1 53 RH 1.07 0.91 0.79 0.92 0.96 0.96 0.90 0.94 1.46 1.29 NA 1.38
52 WH 0.81 0.93 0.35 0.70 0.81 0.75 0.52 0.69 0.81 1.16 1.62 1.20
52 RH NA NA NA NA 1.06 0.83 0.67 0.85 1.22 1.34 1.34 1.30

2 53 RH 1.01 1.07 0.79 0.96 0.90 1.01 1.24 1.05 1.46 1.58 NA 1.52
52 WH 0.87 0.81 0.41 0.70 0.81 0.70 0.93 0.81 1.16 1.10 0.81 1.02
52 RH NA NA NA NA 1.03 0.90 0.67 0.87 1.37 1.30 1.46 1.38

3 53 RH 0.84 0.96 1.18 0.99 0.84 0.96 1.41 1.07 1.35 1.18 NA 1.27
52 WH 0.93 0.70 0.64 0.76 0.93 0.81 0.40 0.71 1.16 1.16 1.10 1.14
52 RH NA NA NA NA 1.18 1.02 0.78 0.99 1.31 1.40 1.34 1.35

4 53 RH 1.24 1.18 0.96 1.13 1.01 0.90 1.63 1.18 1.58 1.35 NA 1.47
52 WH 0.75 0.81 0.70 0.75 0.81 0.70 0.58 0.70 1.28 1.04 1.10 1.14
52 RH NA NA NA NA 1.09 0.83 0.78 0.90 1.34 1.28 1.34 1.32

5 53 RH 1.58 1.01 0.96 1.18 1.13 0.90 1.29 1.11 1.41 1.46 NA 1.44
52 WH 0.87 0.87 0.81 0.85 1.04 0.64 0.70 0.79 1.28 1.16 1.10 1.18
52 RH NA NA NA NA 1.28 1.28 0.78 1.11 1.37 1.24 1.34 1.32

6 53 RH 1.24 1.18 0.90 1.11 1.18 0.96 0.79 0.98 1.46 1.07 NA 1.27
52 WH 0.46 0.81 0.64 0.64 0.99 0.75 0.58 0.77 1.22 0.99 1.16 1.12
52 RH NA NA NA NA 1.28 0.79 0.90 0.99 1.40 1.34 1.16 1.30

7 53 RH 0.84 1.13 1.29 1.09 1.07 0.84 0.79 0.90 1.52 0.84 NA 1.18
52 WH 0.70 0.93 0.46 0.70 0.93 0.70 0.52 0.72 1.28 1.04 1.10 1.14
52 RH NA NA NA NA 1.29 0.96 0.73 0.99 1.59 1.28 1.40 1.42

8 53 RH 0.73 1.01 0.79 0.84 1.13 1.18 0.73 1.01 1.18 NA NA 1.18
52 WH NA NA NA NA NA NA NA NA NA NA NA NA
52 RH NA NA NA NA NA NA NA NA NA NA NA NA

9 53 RH – – – – – – – – – – – –
52 WH – – – – – – – – – – – –
52 RH – – – – – – – – – – – –

Note: Roman numeral indicates farmer number. NA=not available.
a Treatmeants were (1) T8 0:0:0 NPK, (2) T3 80:40:30 NPK; (3) T1 80:40:30 + compost @ 5 t/ha, (4) T5 80:40:30 NPK + compost @ 5 t/ha + lime @ 2.5 t/ha (Wheat), (5)

T6 80:40:30 NPK + green manure (in Rice) @ 5 t/ha sesbania and other green leaves, (6) T2 40:20:15 NPK, (7) T4 40:20:15 NPK + compost @ 2.5 t/ha, (8) T7 40:20:15
NPK + green manure @ 2.5 t/ha, and (9) T9 farmers’ practice, little nitrogen and some farm yard manure.
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Table 8. Phosphorus (P2O5) across fertilizer treatments and farmers’ fields at three sites, Naldung, Nepal

Chitte Sipaghat Mahadevsthan
Sampling

Treatmenta time I II III Mean IV V VI Mean VII VII IX Mean

1 53 RH 98.0 82.0 97.0 92.3 79.0 114.0 82.0 91.7 92.0 56.0 NA 74.0
52 WH 89.0 122.0 117.0 109.3 102.0 138.0 92.0 110.7 107.0 78.0 133.0 106.0
52 RH NA NA NA NA 90.0 110.0 64.0 88.0 86.0 51.0 136.0 91.0

2 53 RH 96.0 99.0 81.0 92.0 76.0 107.0 81.0 88.0 81.0 58.0 NA 69.5
52 WH 108.0 116.0 112.0 112.0 102.0 141.0 82.0 108.3 113.0 78.0 138.0 109.7
52 RH NA NA NA NA 94.0 108.0 74.0 92.0 93.0 52.0 136.0 93.7

3 53 RH 75.0 92.0 110.0 92.3 80.0 115.0 86.0 93.7 90.0 52.0 NA 71.0
52 WH 112.0 104.0 125.0 113.7 105.0 138.0 91.0 111.3 110.0 77.0 129.0 105.3
52 RH NA NA NA NA 98.0 99.0 76.0 91.0 87.0 60.0 138.0 95.0

4 53 RH 96.0 101.0 87.0 94.7 79.0 106.0 91.0 92.0 88.0 46.0 NA 67.0
52 WH 134.0 112.0 121.0 122.3 108.0 129.0 83.0 106.7 105.0 69.0 137.0 103.7
52 RH NA NA NA NA 105.0 104.0 75.0 94.7 87.0 54.0 128.0 89.7

5 53 RH 96.0 98.0 88.0 94.0 88.0 103.0 86.0 92.3 92.0 57.0 NA 74.5
52 WH 113.0 124.0 110.0 115.7 110.0 138.0 81.0 109.7 102.0 78.0 131.0 103.7
52 RH NA NA NA NA 101.0 104.0 76.0 93.7 88.0 53.0 130.0 90.3

6 53 RH 94.0 99.0 81.0 91.3 86.0 114.0 79.0 93.0 89.0 43.0 NA 66.0
52 WH 138.0 144.0 102.0 128.0 117.0 145.0 87.0 116.3 105.0 67.0 142.0 104.7
52 RH NA NA NA NA 97.0 97.0 79.0 91.0 95.0 64.0 136.0 98.3

7 53 RH 53.0 108.0 92.0 84.3 86.0 107.0 77.0 90.0 90.0 45.0 NA 67.5
52 WH 99.0 119.0 107.0 108.3 118.0 146.0 84.0 116.0 107.0 72.0 134.0 104.3
52 RH NA NA NA NA 113.0 116.0 72.0 100.3 101.0 52.0 132.0 95.0

8 53 RH 70.0 89.0 127.0 95.3 94.0 112.0 97.0 101.0 95.0 NA NA 95.0
52 WH 79.0 104.0 133.0 105.3 78.0 150.0 120.0 116.0 119.0 101.0 141.0 120.3
52 RH NA NA NA NA 111.0 109.0 76.0 98.7 107.0 80.0 134.0 107.0

9 53 RH 49.0 88.0 86.0 74.3 88.0 88.0 88.0 NA NA 88.0
52 WH NA NA NA NA NA NA NA NA NA NA NA NA
52 RH NA NA NA NA NA NA NA NA NA NA NA NA

Note: Roman numeral indicates farmer number. NA=not available.
a Treatmeants were (1) T8 0:0:0 NPK, (2) T3 80:40:30 NPK; (3) T1 80:40:30 + compost @ 5 t/ha, (4) T5 80:40:30 NPK + compost @ 5 t/ha + lime @ 2.5 t/ha (Wheat), (5)

T6 80:40:30 NPK + green manure (in Rice) @ 5 t/ha sesbania and other green leaves, (6) T2 40:20:15 NPK, (7) T4 40:20:15 NPK + compost @ 2.5 t/ha, (8) T7 40:20:15
NPK + green manure @ 2.5 t/ha, and (9) T9 farmers’ practice, little nitrogen and some farm yard manure.

Table 9. Potassium (K2O) across fertilizer treatments and farmers’ fields at three sites, Naldung, Nepal

Chitte Sipaghat Mahadevsthan
Sampling

Treatmenta time I II III Mean IV V VI Mean VII VII IX Mean

1 53 RH 187 275 364 275.3 87 275 131 164.3 153 331 NA 242.0
52 WH 173 384 341 299.3 115 144 138 132.3 206 336 168 236.7
52 RH NA NA NA NA 96 144 178 139.3 185 254 130 189.7

2 53 RH 142 428 298 289.3 53 75 142 90.0 198 242 NA 220.0
52 WH 168 408 192 256.0 125 187 173 161.7 221 288 182 230.3
52 RH NA NA NA NA 86 144 158 129.3 206 232 115 184.3

3 53 RH 108 342 120 190.0 42 98 87 75.7 164 253 NA 208.5
52 WH 158 288 144 196.7 139 221 163 174.3 235 283 192 236.7
52 RH NA NA NA NA 96 154 120 123.3 173 266 120 186.3

4 53 RH 187 387 98 224.0 42 98 153 97.7 275 253 NA 264.0
52 WH 211 274 168 217.7 154 154 154 154.0 230 288 192 236.7
52 RH NA NA NA NA 108 139 144 130.3 192 251 120 187.7

5 53 RH 127 253 153 177.7 42 120 131 97.7 253 198 NA 225.5
52 WH 163 278 202 214.3 139 168 158 155.0 245 288 202 245.0
52 RH NA NA NA NA 125 115 144 128.0 199 234 178 203.7

6 53 RH 220 287 131 212.7 87 42 131 86.7 153 153 NA 153.0
52 WH 182 328 226 245.3 125 163 182 156.7 230 230 87 182.3
52 RH NA NA NA NA 101 115 192 136.0 216 226 120 187.3

7 53 RH 142 309 231 227.3 42 42 109 64.3 164 2320 NA 1242.0
52 WH 207 206 206 206.3 120 163 134 139.0 211 240 97 182.7
52 RH NA NA NA NA 101 120 134 118.3 192 235 130 185.7

8 53 RH 98 287 264 216.3 98 87 98 94.3 242 NA NA 242.0
52 WH 144 144 144 144.0 120 226 163 169.7 245 355 182 260.7
52 RH NA NA NA NA 106 158 120 128.0 192 187 149 176.0

9 53 RH 120 364 164 216.0 53 187 87 109.0 164 NA NA 164.0
52 WH NA NA NA NA NA NA NA NA NA NA NA NA
52 RH NA NA NA NA NA NA NA NA NA NA NA NA

Note: Roman numeral indicates farmer number. NA=not available.
a Treatmeants were (1) T8 0:0:0 NPK, (2) T3 80:40:30 NPK; (3) T1 80:40:30 + compost @ 5 t/ha, (4) T5 80:40:30 NPK + compost @ 5 t/ha + lime @ 2.5 t/ha (Wheat), (5)

T6 80:40:30 NPK + green manure (in Rice) @ 5 t/ha sesbania and other green leaves, (6) T2 40:20:15 NPK, (7) T4 40:20:15 NPK + compost @ 2.5 t/ha, (8) T7 40:20:15
NPK + green manure @ 2.5 t/ha, and (9) T9 farmers’ practice, little nitrogen and some farm yard manure.
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Table 10. Grain yield (kg/ha) of rice and wheat at different sites under various treatments, Naldung, Nepal, 1995/96 and 1996/97

Chitte Sipaghat Mahadevsthan

Treatmenta Crop I II III Mean IV V VI Mean VII VII IX Mean

1 WHT 95/96 – 2,865 1,487 – 3,213 3,255 1,797 – 2,592 2,476 3,790 –
RCE 96/97 – 4,942 2,824 – 5,971 – 7,298 – – 2,808 7,111 –

WHT 96/97 – 5,144 1,172 – 4,381 – 2,661 – – 2,111 3,174 –
2 WHT 95/96 – 2,617 NA – 2,361 2,535 1,627 – 1,549 1,740 2,731 –

RCE 96/97 – 3,874 1,902 – 6,329 – 7,059 – – 6,344 8,190 –
WHT 96/97 – 3,402 1,050 – 3,225 – 1,908 – – 2,168 2,689 –

3 WHT 95/96 – 3,312 2,994 – 2,771 3,481 2,141 – 2,784 1,838 3,391 –
RCE 96/97 – 4,942 4,249 – 5,979 – 6,992 – – 7,647 8,481 –

WHT 96/97 – 5,006 3,482 – 3,143 – 3,352 – – 2,292 2,472 –
4 WHT 95/96 – 2,975 3,439 – 2,188 2,630 1,961 – 1,571 1,476 2,517 –

RCE 96/97 – 4,191 4,280 – 6,296 – 6,197 – – 6,948 8,168 –
WHT 96/97 – 6,209 3,479 – 2,585 – 2,397 – – 2,065 2,747 –

5 WHT 95/96 – 3,011 2,742 – 2,767 3,215 2,802 – 2,716 NA 2,926 –
RCE 96/97 – 5,080 4,830 – 7,016 – 6,953 – – 6,804 8,263 –

WHT 96/97 – 5,097 4,505 – 3,021 – 3,688 – – 2,467 2,093 –
6 WHT 95/96 – 2,432 2,210 – 2,492 3,316 1,762 – 1,594 2,043 3,266 –

RCE 96/97 – 5,258 5,220 – 7,027 – 7,298 – – 7,235 7,756 –
WHT 96/97 – 4,101 3,314 – 2,425 – 2,492 – – 2,185 2,906 –

7 WHT 95/96 – 2,372 NA – 2,043 2,374 1,711 – 1,703 730 2,444 –
RCE 96/97 – 3,278 2,006 – 7,749 – 6,776 – – 6,134 8,497 –

WHT 96/97 – 3,596 2,037 – 3,992 – 3,742 – – 2,039 2,360 –
8 WHT 95/96 – NA NA – NA NA NA – NA NA NA –

RCE 96/97 – 4,200 2,266 – 5,823 – 5,372 – – 4,763 6,950 –
WHT 96/97 – 3,066 1,656 – 2,179 – 1,380 – – NA 1,703 –

9 WHT 95/96 – 1,836 1,520 – NA 2,543 2,693 – 1,270 3,359 2,581 –
RCE 96/97 – 3,800 3,163 – 5,905 – 6,867 – – 6,165 7,997 –

WHT 96/97 – 3,629 2,279 – 1,907 – 1,965 – – NA 2,184 –

Note: Roman numeral indicates farmer number. NA=not available.
a Treatmeants were (1) T8 0:0:0 NPK, (2) T3 80:40:30 NPK; (3) T1 80:40:30 + compost @ 5 t/ha, (4) T5 80:40:30 NPK + compost @ 5 t/ha + lime @ 2.5 t/ha (Wheat), (5)

T6 80:40:30 NPK + green manure (in Rice) @ 5 t/ha sesbania and other green leaves, (6) T2 40:20:15 NPK, (7) T4 40:20:15 NPK + compost @ 2.5 t/ha, (8) T7 40:20:15
NPK + green manure @ 2.5 t/ha, and (9) T9 farmers’ practice, little nitrogen and some farm yard manure.



The sustainability of the rice–wheat
production system in the Indo-
Gangetic Plains is a major concern for
researchers, farmers, and policy
makers. The rice–wheat cropping
pattern is the dominant cropping
pattern throughout the region,
covering more than 13 million
hectares, of which about 0.6 million
hectares are in Nepal. Harrington et
al. (1992) studied the rice–wheat
system in Nepal and identified the
major problems associated with
sustainability of the system. The
immediate problems are poor plant
stand, pests, diseases, late planting,
too much or too little moisture, crop
management, and storage. Long-term
problems include continued
depletion of soil fertility, pest and
disease build-up, and soil erosion in
the hills.

Although studies to address
sustainability issues in the rice–wheat
system are being carried out using
conventional approaches, computer-
aided simulation modeling is also
being used to address these issues.
Simulation models are a useful tool
for addressing pertinent issues,
problems, and constraints and can
also serve as a decision support tool
at all levels of the production system.
The IBSNAT Project (International
Benchmark Simulation Network for
Agrotechnology Transfer) at
University of Hawaii designed
DSSAT (Decision Support System for
Agro-technology Transfer), a
noteworthy development in crop
modeling. DSSAT is a process-

Use of Simulation Modeling to Assess Potential Yields
in the Rice–Wheat System in Different Climatic

Environments: Progress Report

K. Sherchand

oriented, mechanistic model that can
simulate growth and development of
a crop in response to such inputs
such as weather, soil parameters,
genotypes, and management
practices. Many crop-specific models
(rice, maize, wheat, millet, barley,
sorghum, soybean, peanut, dry bean,
potato, and cassava) have been
incorporated into the DSSAT shell
(DSSAT ver.3, 1994).

Similarly, Singh and Timsina (1995)
have used simulation models to
identify several problems associated
with sustainability. As a first step
toward understanding these issues in
relation to the rice–wheat system in
Nepal, the Nepal Agriculture
Research Council is conducting a
study to calibrate and then validate
the DSSAT model. One objective of
this work, which is described here, is
to estimate potential yields of wheat
at three sites (Khumaltar, Chitte, and
Bhairahawa) under prevailing
weather and soil parameters.

The CERES wheat model was used
to derive weather conditions and
yield potential for wheat, and this
model was then incorporated under
the DSSAT-3 shell. The model still
lacks validation with respect to
experimental results, except for
results from Khumaltar in the last
wheat season. Nevertheless, we can
still obtain some insight into potential
wheat yields, given weather and soil
conditions, for wheat planted on
three dates (12 November, 2
December, and 22 December 1997) in

three different agroecological sites in
Nepal.

Chitte is a rice–wheat site in the mid-
hills of Nepal, located at 27o 42’ N
latitude and 85o 31’ E longitude in
Kabhre District, northeast of
Kathmandu, at an altitude of about
1,400 m. The climate is humid and
semitemperate, with an annual
average temperature of 17.4oC and
rainfall of 2,400 mm.

Bhairahawa, a rice–wheat site in the
Tarai, is located at 27o 32’ N latitude
and 83o 28’ E longitude in Rupandehi
District, at an altitude of 120 m. The
climate is humid subtropical, with an
annual temperature of 24.5oC and
annual rainfall of 1,800 mm.

Khumaltar, the third site, is located at
27o 4’ N latitude and 85o 2’ E
longitude in Lalitpur District, at an
altitude of 1,350 m. The average
annual temperature is 17.8oC and the
annual rainfall is about 1,150 mm.
The climate is semitemperate.

Materials and Methods

Weather Data
DSSAT-3 requires a minimum set of
daily data, mainly minimum and
maximum temperatures, rainfall, and
solar radiation. Although weather
data collected at the rice–wheat sites
Chitte and Mahadevsthan were
incomplete, the 1996/97 Chitte data
were used to derive yield potentials
as well as climatic information. The
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Mahadevsthan data could not be
used because the wheat season data
(March–June) were missing.
However, weather patterns were
approximated using data from 1995
to 1997. Recent weather data from
Bhairahawa were not available and
hence data from 1980 to 1991 (12
years) were used to derive the
weather behavior, and data from 1988
to 1989 were used to estimate yield
potential. The 1996-97 data from
Khumaltar were used for deriving
potential yield, and the 1987 to 1997
weather data (10.5 years) were used
to derive the weather pattern (mainly
maximum and minimum
temperature, rainfall, and solar
radiation). Since data on solar
radiation were not available at the
site until the end of January 1997,
sunlight hour data obtained from
Tribhuvan International Airport were
used to approximate solar radiation.
Missing data were estimated with
weather generators (WGEN).

Soil Data
Another requirement of DSSAT-3 is
data on basic physical and chemical
properties of soils at the experimental
sites. The soils data that the model
requires are: soil color and Albedo;
soil family classification; soil pH in
H2O and buffer; permeability and
drainage coefficient; nitrogen, organic
carbon, and CEC; bulk density;
rooting factor and residue
incorporation; mineralization factor;
soil texture, sand, silt, and clay
fraction; soil moisture at upper limit
and lower limit, etc.; and fertilizer
application (both form and rate).

The soil data available from Chitte
included soil pH, organic carbon,
total nitrogen, and texture; the other
data were either missing or could be
approximated based on visual
observation. In the end,

Mahadevsthan soils data were not
needed because the model stopped
deriving yield potential because of
the lack of wheat season weather
data mentioned previously. The soil
of Chitte represents either sandy
loam in the bari areas or silty loam in
the basin and irrigated areas. Gray to
red soils are common. These soils are
well drained but low in total nitrogen
and carbon content.

Data obtained from the Bhairahawa
site included soil pH, total nitrogen,
organic carbon, and texture. The
Bhairahawa soil is a typical clay
loam, poorly drained, with a higher
pH value but low organic carbon and
total nitrogen.

The soil data input in the model is
much better for Khumaltar than the
other sites. The soil is typical silty
clay loam, illitic, thermic, typic
Haplacquept. The soil is also poorly
drained, with a pH around 5-6, low
total nitrogen, and moderately low
organic carbon.

Derivation of Genetic
Coefficients
The model requires genetic
coefficients for each crop species and
variety. There are two types of
coefficients. One corresponds to plant
development and the other to plant
growth processes. The P coefficients
(P1V, P1D, and P5) for wheat predict
flowering and maturity, while the G
coefficients (G1, G2, and G3) control
growth of grains. The last coefficient,
phyllochron interval (PHINT),
controls thermal time in degrees
Centigrade between the emergence of
successive leaf tips. These coefficients
quantify how a particular crop
responds to different environmental
conditions, such as daylength,
temperature, moisture, disease,
relative humidity, and so forth.

For the estimates of wheat yield
potential at each site, the popular
variety RR-21 was used. For
Bhairahawa and Chitte, coefficients
derived earlier at Pantnagar were
used (Timsina et al. 1995), while for
Khumaltar the coefficients derived in
the wheat experiment using
GENCALC were used.

Management Data
The model also demands
management data. Since the purpose
of the simulation was to derive yield
potential, all management conditions
were considered optimum. This
implies that the production system is
free of weeds, insects, and diseases
and that the water supply is
adequate. The seed rate has been
adjusted to 120 kg/ha with a spacing
of 25 cm, and the plant population is
estimated at 250 plants/m2.

Results and Discussion

The climatic parameters that
characterize each site are usually
temperature, rainfall, and humidity.
However, solar radiation and
accumulated heat units are equally
important for quantifying the crop
production system. These data are
presented in Figures 1–9. Figures 1–4
show climate data for each site.
Figures 5–8 represent each parameter
by location at different planting dates
(12 November, 2 December, and 22
December). Solar radiation at
Bhairahawa remained higher in the
early stage of the year while that of
Khumaltar remained low in the
winter. Maximum temperatures were
higher at Bhairahawa and
Mahadevsthan than in Khumaltar
and Chitte. Minimum temperatures
among sites differed more greatly
than the maximum temperatures. The
minimum temperature of Chitte was
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Figure 4. Climate data, Mehadevsthan, Nepal.
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lower than that of Khumaltar during
the summer but higher during the
winter. The highest rainfall was
obtained at Chitte, followed by
Bhairahawa, and was lowest in
Khumaltar.

Total solar energy and heat units
were also calculated. The heat units
remained the same in each location
irrespective of the planting period
but differed between the three

Figure 1. Climate data, Khumaltar, Nepal.
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Figure 2. Climate data, Chitte, Nepal.
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Figure 3. Climate data, Bhairahawa, Nepal.
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Figure 5. Solar radiation at rice–wheat
research sites, Nepal.
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locations. The heat units consumed at
Khumaltar remained higher (2,100
GDD) than at the other two sites.
Chitte (1,800 GDD) consumed the
least, but it was not much different
from Bhairahawa (1,850 GDD). The
reason why Khumaltar consumed
more heat units than the other two
sites is interesting, as the solar energy
available at Khumaltar showed
opposite trends to that at the other

two sites. Solar energy at Khumaltar
continued to decline from 687 kwh to
626 kwh from the first to last planting
date. On the other hand, solar energy
at Chitte rose from 524 kwh to 580
kwh, and in Bhairahawa it rose from
429 kwh to 462 kwh.

Potential yield and associated
parameters are presented in Figures
10–15.

Figure 6. Maximum temperature at rice–wheat
research sites, Nepal.
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Figure 7. Minimum temperature at rice–wheat
research sites, Nepal.
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Figure 8. Rainfall at rice–wheat research sites,
Nepal.
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Figure 9. Solar radiation and heat units at rice–
wheat research sites, Nepal.

Note: KH = Khumaltar, CH = Chitte, and
BH␣ =␣ Bhairahawa.
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Figure 10. Potential grain yield at rice–wheat
research sites, Nepal.
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Figure 11. Anthesis at rice–wheat research
sites, Nepal.
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Figure 12. Physiological maturity at rice–wheat
research sites, Nepal.
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Figure 13. Grain weight at rice–wheat research
sites, Nepal.
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sites, Nepal.
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Conclusions: Future
Application of the Model

Although this paper has given a brief
description only of the data used to
construct the model, the actual
application of the model will be the
most important part of this project
over time. Using the validated model
and long-term weather data, the
model will be able to predict long-
term effects of the rice–wheat system
for specific sites. The model can then
be used to extrapolate results to other
sites with similar environments. Once
the on-going rice experiment of rice
at Khumaltar is completed, validation
of the model, using past experimental
data, will also be done. This can be

used to extrapolate results for
predicting and recommending yield
performances.

Several processes during the
growth period, such as the dynamics
of nitrogen, moisture, nitrogen
uptake, grain yield, biomass yield,
leaf area index, and the balance of
nutrients supplied can also be
simulated by the model. To date, the
model’s predictions have agreed well
with the yield and some of the yield
components. It is envisaged that,
with the improvement of the
experiments and calibration of the
model inputs, simulated outputs can
be improved.
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Introduction

Rice (Oryza sativa) and wheat
(Triticum aestivum) are the major
staple food crops of Nepal. The
Naldung area, located in Kabhre
District in the Central Development
Region of Nepal, represents the mid-
hill environment of the country.
Elevation ranges from 700 masl in
Mahadevsthan to 2,150 masl at
Chitte. More than 80% of the rainfall
occurs during the monsoon period
from May to mid-September.

Early rice is grown during the
spring under irrigation and normal
rice is cultivated during the rainy
season. The major cropping patterns
in khet land (low land) are rice–
wheat–maize, rice–wheat–fallow,
rice–potato–rice, rice–potato–maize,
and rice–potato–tomato. Rice–wheat–
fallow is the predominant system.
Maize followed by relay crops such
as finger millet, soybeans,
groundnuts, and upland rice is the
major cropping pattern in bari land
(upland). Triple cropping patterns
including potato and tomato are
concentrated in the river valley
bottom, which has assured irrigation
facilities.

Research was initiated in the
Naldung area in the early 1990s to
focus on productivity constraints in
the rice–wheat system. Harrington et
al. (1992) made an intensive survey of
the Naldung area at the time of the
wheat crop harvest. This survey
allowed for identification of problems
and helped prepare an agenda for
action. Major emphasis was placed
on the evaluation of indigenous

Entomology Studies in the Naldung
Rice–Wheat Area, 1992/93-1996/97
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plants with insecticidal properties.
Ali et al. (1993) conducted a
diagnostic survey on spring rice at
harvest and found that most farmers
used no method of pest control. Only
a few farmers, especially those from
the valley area, used insecticides,
such as methyl parathion,
fenvalerate, carbofuran, oxydemiton
methyl, and dichlorvos to control rice
stem borer, leaf folder, leaf hopper,
and grasshopper, and benzene
hexachloride (BHC) to contr ol rice
bug, mole cricket, and even annelids.
Pest problems were greater where
increasing levels and unbalanced
doses of nutrients were applied.
Water stress also led to a higher
incidence of insect pest attack.

The rice variety Taichung-176
seemed to be more susceptible to
borer attack than Ch-45. Problems
were encountered with grasshoppers
in the rice nursery stage and mole
crickets in the rice beds. Rats and
mole crickets create holes in the
bunds, causing a yield loss of
80kg/ha. Postharvest losses fr om
rice moths, weevils, and rodents were
reported but not quantified. Over
75% of the rice production is
marketed immediately after harvest,
and the remaining 25% is processed
for bitten rice (chiura), which is
mostly infested by stored grain
insects.

Ali et al. (1993) also conducted a
diagnostic survey of summer rice.
They identified rice stem borer (Chilo
suppressalis, Walker), rice leaf folder
(Cnaphalocrosis medinalis, Quenee),
grasshopper (Oxia spp.), armyworm

(Mythimna seperata), and green
leafhopper (Nyphotettix nigropictus) as
the major insect pests of rice. An
increase in insect infestation resulted
from the application of higher doses
of fertilizer. The rice–rice cropping
pattern was considered the most
vulnerable system for insect pest
colonization. The green leaf hopper,
pink stem borer, and rodent
populations were observed to be an
increasing threat to the rice–wheat
cropping system. A nearly 2%
infestation of rice stem borer resulted
in a yield loss of 100 kg/ha.
Postharvest storage losses were
reported to be approximately 11.6%.
The insect pests mentioned here were
estimated to have infested 94% of the
summer rice area. The incidence of
rodents was found to be sporadic in
the rice–wheat sites at Naldung.

With respect to entomology, several
research activities have been
undertaken. From 1992/93 to
1996/97, insect monitoring has been
done on rice and wheat in the variety
and soil fertility management trials in
the mid-hills (Chitte, Singhe, and
Nayagaun) and in the foothills
(Mahadevsthan, Lankure, Kunta,
Siurinitar, Dhaitar, and Sipaghat) of
the Naldung area. Other activities
include pre- and postharvest
management of rats; insect control at
different growth stages of the rice
crop; evaluation of integrated pest
management (IPM) status in farm
families; and the use of indigenous
plant materials to control pests of
stored rice and wheat grain (Gyawali
et al. 1996).
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As results of much of this research
have been published elsewhere (see
Gyawali 1993 and Adhikari et al.
1994), this paper will focus on the
surveillance activities carried out
during the project period.

Materials and Methods

Surveillance
As noted earlier, monitoring of insect
pests associated with rice–wheat
systems was carried out as a
superimposed condition in the
variety and soil fertility management
trials. All cultural practices were
followed according to the nature of
the trials. Insect pests associated with
the rice and wheat crops were
monitored at two-week intervals on
six different dates throughout the
crop stages using the sweep net (36
cm diameter and 60 cm length)
method for the rice crop. Insects were
collected from rice plants using five
sweep strokes per plot in a diagonal
fashion. Insects were collected from
the wheat crop by quadrant (0.25 m2

central area of each plot) at early
stages of plant growth using the
battery-operated farm cup sampler.
Trapped insects were identified and
recorded on the spot. Unidentified
insects were brought to the
Entomology Division at Khumaltar.
Each farmer’s field with a trial set
was considered a replication of the
trial at each site for calculating the
mean. Only two species of insect
pests in each crop (aphids and thrips
in wheat, rice bug and rice stem
borer) were monitored.

Results

Wheat Crop
In the wheat crop, aphid (Schizaphis
graminum Rondani) and thrips (Thrips
tabaci Lindemann) populations were

monitored in varietal and soil fertility
management trials at different time
intervals. Although the aphid
populations that built up during the
study period did not reduce wheat
yields, observation of these insect
populations was important. The
aphid has been noted to be a vector
of yellow mosaic disease in Pakistan,
especially Lahore, and it has moved
towards the Indian Punjab (J. Dubin,
CIMMYT, pers. comm.). There is a
possibility that this insect could one
day infest wheat in Nepal. Thrips can
cause sterility in wheat, and the pest
population build-up was studied to
establish the relationship between
these insects and sterility in wheat.

Aphids—In 1993 and 1994, five
wheat genotypes (Annapurna-1, NL-
539, Annapurna-2, NL-297, and RR-
21) were tested in the mid-hills
(Chitte and Nayagaun) in the
Naldung area. Aphid population
density was greatest on Annapurna-
2, followed by RR-21, Annapurna-1,
NL-539, and NL-297. Population
density was lowest in the second
week of February 1993. The density
of aphids was greatest on variety
Annapurna-1 during the second
week of February 1994, followed by
NL-539, Annapurna-2, and RR-21.
The lowest population density was
observed on NL-297.

During the second week of
February 1995, RR-21 showed the
highest aphid population, followed
by BL-1473, NL-683, and UP-262,
whereas NL-1096 had the lowest
population density. Wheat cultivar
NL-714 from the hill set showed the
highest population density of aphids
during the second week of February
1996, whereas the other four varieties
(WK-820, NL-665, WK-810, and
Annapurna-1) showed a declining
population density. Similarly, wheat

cultivar NL-716 from the Tarai set
showed the highest population build-
up during the beginning of the third
week of January 1996, followed by
wheat varieties WK-728, WK-729,
NL-713, and UP-262. Of the seven
wheat cultivars in the hill set, the
variety WK-823 showed the highest
peak population build-up during the
beginning of the third week of March
1997, followed by the cultivars NL-
773, NL-776, NL-769, Annapurna-1,
BL-1530, and RR-21. The wheat
cultivar NL-713 from the Tarai set
showed an increased population of
aphids during the fourth week of
January 1997, followed by cultivars
NL-731, NL-724, RR-21, UP-262, and
NL-727.

During the first week of February
1997, the population density of
aphids increased dramatically in the
treatment plots with 80:40:30 kg/ha
NPK + 5 t/ha compost +2 t/ha lime
compared to the other eight fertilizer
treatments. The lowest population
was recorded on the treatment with
40:20:15 kg/ha NPK.

Thrips—All wheat varieties tested in
1994 showed an increasing
population of thrips on cultivar
Annapurna-1, followed by NL-539,
Annapurna-2, NL-297, and RR-21,
during the month of April 1994. This
continued until just before senescence
of the plants. Wheat cultivar BL-1473
showed an exceptionally high
population build-up during the third
week of March 1995, followed by NL-
1096, NL-683, and RR-21, whereas
UP-262 had the lowest population
density during the same period.
Wheat cultivar NL-665 from the hill
set showed the highest thrips
population during the fourth week of
March 1996, followed by WK-820,
WK-810, NL-714, and Annapurna-1
during the same period. The wheat



ENTOMOLOGY STUDIES IN THE NALDUNG RICE–WHEAT AREA, 1992/93-1996/97 41

cultivar WK-728 from the Tarai set
showed the highest population of
thrips during the fourth week of
March 1996, followed by NL-713, NL-
716, WK-729, and UP-262. The
population density of thrips was
observed to be exceptionally high on
wheat cultivar NL-776 from the hill
set during the first week of April 1997
followed by WK-823, BL-1530,
Annapurna-1, NL-773, and NL-769;
the lowest population was recorded
on RR-21. An exceptionally high
population density of thrips was
observed on wheat cultivar NL-713
from the Tarai set during the
beginning of the third week of March
1997, followed by NL-731, NL-727,
NL-724, UP-262, and RR-21 during
the same period. During the third
week of March 1997, the population
density of thrips built up
dramatically on the wheat crop with
the fertilizer treatment 80:40:30 kg/ha
NPK + 5 t/ha compost + 2 t/ha lime,
followed by the treatments 80:40:30
kg/ha NPK + 5 t/ha green manure,
80:40:30 kg/ha NPK, 40:20:15 kg/ha
NPK + 2.5 t/ha compost, 40:20:15
kg/ha NPK, 80:40:30 kg/ha NPK + 5
t/ha compost, farmers’ practice, and
40:20:15 kg/ha NPK +2.5 t/ha green
manure. The lowest population was
recorded from the control treatment.

Wheat yields—During the crop
season of 1991/92, yields of all wheat
varieties in the yield trial surpassed
those of the check, RR-21
(Annapurna-1, by 34.6%; NL-539,
28.1%; NL-297, 22.1%; and
Annapurna-2, 20.7%. In the next year,
yields also surpassed those of RR-21
(Annapurna-1, by 38.6%; NL-539,
26.4%; NL-297, 22.9%; Annapurna-2,
21.7%). During the crop season of
1993/94, NL-297 yielded 24.2% than
RR-21; NL-539, 19.7%; and
Annapurna-1, 17.4%. Annapurna-2

yielded 15.2% less than RR-21,
however. Wheat cultivars in the hill
set yielded less than RR-21 during the
crop season of 1994/95 (NL-645, by
13.3%; WK-801, 18.1%; NL-665,
27.0%; Annapurna-1, 31.6%. During
the crop season of 1992/93, cultivars
in the hill set yielded better than RR-
21 (NL-665, 13.5%; NL-714, 10.0%;
WK-820, 4.0%), with exception of
WK-810, which yielded 10.0% less,
and Annapurna-1, which yielded
1.0% less. Results were also mixed for
the cultivars in the hill set during the
crop season of 1996/97. Cultivars
yielding better than RR-21 included
WK-823 (21.7%) and NL-773 (6.1%),
but lower yields were reported for
NL-773 (17.9% less than RR-21), NL-
769 (3.5%), BL-1530 (26.8%), and
Annapurna-1 (20.9%).

During the crop season of 1994/95,
cultivars from the Tarai set
performed better than the check, UP-
262 (BL-1473, by 43.2%; NL-1096,
25.8%; NL-683, 19.6%). In the same
season, however, cultivars from the
Tarai set performed more poorly
relative to the check, RR-21 (NL-713
yielded 0.61% less; NL-729, 27.8%;
NL-746, 28.1%; NL-28, 34.3%; NL-7,
45.0%). During the crop season of
1996/97, cultivars included in the
Tarai set yielded less than RR-21 (NL-
727, by 43.5%; NL-713, 26.1%; NL-
724, 24.0%; UP-262, 14.7%; NL-731,
6.7%).

In fertilizer trials with the hill set in
the 1996/97 crop season, yield
increases varied by treatment,
ranging from a gain of 55.8% over the
control plot in the treatment
consisting of 80:40:30 kg/ha NPK + 5
t/ha compost + 2 t/ha lime, to 47.4%
for 40:20:15 kg/ha NPK + 2.5 t/ha
compost+2 t/ha lime, 44.9% for
80:40:30 kg/ha NPK + 10 t/ha green
manure, 29.6% for 80:40:30 kg/ha

NPK, 29.6% for 40:20:15 kg/ha NPK,
28.5% for the farmers’ practice, 22.8%
for 40:20:15 kg/ha NPK + 2.5 t/ha
green manure, and 21.6% for 80:40:30
kg/ha NPK + 5 t/ha compost.
Similarly, in the 1996/97 season a
yield increase over the control plot of
34.9% was recorded for the treatment
of 80:40:30 kg/ha NPK + 5 t/ha
compost, followed by 29.0% for
80:40:30 kg/ha NPK + 5 t/ha
compost + 2 t/ha lime, 25.0% for
40:20:15 kg/ha NPK + 2.5 t/ha green
manure, 23.4% for 80:40:30 kg/ha
NPK + 10 t/ha green manure, 19.7%
for 40:20:15 kg/ha NPK, 17.6% for
40:20:15 kg/ha NPK + 2.5 t/ha
compost, 15.6% for 80:40:30 kg/ha
NPK, and 8.9% for the farmers’
practice.

Climatological information—The
abiotic factors that regulate insect
populations are rainfall, temperature,
and relative humidity, and rainfall
plays an especially significant role in
insect pest management.
Unfortunately, meteorological data
were not available during the first
four years of the study period for all
sites; data were available for Chitte
only. Climatological data from Chitte
are not applicable to trial results from
the valley bottom area at Naldung, so
it is not advisable to relate insect pest
population increases or decreases to
climatological effects. Foliar feeding
insects do not affect wheat crops
during the early part of plant growth
(November and December) and
establishment. Over 50 mm of rainfall
during the second week of January,
together with drastic reductions in
relative humidity (60%) and a fall in
temperature (less than 10oC), might
have caused the pest population to
decline. February seems to favor
aphid colonization; in March, the
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flowering of wheat plants creates a
better habitat for thrips, which
continue to colonize the crop until
senescence.

Rice Crop
Populations of rice bug (Leptocorisa
oratorius Fabricius) and rice stem
borer complex (Chilo suppressalis
Walker) were monitored in the rice
variety and soil fertility trials. To
avoid population increases and yield
losses, it is necessary to monitor
insect populations in the rice field at
different time intervals.

Rice bugs—In 1993/94, five rice
varieties were tested in the mid-hills
of the rice–wheat system of Naldung
(Khumal-4, Khumal-5, Khumal-9,
Palung-2, and Taichung-176). Rice
bugs were monitored throughout the
growing season. The peak incidence
of rice bug infestation on Palung-2
occurred during the third week of
September, whereas Khumal-4
showed a peak during the fourth
week of September. Other cultivars
showed similar trends but not of the
same magnitude. Compared to other
cultivars tested in 1995/96, on
Radha-17 rice bug populations
peaked during the fourth week of
August. In 1996/97, NR-10157-2B-7-
1-1 from the hill set had the highest
rice bug population during the third
week of September. In the Tarai set of
cultivars tested in 1996/97, the rice
bug population peaked during the
third week of September on two rice
cultivars, OR-363-SP-11 and local, but
the population of this pest on IR-
15672-186-1-1 peaked during the
fourth week of October.

Rice stem borer—In 1994/95, five
rice cultivars in the hill set were
tested (Taichung-176, Palung-2,
Khumal-7, Khumal-2, and Khumal-

5). Khumal-5 showed the highest
peak of rice stem borer adult moths
during the second week of August
1994 compared to the other cultivars
and sampling intervals. In the same
year, five rice cultivars in the Tarai set
(Khumal-2, Khumal-4, Khumal-5,
Khumal-7, and Makawanpur-1) were
tested for rice stem borer incidence.
All cultivars showed their highest
population density of stem borer
during the first week of August 1994,
but among the varieties tested,
Makawanpur had the highest
population density. Rice stem borer
adult moths were recorded to be
highest during the first week of
August on the variety Radha-90, but
populations on Radha-98 and Radha-
85 built up during the second week of
October 1995.

The hill set of rice cultivars tested
during 1996 included NR-10157-2B-7-
1-1 NR-10165-2B-8-2-1, NR-10172-2B-
12-4-1, NR-10188-7-1-2-1-1, Yongeng-
3, Spitir-81399-TG-1-1-2-1-1, and
Khumal-4. Compared to the other
cultivars, Spitir-81399-TG-1-1-2-1-1
showed the highest peak of rice stem
borer moths during the third week of
September 1996.

Similarly, rice cultivars in the Tarai
set (IR-15672-186-1-1, OR-363-SP-11,
BR-1257-31-1-1, Mashuli, Sabitri, and
local) were monitored for rice stem
borer adult moths during the
growing season of 1996. The highest
population of borer moths was
observed on Mashuli during the
fourth week of October compared to
the other cultivars tested.

The population density of rice stem
borer adult moths was highest in
fertilizer treatments 40:30:15 kg/ha
NPK + green manure during the
third week of September, compared
to the other treatments.

Rice yields—Yield decreases of 8.9%
(Palung-2), 10.9% (Khumal-2), 25.7%
(Khumal-7), and 44.6% (Khumal-4)
were seen over Taichung-176 at
Naldung during 1994/95. At Chitte
during 1994/95, yields of Taichung-176
were surpassed by Khumal-4 (by
17.6%), Khumal-7 (16.7%), and
Khumal-2 (5.7%), but Palung-2 yielded
32.2% less than Taichung-176. Yields of
four cultivars surpassed those of
Makawanpur-1 at Nayagaun in 1994/
95: Palung-2 (by 29.6%), Khumal-7
(23.7%), Khumal-4 (15.6%), and
Khumal-2 (5.5%). In the same year at
Mahadevsthan, Khumal-7 yielded
40.0% more than Makawanpur-1;
Khumal-5, 28.6%; Khumal-4, 28.3%;
and Khumal-2, 13.7%. At Chitte in
1995/96, several cultivars yielded
better than Khumal-4 (Yongeng, by
59.1%; NR-10188-7-1-2-1-1, 58.8%; NR-
10165-2B-8-2-1, 52.2%; NR-10157-2B-7-
1-1, 42.4%; NR-10172-2B-12-4-1, 15.9%),
but Spitir-81399-TG-1-12-1-1 yielded
23.8% less. At Mahadevsthan during
1995/96, Radha-82 yielded 56.99% over
Mashuli, followed by Radha-90 (at
53.9%), Radha-98 (46.7%), Radha-17
(43.9%), and Radha-85 (14.1%).

In the hill set during 1996/97, yields
of NR-10165-2B-8-2-1 surpassed those
of Khumal-4 by 7.2%, but yields of
other cultivars were lower than those of
Khumal-4 (Yongeng-3, by 20.4%; NR-
10188-7-1-1-1, 7.8%; Spitir-81399-TG-1-
12-1-1, 5.6%; NR-10172-2B-12-4-3-2,
2.6%). Cultivars in the Tarai set in
1996/97 yielded less than
Makawanpur-1 (IR-15672-186-1-1, by
43.9%; Mashuli, 30.3%; Sabitri, 25.1%;
OR-363-SP-11, 11.2%; BR-1257-31-1-1,
6.6%).

In the fertilizer trials in 1996/97,
compared to control plots under
different soil fertility levels, yield
increases were seen for the farmers’
practice (5.9%), 40:20:15 kg/ha NPK
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(6.6%), 80:40:30 kg/ha NPK + 2.5 t/ha
compost (8.9%), 40:20:15 kg/ha NPK +
2.5 t/ha compost (9.1%), 80:40:30 kg/
ha NPK (11.0%), 80:40:30 kg/ha NPK +
2.5 t/ha compost +2 t/ha lime (12.6%),
40:20:15 kg/ha NPK + 2.5 t/ha
compost (14.6%), and 80:40:30 kg/ha
NPK + 10 t/ha green manure (14.7%).

Climatological data— During the rice
season of 1996, the crop received 50
mm of rainfall during May, over 100
mm of rainfall during July, over 50 mm
of rainfall during August, and less
than 50 mm in September. October was
the dry period. Relative humidity
remained above 80% during June, July,
and August, and the temperature
averaged about 20°C.

Discussion

Wheat
Aphid populations on wheat variety
Annapurna-1 increased from 1993 to
1996 but declined in 1997. The decline
could be related to rainfall, which is
unfavorable for aphids. Though it is
difficult to relate yield losses directly
to rising aphid populations, yields
clearly declined from 1992 onwards.
However, yields of this wheat variety
have increased twofold over the
control under the fertility treatment of
80:40:30 kg/ha NPK +5 t/ha compost
+ 2 t/ha lime.

Populations of aphids in the wheat
variety RR-21 increased over the years,
but there was a distinct difference
between the hill and river basin areas.
The aphid population increased nearly
threefold in the river basin compared
to the hills in 1997. Though a yield
decline was observed from 1992 to
1994, in 1995 a more than twofold
yield increase was recorded. There was
no distinct difference between hill and
river basin conditions in the following
years, however. The wheat variety

Annapurna-2 was tested in 1993 and
1994, and over those years the aphid
population increased and yield
declined. Similar results were seen in
cultivars NL-297 and NL-539. UP-262
was evaluated from 1995 to 1997. The
aphid population varied little
between 1996 and 1997, but the
population was twice as high as in
1995. NL-713 was tested in 1996 and
1997; the aphid population increased
and yield decreased. It is difficult to
assess just how much of the yield
losses reported over the years can be
attributed to aphids. (The other
varieties tested during this period
were evaluated for one year only, so
comparisons across years cannot be
made.)

The population of thrips on
Annapurna-1 was much higher
during 1994 than in 1996 and 1997
and lowest in 1996. Conditions for
the colonization of thrips on wheat
cultivar RR-21 seemed to be best in
1994 compared to 1995 and 1997.
Thrips populations on this cultivar
were higher in the hills than in the
river basin. More thrips were
observed on UP-262 during 1996
compared to 1995 and 1997. The
population of thrips on NL-713 was
less in 1996 than in 1997. Other
cultivars were tested against thrips
for one year only, so no comparisons
can be made across years.

Rice
The population of rice bugs was less
in 1993 on Khumal-4 compared to
1996. The rice cultivar Mashuli was
observed to have a higher rice bug
population in 1995 than in 1996.
Other cultivars were tested for one
year only.

In 1994, the population density of
adult rice stem borers on Khumal-2
was less in the hills than in the river
basin, where populations were

comparatively high. Similarly,
population increases in rice stem borer
were higher in the river basin during
1994 than in the hills in 1996. In 1994,
more rice stem borer moths colonized
Khumal-5 rice in the river basin than in
the hills. Khumal-7 differed from the
other cultivars in that populations of
stem borer were greater on this variety
in the hills than in the river basin.

Khumal-2 was tested under four
conditions during 1994. Yields of this
variety were lower at Naldung and
Mahadevsthan than at Chitte and
Nayagaun. In the same year, Khumal-4
yielded best at Chitte, followed by
Nayagaun and Mahadevsthan, and
yielded least at Naldung. Khumal-4
yielded better in 1996 in the hills than
in 1995 at Chitte. Khumal-7 performed
better at Nayagaun in 1994, followed
by Chitte and Mahadevsthan, but the
lowest yield was observed at Naldung.
Palung-2 performed better at
Nayagaun than at Chitte and Naldung
during 1994. Yields of Taichung-176
were better at Chitte than at Nayagaun
during 1994. Makawanpur-1 yielded
better in Tarai conditions during 1996
than at Nayagaun and Mahadevsthan
during 1994. Rice cultivar Mashuli
performed better in Tarai conditions in
1996 than at Mahadevsthan in 1995.
NR-10157-2B-7-1-1, NR-10165-2B-8-2-1,
NR-10172-2B-12-4-1, and Spitir-81399-
TG-1-12-1-1 gave higher yields in hill
conditions during 1996 than during
1995 at Chitte, whereas NR-10188-7-1-
2-1-1 and Yongeng-3 yielded better in
1995 at Chitte than in the hills during
1996.

Summary of Findings

Surveillance
Aphids colonize wheat crops
irrespective of variety and fertilizer
treatment from the second week of
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January until the first week of April.
Thrips start colonizing wheat crops
only from the second week of March
until the second week of April, also
irrespective of variety and fertilizer
doses. On normal rice in the Naldung
area, rice bugs colonize from the
second week of September onwards.
Rice stem borer adult moths had the
lowest populations on cultivars NR-
10165-2B-8-2-1, Khumal-4, Taichung-
176, Palung, Radha-17, and Radha-82,
compared to the other varieties
tested.

Plant pesticides
Pire (Polygonum hydropiper ( L.)
Spach), a weed of the wheat crop, is a
growing threat to the rice–wheat
system. Dampate (Thalictrum
foliolusum DC) and pire (P. hydropiper)
are potential sources of pesticidal
properties that could be utilized
against stored grain pests, along with
other plant material such as Bakaino
(Melia azedrach), Ashuro (Adhqutoda
vasica), Tetepati (Artemisia vulgaris),
finger millet (Eleusine coracana),
Shimali (Vitex negundo L.), and
soybeans (Glycine max Merril).

Pre- and post-harvest
management of rice
and wheat
A participatory rodent control
campaign killed 234 rats by trapping
from the households of Naldung.
Rats were killed in wheat (1,374) and
rice (1,599) by using anticoagulant
bait (0.005% bromodialone) before
and after harvest, saving 16.849 t/yr
of cereals from the Naldung area.

Yield loss assessment
Yield losses from the insect pest
complex in the river valley bottom

were assessed by chemical methods
at different physiological growth
stages of the rice plant. Himali
showed the highest yield loss
(1.8t/ha or 27.1%) during the har d
dough stage, followed by the soft
dough stage (1.45 t/ha or 20.5%),
seedling stage (1.15 t/ha or 15.5%),
flowering (1.12 t/ha or 15.5%), milk
stage (0.90 t/ha or 14.5%), tillering
(0.78 t/ha or 13.9%), and booting
(0.69 t/ha or 12.5%).

Future Research

Future studies will focus on several
topics. A survey of natural enemies of
rice stem borers in the rice-based
cropping pattern will be conducted.
In addition, an integrated pest
management (IPM) package for rice
stem borers will be developed, which
will include: monitoring the stem
borer moth population by using sex
pheromones, mechanical control, use
of buprofezin (demoulting
hormones), use of Trichogramma spp.
(egg parasites), use of Bacillus
thuringiensis, and the farmers’
practice. Damage and yield loss from
rice bug will be assessed. The
effectiveness of plant pesticides
against stored pests will be evaluated
in the laboratory. A participatory
approach in rodent management will
continue to be studied, and the
farmers’ training and visit program
will continue.
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The Naldung area is located in
Kabhre District the mid-hills of
Nepal, in the Central Development
Region. Naldung was selected as a
site for a collaborative study focusing
on productivity and sustainability of
rice–wheat cropping systems. The
elevation of the Naldung area ranges
from 650 to 2150 masl, which
represents most of the cultivated
terraced land. The area lies between
85o24’ and 85o59’ E and 27o26’ and
27o45’N, to the east of Kathmandu,
Bhaktapur, and Lalitpur Districts.
Parts of the area are accessible by
road from Kathmandu.

Farmers in the monitoring area
distinguish between two major land
types: khet and bari. Khet land, the low
land where puddled rice is grown, is
flat or terraced and bunded. Bari
land, on moderate to steeply sloping
higher ground, has unbunded
terraces. Major cropping patterns on
khet land include paddy–paddy–
wheat, paddy–wheat–maize, paddy–
maize–fallow, paddy–paddy–potato,
paddy–potato–maize, paddy–potato–
tomato, rice–wheat, and rice–fallow.
Triple cropping patterns, and
patterns including potato and
tomato, are concentrated in the river
valley, where irrigation is assured.
The major cropping patterns on bari
land are maize followed by a relay
crop of millet, soybean, groundnut,
or upland rice.

Monitoring of Farm Households

N.K. Rajbhandari and H.K. Upreti

Farm Monitoring:
Purpose and Methods

Monitoring of farm households in the
Naldung area began in the 1993/94
wheat season as a means of
understanding farmers’ production
practices over time. The main
objectives of farm monitoring are to
assess production patterns of farm
households, input use, the incidence
of insects, diseases, and weeds, and
crop diversification. Numbers of

households and the monitoring
schedule to date are given in Tables 1
and 2.

The field questionnaire prepared for
the farm monitoring work elicited
information from farmers on land
type, soil type, crops in the field,
varieties used, seed rate, land
preparation methods, input use rates,
incidence of insects and diseases, types
of insects and diseases, weed
infestation, pest and disease control
methods, and crop yield. Yield
monitoring was done in the same
fields (fixed plots). The data collected
during the farm surveys were
analyzed using SPSS.

Monitoring Results
for Rice, 1994/95
to 1996/97

Land, Land Preparation, and
Rice Varieties Grown
Farmers in the study area identify two
kinds of farm land: tar (which is
converted to khet land after irrigation)
and danda (bari land). About 53.7% of
the households of the Naldung area
(Singhe, Chitte, and Nayagaun) have

danda land and 13% have
tar land. In contrast, in
the valley sites, 26.5% of
the households have tar
land and 6.8% have
danda land. Altogether,
about 60% of the
households in the study
area cultivate danda land

and 40% cultivate tar land
(Table 3). Just over 86% of the
households have irrigation
facilities, and the rest have
rainfed land (Table 4).

Table 2. Farm monitoring conducted to date

Year Wheat season Paddy season

1993/94 Wheat –
1994/95 Wheat Paddy
1995/96 Wheat Paddy
1996/97 Wheat Paddy

Table 1. Farm household monitoring, Naldung
area

Farm
VDC Village households (no.)

Naldung Naldung, 8
Chitte 10

Nayagaun Singhe 9
Nayagaun 9

Mahadevsthan Kunta, Dhaitar 9
Devpur Sipaghat 9
Total 54

Table 3. Percentage of households with different land types,
Naldung, Nepal

Location Land type 1994/95 1995/96 1996/97 Overall

Naldung Danda 51.9 55.6 53.7 53.7
Tar 14.8 11.1 13.0 13.0

Mahadevsthan Danda 9.3 5.6 5.6 6.8
Tar 24.1 27.8 27.8 26.5

Total/overall 100.0 100.0 100.0 100.0

Table 4. Percentage of farm households with irrigated and
rainfed rice land, Naldung, Nepal

1994/95 1995/96 1996/97 Overall

Rainfed 13.0 9.3 18.5 13.6
Irrigated 87.0 90.7 81.5 86.4
Total/overall 100.0 100.0 100.0 100.0
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Eighty-five percent of the
households cultivate wheat after
paddy, whereas 10% of the
households cultivate potato after
paddy (Table 5). The majority of farm
households (96%) use the local plow
for land preparation; only 4%
reported using power-operated
machinery (Table 6).

Interviews revealed that about 49%
of the farm households in the study
area have adopted improved paddy
varieties (Table 7). However, results
of the farm monitoring survey
indicate that 25% of farm households

monitoring surveys, the major rice
diseases reported by farm households
were blast, bacterial leaf blight, and
leaf blight. Of 29% of households
reporting different diseases, 14%
reported blast. The incidence of blast
disease appears to be increasing from
one year to the next (Table 10).

No severe incidence of insects was
reported during the farm monitoring.
About 49% of households reported
some incidence of insects in their
fields and 38% reported none
(Table1 1). The major insects reported
by the farmers were leaf folder, leaf

Table 5. Crops grown after rice (percentage of households
growing), Naldung, Nepal

Crop after rice 1994/95 1995/96 1996/97 Overall

Wheat 88.9 81.5 85.2 85.2
Potato 5.6 14.8 11.1 10.5
Other/fallow 5.6 3.7 3.7 4.3
Total/overall 100.0 100.0 100.0 100.0

Table 6. Land preparation for rice (percentage of
households reporting), Naldung, Nepal

Draft power 1994/95 1995/96 1996/97 Overall

Bullock 98.1 98.1 90.7 95.7
Tractor 1.9 1.9 9.3 4.3
Total/overall 100.0 100.0 100.0 100.0

Table 7. Percentage of households growing improved rice
varieties, Naldung, Nepal

Rice type 1994/95 1995/96 1996/97 Overall

Improved 40.7 50.0 55.6 48.8
Local 55.6 44.4 42.5 47.5
Don’t know 3.7 0.0 0.0 1.2
No response – 5.6 1.9 2.5
Total/overall 100.0 100.0 100.0 100.0

Table 8. Rice varieties planted (percentage of
households), Naldung, Nepal

Variety 1994/95 1995/96 1996/97 Overall

Marsee 5.6 7.4 1.9 4.9
Khumal-4 38.9 22.2 14.8 25.3
Taichung-176 18.5 16.7 22.2 19.1
Pokhreli Masino 5.6 5.6 5.6 5.6
Parwanipur-1 13.0 1.9 14.8 9.9
Makawanpur-1 0.0 18.5 24.1 14.2
Himali 0.0 18.5 3.7 7.4
IR series 0.0 1.9 1.9 1.2
Other 18.5 7.4 11.1 12.3
Total/overall 100.0 100.0 100.0 100.0

plant Khumal-4, about 19% plant
Taichung-176, and some households
plant Parwanipur-1 and Makwanpur-
1. In total, 77% of the households
surveyed plant improved rice
varieties (Table 8).

Rice Diseases and Pests
In a survey conducted for three years
in the study area, the majority of
households reported no rice diseases.
Nearly one-third (31%) of the
households reported some disease
(but no major incidence of any
disease) (Table 9). During the farmer

Table 9. Severity of rice diseases (percentage
households reporting), Naldung, Nepal

Disease severity 1994/95 1995/96 1996/97 Overall

None 68.5 72.2 55.6 65.4
Some 31.5 25.9 37.0 31.5
Moderate – 1.9 5.6 2.5
Severe – – – –
Total/overall 100.0 100.0 100.0 100.0

Table 10. Rice diseases (percentage of households reporting),
Naldung, Nepal

Disease 1994/95 1995/96 1996/97 Overall

Bacterial leaf blight 0.0 3.7 0.0 1.2
Blast 9.3 11.1 22.2 14.2
Leaf blight 11.1 1.9 0.0 4.3
Other diseases 14.8 7.4 9.3
Don’t know 0.0
Total/overall 20.4 31.5 29.6 29.0

Table 11. Severity of insect damage in rice (percentage
of households reporting), Naldung, Nepal

Severity of
insect damage 1994/95 1995/96 1996/97 Overall

None 59.3 29.6 24.1 37.7
Some 40.7 42.6 63.0 48.8
Moderate 0.0 3.7 9.3 4.3
Severe – – – 0.0
No response – 24.1 3.7 9.2
Total/overall 100.0 100.0 100.0 100.0
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roller, borer and some others. About
26% of the households had
experienced borer attack in their rice
fields, 17% had problems with leaf
roller, and 14% had problems with
leaf folder (Table 12). The number of
households using insecticides is
increasing (Table 13). In 1994/95,
only 4% of the households used
insecticide, but by 1996/97 this
number had increased to 13%.

About 73% of the households
reported weed infestations in their
rice fields. Table 14 shows that 10% of
the households reported severe weed

infestation, 13% moderate infestation,
and 50% some infestation. Nearly all
households (about 93%) controlled
weeds in their rice fields by hand
(Table 15).

The farm monitoring survey results
have indicated that 32% of the
households reported some rat attacks
in their rice field, where as 12% of the
households reported severe attacks of
rats in their rice fields (Table 16).

Fertilizer and Seed Rates
About 53% of the households use
farm yard manure (FYM) on their rice

fields (Table 17). The average FYM
application over three years was 3.8
t/ha, but levels rose between 1994/95
and 1996/97 (Table 18).

On average, farmers use 64 kg/ha
of nitrogenous fertilizer, and the level
of applications rose from year to year.
Farmers applied 55.4 kg/ha of
nitrogenous fertilizer to their rice in
1994/95, 55.4 kg/ha in 1995/96, and
85.9 kg/ha in 1996/97 (Table 19). Use
of phosphatic fertilizer is increasing
as well. Farmers applied 38 kg/ha of
phosphatic fertilizer to their rice in
1995/96, 58 kg/ha in 1996/97, and 60

Table 12. Rice insects reported by farmers (percentage of
households), Naldung, Nepal

Insect 1994/95 1995/96 1996/97 Overall

Leaf folder 9.3 22.2 9.3 13.6
Leaf roller 14.8 33.3 1.9 16.7
Borer 7.4 9.3 61.1 25.9
Other 11.1 1.9 1.9 4.9
No response 51.4 33.3 25.9 38.9
Total/overall 100.0 100.0 100.0 100.0

Table 13. Percentage of households using insecticides in
rice, Naldung, Nepal

Insecticide use 1994/95 1995/96 1996/97 Overall

No 96.3 85.2 85.2 88.9
Yes 3.7 7.4 13.0 8.0
No response 7.4 1.9 3.1
Total/overall 100.0 100.0 100.0 100.0

Table 14. Severity of weed infestation in rice (percentage
of households reporting), Naldung, Nepal

Weed infestation 1994/95 1995/96 1996/97 Overall

None 50.0 24.1 0.0 24.7
Some 42.6 64.8 42.6 50.0
Moderate 7.4 3.7 27.8 13.0
Severe 0.0 1.9 27.8 9.9
Don’t know 0.0 5.6 1.9 2.5
Total/overall 100.0 100.0 100.0 100.0

Table 15. Percentage of households using weed control
methods, Naldung, Nepal

Weed control
method 1994/95 1995/96 1996/97 Overall

No weeding 5.6 3.7 0.0 3.1
Hand weeding 88.9 90.7 98.1 92.6
Chemical control 5.6 0.0 0.0 1.9
No response 0.0 5.6 1.9 2.5
Total/overall 100.0 100.0 100.0 100.0

Table 16. Severity of rat damage to rice crop (percentage
of households reporting), Naldung, Nepal

Severity of
rat damage 1994/95 1995/96 1996/97 Overall

None 57.4 75.9 9.3 47.5
Some 25.9 20.4 48.1 31.5
Moderate 9.3 3.7 7.4 6.8
Severe – 0.0 33.3 11.7
No response – 0.0 1.9 2.5
Total/overall 92.6 100.0 100.0 100.0

Table 17. Percentage of households applying farm yard
manure to rice, Naldung, Nepal

FYM use 1994/95 1995/96 1996/97 Overall

Yes 50.0 51.9 55.6 52.5
No 50.0 40.7 42.6 44.4
No response – – – 3.1
Total/overall 100.0 92.6 98.1 100.0

Table 18. Average application of farm yard manure (t/ha)
in rice production, Naldung, Nepal

Location 1994/95 1995/96 1996/97 Overall

Naldung 2.4 3.7 3.9 3.3
Chitte 5.6 3.2 4.9 4.6
Singhe 3.8 3.9 5.5 4.4
Mahadevsthan 0.9 2.2 8.0 3.7
Total/overall 3.0 3.2 5.1 3.8

Table 19. Nitrogenous fertilizer applications (kg/ha),
Naldung, Nepal

Location 1994/95 1995/96 1996/97 Overall

Naldung 72.0 72.0 40.7 61.6
Chitte 49.2 49.2 72.1 56.8
Singhe 51.3 51.3 94.3 65.6
Mahadevsthan 58.5 55.5 102.7 72.2
Total/overall 55.4 55.4 85.9 64.1



48 N.K. RAJBHANDARI AND H.K. UPRETI

Table 20. Basal phosphorus application (kg/ha), Naldung,
Nepal

Location 1994/95 1995/96 1996/97 Overall

Naldung 24.1 49.1 44.6 39.3
Chitte 29.0 64.4 52.4 48.6
Singhe 35.1 43.7 52.6 43.8
Mahadevsthan 52.2 81.4 73.6 69.0
Total/overall 38.0 58.0 59.5 51.8

Table 21. Basal rate of potassium application (kg/ha),
Naldung, Nepal

Location 1994/95 1995/96 1996/97 Overall

Naldung – 0.0 0.0 0.0
Chitte – 0.0 0.0 0.0
Singhe – 0.0 12.0 6.0
Mahadevsthan – 26.8 19.3 23.1
Total/overall 0 26.8 17.5 22.2

Table 22. Average rice seed rate (kg/ha) used by farm
households, Naldung, Nepal

Location 1994/95 1995/96 1996/97 Overall

Naldung 56.9 51.1 73.0 60.3
Chitte 55.5 52.5 54.7 54.2
Singhe 55.2 50.4 55.6 53.7
Mahadevsthan 80.8 78.2 69.1 76.0
Total/overall 63.1 60.3 62.3 61.9

Table 23. Average rice yield (kg/ha) reported by farm
households, Naldung, Nepal

Location 1994/95 1995/96 1996/97 Overall

Naldung 3,357 4,060 4,180 3,866
Chitte 3,520 4,550 5,780 4,617
Singhe 3,261 7,260 5,350 5,290
Mahadevsthan 3,859 8,230 6,130 6,073
Total/overall 3,529 6,540 5,570 5,213

Table 24. Type of soil in which wheat is grown (percentage of
households reporting), Naldung, Nepal

Soil type 1993/94 1994/95 1995/96 1996/97 Overall

Light 50.0 20.4 37.0 1.9 27.3
Medium 38.9 77.8 55.6 87.0 64.8
Heavy 11.1 1.9 7.4 11.1 7.9
Total/overall 100.0 100.0 100.0 100.0 100.0

Table 25. Land preparation for wheat (percentage of households
reporting), Naldung, Nepal

Draft power 1993/94 1994/95 1995/96 1996/97 Overall

Bullock – 92.6 90.7 87.0 90.1
Tractor – 3.7 7.4 13.0 8.0
Other – 3.7 1.9 0.0 1.9
Not reported – 0.0 0.0 0.0 0.0
Total/overall 0.0 100.0 100.0 100.0 100.0

Table 26 .Percentage of farm households with irrigated and rainfed
wheat land, Naldung, Nepal

1993/94 1994/95 1995/96 1996/97 Overall

Irrigated 88.9 64.8 79.6 83.3 79.2
Rainfed 11.1 35.2 20.4 16.7 20.8
Total/overall 100.0 100.0 100.0 100.0 100.0

kg/ha in 1996/97 (Table 20). Farm
households in Chitte and Naldung
did not use potassium fertilizer,
whereas farmers of Mahadevsthan
did. Average rates of potassium
fertilizer application in
Mahadevsthan were 26.8 kg/ha in
1995/96 and 17.5 kg/ha in 1996/97
(Table 21).

The average seed rate used by farm
households in the study area is 62
kg/ha, but rates range from 50 kg/ha
to 81 kg/ha, depending on the
location (Table 22).

Rice Yields
The overall average yield of paddy in
the study area was 5,213 kg/ha,
although the average yield fluctuated
from year to year (3,529 kg/ha in
1994/95, 6,540 kg/ha in 1995/96, and
5,570 kg/ha in 1996/97). Yields range
from 3,261 kg/ha to 8,230 kg/ha.
Farmers from Mahadevsthan have
obtained higher yields across all
years than farmers from Chitte,
Naldung, and Singhe (Table 23). The
farmers of Mahadevsthan are
probably using higher rates of
nitrogenous and phosphorous
fertilizers.

Monitoring Results
for Wheat, 1993/94
to 1996/97

Land, Land Preparation,
and Wheat Varieties Grown
Respondents to the farm monitoring
survey had medium soil (65%), light
soil (27%), and heavy soil (8%) (Table
24). Ninety percent of households use
a bullock-driven plow for land
preparation, and 8% use tractors
(power tiller) (Table 25). Table 26
indicates that 79% of the farm
households have irrigation facilities
for their wheat crop, and 21% grow
wheat under rainfed conditions.
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Table 27. Severity of wheat diseases (percentage of households
reporting), Naldung, Nepal

Disease severity 1993/94 1994/95 1995/96 1996/97 Overall

None 24.1 16.7 25.9 53.7 30.1
Some 48.1 50.0 51.9 27.8 44.4
Moderate 24.1 3.7 0.0 0.0 6.9
Severe 3.7 1.9 0.0 0.0 1.4
Not reported 0.0 27.8 22.2 18.5 17.1
Total/overall 100.0 100.0 100.0 100.0 100.0

Table 28. Wheat diseases (percentage of households reporting),
Naldung, Nepal

Disease 1993/94 1994/95 1995/96 1996/97 Overall

Yellow rust 53.7 1.9 1.9 1.9 14.8
Leaf rust 7.4 40.7 61.1 24.1 33.3
Leaf blight 1.9 7.4 0.0 0.0 2.3
Loose smut 1.9 1.9 0.0 0.0 0.9
Total/overall 100.0 100.0 100.0 100.0 100.0

Table 29. Severity of insect damage in wheat (percentage of
households reporting), Naldung, Nepal

Severity of
insect damage 1993/94 1994/95 1995/96 1996/97 Overall

None 53.7 63.0 64.8 74.1 63.9
Some 40.7 9.3 16.7 25.9 23.1
Moderate 3.7 0.0 0.0 0.0 0.9
Severe 1.9 27.8 18.5 0.0 12.0
Not reported 0.0 0.0 0.0 0.0 0.0
Total/overall 100.0 100.0 100.0 100.0 100.0

Table 30. Wheat insects reported by farmers (percentage of
households), Naldung, Nepal

Insect 1993/94 1994/95 1995/96 1996/97 Overall

Mite 0.0 1.9 0.0 1.9 0.9
Aphids 5.6 3.7 0.0 3.7 3.2
Thrips 20.4 1.9 0.0 0.0 5.6
Heliothis armigera 0.0 0.0 14.8 0.0 3.7
Not reported 74.1 92.6 85.2 94.4 86.6
Total/overall 100.0 100.0 100.0 100.0 100.0

Wheat Diseases and Pests
Forty-four percent of households
reported some incidence of disease in
their wheat crop, whereas 7% of
households reported a moderate
incidence of disease (Table 27).
Diseases included yellow rust, leaf
rust, leaf blight, and loose smut.
About 33% of the households
reported leaf rust in their wheat crop,
compared to 15% reporting yellow
rust (Table 28).

Some insect damage to wheat was
reported by 23% of households (Table
29). Twelve percent had severe insect
damage. Severe damage was not
reported in all years but occurred
mainly in 1994/95 and 1995/96.
Insects included mites, aphids, thrips,
and Heliothis armigera. About 13% of
the households reported different
types of insects affecting their wheat
crop (Table 30).

Just over half (51%) of the
households said they had rat damage
in their wheat crop; for 17% of

households, the damage was severe
(Table 31).

Farmers generally had weed
problems in their wheat (74%), with
9% reporting severe weed
infestations (Table 32).

Improved wheat varieties were
grown by 83% of the households
(Table 33). Of the improved varieties
planted, 64% of the households plant
RR-21 and about 9% plant
Annapurna-1 (Table 34).

Table 31. Severity of rat damage in wheat (percentage of
households reporting), Naldung, Nepal

Severity of
rat damage 1993/94 1994/95 1995/96 1996/97 Overall

None 37.0 68.5 14.8 14.8 33.8
Some 31.5 1.9 29.6 24.1 21.8
Moderate 7.4 1.9 14.8 24.1 12.0
Severe 24.1 0.0 25.9 18.5 17.1
Not reported 0.0 27.8 14.8 18.5 15.3
Total/overall 100.0 100.0 100.0 100.0 100.0

Table 32. Severity of weed infestations in wheat (percentage of
households reporting), Naldung, Nepal

Weed severity 1993/94 1994/95 1995/96 1996/97 Overall

None 0.0 0.0 22.2 18.5 10.2
Some 51.9 53.7 35.2 46.3 46.8
Moderate 33.3 9.3 16.7 13.0 18.1
Severe 13.0 9.3 11.1 3.7 9.3
Not reported 1.9 27.8 14.8 18.5 15.7
Total/overall 100.0 100.0 100.0 100.0 100.0

Table 33. Percentage of households growing improved wheat
varieties, Naldung, Nepal

Wheat type 1993/94 1994/95 1995/96 1996/97 Overall

Improved 83.3 83.3 85.2 81.5 83.3
Local 16.7 13.0 9.3 11.1 12.5
Do not know 0.0 3.7 5.6 7.4 4.2
Total/overall 100.0 100.0 100.0 100.0 100.0

Table 34. Wheat varieties planted (percentage of households),
Naldung, Nepal

Variety 1993/94 1994/95 1995/96 1996/97 Overall

RR-21 61.1 51.9 77.8 66.7 64.4
Lerma Rojo-64 3.7 3.7 7.4 0.0 3.7
Annapurna-1 14.8 3.7 0.0 18.5 9.3
BL-1022 0.0 1.9 0.0 3.7 1.4
Annapurna-4 0.0 0.0 0.0 1.9 0.5
Annapurna-3 0.0 0.0 0.0 3.7 0.9
Other +

no response 20.4 38.9 14.8 5.6 19.9
Total/overall 100.0 100.0 100.0 100.0 100.0
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Table 35. Average application of farm yard manure (t/ha) in wheat
production, Naldung, Nepal

Location 1993/94 1994/95 1995/96 1996/97 Overall

Naldung 7.20 5.00 4.58 7.40 6.10
Chitte 5.70 4.00 2.64 1.50 3.50
Singhe 6.30 7.50 6.51 7.40 6.90
Mahadevsthan 7.50 1.55 3.50 3.40 4.00
Total/overall 6.72 4.97 4.79 4.86 5.10

Table 36. Average nitrogenous fertilizer application (kg/ha) to
wheat crop, Naldung, Nepal

Location 1993/94 1994/95 1995/96 1996/97 Overall

Naldung 33.1 33.7 60.1 26.9 38.5
Chitte 57.4 34.6 58.1 87.4 59.4
Singhe 60.3 46.9 60.2 59.8 56.8
Mahadevsthan 70.3 51.9 70.3 85.2 69.4
Total/overall 59.1 43.0 62.5 68.9 56.0

Table 37. Average phosphorous fertilizer application (kg/ha) to
wheat crop, Naldung, Nepal

Location 1993/94 1994/95 1995/96 1996/97 Overall

Naldung 23.62 57.14 86.12 48.88 53.90
Chitte 32.40 32.55 83.25 18.00 41.60
Singhe 36.40 56.33 67.23 41.66 50.40
Mahadevsthan 38.60 80.60 73.09 73.00 66.30
Total/overall 34.33 56.45 75.41 46.36 53.10

Table 38. Average wheat seed rate (kg/ha), Naldung, Nepal

Location 1993/94 1994/95 1995/96 1996/97 Overall

Naldung 103.25 93.85 117.00 146.16 115.10
Chitte 135.20 131.11 115.90 128.65 127.70
Singhe 139.67 126.26 127.50 132.25 131.40
Mahadevsthan 151.94 164.40 156.25 146.53 154.80
Total/overall 137.50 130.20 128.56 137.23 132.20

Table 39. Average wheat yield (kg/ha) obtained by farm
households, Naldung, Nepal

Location 1993/94 1994/95 1995/96 1996/97 Overall

Naldung 1,478 1,323 3,632 4,388 2,705
Chitte 1,534 1,551 2,619 4,307 2,503
Singhe 2,084 2,067 3,445 5,327 3,231
Mahadevsthan 2,298 1,951 2,767 7,284 3,575
Total/overall 1,964 1,715 3,106 5,536 3,003

Fertilizer and Seed Rates
The amount of FYM applied to wheat
averaged 5.1 t/ha (Table 35). Data
collected during the farm monitoring
show that farmers applied from
around 43–69 kg/ha of nitrogenous
fertilizer, for an average application
of 56 kg/ha (Table 36). The

phosphatic fertilizer rate averaged
around 53 kg/ha (Table 37).

The average wheat seed rate used
by farm households in the study area
was 132 kg/ha (Table 38).

Wheat Yields
The results of the farm monitoring
survey have shown that the average
grain yield ranges from 1,715 kg/ha
to 5,536 kg/ha, with an average of
3,003 kg/ha across the study area.
Wheat yields increased over the
study period from an average of 1,715
kg/ha in 1994/95 to 5,536 kg/ha in
1996/97 (Table 39).



Effects of Long-term Application of Mineral Fertilizers
and Manure on Rice–Rice–Wheat System

A.P. Regmi

ABSTRACT. A soil fertility experiment has been conducted by the National Wheat Research Program to evaluate the long-
term effects of inorganic fertilizer and manure applications on soil fertility in a rice–rice–wheat system. Nine fertilizer

treatments, including farm yard manure (FYM), were tested. A sharp yield decline was observed when phosphorus was not
applied. The yield decline was severe in early rice compared to normal-season rice and wheat. Where phosphorus was not

applied, grain yields fell to zero by year 5 in wheat and early rice. Response to potassium was not very clear in early rice, but
in the absence of potassium there was a significant yield reduction in normal-season rice and wheat. The reduction in

available phosphorus limits grain yield, followed by potassium. The application of FYM improved almost all soil properties
except exchangeable potassium. Despite the increase in organic matter (OM) and Olsen P in the FYM treatment, however,
yields were not sustained. The present dose of 90 kg K2O/ha/yr or FYM at 30 t/ha was insufficient to meet the crop demand.

The application of P2O5 and K2O caused a partial recovery of yield in phosphorus- and potassium-deficient plots.

Growth in food grain production in
Nepal has been unable to keep pace
with increasing demand for food.
This is a great concern to agricultural
scientists in Nepal. Farmers will have
to produce more food from the same
area, as the further expansion of
cultivated area is limited. This
problem could be solved to some
extent by increasing cropping
intensity. One means of increasing
cropping intensity would be to adopt
a triple cropping system such as rice–
rice–wheat in the Tarai and in the
lower river basins in the hills, where
permanent irrigation facilities are
available. Although presently this
system is practiced on a limited area,
it is likely to expand given the
potential for irrigation and the
increasing demand for food.
Intensive cultivation removes a
greater amount of nutrients from the
soil, however, and may lead to severe
nutrient deficiencies if nutrients are
not replenished properly. An
unbalanced fertilizer application may
disturb nutrient availability to crops,
leading to a reduction in yield. The
long-term fertilizer experiment that
has been conducted since 1978/79 in

Bhairahawa was designed with the
following objectives:
• to study the long-term application of

mineral fertilizer or manure on crop
yields and soil properties;

• to study the effects of nitrogen (N)
alone and in combination with
phosphorus (P) and/or potassium (K)
on crop yield and soil properties; and

•to study whether P and K become
limiting factors in the long run.

Materials and Methods

The experimental site at Bhairahawa
is located in the western Tarai (an
extension of the Indo-Gangetic Plain)
at latitude 27°32’ and longitude
83°28’ with an elevation of 120 masl.
Temperatures range from a minimum

of 8.5°C in January to 36.2°C in May;
the mean annual rainfall is 1,687 mm
(25-year average). The soil of the
experiment plot is silty loam with a
pH of 8.0, organic matter (OM) of
1.783%, Olsen P of 9.75 u/g, and
exchangeable K of 126 ug/g soil. Bulk
density is 1.6/cm3 and there is a hard
pan just below the plow layer.
Groundwater often reaches close to
ground level in the rainy season and
remains at 50–60 cm in the early
growth stages of wheat and at 80–90
cm at the late growth stages. The soils
are classified as Typic Heplaquepts.
The long-term experiment has a
randomized complete block design
with nine treatments (Table 1)
replicated three times. The gross plot

Table 1. Treatment design for long-term fertilizer experiment in rice–rice–wheat system,
Bhairahawa, Nepal

Treatment N P2O5 K2O Straw (cm) FYM (t/ha) Crop receiving

T1 0 0 0 – – Rice and wheat
T2 100 0 0 – – Rice and wheat
T3 100 30 0 – – Rice

100 40 30 – – Wheat
T4 100 0 30 – – Rice and wheat
T5 100 30 30 – – Rice

100 40 30 – – Wheat
T6 100 0 0 – – Rice

100 40 30 – – Wheat
T7 50 0 0 30 – Rice and wheat
T8 50 20 0 30 – Rice and wheat
T9 – – – – 10 Rice and wheat
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size was 6 x 4 m2. In 1990, two equal
splits were made in each plot, and
zinc (ZnSO4) at a rate of 25 kg/ha
was applied (once only) randomly to
each half, leaving one half as before.
In 1991 and 1995 some modifications
were made (Tables 2 and 3) in the
plots where Zn had been applied.
The row spacing for rice is 20 x 20 cm
and wheat is sown in rows 20 cm
apart. Half of the N and full doses of
P and K were applied basally, with
the remaining N top-dressed at 21–25
days after seeding in wheat and at
25–30 days after transplanting in rice.
Farm yard manure (FYM) was
applied 7–10 days before seeding/
transplanting. The original
treatments of each crop were
analyzed separately by combined
analysis procedures and means were
separated by DMRT. Soil analysis
was carried out to observe the effects
of the treatments. Grain yield trends
and the effects of the modifications
are illustrated later in this paper.

Results and Discussion

Grain yields of early rice, normal-
season rice, and wheat were all
affected by the different fertilizer
treatments (Table 4).

Early Rice
A severe yield decline was observed
in treatment T4 = 100:0:30 (with N
and K but without P). Grain yield fell
to zero by year 5 of the experiment
(Figure 1), indicating severe P
deficiency in the soil. Phosphorus
deficiency clearly reduces yield
(Hobbs et al. 1993). Yield trends for
the NK treatment (T4) were similar to
the control (no-fertilizer treatment)
by year 5 of the experiment. In both
treatments in which P was included
(T3 and T5), and in the FYM
treatment (T9), grain yield

Table 2. Modifications made in 1991 to original treatments in long-term fertilizer experiment (Zn
applied to one-half of the plot only in 1990 in early rice), Bhairahawa, Nepal

Treatment for rice (R) and wheat (W) Modification

T1 0:0:0 kg/ha NPK, R & W None
T2 100:0:0 kg/ha NPK, R & W 30 kg P2O5/ha and 30 kg K2O/ha to both rice crops;

40 kg P2O5/ha and 30 kg K2O/ha to wheat
T3 100:30:0 kg/ha NPK, R None

100: 40: 30 kg/ha NPK, W None
T4 100:0:30 kg/ha NPK, R & W 100 kg P2O5/ha (once only) to early rice
T5 100:30: 30 kg/ha NPK, R None

100: 40: 30 kg/ha NPK, W None
T6 100: 0:0 kg/ha NPK, R 30 kg P2O5/ha to each early rice

100: 40:30 kg/ha NPK, W None
T7 50:0:0 kg/ha NPK + 30 cm straw, R & W 20 kg P2O5/ha to each crop
T8 50:20:0 kg/ha NPK + 30 cm straw, R & W None
T9 FYM @ 10 t/ha, R & W 50 kg N/ha to each crop

Table 3. Modifications made in 1995 to treatments in long-term fertilizer experiment, Bhairahawa,
Nepal

Treatment for rice (R) and wheat (W)
(modified earlier) Modification

T1 0:0:0 kg/ha NPK, R & W 100:50:100 kg/ha NPK, rice and wheat
T2 No change
T3 100:30:0 kg/ha NPK, R 30 kg K2O/ha to each crop

100:40:0 kg/ha NPK, W
T4 100:0:30 kg/ha NPK, R & W 30 kg P2O5/ha to rice and 40 kg P2O5 to wheat
T5 100:30:30 kg/ha NPK, R 70 kg K2O/ha to each crop

100:40:30 kg/ha NPK, W
T6 No change
T7 50:0:0 kg/ha NPK + 30 cm straw, R & W 20 kg P2O5/ha to each crop
T8 50:20:0 kg/ha NPK + 30 cm straw, R & W 20 kg K2O/ha to each crop
T9 FYM @ 10 t/ha + 50 kg N/ha, R & W 50 kg K2O/ha to each crop

Table 4. Average grain yield (kg/ha) over 19 years for normal-season rice, wheat, and early rice,
long-term fertilizer trial, Bhairahawa, Nepal

Treatment for rice (R)
and wheat (W) Normal-season rice Wheat Early rice Mean

T1 0:0:0 kg/ha NPK, R & W 1,092 E 549 FG 420 F 686 F
T2 100:0:0 kg/ha NPK, R & W 1,376 D 613 FG 757 915 D
T3 100:30:0 kg/ha NPK, R 2,507 B 1,246 E 2,555 B 2,103 B

100:40:30 kg/ha NPK, W
T4 100:0:30 kg/ha NPK, R & W 1,339 D 635 F 663 DE 879 D
T5 100:30:30 kg/ha NPK, R 3,128 A 2,386 A 2,744 A 2,753 A

100:40:30 kg/ha NPK, W
T6 100:0:0 kg/ha NPK, R 2,090 C 2,056 C 2,096 C 2,081 BC
T7 50:9:0 kg/ha NPK, R & W 1,171 E 527 G 580 E 759 E
T8 50:20:0 kg/ha NPK, R & W 2,576 B 1,473 D 2,002 C 2,017 C
T9 FYM @10 t/ha, R & W 3,229 A 2,233 B 2,815 A 2,759 A

CV% 13.3 19.7 24.8 19.6
Treatment HS HS HS HS
Year HS HS HS HS
Treatment x year HS HS HS HS

Note: HS = highly significant.
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declinedup to year 8 and then r ose to
year 11; then a slight decline was
observed up to year 14, which
continued (Figure 2). This trend is
difficult to explain. Possibly it could
be the result of changes in P
dynamics (sorption and desorption of
P in the soil). The results show that

neither the present dose of NPK nor
FYM can sustain productivity in this
system. These results corroborate
those of Flinn and De Datta (1984),
who reported a yield decline under
the full recommended dose of
fertilizer. In many fertilizer
experiments, Nambiar and Abrol
(1989) have also found a declining
trend with adequate NPK. The

response of P was not clearly seen in
early rice, although the combined
analysis showed that the NPK
treatment resulted in a better yield
than the NP treatment (Table 4). The
residual effect of P applied to wheat
was seen in early rice (Figure 3).
Generally 15–20% of applied P is
utilized by the rice crop, and the
remainder gradually becomes
available to the succeeding crop
(Kolar and Grewal 1991). Regmi
(1991) has also reported a residual
effect of P applied to wheat in early
rice.

Normal-Season Rice
Compared to yields of early rice,
yields of normal-season rice were
affected less by the fertilizer
treatments. Yield trends were similar
to early rice, however, even though
the magnitude of the yield decline
was less severe in normal-season rice.
A severe yield decline was observed
in the treatment without P (T4); grain
yield fell to zero by year 18 (Figure 4).
Significant differences in grain yield
were seen between the NPK and NP
treatments, indicating that the yield
reductions in this experiment were
also due to the K deficiency. A
residual effect of P applied to wheat
was seen in normal-season rice
(Figure 5). The P applied to wheat
was not fully utilized by the
subsequent early rice crop, so the
normal-season rice crop also obtained
some benefit from the P application
in wheat. Both the NPK
(recommended dose) and FYM
treatments could not sustain grain
yields in the long run. The yield
increase in year 11 possibly resulted
from replacement of the original

T3=100:30:O-R, 100:40:0-W

T9=FYM 10t/ha-R&W

T9=100:30:30-R,100:40:30-W
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Figure 2. Effect of long-term application of T3,
T5, and T9 on early rice.
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Figure 1. Effect of long-term application of T1,
T3, T4, and T5 on early rice.
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Figure 3. Residual effect of long-term
application of P on early rice.

T2=100:0:30-R&W

T6=100:0:0-R, 100:40:30-W

T4=100:0:30-R&W

  1 3 5 7 9 11 13 15 17 19

6,000

5,000

4,000

3,000

2,000

1,000

0

G
ra

in
 y

ie
ld

 (k
g/

ha
)

Year

T3=100:30:0-R, 100:40:0-W

T5=100:30:30-R, 100:40:30-W

T4=100:0:30-R&W

Figure 4. Effect of long-term application of T3,
T4, and T5 on normal rice.
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Figure 5. Residual effect of long-term
application of P on normal rice.
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variety with the variety Janaki.
Varietal differences in plant nutrient
uptake, including P uptake, were
reported by IRRI (1970) and Fageria
et al. (1988). All treatments lacking P
had grain yields of less than 1 t/ha
for early rice and more than 1 t/ha
for normal-season rice (Figure 6).

Wheat
Wheat was least affected by the
treatments. Unlike rice yields, wheat
yields did not decline in the NPK
treatments but rather increased or
remained the same in most years. The
difference in grain yield in the NPK
and NP treatments showed that K
deficiency limited yields in the NP
treatment (Figure 7). Despite the
higher level of exchangeable K (initial
status 126 u/g), a positive response
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Figure 6. Long-term effect of fertilizer treatments
on early and normal rice.

was recorded over the years. The
drastic yield reductions in the NP
treatment (T3) in later years may be
attributed to the severe K deficiency.
Exchangeable K dropped to 30.4 u/g,
far below the critical level of 78 u/g
soil. Only in the wheat crop did the
application of mineral fertilizers
produce a significantly higher yield
than the FYM application (Table 4).
Yield trends for the NPK and FYM
treatments are similar (Figure 8).
Exchangeable K was below the
critical level in the FYM treatment,
indicating that K deficiency was a
factor in the yield reduction. All
treatments without P, including the
control, showed similar trends and

produced grain yields close to zero in
later years (Figure 9).

The wheat yield increase in year 7
is difficult to explain, although timely
sowing, a change of variety, and
favorable weather might have
contributed to this result to some
extent. The low yields in year 12 may
be the result of late planting
(22December) in addition to
treatment effect. In year 19, yields
may have been higher because of
favorable weather. In the western
Tarai, post-anthesis heat stress (hot
wind) causes forced maturation in
wheat, leading to shriveled grain and
thus lower yields. However in 1996
(year 19), the wheat crop remained
unaffected because of the delayed
onset of hot, dry westerly winds. This
resulted in higher wheat yields
throughout the Bhairahawa area.

Total Grain Yield
from the System
The total grain production from the
two crops of rice and the wheat crop
decreased in all treatments over the
years (Table 5). Linear regression
shows that the rate of decline was
highest for the NK treatment, with a
yield loss of 370 kg/ha/yr. The grain
yield loss over the years was less for
the NPK treatment (125 kg/ha/yr)
than the NP treatment (149 kg/ha/
yr), indicating that K was limiting
yields. The FYM treatment showed a
slightly lower rate of yield decline
compared to the NPK treatment.
Yields declined most slowly in T8
(50:20:0 NPK + 30 cm straw). The
incorporation of straw into the soil
might have supplied K, resulting in a
less dramatic yield reduction.
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Figure 9. Effect of long-term application of T1,
T7, T2, and T4 on wheat.

T1=0:0:0-R&W

T2=100:0:0-R&W

T7=50:0:0 + 30 cm straw

T4=100:0:30-R&W
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T5=100:30:30-R, 100:40:30-W
T9=FYM @ 10 t/ha-R&W
T6=100:0:0-R, 100:40:30-W

Figure 8. Effect of long-term application of T5,
T6, and T9 on wheat.
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Figure 7. Effect of long-term application of T3,
T4, and T5 on wheat
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Effects of Modifications
to the Long-term Trial
In 1990, the application of Zn did not
increase grain yield but rather served
to reduce yields of some treatments
(data not shown). In 1991, the
application of P and K to T2 (100:0:0)
boosted grain yields of all three crops
(compared to very low yields in
normal-season rice and wheat) and
zero yield in early rice in the original
treatment (Figure 10). The application
of a single dose of P (100 kg P2O5/ha)
to T4 (100:0:30) produced a grain
yield of 4 t/ha compared to zero
yield in the original treatment. No

application resulted in a yield of 2 t/
ha in 1995, which declined thereafter
(Figure 12).

Similarly, an application of 30 kg
K2O/ha to the missing K treatment
(100:40:0-W, 100:30:0-R) significantly
increased the wheat grain yield. The
application of 70 kg K2O/ha to T5
(100:40:30-W, 100:30:30-R) also
increased the grain yield of wheat
(Figure 13), showing that the present
recommended dose of 30 kg K2O/ha
is not sufficient to meet the total crop
demand for this nutrient in the rice–
rice–wheat system.

Table 5. Regressions of total grain yield (two rice and one wheat crop) by year, long-term fertilizer
experiment, Bhairahawa, Nepal

Treatment for rice (R) and wheat (W) Intercept Slope R2

T1 0:0:0 kg/ha NPK, R & W 4,339.9 –228.0 0.706**
T2 100:0:0 kg/ha NPK, R & W 6,246.5 –350.0 0.604**
T3 100:30:0 kg/ha NPK, R 7,801.7 –149.1 0.235*

100:40:30 kg/ha NPK, W
T4 100:0:30 kg/ha NPK, R & W 6,337.1 –370.0 0.600**
T5 100:30:30 kg/ha NPK, R 9,508.4 –125.0 0.189ns

100:40:30 kg/ha NPK, W
T6 100:0:0 kg/ha NPK, R 7,944.2 –183.4 0.298*

100:40:30 kg/ha NPK, W
T7 50:0:0 kg/ha NPK, R & W 5,351.9 –307.4 0.627**
T8 50:20:0 kg/ha NPK, R & W 6,825.6 –77.5 0.106ns
T9 FYM @ 10 t/ha, R & W 9,490.3 –121.4 0.168ns

Note: NS = not significant.

Figure 10. Effect of modification of long-term
trial (1991) on rice and wheat yields.
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Figure 11. Effect of modification in NK treatment
on rice and wheat yields.
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residual effect of P was observed in
the succeeding crop, however,
indicating high sorption of P in these
soils. Regmi (1994) reported high P
sorption in Bhairahawa soil.

In 1995, an application of 30 kg
P2O5/ha to each crop in T4 again
partially reversed the declining grain
yield trend (Figure 11). An
application of 100:50:100 (N:P2O5:K2O
kg/ha) to the control (no fertilizer)
treatment produced a significantly
higher yield (more than 3 t/ha in
normal season rice and more than
2t/ha in wheat) in both 1995 and
1996. In early rice this nutrient
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Figure 12. Effects of application of NPK (100:22:83)
to control (no fertilizer)
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Figure 13. Effect of addition of K to T3 and T5 on
wheat
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Effects on Soil Properties
The application of mineral fertilizer
caused no significant change in soil
pH, although pH was slightly
lowered in the FYM treatment
(Table6). Long-term application of
FYM increased OM from 1.783% to
3.831%. The OM content also rose in
the NP and NPK treatments. Olsen P
rose from 9.75 u/g to 54.2 in the FYM
treatment. Both P-receiving
treatments maintained the initial P
status. The P level was below the
initial status in all treatments without
P. Exchangeable K dropped in all
treatments, including the FYM
treatment, indicating that both 90 kg
K2O/ha/yr or FYM at 30 t/ha could
not meet crop demands for this
nutrient.

Conclusions

Grain yields in the rice–rice–wheat
system are mainly controlled by P,
followed by K. The present dose of
90kg K 2O/ha/yr or FYM 30 at t/ha/
yr cannot meet crop nutrient
demands. Despite increasing OM and
P, the FYM treatment also cannot
sustain the productivity of the
system. Declining yield can be
partially reversed with the
application of P and or K in P- and K-
depleted soils.
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Rice and wheat are important for
food security in Nepal. Wheat area
has increased from 0.10 million
hectares in the mid-1960s to more
than 0.653 million hectares at present.
More than 84% of the wheat area is
planted after rice. It is estimated that
50–60% of the wheat area is planted
on time and the rest is planted late.
The main causes of late planting are
an excess or lack of soil moisture and
the long turnaround time between
rice and wheat. Other factors, such as
late maturing rice varieties, poor
draft power, poor animal health,
inappropriate agricultural
implements, and unavailability of
labor during rice harvesting and
threshing can contribute to the
problem. Wheat yields are negatively
correlated with late planting; a yield
reduction of 30–50 kg/ha/day has
been reported.

Surface/Relay Planting: An Option for
Planting Wheat on Time in the Lower

Wetlands of the Tarai, Nepal

G. S. Giri

ABSTRACT. Late planting of wheat (Triticum aestivum), caused either by an excess or lack of soil
moisture or a long turnaround time between wheat and the previous crop, is the number one constraint to
wheat productivity in the rice–wheat cropping system. Late-planted wheat suffers from moisture and heat
stresses after anthesis, causing a yield reduction of 30–50 kg/ha/day. Covering relay-planted wheat seed

with harvested rice bundles for 3–9 days significantly increased grain yield.
Surface/relay seeding of wheat is a useful technology for timely planting of wheat in non-traditional wheat

areas (rice–fallow) under the rice–wheat system. The surface/relay seeding of wheat could reduce production
costs while improving the quality and productivity of the wheat crop. Grain yield and nitrogen use efficiency

(NUE) were improved when N was applied at 20 and 30 days after sowing (DAS) in equal splits.
The wheat crop relayed into standing rice produced the highest yield, followed by surface seeding and

farmers’ practice, irrespective of wheat genotype. Genotypes Bhrikuti, BL-1135, and Achyuta did fairly well
under relay and surface seeding. Bhrikuti and BL-1473 did comparatively better under the farmers’ practice

under late planting. Higher yields and higher rice stubble were positively correlated.
Wheat planted with the Chinese seed drill and surface seeding produced significantly higher yields than

farmers’ practice. Yields from no-till (surface seeding) were unstable over the years, indicating
sensitivity to management practices.

Growth in agricultural land area is
limited by urbanization and natural
calamities such as erosion, flood, and
landslides. Improvements in
productivity must therefore come
from better technologies (crop
management/cultivars), crop
intensification, or additional input
use. Experiment station and on-farm
studies have been undertaken in
Rupandehi District over the past four
years to develop technologies that
will enable timely planting of wheat
through non-conventional methods,
such as surface/relay seeding. The
experiments also examined the
timing and method of nitrogen (N)
application to improve N use
efficiency (NUE).

In conventional tillage systems, the
incorporation of rice stubble (1.5–2.0
t/ha) just before wheat planting
means that the stubble comes into
contact with a large volume of soil
(Verma 1986) and markedly increases

the population of bacteria (Meelu et
al. 1979). Conventional tillage also
immobilizes N. In India,
experimental evidence suggests that
crops can be grown successfully
without preparatory tillage if weeds
are controlled by chemicals (Sandhu
et al. 1975).

The Nanjing Soil Institute of the
Chinese Academy of Agricultural
Sciences reported that zero tillage
improved the structure of clay soils.
The soil environment under zero
tillage is less aerobic than under
conventionally tilled soil (Power and
Maskina 1990). However, aeration is
not critical for germination and stand
establishment of zero-tilled wheat on
well-drained soil (Sanford et al. 1973).
Moreover, moisture content in the
seed zone is higher with zero tillage
than with conventional tillage (Ike
1986; Power and Maskina 1990).
Zero-tilled wheat after rice produced
more effective tillers, grains/spike,



58 G. S. GIRI

and thousand-grain weight than
conventionally tilled wheat (Dhiman
et al. 1983). Zero-till wheat after rice
gives similar or higher yields than
conventionally tilled wheat (Das and
Maity 1993; Sandhu 1984; Bacon and
Cooper 1985).

Based on past research experiences,
surface/relay seeding would appear
to be a promising technology for the
lower wetlands of Nepal. Nitrogen
applied to the soil surface without
soil disturbance could be lost through
volatilization and nitrification/
denitrification. Field experiments
were conducted to determine the
appropriate duration of seed cover,
the proper seed conditions in relay
seeding to obtain a better plant stand,
and at which growth stages N
fertilizer should be applied for
maximum grain yield and NUE.

Material and Methods

Surface Seeding vs.
Time of N Application
Field experiments conducted during
the winter seasons of 1993/94–1996/
97 in the lower wetlands at RARS,
Bhairahawa, consisted of 10
treatments in a randomized complete
block design with 4 replications. The
treatments (Table 1) were basal N
application and N application at 10,
20, and 30 days after sowing (DAS).
The soil in the experimental plots was
silt loam with a pH of 8, low organic
matter and N, and medium levels of
phosphorus (P) and potassium (K).
The fertilizer rate was 100:50:25 kg
NPK/ha. Nitrogen was applied as
per treatments and all PK was
applied basally. Urea (46:0:0), single
super-phosphate (0:16:0), and muriate
of potash (0:0:60) were the sources of
fertilizer. The wheat variety Nepal-
297 was sown at a rate of 120 kg/ha.
Seed soaked in water for 10 h was
treated uniformly with fresh cow

dung to minimize bird damage to
seed and emerging seedlings.

The prerequisite for surface seeding
to succeed is appropriate soil
moisture. Fields in lower wetlands
usually have excess soil moisture
(footprints were observed after
walking in the field); when soil
moisture was inadequate, a pre-
irrigation was given. Stagnant water
in the field must be avoided, or the
seed will rot. Seed was broadcast in
the field in late afternoon to keep it
moist and accelerate germination.
Nitrogen as per treatments was also
applied in late afternoon to minimize
volatilization. Irrigation was given as
needed. An integrated weed
management approach was practiced
(i.e., Isoproturon was sprayed at 30
DAS and remaining weeds were
picked by hand). Five samples of 1
m2 were taken randomly from each
experimental plot and grain yield
estimated at 12% moisture. Data on
yield and traits related to yield were
recorded and analyzed. Nitrogen use
efficiency (kg/kg N) was calculated
by dividing the grain yield increase
over zero N by the amount of N
applied.

Seed Soaking vs. Duration of
Wheat Seed Cover with
Harvested Rice under Relay
Seeding
This experiment consisted of a
factorial randomized complete block
design with four replications. Dry
seed was soaked 6 and 12 h and
covered with cut rice bundles for 0, 3,
6, and 9 days. Wheat seed was
relayed into the standing rice crop
three days before rice harvest at
RARS, Bhairahawa, in the 1994/95–
1996/97 seasons. The wheat variety
UP-262 was planted at a rate of 120
kg/ha. Fertilizer (50:50:25 kg
NP2O5K2O/ha and 50:0:0 kg

NP2O5K2O/ha) was applied at 12 and
30 DAS, respectively.

Wheat seed was soaked as per
treatments, treated with fresh cow
dung, and broadcast into the standing
rice crop in the late afternoon three
days before rice harvest. After the rice
was harvested, the plots were
uniformly covered with the harvested
rice. Harvested rice cover was then
removed from the field according to
the treatments. Half of the N
application and all of the P and K
applications were applied nine days
after the harvested rice was removed
from the fields. The herbicide
Isoproturon was applied to control
weeds, particularly Polypogon spp., in
the lower wetlands. Fields were
irrigated as needed. Data were
recorded and analyzed as described
for the previous experiment.

Crop Establishment vs. Wheat
Genotypes
Several wheat genotypes (BL-1022, BL-
1135, Bhrikuti, BL-1473, NL-683, UP-
262, and Achyuta) were tested on the
experiment station to see whether they
responded differently under different
crop establishment techniques (relay,
surface seeding and farmers’ practice)
in the lower wetlands. Wheat was
planted as in the surface/relay seeding
experiments described earlier. The
farmers’ practice consisted of four
plowings followed by two plankings,
and yields and other characteristics
were compared among the treatments.

Effect of Stubble Height on
Wheat Grain Yield under
Surface Seeded Condition
This experiment consisted of a
randomized complete block design
with four replications and four
treatments (rice stubble height of 5, 15,
30, and 45 cm). The methodology was
similar to that for surface seeding.
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On-farm Research
On-farm research on wheat
establishment techniques was
conducted in farmers’ fields in
Rupandehi, Kapilvastu, and
Nawalparasi Districts to verify results
of experiment station research. The
methods used were similar those in
the surface/relay seeding trials
described here. Surface seeding and
the Chinese seed drill were tested in
farmers’ fields in comparison with
farmers’ practice. The crop
establishment treatments were also
evaluated under different fertilizer
doses (100:50:25 and 60:30:0 kg NPK/
ha). Surface seeding was done earlier,
when the soil moisture in the field
was correct, followed by planting
with the Chinese seed drill. Sowing
under the farmers’ practice was
delayed by 10–20 days, depending on
the soil moisture. Large plot
demonstrations of surface seeding
were also done in the farmers’ fields.
Non-participating farmers were
invited to see the plots, along with
national and international scientists,
and farmers’ field days were
organized during the season.
Sampling for yield and recording of
data were similar to the on-station
research.

Results and Discussion

Surface Seeding vs. Time of
N application
The highest grain yield was obtained
under split applications of N fertilizer
at 20 and 30 DAS (T10). This
treatment differed significantly from
T1, T2, and T3 and was at par with
rest of the treatments. A full dose of N
at or before 10 DAS depressed yield
because of the proliferation of weeds
during the crop’s early growth stages.
A full dose of N at 20 DAS and split
applications in equal amounts at 10

and 20, 10 and 30, and 20 and 30 DAS
produced comparatively better yields
(Table 1). Application of N at the
most active growth stage benefited
the crop and improved NUE. Giri
(1984) and Acharya (1985) reported
an improvement in NUE when N
was applied from 14 to 35 DAS in
splits under normal conditions.
Shrivastava (1985) reported no
additional yield advantage from
tilled and zero-tilled fields.
Incorporation of rice stubble just
before seeding wheat with
conventional tillage reduces soil NO3-
N concentration at stem elongation.
This also reduces N uptake by 38%,

whereas zero-tilled wheat with
retention of standing rice stubble
retains 46% more concentration of
soil NO3-N, shows 29% more N
uptake, and results in a 37% higher
grain yield (Bacon 1987).

Seed Soaking vs. Duration of
Wheat Seed Cover with
Harvested Rice under Relay
Seeding

The length of time that seed was
covered with cut rice bundles
significantly affected the number of
spikes/m2, biomass, and grain yield
(Table 2). Covering seeds with rice for
9 days produced more effective tillers

Table 1. Wheat yield, yield components, and nitrogen use efficiency (NUE) as affected by the time of
nutrient application in surface seeded plots in the lower wetlands (pooled analysis, 1993/94–1996/97),
Nepal

1,000-grain Biomass            Grain yield
weight yield

S.No. Treatment Spikes/m2 Grains/spike (g) (kg/ha) (kg/ha) (kg/kg N)

1. Check (No N) 203 d 25 b 44.16 bc 3,805 e 1,516 e –
2. All N basal 203 d 30 a 45.37 b 5,461 d 2,430 d 9.14
3. All N 10 DAS 237 c 29 a 45.76 a 5,743 cd 2,700 cd 11.84
4. All N 20 DAS 269 ab 30 a 44.79 abc 6,344 abc 2931 ab 14.15
5. Half N basal, Half N 10 DAS 237 c 31 a 45.11 a 6,542 ab 2,897 ab 13.81
6. Half N basal, half N 20 DAS 232 c 30 a 45.40 ab 6,064 bc 2,879 ab 13.63
7. Half N basal, half N 30 DAS 249 abc 31 a 44.22 bc 6,634 ab 3,,021 ab 15.05
8. Half N 10 DAS, half N 20 DAS 252 abc 29 a 45.38 ab 6,549 ab 3,079 a 15.63
9. Half N 10 DAS, half N 30 DAS 256 abc 31 a 43.62 c 6,741 ab 3,065 ab 15.49
10. Half N 20 DAS, half N 30 DAS 273 a 30 a 44.51 abc 6,896 a 3,232 a 17.16

F-test  HS HS HS HS HS
CV % 11.55 10.20 2.94 12.65 13.49

Note: Data are an average of four replications over four years. Means are separated by DMRT at 5% level
of significance. Means with the same letter in the column do not differ significantly. HS = highly
significant.

Table 2. Response of wheat yield and yield components to the duration of seed cover with harvested
rice, 1994/95–1996/97, Nepal

1,000-grain                   Yield (kg/ha)
Duration of seed Effective weight
cover (days) tillers/m2 Grains/spike (g) Biomass Grain

0 263 b 27 43.35 6,845  b 2,845 b
3 275 b 27 42.86 7,072 ab 3,016 a
6 272 b 28 43.03 7,170 a 3,013 a
9 278 a 28 43.53 7,353 a 3,076 a
Mean 272 28 43.19 7,110 2,988
F-test S NS     NS S S
CV% 11.08 6.05   3.06 8.56 8.82

Note: Data are an average of four replications over three years. Means are separated by DMRT at 5%
level of significance. Means with the same letter in the column do not differ significantly. S =
significant; NS = not significant.
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than the rest of the covering
treatments. The wheat biomass and
grain yields obtained from plots with
and without rice cover differed
significantly. This difference could
result from late germination in bare
plots, as covering the seed might
have enhanced wheat germination.
Covering wheat seed with rice
bundles for 9 days produced a yield
(3,076 kg/ha) comparable to those
obtained from the 3– and 6–day
treatments. Broadcast seeding of
wheat into standing rice about two
weeks prior to harvest also shows
promising results (Wall et el. 1990).
From these results, it appears that
relay seeding of wheat into rice may
produce more grain compared to
surface seeding, i.e., covering seed
with the harvested rice could hasten
the emergence of wheat.

Table 3 shows that the length of
time that seed is covered with cut rice
significantly affected grain yields
over the years. Wheat yields and
duration of seed cover were
positively correlated, i.e., an increase
in the duration of seed cover
increased yield. Covering seed
for6–9 days with cut rice showed a
significant difference over leaving the
seed uncovered. In the first year of
the trial, covering seed for 3 days
showed no significant advantage
over not covering the seed. In the

second year, seed covered for 9 days
differed significantly from seed left
uncovered, but all the other
treatments were alike. In third year,
all the seed cover treatments
produced similar results. Overall,
however, grain yields of covered seed
differed significantly from the yield
of uncovered seed.

The combined analyses of grain
yield data from 1994/95 to 1996/97
indicate no difference among
treatments across years (Table 4).
Soaking the seed did not affect grain
yield in the first two years but it
affected wheat yield significantly in
the third year. The yearly difference
in grain yield indicates the sensitivity
of yield to management and
environmental factors. Excess soil
moisture is the most critical factor for
the success of zero-tillage wheat
cultivation, even under relay seeding.

Fukuoka (1977) found that
presoaking barley seeds was
promising in relay seeding in Japan.
In our experiments, the effect of
soaking seed became negligible when
soil had sufficient moisture for crop
establishment; the effect of the
practice was observed only when the
field had a suboptimal soil moisture
level.

Crop Establishment vs.
Wheat Genotypes
Wheat genotypes performed better
under relay seeding than under
surface seeding and the farmers’
practice. The yield increment for
relay seeding was 29–105% higher
than yields achieved under the
farmers’ practice (Table5). The
greatest difference between relay
seeding and farmers’ practice was
observed in BL-1135 (105%), followed
by Achyuta (77%), UP-262 (76%),
Bhrikuti (41%), BL-1022 (32%), and
BL-1473 (29%).

In relay seeding, Bhrikuti produced
the highest grain yield (3,371 kg/ha),
followed by Achyuta (3,309 kg/ha),
UP-262, and BL-1135. The yield of BL-
1135 under relay seeding surpassed
the yield obtained through the
farmers’ practice by 105%, followed
by Achyuta (77%), UP-262 (76%), NL-
683 (60%), and Bhrikuti(41%).

In surface seeding, BL-1135 yielded
the best, followed by Bhrikuti, UP-

Table 3. Effect on wheat grain yield of covering
seed with harvested rice (pooled analysis from
1994/95–1996/97), Nepal

Duration of Grain yield (kg/ha)
seed cover
(days) 1994/95 1995/96 1996/97 Mean

0 3,020 b 2,465 b 3,050 2,845 b
3 3,205 ab 2,589 ab 3,255 3,016 a
6 3,400 a 2,584 ab 3,054 3,013 a
9 3,333 a 2,685 a 3,210 3,076 a
Mean 3,240 2,581 3,142 2,988
F-test S S NS S
CV% 7.09 8.24 10.38 8.82

Note: S = significant; NS = not significant.

Table 5. Grain yield (kg/ha) of wheat genotypes under different crop establishment techniques, Nepal

Genotype

Establishment technique BL-1022 BL-1135 Bhrikuti BL-1473 NL-683 UP-262 Achyuta

Relay sowing 2,696 3,126 3,371 2,883 2,517 3,176 3,309

Surface seeding 2,238 2,855 2,609 2,284 2,222 2,429 2,343

Farmers’ practice 2,035 1,526 2,389 2,240 1,571 1,717 1,868

Superiority of relay sowing
to farmers’ practice (%) 32 105 41 29 60 76 77

Superiority of surface seeding
to farmers’ practice (%) 10 87 9 2 46 41 25

Table 4. Response of wheat yield to the duration
of seed soaking before seeding (1994/95–1996/
97), Nepal

Duration Grain yield (kg/ha)
of seed
soaking (h) 1994/95 1995/96 1996/97 Mean

0 3,204 2,581 2,992 b 2,926
6 3,250 2,622 3,235 a 3,035
12 3,264 2,539 3,201 ab 3,001
Mean 3,239 2,581 3,143 2,988
F-test NS NS S NS

Note: Data are an average of four replications
over three years. Means are separated by
DMRT at 5% level of significance. Means
with the same letter in the column do not
differ significantly. NS = not significant.
S␣ =␣ significant.
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262, and Achyuta. BL-1135 yielded
87% more under surface seeding than
farmers’ practice. Similarly, NL-683
produced 46% more yield, followed
by UP-262 (41%), Achyuta (25%), BL-
1022 (10%), Bhrikuti (9%), and BL-
1473 (2%) compared to farmers
practice (Table 5). Bhrikuti, BL-1473,
and BL-1022 did fairly well even
when planted late under the farmers’
practice.

Effect of Rice Stubble Height
on Wheat Yield
As noted earlier, wheat yield was
positively correlated to rice stubble
height (Figure 1): the higher the rice
stubble, the higher the yield. Higher
stubble in the field conserved soil
moisture, protected seed and
seedlings from desiccation, and
contributed towards higher grain
yield.

On-Farm Research
The wheat crop planted with the
Chinese seed drill produced the
highest grain yield and was superior
to rest of the treatments, followed by
surface/relay seeding (Figure 2). The
Chinese seed drill made it easier to
plant wheat on time, and many
farmers were attracted by the drill’s
multiple uses (seeding and reaping of
both rice and wheat, pumping
irrigation water, threshing wheat and

Conclusions

•Under surface/relay seeding, N
should be applied at 20 and 30 DAS in
a split application of equal amounts
to improve NUE and increase grain
production.

•Appropriate soil moisture is a
prerequisite for the success of
surface/relay seeding technology. If
soil moisture is depleted, a pre-
irrigation is needed for good results.

•Planting wheat as a relay crop in
standing rice 3–5 days before harvest,
and covering seed with the harvested
rice bundles for 6–9 days, improved
wheat grain yields.

•Surface/relay seeding of wheat
reduced land preparation costs,
produced higher yields, and
improved grain quality (thus farmers
could obtain higher grain prices),
resulting in greater overall economic
benefits for the farmers.

Yield (kg/ha)
2,000

1,500
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500

0
0 15 30 45

Rice stubble height (cm)

Figure 1. Crop stubble height affected wheat
yield under surface seeding.
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lentils, transportation of goods, tilling
fields, and winnowing rice, wheat,
and other crops). Surface/relay
seeding was excellent in the mid- to
lower wetlands where wheat was not
planted on time or fields were left
fallow because of excess soil
moisture. This practice also gave a
higher net benefit than the farmers’
practice. As noted previously, the
success of the surface/relay seeding
was very sensitive to the amount of
soil moisture at planting.

Fertilizers were also evaluated
under surface seeding in farmers’
fields. Yields under the
recommended fertilizer rate
(100:50:25 kg N-P2O5-K2O/ha) were
comparable to those obtained using
the farmers’ practice (60:30:0 kg
N-P2O5-K2O/ha). The former
outyielded the later (Figure 3).

As farmers had a negative attitude
towards research in smaller plots,
surface seeding was done in large
plot to convince them quickly.
Farmers from different parts of the
country visited the outreach sites,
and the plots were shown to many
national and international scientists.
Wheat yields from the
demonstrations were very promising
(Figure 4).
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Figure 2. Crop establishment affected wheat
grain yield.
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•Surface/relay seeding could enable
roughly 450,000 ha of rice–fallow–
fallow area to be converted to rice–
wheat cropping. Careful and
continual observation/monitoring of
insects, disease, and weed buildup
would have to be done.

•The wheat varieties Bhrikuti, BL-1135,
Nepal-297, Achyuta, and UP-262
performed equally well under
surface/relay seeding.

•The Department of Agriculture,
Department of Irrigation, and former
cooperating/participating farmers
should be involved in sharing ideas/
experiences with the technology to
speed up its dissemination.

•Large plot demonstration of surface/
relay seeding of wheat were very
effective for convincing farmers
quickly of the merits of the
technology.

•A positive attitude towards this
technology is needed to change the
conventional thinking that a
technology will not work, even before
testing/knowing the pros and cons of
the technology.
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The rice–wheat cropping pattern
dominates the cropping systems in
the Tarai and mid-hills of Nepal,
accounting for about 84% of total
wheat area. Average yields of rice
and wheat in the system are low,
however. Farmers apply small doses
of nitrogen (N) and phosphorus (P)
fertilizer to rice and wheat, and very
few farmers apply potassium
fertilizer and/or organic manure.
Recycling of nutrients by applying
straw or farm yard manure (FYM) is
negligible. Crops are cut close to
ground level and the straw is fed to
animals or used to thatch houses.
Cow dung is generally used as
cooking fuel. The new high yielding
varieties would be better able to
express their yield potential if
farmers could apply higher doses of
fertilizers. Unbalanced applications
of fertilizers may cause a nutritional
disturbance in the soil, which may
lead to a decline in yield. This paper
describes results of a study that was
done to assess the long-term effects of
mineral fertilizers and/or manure on
soil fertility in the rice–wheat system.

Materials and Methods

The soil fertility experiment has been
conducted since 1988. It has a split
plot design with six treatment
combinations replicated three times.
The two main plots receive 1) 100 kg
N/ha and 2) 100 kg N/ha and 60 kg
P/ha. Within each main plot,
sesbania, FYM, and a check (control)
constitute the three sub-plots. The
green manure sesbania (Dhaincha)
was grown and incorporated before
rice, and FYM (10 t/ha) was applied
to wheat. The gross plot size was
kept at 300 m2 with a view to splitting
the plot when nutrients are depleted
in the future. Rice and wheat samples
were taken from an area of 10 m2. In
1995, three equal splits were made in
all three treatments receiving NP to
accommodate three levels of
potassium (K) (0, 41.5, and 83 kg/ha).
The yield trends were graphed based
on combined analysis. Soils were
sampled and analyzed after eight
years and treatment effects were
separated by DMRT.

Results and Discussion

A response to P was not observed in
rice in the initial years of the
experiment (Figure 1). Rice yields
increased up to year four, even in the
absence of P. This result is not
surprising, given that submerged
conditions in rice culture increase the
availability of P. Lowland rice is
generally less deficient in P because
higher levels of available P are
present in flooded soils (De Datta
1989). With time, however, rice yields
declined as P was depleted. Nitrogen
in combination with sesbania
produced a higher grain yield than N

Long-Term Soil Fertility Experiment in the
Rice–Wheat System, Nepal

A.P. Regmi

ABSTRACT. The long-term soil fertility experiment has been conducted since 1988 at RARS,
Bhairahawa, to study the effects of mineral fertilizers and/or manure in the rice–wheat system. A

response to phosphorus (P) was observed in rice in the later years of the experiment, whereas in wheat
a response to P was observed from the initial years. Applications of farm yard manure (FYM) in
combination with nitrogen (N) and P resulted in better wheat yields than applications of mineral

fertilizers only. A residual effect of FYM was also observed in the rice crop. Incorporation of a green
manure, sesbania, increased the rice yield but had no residual effect on wheat. The application of

potassium (K) significantly increased the wheat grain yield and grain weight. Olsen P was below the
critical level of 5 u/g soil where P was not applied. Exchangeable K was also below the critical level of

78 u/g soil in all treatments, including the FYM treatment.
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Figure 1. Effect of long-term application of N and
NP on rice.

N

NP



64 A.P. REGMI

alone (Table 1), which indicates that
the application of 100 kg N/ha was
not sufficient to meet crop
requirements and raise yields. A
residual effect of FYM was observed
in rice (Figure 2). The FYM treatment
produced a superior yield compared
to N alone and N in combination
with sesbania. Sesbania in
combination with NP produced a
better yield than NP only (Table 1),
which also indicates that the response
to N may exceed 100 kg N/ha. The
yield trends of both treatments are
similar. Residual effects of FYM were
observed also in NP treatments
(Figure 3).

Wheat yields are generally low in
this experiment. The heavy-textured,
poorly drained soils of the station
become waterlogged after rain or
flood irrigation, which adversely
affects the wheat crop, especially in
the early vegetative growth stage.

Unlike the rice crop, in wheat a
response to P was observed from the
start of the experiment (Figure 4).
Even in the presence of P, wheat
yields declined. Farm yard manure,
in combination with NP, resulted in a
significantly higher yield than
applications of NP only (Figure 5).
The addition of chemical fertilizers
and organic manure was essential to
balance or improve soil fertility status
(Li 1991). No residual effects of
sesbania were observed in wheat
(Figure 6) (note that Regmi and Khan,
1995, reported no residual effect of
sesbania on the succeeding wheat
crop). Sesbania biomass decreased
sharply over the years in the absence
of P application. (Figure 7). Biomass
yields increased in the initial years
but decreased later, even in
treatments with P application.

Table 1. Effects of the long-term application of mineral fertilizers and or manure on mean grain yield
(kg/ha) of rice and wheat (combined over 9 years), Bhairahawa, Nepal

Treatment N P2O5 K2O Manure Rice Wheat

T1 100 0 0 0 4,009 d 737 d
T2 100 60 0 0 4,595 bc 1,060 c
T3 100 0 0 Sesbania (D) 4,544 c 592 d
T4 100 60 0 Sesbania (D) 4,899 a 1,035 c
T5 100 0 0 FYM 10 t/ha 4,878 a 1,699 b
T6 100 60 0 FYM 10 t/ha 4,853 ab 2,004 a
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Figure 3. Effect of long-term application of NP,
NPFYM, and NPD on rice.
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Figure 4. Effect of long-term application of N and
NP to wheat.
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Figure 5. Effect of long-term application of NP,
ND, and NPFYM on wheat.

NPFYM

NPD

NP

Grain yield (kg/ha)
3,000

2,000

1,000

0
1 2 3 4 5 6 7 8 9

Year

Figure 6. Residual effect of sesbania on wheat.
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Effects of Potassium
A significant increase in grain yield
occurred with the application of 41.5
kg/ha K; the effects of 41.5 and 83
kg/ha K applications were similar
(Figure 8). Thousand-grain weight
also increased with the supply of K
(Figure 9). Regmi (1996) reported that
K applications resulted in a
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Note: ND = nitrogen with sesbania.

Figure 2. Effect of long-term application of N,
ND, and NFYM on rice.
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Table 2. Soil properties (after 8 years) of the long-term application of manure and fertilizers,
Bhairahawa, Nepal

pH Organic matter Olsen P Exchangeable K
Treatment N P2O5 K2O Manure (1:1 H20) (%) (ug/g) (ug/g)

T1 100 0 0 0 7.7 1.462 2.35 a 23.73
T2 100 60 0 0 7.6 1.441 18.04 b 26.66
T3 100 0 0 Sesbania 7.7 1.388 1.57 b 28.31
T4 100 60 0 Sesbania 7.6 1.526 19.61 c 27.3
T5 100 0 0 FYM @ 10 t/ha 7.6 1.622 7.85 d 29.15
T6 100 60 0 FYM @ 10 t/ha 7.5 1.622 28.24 d 32.46

F-test NS NS HS NS
CV% 1.04 8.05 15.92 11.3

Note: NS = not significant.

significant increase in grain yield and
thousand-grain weight.

Effects on Soil Properties
Soil pH was unaffected by the
application of mineral fertilizers and/
or manure (Table 2). The application
of FYM slightly increased organic
matter compared to other mineral
fertilizer treatments. Significant
differences in Olsen P were observed

among the treatments. The highest
Olsen P was found in the FYM+P
treatments. The addition of FYM
increases available P because of its P
content and reduced precipitation as
Ca phosphate (Gupta et al 1988).

The treatments that lacked P had
the lowest Olsen P and were below
the critical level of 5 ug/g soil. The
higher Olsen P in treatments that
included P could be due to the low
wheat yields. Exchangeable K was
below the critical level of 78 ug/g soil
in all treatments, including the FYM,
which suggests that FYM applications
could not meet the K demand of the
rice–wheat cropping system.

Conclusions

Phosphorus seems to be a more
important nutrient for the wheat crop
than for rice, and lack of K is another
limiting factor for wheat in the rice–
wheat system. This experiment will
be continued to observe the further
effects of mineral fertilizers and
manure in the long run.
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Figure 7. Long-term effect of residual P on
biomass of Sesbania cannabina.
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Rice is the number one crop in Nepal,
followed by maize and wheat. Wheat
is grown on more than 0.653 million
hectares and occupies roughly 35% of
the total rice area. More than 84% of
the total wheat area is under the rice–
wheat cropping system. This rice and
wheat, grown in sequence, are the
most important crops for food
security in Nepal. The productivity of
these crops has to be improved to
feed the growing population.

Soil puddling is the most common
practice for transplanting rice. It
involves plowing and planking in
standing water and results in the
dispersion of aggregate clay to
muddy suspension. Because of the
implements used and because the soil
pores are sealed by dispersed clay, a
dense, impervious layer is formed at
the plow sole (Ghildyal 1978). This
compacted subsurface layer reduces
percolation and nutrient losses,
facilitates submergence (which helps
control weeds), and creates the
reduced conditions favorable for rice
to grow. Puddling and the compacted
sublayer adversely affect the
succeeding crop, however, by
restricting root growth, and
decreasing porosity, water retention,
infiltration, and soil aggregate size.

At Pantnagar and Ludhiana in
northwestern India, an increase in the
bulk density of soil under the rice-
wheat system was observed, which
adversely affected the water intake
rate and soil water storage. Plowing
destroyed the soil structure in over-
saturated soils. Furthermore, when
the soil is tilled for the next crop, it
becomes hard and forms large clods.
In China, zero tillage was
recommended for just such
conditions and has been accepted by
farmers.

Rice transplanting is costly and
cumbersome. Labor shortages at the
peak work period aggravate the
situation, and farmers are forced to
transplant seedlings at less than the
optimal age. The transplanted rice
matures late, which prevents timely
seeding of subsequent crops. Direct-
seeded rice, on the other hand,
matures 7–10 days earlier than
transplanted rice and thus
encourages timely wheat seeding and
increased cropping intensity. Because
direct seeding of rice into dry soil
does not disturb the soil, the practice
could result in higher yields in the
succeeding wheat crop. The study
described in this paper aimed to seek
alternatives to rice transplanting and

current wheat seeding practices,
investigate the effects of puddled and
non-puddled soil on rice and wheat
yields, and evaluate the performance
of surface seeding, the Chinese seed
drill, and farmers’ practice in the
lower wetlands.

Materials and Methods

The crop establishment experiment,
conducted from the 1993/94 to the
1996/97 wheat season, consisted of a
split plot design with three
replications. The main plot
treatments were rice cultural
methods: dry-seeded rice (DSR)–
broadcast, wet-seeded rice (WSR)–
broadcast; transplanting (TPR); DSR–
Chinese seed drill; and WSR–IRRI
drum seeder. Wheat establishment
methods (surface seeding, the
Chinese seed drill, and farmers’
practice) were in the subplots. The
experimental area was irrigated
before seeding to saturate the soil.
For the surface seeding treatment,
wheat seed was soaked for 10–12
hours, treated with fresh cow dung,
and sown in the late afternoon. For
the Chinese seed drill treatment,
wheat seeding was done when the
soil moisture was adequate to allow

Effect of Rice and Wheat Establishment
Techniques on Wheat Grain Yield

G.S. Giri

ABSTRACT. An experiment was designed to develop an alternative technology to rice transplanting and
wheat seeding in soils with excess moisture. Rice planting methods did not affect wheat yield whereas wheat
crop establishment methods significantly affected wheat grain yields and yield components. Planting wheat
with the Chinese seed drill resulted in the highest grain yield (2,937 kg/ha) and net benefit (Rs 20,194/ha).
The next most favorable practice was surface seeding of wheat. Surface seeding resulted in the most plump

grain and proved to be an alternative for planting wheat on time in the mid- and lower wetlands, where there
is excess soil moisture at wheat planting time. This practice could help bring non-traditional wheat areas

(presently sown to rice–fallow) into wheat cultivation (rice–wheat).
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the seed drill to operate. Generally
10–12 days were needed to plant
wheat with the Chinese seed drill,
whereas farmers’ land preparation
practices took 15 days. The wheat
variety Nepal-297 was sown at a rate
of 120 kg/ha. Fertilizer applications
consisted of 100:50:25 kg N-P2O5-
K2O/ha. Nitrogenous fertilizer was
applied in two split applications in
the late afternoon to minimize losses
through volatilization.

For the Chinese seed drill
treatment, an equal amount of seed
(calculated beforehand) was used in
all treatments. Fertilizers were
applied just before wheat planting.
The seed drill tilled the soil, planted
seed in a row, and simultaneously
planked the field, thus reducing the
long turnaround time and costs for
land preparation.

In the farmers’ practice, fields were
plowed three times and planked at
least twice after plowing. Seed and
fertilizer were broadcast,
incorporated into the soil, and
planked.

For all treatments, data on yield
and yield components were recorded
and analyzed.

Results and Discussion

Rice Crop Establishment
Dry-seeded, broadcast rice produced
the highest number of effective
tillers/m2, comparable to wet-seeded
broadcast rice and the Chinese seed
drill. Dry-seeded rice differed
significantly from transplanted rice
and wet-seeded rice with the IRRI
drum seeder. No significant
difference in the number of grains per
spike was found among treatments.
The rice treatments did not affect the
thousand-grain weight of wheat.
Broadcast, dry-seeded rice also
produced the highest biomass yield,

significantly different from the rest of
the treatments. Yields obtained using
the drum seeder were the lowest and
differed significantly from other
treatments. There was no difference
in yields from other treatments. The
treatments in which soil was not
puddled (DSR-broadcast and DSR-
Chinese seed drill) gave relatively
higher grain yields than other
treatments (Table 1).

Wheat Crop Establishment
The Chinese seed drill produced the
highest number of effective tillers/m2

compared to surface seeding and
farmers’ practice, but surface seeding
and farmers’ practice were similar in
this respect. Among all of the
treatments, surface-seeded wheat
produced the lowest number of

grains per spike, but it resulted in the
highest thousand-grain weight and
was significantly better than rest of
the treatments. Surface seeding was
followed by the Chinese seed drill
and farmers’ practice (Table 2). This
result can probably be attributed to
the earlier planting of surface-seeded
wheat compared to the other
treatments. The farmers’ practice
resulted in shriveled grain because of
post-anthesis drought and heat stress
from late planting.

The Chinese seed drill produced
the highest biomass and grain yield
(Table 2). The biomass and grain
yields from surface seeding and
farmer’s practice were alike. The
Chinese seed drill also gave the
highest net benefit of all of the
treatments, followed by surface

Table 1. Wheat yield and its components as affected by rice establishment techniques (pooled
analysis, 1993/94 to 1996/97), Bhairahawa, Nepal

Grains 1000-grain Biomass Grain
Effective per weight yield yield

Rice establishment method tillers/m2 spike (g) (kg/ha) (kg/ha)

Dry-seeded rice, sown broadcast 287 a 30 40.72 6,313 a 2,885 a
Wet-seeded rice, sown broadcast 275 ab 31 40.58 5,757 b 2,689 a
Transplanted rice 264 b 30 40.43 5,764 b 2,630 a
Dry-seeded rice, sown with Chinese seed drill 272 b 31 40.74 5,773 b 2,716 a
Wet-seed rice, sown with IRRI drum seeder 263 b 30 39.92 5,536 b 2,519 b

F-test S NS NS S S
CV% 9.85 12.4 3.08 15.43 12.6

Note: Data are means of three replications over four years. Means are separated by DMRT at 5% level of
significance. Means with the same letter in the column are not significant. S = significant; NS = not
significant.

Table 2. Wheat yield and its components as affected by wheat establishment techniques (pooled
analysis, 1993/94 to 1996/97), Bhairahawa, Nepal

Grains 1000-grain Biomass Grain
Effective per weight yield yield

Wheat establishment method tillers/m2 spike (g) (kg/ha) (kg/ha)

Surface seeding 255 b 26 b 43.79 a 5,611 b 2,632 b
Chinese seed drill 303 a 32 a 40.45 b 6,367 a 2,937 a
Farmers’ practice 260 b 33 a 37.21 c 5,508 b 2,494 b
F-test S S HS HS HS
CV% 11.72 10.14 2.85 12.84 11.91

Note: Data are the means of three replications over four years. Means are separated by DMRT at 5%
level of significance. Means with the same letter in the column are not significant. S = significant;
HS = highly significant.
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Table 3. Partial budget analysis of wheat crop establishment methods, Bhairahawa, Nepal

Surface seeding Chinese seed drill Farmers’ practice

Wheat yield (kg/ha) 2,632 2,937 2,494
Adjusted wheat yield (kg/ha) 2,369 2,643 2,245
Gross field benefit (Rs) 18,952 21,144 17,960
Land preparation costs (Rs/ha) 0 850 2,625
Labor costs (Rs/ha) 200 100 200
Total costs that vary (Rs/ha) 200 950 2,845
Net benefit (Rs/ha) 18,752 20,194 15,115

Note: Wheat farmgate price per quintal wheat grain is Rs 800.00; rental costs for land preparation include
bullocks (Rs 2,626.00) and Chinese seeder (Rs 850.00).

seeding and the farmers’ practice
(Table 3). The farmers’ practice had
the lowest net benefit because of the
higher land preparation costs. The
Chinese seed drill also gave a higher
marginal rate of return (Table 4). For
these reasons, the drill clearly
emerged as an alternative wheat
establishment practice for sowing
wheat on time in the lower wetlands.
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The Green Revolution of 30 years ago
was solely responsible for averting
disaster in heavily populated
countries in South Asia. In Nepal
during the late 1960s and early 1970s,
the Green Revolution increased crop
production and transformed Nepal
into a net exporter of food. The
increased productivity of the later
1970s and 1980s, while partly the
result of successful crop breeding
research, was mainly the result of
bringing additional areas under
cultivation and the emergence of
double cropping of rice and wheat. In
this way Nepal’s agricultural
production was just able to keep
ahead of its burgeoning population.

Since the Green Revolution, the
bulk of research and extension efforts
in Nepal have focused on breeding
high yielding varieties (HYVs) and
applying external inputs, such as
irrigation water and chemical
fertilizer. The over-reliance on crop
science has led to stagnating increases
in agricultural production over the

last decade, however, and Nepal has
slipped back into being a net importer
of food. Recently many agricultural
experts, politicians, and farmers have
become alarmed at the marginal
increases made in grain production,
especially in wheat. There has been a
growing awareness among crop
scientists that research into farm
mechanization had been lacking.

Beginning in the 1990s, small-scale,
appropriate technology that had
successfully raised agricultural
production throughout Southeast and
East Asia caught the attention of
CIMMYT and NARC scientists.
Increased research into farmers’
practices and appropriate technology
tools and machines may be able to
break the yield barrier that Nepali
agriculturists confront.

Researchers from NWRP/RARS–
Bhairahawa, the Agriculture
Engineering Division (AED)–NARC,
and CIMMYT devised a research
program for comparing small- and
medium-scale farmers’ practice and
appropriate technology tools and

machinery. The Chinese hand tractor
(CHT), model Dongfeng-12 Type 195
(12 HP diesel), features simple,
compact construction and easy
operation. The tractor is suitable for
use in paddy fields, dry fields,
orchards, and vegetable gardens.
With the proper attachments it can be
used for rotary plowing, rotary
cultivation, harrowing in paddy
fields, harvesting, and transportation.
With other accessories, the tractor can
be used to dig small-scale drainage
and irrigation ditches and can serve
as a power source to pump water,
thresh grain, mill flour, cut fodder,
and winnow grain (among other
things). Specifications of the CHT are
listed in Appendix 1.

Traditional farming methods in the
rice–wheat cropping system have
caused bottlenecks in the use of labor
and application of external inputs at
rice harvest and wheat planting.
Because of labor shortages in rice
harvesting, farmers cannot plant
wheat on time and also experience

Farmer Participatory Research on the Chinese
Hand Tractor, Rupandehi, Nepal, 1997

G. Pradhan, S.U. Khan, S. Justice, and V.K. Gami

ABSTRACT. The Chinese hand tractor (CHT) and its implements were tested over one complete crop season of
wheat in the Rupandehi District in a joint program that included Rupandehi farmers, the National Wheat Research
Program/Regional Agriculture Research Station (NWDP/RARS), Bhairahawa, the International Maize and Wheat

Improvement Center (CIMMYT)–Nepal, along with the District Agriculture Development Office (DADO)–
Bhairahawa, the Bhairahawa Lumbini Ground Water Project (BLGWP), and the Agricultural Engineering Division
(AED)–Khumaltar. A farmer participatory research approach was used in testing and evaluating the CHT. Farmers

utilized the tractors under their own conditions and then gave a high approval rating of the technology. With
additional testing and proper support programs, the tractor can alleviate Nepali farmers’ problems of late wheat
planting, poor crop establishment, and labor shortages, as well as diminish the stoop labor that is inherent in the

current practices, in a socially and economically sustainable manner. What the seed drill can accomplish in a single
pass (tilling soil to a fine tilth, drilling seed in rows, and planking) is remarkable to the farmers and reduces their
turnaround time and cost of preparatory tillage. Moreover, with additional testing and evaluation of the tractor’s
other uses (e.g., harvesting, threshing, winnowing, fodder cutting, milling, pumping of water, pulling traditional

oxcart), valuable dimensions can be added to this technology package.
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difficulty in finding/applying
fertilizer for HYVs. Consequently,
farmers cannot get the expected yield
from their wheat crop. This trend has
been increasing year by year.

If it were to become available, this
relatively expensive technology could
easily be adopted by large-scale and
even medium-scale farmers (the
minority), but small-scale farmers
(the majority) could be excluded from
participating and competing in the
coming mechanization of the Tarai.1

Keeping this in mind, our objectives
were:
•To overcome the problems of late

planting, poor crop establishment,
and labor shortages.

•To test and evaluate the economic and
sociological sustainability of the CHT.

•To acquaint small- and medium-scale
farmers with the CHT technology.

•To evaluate whether the tractor can be
economically utilized in a small-scale
farmers’ cooperative setting.
According to Central Bureau of

Statistics data for 1993, most farmers
in Rupandehi District have land
holdings of 0.5–1.0 ha (about 132,834
ha are included in this category)
(Table 1). Farms of 4–5 ha have a
maximum number of parcels (an
average of 14.7).

In Rupandehi District, the
concerned VDCs have a farm size
ranging from 0 ha to 8.6 ha. The
predominant cropping pattern is

rice–wheat–fallow (86%) in irrigated
areas and rice–fallow–fallow (65%) in
rainfed areas. About 70% of the
participating farmers have fallow
land in the winter season because
they have no irrigation, 13%
experience labor shortages, and 9%
have inundated land. Based on the
survey data, 60% of farmers use the
traditional wooden plow and 15%
use the three-tined plow. Most
farmers sow wheat broadcast at a rate
of 150–180 kg seed per hectare (see
the survey report on impact
assessment of seeding and harvesting
by CHT, 1996/97).

Methods

The CHT had been tested in
Bhairahawa as well as in the
Naldung area over the last few years,
but prior to this study its full impact
and capabilities in farmers’ fields,
under farmers’ conditions, were not
known. The research described here
made use of a frequently mentioned
but often unattained methodological
approach called farmer participatory
research (FPR). This type of research
employs a farmer perspective
derived from agricultural
anthropology for the purpose of
gaining an understanding of farmers’
perspectives, practices, and technical
knowledge. This understanding is

applied to farmer-driven, farmer-
managed research trials. The
approach differs from the current
practice, in which “farmer
participation” is defined either as the
implementation of management
operations in researchers’ trials or as
farmer field trials that occur late in
the process of identifying
recommendations.2  Bringing farmers
into the process closer to the
beginning would promote more
efficient research into farmer-relevant
domains. In this case, if farmers and
researchers deem the CHT technology
suitable, the contextualized data
provided by such an approach would
inform a larger program aimed at
jump-starting Nepal into sustainable
and socially equitable agricultural
mechanization.

The interdisciplinary research team
involved scientists from NARC and
CIMMYT and extensionists from the
Bhairahawa Lumbini Ground Water
Project (BLGWP) and Rupandehi
Agricultural District Office (ADO).
The CHT was tested in pre-existing
farmer groups in the Tikulighar
Village Development Committee
(VDC) (BAF outreach site),
Majhagaun VDC (ADO, Rupandehi),
and Ekla VDC (BLGWP), all in
Rupandehi District (Table 2). It was
thought that by using established
groups of farmers the prospects for

Table 1. Cultivated land by size of holding, Rupandehi District, Nepal

Size of holding (ha)

Landless <0.1 0.1-0.2 0.2-0.5 0.5-1 1-2 2-3 3-4 4-5 5-10 >10 Total

No. farmers 1,568 2,590 3,976 15,356 18,710 16,741 5,033 1,751 729 1,167 219 71,817
Total area (ha) 5.0 157 974 5,262 132,834 22,831 12,019 9,866 3,162 7,310 2,726 731,961
Avg. no. parcels 0.2 1.4 1.9 3.2 9.7 7.2 8.8 11.7 14.7 13.4 8.0 53

Source: Central Bureau of Statistics, Nepal (1993).
Note: “Landless” means farmer has less than 8 dhur (0.002 ha) in the Tarai.

1 And it is coming. Already, large farmers in the south of Rupandehi and Kapilvastu are hiring Indian combines to come across the border and
harvest their rice and wheat.

2 In Dr. Eugene Saari’s farewell address at BAF, he emphasized that the farmer input comes much too late into the breeding trials and
potentially wastes millions of rupees in research for obtaining lines that farmers will never adopt.
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success in the cooperative aspect of
the program would be enhanced. The
CHTs with rotovators-cum-seed drills
were provided by NWRP/RARS,
Bhairahawa. The user groups decided
upon the management of the tractors,
including the rental rates. They
agreed to manage the seed, fertilizer,
minor maintenance, and fuel, as well
as the operator. Over 100 households
utilized the tractor under this
program. From this group, 66 farmers
in the various VDCs were
interviewed through questionnaires
and data were collected regarding the
performance of the CHT, its
multipurpose uses, as well as
farmers’ reactions to the technology.

Convening meetings of farmers,
line agency personnel, and scientists
established: 1) program guidelines,
such as responsibilities of the farmers,
line agencies, and scientists;
2)training in tractor operation and
maintenance; 3) a schedule for
rotating the equipment among the
farmers; and 4) arrangements for data
collection and a survey of the farmer
user groups.

Results and Discussion

Of the total participating farmers,
41% would like to buy the CHT
individually where as 76% would be
interested in buying it under some
cooperative arrangement in which the
equipment could be shared. As for the
seed drill, 45% of the farmers in the
user groups reported excellent

germination and 40% reported good
germination in comparison to
farmers’ practices.

Table 3 illustrates that the CHT was
found economically suitable, as it
saved Rs 1,750/ha in land
preparation and wheat sowing costs.
For wheat harvesting the tractor
saved Rs 1,185/ha, whereas for the
rice harvest the tractor saved Rs
1,440/ha. The higher benefit was
obtained from the Chinese seed drill.
A lesser benefit was obtained from
farmers’ practice because of the high
cost of preparatory tillage (Table 4).

The total estimated operational cost
for the first year is Rs 90/h (Tables 5a
and 5b), and according to the survey
data farmers were willing to pay Rs
100/h to rent the CHT. If properly
repaired and maintained, the CHT
can be expected to last more than five
years. More money can be saved if

the CHT is operated for more than
1,250 h/yr (3.42 h/day). According to
the estimates in Tables 5a and 5b,
after five years the loan for the CHT
would be amortized.

Farmers decided that the CHT
should be distributed on a rotational
block basis. Ninety-five percent of the
participating farmers reported that
the CHT was economical, suitable,
and easy to operate. It was reported
to us that one farmer had devised a
modification to the tractor, albeit a
dangerous one, to his and others’
delight. When we went to investigate
we found that the farmer had taken
the blade off of his hand-cranked
winnowing fan and placed it on the
end shaft of a power thresher. This
had the effect (as he described) of
producing a “storm of wind” in
which he and other farmers in the
group had winnowed over 20 tons of

Table 2. Statistical data on research sites for the
Chinese hand tractor, Nepal

Village Cultivated Farmers
development Popula- area interviewed
committee tion (ha) (no.)

Ekala 3,485 1,918 35
Majhgaun 3,464 646 19
Tikuligarh 11,280 1,652 12

Table 3. Estimated labor costs for sowing wheat and planting and harvesting rice and wheat (Rs/ha),
Rupandehi, Nepal

Cost
Operation Farmers’ practice Chinese hand tractor difference (Rs) Remarks

Land preparation
and wheat sowing Rs 2,650 10 h x Rs 90 = Rs 900 1,750 –

Wheat harvesting Labor 3.5 h x Rs 90 = Rs 315 1,185 Labor costs do not
30 x Rs 50 = 1,500 Rs include lunch/tea

Rice harvesting Labor 4 h x Rs 90 = Rs 360 1440 Labor costs do not
36 x Rs 50 = Rs 1,800 include lunch/tea

Note: Under the farmers’ practice, fields were plowed three times and at least two plankings were done
after each plowing. The Chinese seed drill performed three operations (plowing, row planting, and
planking) in a single pass (reduced tillage). Total bullocks 26 x Rs 100 = 2,600 + 1 day labor for
sowing 1 x Rs 50 = Rs 2,650.

Table 4. Partial budget for wheat crop establishment methods, Rupandehi, Nepal

Particulars Chinese seed drill Farmers’ practice

Wheat yield (kg/ha) 2,937 2,494
Adjusted wheat yield (kg/ha) 2,643 2,245
Gross field benefit (Rs/ha) 21,144 17,960
Land preparation cost (Rs/ha) 850 2,625
Labor cost (Rs/ha) 100 200
Total costs that very (Rs/ha) 950 2,845
Net benefit (Rs/ha) 20,194 15,115

Note: Farmgate wheat price = Rs 800/qt; bullock rental for land preparation = Rs 2,625; seeder = Rs 850
(Giri 1997).
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wheat in a single day. This in turn has
given the engineers the idea to
develop a safer version of the
farmer’s innovation.

Conclusions and
Recommendations

The farmer groups that participated
in this study encountered problems
in implementing, maintaining, and
sharing the technology. We found the
FPR methodology gave us valuable
insights into the way farmers worked
through and overcame these
problems. The resulting data will be
valuable for policy makers,
researchers, and future programs
involving small farmer cooperative
management and outreach activities
surrounding the CHT.

Use of the CHT is most suitable
and sustainable for small- to
medium-scale farmers and is
acceptable as agricultural
mechanization in Nepal. This
technology will overcome problems
such as late planting of wheat, labor
shortages, and poor crop

establishment. Its efficiency and
effectiveness will increase as the size
of the plot or parcel increases (that is,
planted area will increase as bunds
and ridges are brought under the
plow).

Land consolidation and
increasingly larger plot sizes are
inevitable in the farm mechanization
process, yet because of its smallness
and maneuverability, the CHT is
inherently more efficient than four-
wheel tractors. Until such time as
farmers’ plot sizes increase, the CHT
should be economically competitive
with four-wheel tractors.

Perhaps the most important lesson
learned from the FPR is that proper
training is essential for success. Any
national program that would make
this technology available to Nepali
farmers must have a strong training
component, providing the proper
skills to maintain and operate the
equipment. Additionally, it is
strongly suggested that local
blacksmiths and workshops be
trained in repairing this valuable
technology.

Several research and policy issues
related to the technology merit future
consideration:
•The ability of local (Nepali)

workshops and industries to
manufacture if not the whole tractor
then the tractor attachments (import
substitution) should be investigated.

•There should be an increase in the
scope of end users—that is, farmer
participatory testing and evaluation of
the tractor under the management of
landless farmers and women farmers.
The possibility of women operators
should also be explored.

•Additional methods of conservation
tillage should be tested with the CHT,
such as a strip-till seed drill, ridge
tilling, and zero tillage, especially
under rainfed upland/residual water
management conditions.

•The CHT should be tested for seeding
crops other than wheat, such as maize,
soybeans and other legumes, and
direct-seeded rice.

• It is important to determine the extent
to which the CHT technology or any
other agricultural machine technology
needs to be tested and verified before
it receives NARC/AED approval. It
may be necessary to set up a
multidisciplinary board similar to the
one that approves the releases of new
crop varieties.

•Upon approval of machine
technologies, national policies are
needed to ensure that small-scale
farmers, including women farmers,
are allowed fair and equal access to
them.
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Table 5a. Estimated fixed costs of operating Chinese hand tractor for five years, Nepal

Fixed cost Year 1 Year 2 Year 3 Year 4 Year 5

Capital Rs 160,000/5yr
  (utility life = 5 yr, depreciation rate = 20%)a 32,000 32,000 32,000 32,000 32,000
Interest @ 18% 28,800 23,040 17,280 11,520 5,760
TIH (govt. tax, insurance, housing) @ 5% 8,000 8,000 8,000 8,000 8,000
Subtotal 68,800 63,040 57,280 51,520 45,760
Utility = 1,250 h/yr (cost Rs/h) 55.04 50.43 45.83 41.22 36.61

a Capital cost of hand tractor with rotary cultivator, seeder, three-in-one, reaper, and locally made tiller.

Table 5b. Estimated variable costs of operating Chinese hand tractor for five years, Nepal

1. Fuel + lubrication Rs 17.25/h (1 L diesel/h + 15% = Rs 15 + 2.25 = Rs 17.25)
2. Operator labor cost Rs 14.29/h (working h = 7/day : Rs 100/day)
3. Repair and maintenance Rs 2.56/h (2% of capital)

Subtotal ( 1 + 2 + 3) Rs 34.10/h

Total operating costs, year 1
(subtotals from Tables 5a and 5b) (Rs 55.04 + Rs 34.10) = Rs 89.14/h ª (Rs 90/h)
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Appendix 1. Technical specifications of the Chinese hand tractor

Chinese hand tractor
Overall dimensions ( L x W x H ) 2,680 x 960 x 1,250 mm
Engine

Model Dongfeng–12, type 195, diesel
Rated output 9.1 kW
Rated speed 2000 rpm
Constructional weight 140 kg

Type Single axle, dual-purpose for both traction and drive
Ground clearance 182 mm
Wheel tread (adjustable in 4 steps) 800 to 640 mm
Speed

Forward (3x2 gear high and low) 1.4 to 15.3 km/h
Reverse (1x2 gear high and low ) 1.0 to 3.8 km/h

Cultivator shaft speed High, 256 rpm; low, 188 rpm
Driving wheel 6.00- 12, 4-ply rubber type
Tire pressure 1.4–2. 0 kg/cm2

Minimum turning radius 0.9 m
Seed drill

No. rows 6 (adjustable)
Overall width 1.3 m

Reaper (harvester model SU 4 GL-130)
Cutting width 1.3 m



The rice–wheat cropping sequence
predominates in the Tarai, inner
Tarai, Tars, and lower valleys of
Nepal. The area under this cropping
sequence is estimated to be more than
0.5 million hectares. About 35% of
total rice area and more than 84% of
the wheat area is under this cropping
sequence (Singh and Paroda 1993).
Before the 1960s, farmers mostly
monocropped tall rice varieties in a
rice–fallow sequence, and they
practiced more recycling of organic
matter in the form of straw and farm
yard manure (FYM). To enable crop
yields to keep pace with the growing
population, Nepal introduced input
responsive, disease and insect
tolerant, short, high yielding varieties
(HYVs) of rice and wheat. The
introduction of HYVs and resulting
crop intensification under limited
input (fertilizer) applications
depleted soil fertility, however. For
various socioeconomic reasons,
Nepali farmers could not meet the
demand of crops for inputs.

Results of long-term experiments at
Bhairahawa revealed declining
productivity of rice and wheat at the
same level of inputs under a rice–
rice–wheat cropping system. This

decline could result from continuous
monocropping of rice and wheat,
which could have favored certain soil
microbes or depleted macro- and
micro-elements that are extremely
important for sustaining the yields.
Even the most popular wheat
varieties such as RR-21 and UP-262
have shown a declining yield trend in
CVTs at the same level of inputs over
the years. Farmers have also reported
declining yields over time at constant
inputs. Agricultural production is
declining despite the government’s
commitment to support it, and
researchers and indeed even farmers
feel that the soils are not as fertile as
they once were (Carson 1992).
Scientists from the International
Maize and Wheat Improvement
Center (CIMMYT), International Rice
Research Institute (IRRI), and
International Center for Research in
the Semi-Arid Tropics (ICRISAT)
have joined hands with Nepali
scientists in NARC to study
sustainability issues in rice–wheat
systems. Diagnostic surveys were
initiated in the 1989 rice and wheat
seasons to determine the problems
associated with rice–wheat system.
Since then, monitoring during the
active growth stages of the rice and

wheat crops has been done to track
the changes that have been taking
place in farmers’ fields in
Bhairahawa, Rupandehi District.

Materials and Methods

As noted earlier, monitoring of
selected farms and farmers has
continued since the benchmark
diagnostic surveys of the rice–wheat
systems of the Tarai were conducted
in 1989. Multidisciplinary research
teams have participated in
identifying and researching the
problems prevailing in the farmers’
fields. Aside from the monitoring
research, frequent interactions among
farmers, researchers (including social
scientists), and extension personnel
are useful for the technology
generation process. Yield trends are
estimated using crop cuts from 3 m2

from three randomly selected
locations in each farmer’s field.
Nutrient mining is assessed by
comparing results of the 1991 soil
sample analysis with data from
subsequent analyses. Information on
insect, disease, and weed build-up
over years is also extremely useful for
future research planning.

Farm Monitoring: A Tool for Trend Analysis in
the Rice–Wheat System of Rupandehi

District, Nepal

G.S. Giri

ABSTRACT. Cultivation of rice and wheat on the same piece of land year after year results in
nutrient mining. Both researchers and farmers have confirmed declining yield at constant inputs. To
become more assured about the research results and farmers’ perceptions of these problems, long-term

farm monitoring was initiated. Monitoring is done to track nutrient mining, possible outbreaks of
insect pests and diseases, weeds, use of inputs, and resulting outputs. Soils analysis has revealed

depletion of most major and minor elements over time. Yields of both crops improved when additional
inputs were applied.
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Results and Discussion

Crop Cut Estimates of Rice
and Wheat Yields
Since 1991, rice and wheat yields
have tended to increase (Figure 1),
probably because of a slight increase
in inputs and good weather. The
yield increase was more pronounced
in rice (160 kg/yr), even at lower
input levels, but it was minimal in
wheat (7 kg/ha/yr).

Fertilizer Application
The amount of nitrogen (N) and
phosphorus (P2O5) that farmers
applied to wheat increased slightly
over the years. The increase in N
applications was greater than that for
P (Figure 2). In rice, the amount of
fertilizer (particularly N and P2O5)
applied to the crop remained almost
unchanged (Figure 3). Farmers
applied less fertilizer to rice and more
N and P2O5 to wheat compared to

rice (Figures 4 and 5), although rice
yields were superior. These results
clearly indicate lower fertilizer use
efficiency (FUE) in wheat because of
moisture and heat stress after
anthesis. These stresses are the result
of late planting. There is also more
P2O5 absorption into the soil during
the wheat season, whereas P2O5 could
have been released in the submerged
conditions of rice culture.
Appropriate methods of increasing
FUE in rice and wheat should be

sought to make wheat cropping more
profitable to farmers.

Soil Analysis Results
Analysis of soil samples from the
selected plots revealed surprising
results. Most samples indicated
severe nutrient mining over the years.
Nutrient mining could result from the
negative nutrient balance—in other
words, the nutrients that crops absorb
from the soil are not replaced through
external applications of nutrients.
Phosphorus—The number of soil
samples with low P availability
increased from 16% to 30% during the
course of five years, whereas samples
with medium P availability decreased
with the same ratio (Figure 6).
Potassium—Potassium (K)
availability in the soil decreased over
the years irrespective of soil type
(Figure 7). This reduction could be
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Figure 1. Rice and wheat yields from rice–wheat
monitoring, Rupandehi District.
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Figure 2. NP applied to wheat by farmers over
the years, Rupandehi District.
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Figure 3. NP applied to rice by farmers over the
years, Rupandehi District.
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Figure 4. N applied to rice and wheat by
farmers, Rupandehi District.
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Figure 5. P2O5 applied to rice and wheat,
Rupandehi District.
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Figure 6. P status in soil samples from
Rupandehi District over 5 years.
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Figure 7. K status in soil samples from
Rupandehi District over 5 years.
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attributed to non-application of K,
poor recycling of organic matter, and
the removal of large amounts of K by
the crops. Very few farmers apply K
in their fields, and crops are showing
signs of K deficiency. Crops have
become more prone to lodging, insect
infestation, and disease infestation
due to the depletion of K in the soil.
Sulfur—Sulfur (S) availability in
medium and light soils decreased
over the years but increased in heavy
soils (Figure 8), perhaps because of
the cultivation of oilseeds, pulses, and
other crops in medium and light soils.
Increased S in heavy soils could be
due to leaching/runoff of S from
upper terraces and low cropping
intensity.
Calcium—Calcium (Ca) declined
over the years irrespective of soil type
(Figure 9), possibly because of the
application of acidic fertilizers such as

urea and deposits of sodium on the
soil surface through capillary
movement.
Magnesium—Magnesium (Mg) also
decreased irrespective of soil type
(Figure 10). The reduction was more
pronounced in medium and heavy
soils. This reduction could also be
attributed to the application of urea
for a long period.
Manganese—Manganese (Mn)
availability in the soil decreased
(Figure 11). The magnitude of the
reduction was greater in light and
medium soils than in heavy soils. The
reasons for low availability of this
nutrient could be depletion and non-
application of manganese to soils.
Sodium—There was a reduction in
sodium (Na) availability in medium
and light soils, whereas Na
availability increased in heavy soils
(Figure 12). Leaching of Na from

upper terraces could have
contributed to higher Na availability
in heavy soil.
Iron—The availability of iron (Fe)
decreased irrespective of soil type
(Figure 13). The magnitude of the
reduction was greater in light and
heavy soils compared to medium
soils.
Zinc—Zinc (Zn) deficiency became
more severe in rice but was not
severe in wheat. Genotypic
variability for tolerance/
susceptibility to Zn deficiency has
been found.

Conclusions

Monitoring during the active growth
stages of the crops gives ample
opportunities for researchers and
others to become familiar with
problems associated with rice and
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Figure 8. S status in soil samples from
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wheat in the field. By constantly
tracking changes over time, it is
possible to define cropping problems
more precisely and pinpoint newly
emerging problems. Monitoring also
provides valuable time-series data on
yield, nutrient mining, and the

buildup of insects, diseases, and
weeds over time. All of this
information helps improve the
planning of research and encourages
better interaction among scientists,
farmers, and extension personnel.
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The Regional Agricultural Research
Station, Parwanipur is situated in the
central Tarai of Nepal. The command
area includes the Tarai region of
Dhanusha, Mohottari, Sarlahi,
Rautahat, Bara, and Parsa Districts.
The total cultivated land in the
command area is 379.5 thousand
hectares. About 50% of the
agricultural land is irrigated. The
Parwanipur command area is
dominated by the middle wetland
agroecological zones, which occupy
28.2% of the area. Lower wetlands
account for 7.3% of the area; flood-
prone land accounts for 5.5%; dryland
accounts for 4.2%; and forest in
dryland zones accounts for 3.0%.

Rice and wheat are important
components of Nepal’s food
requirement. In Nepal, the rice–wheat
rotation is grown on about half a
million hectares, with more than 85%
of the wheat grown following rice
(Hobbs 1995). Rice–wheat is the
predominant cropping system in the
Tarai and mid-hills, but an inadequate

plant nutrient supply has resulted in
diminished crop productivity. In this
context, research suggests that
inorganic and organic amendments
can be integrated to produce high and
economic yields from this multiple-
crop sequence without adversely
affecting soil productivity.

Long-term Soil Fertility
Experiment in Rice–
Wheat Systems, RARS,
Parwanipur

The field experiment was initiated in
1980/81; details of treatments are
presented in Table 1. This paper
focuses on rice and wheat grain yields
obtained after the 16th and 17th
(1995/96 and 1996/97) rice and wheat
harvests (Table 2). A balanced
application to rice of nitrogen (N),
phosphorus (P2O5) and potassium

(K2O) at 100:30:30 kg/ha, along with
ZnSO4  at a rate of 25 kg/ha, and the
same amount of NPK applied to
wheat, were the best combinations
with respect to grain yield for both
crops. The combined effect of N–P2O5

–K2O was superior over the N and N
+ K2O treatments in both rice and
wheat. Furthermore, the application
of P2O5 to wheat produced a
significantly higher grain yield in the
following rice crop than the
treatments having only N and N +
K2O applied to rice. The use of FYM
alone was not sufficient to meet the
nutrient requirement of the crops.
However, the addition of 50 kg N/ha
enhanced the benefit of compost
application. Similarly, residual farm
yard manure (FYM) plus N–P2O5 –
K2O in wheat produced the highest
grain yield of 2.66 t/ha.

The soil analysis results showed
that the use of FYM alone or with 50
kg N/ha significantly increased the
organic carbon content of the soil over
the untreated plots and those applied
with unbalanced doses of fertilizer in
the long run (Table 3). Several
researchers have also reported that
FYM application is beneficial in the
long run because it builds up soil
fertility. The long-term use of
unbalanced fertilizer (e.g., N only,
through urea) has resulted in a
considerable decrease of soil pH
value. Similarly, the soil pH value was
maintained by the application of FYM
and straw each year.

Report on Rice–Wheat Research at
Parwanipur Lead Center

S.K. Gami, G.P. Koirala, N.P. Adhikari

Table 2. Rice and wheat grain yields (t/ha) in
long-term soil fertility experiment, Parwanipur,
Nepal, 1995/96-1996/97

Treatment
no. Rice Wheat

1 1.57f 0.44d
2 3.37c 1.51c
3 3.67bc 1.89bc
4 3.46c 1.48c
5 3.95ab 2.46ab
6 3.85ab 2.39ab
7 2.35e 1.27c
8 3.00d 1.62c
9 3.36c 1.47c
10 4.05a 2.64a
11 3.68bc 2.66a
12 3.48c 2.39ab

F-test HS HS
CV% 8.43 17.4

Source: Sah and Gami (1997).
Note: HS = highly significant.

Table 1. Treatment designs (kg N, P2O5, and
K20/ha) in long-term soil fertility experiment,
Parwanipur, Nepal

Treat-
ment no. Rice Wheat

1 0-0-0 0-0-0
2 100-0-0 100-0-0
3 100-30-0 100-30-0
4 100-0-30 100-0-30
5 100-30-30 100-30-30
6 100-0-0 100-30-30
7 50-0-0 50-0-0
8 50-20-0 50-20-0
9 0-0-0 + FYM @ 10 t/ha 0-0-0 + FYM

@ 10 t/ha
10 100-30-30 + FYM @ 10 t/ha 100-30-30
11 50-0-0 + FYM @ 10 t/ha 100-30-30
12 50-0-0 + straw @ 10 t/ha 100-30-30
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Green Manuring Trial in
a Rice–Wheat Sequence
in 5 Farmers’ Fields,
Sanipur VDC (1997-98)

The objectives of this trial were to
identity the effect of green manure on
crop yields and soil properties in
farmers’ fields and to enable farmers
to compare the effects of different
sources of green manure on the rice
and following wheat yield. The five
treatments included:
1. Farmers’ practice (fallow–rice–

wheat)
2. Moongbean–rice–wheat
3. Sesbania connabina–rice–wheat
4. Sesbania rostrata–rice–wheat
5. Recommended dose of fertilizer

(N-P2O5-K2O, 100:30:30)

The fresh biomass weight of green
manuring crop is presented in Table
4. Most farmers preferred moongbean
because it could be easily
incorporated into the soil and one to
two pickings of pods were possible.

Planting and Reaping
Methods in 3 Farmers’
Fields, Sugauli VDC

The objective of this trial was to
demonstrate the performance of
different planting and reaping
methods and promote the
adaptability of efficient and
economical equipment.

Varietal Farmer Field
Trial (FFT) on Rice and
Wheat

Seven sets of varietal FFT on rice
were conducted at Sanipur VDC to
study the performance of elite lines of
rice and wheat and select the
medium maturity varieties that fit
well into the rice–wheat sequence.

Additional Activities,
1997/98

A study of surface seeding/relay
cropping of wheat will be undertaken
in lower wetland conditions in
Sugauli to determine if these
practices may increase the area under
wheat, enable farmers to plant wheat

on time and obtain higher yields, and
reduce the costs of wheat cultivation.

A diagnostic survey of the rice–
wheat system in Rautahat District of
Nepal will also be undertaken to
understand local farming systems,
including the rice–wheat system,
evaluate interactions between the
rice–wheat system and other
cropping systems, and identify
constraints to the rice–wheat
production system, along with
causes, possible solutions, and issues
for research.

After the introduction of modern
wheat varieties in Nepal, the area
under the rice-wheat cropping
pattern expanded. The same trend
was seen in Rautahat District, but
productivity of the rice–wheat system
has been declining over the years
because of various factors. This
survey will help identify major
production practices and constraints
in the rice–wheat system in Rautahat
District. Survey results should
encourage the planning and design of
relevant on-farm and on-station
experiments to mitigate the
production problems for such areas.

Review of Past Work

A rapid rural appraisal during 1993
(NARC/ATSP 1994) identified
several research issues, such as the
need for drought-tolerant, short-
duration varieties to fit the rice–lentil
system and drought-tolerant,
medium-duration varieties for the
rice–wheat system. BLB resistant
varieties, varieties suitable for poor
soil conditions, and others were
identified. Some of the problems
identified for the command area of
RARS, Parwanipur during the RR-21
wheat survey included: lack of
irrigation; lack of irrigation

Table 4. Fresh biomass weight (t/ha) of green manure crop

Green manure Farmer 1 Farmer 2 Farmer 3 Farmer 4 Farmer 5 Mean

Moongbean 32.50 25.30 29.50 30.50 24.00 28.40
Sesbania cannabina 31.00 30.30 26.00 31.00 33.50 30.30
Sesbania rostrata 25.75 18.00 14.00 15.50 16.50 17.95

Note: Germination of S. rostrata was poor owing to lack of moisture. Farmer 1 = Rameshwar Chaudhary,
Santpur VDC-2; farmer 2 = Bihari Chaudhary, Santpur-7; farmer 3 = Sib Sharan Chaudhary, Santpur-
7; farmer 4 = Prem Narayan Chaudhary, Santpur-7; and farmer 5 = Paryag Chaudharry, Santpur-7.

Table 3. Organic carbon content of soil and soil
pH values obtained after 16th rice harvest
(1995/96), long-term soil fertility experiment,
Parwanipur, Nepal

Treatment no. Organic carbon (%) pH

1 0.910cd 6.5
2 0.930cd 6.0
3 0.940cd 6.1
4 0.910cd 6.2
5 1.160abc 6.3
6 1.090abcd 6.0
7 0.710d 6.0
8 0.840cd 6.3
9 1.323ab 6.4
10 0.950bcd 6.3
11 1.60a 6.5
12 1.170abc 6.4

Mean 1.033
F-test **
CV% 19.5
LSD 0.05 0.3396
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scheduling and management; over-
irrigation; unavailability of quality
seed and fertilizer on time; high price
of seed; threshing problems; weevils
in stored grain; weed infestation; and
land fragmentation, among others. A
more detailed survey for identifying
production practices and problems in
rice–wheat is lacking.
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Rice is the most important food grain
crop in Nepal, grown by the majority
of the farmers in all agroecological
zones, ranging from the Tarai (100-
300 m), valley and foot hills (100–
1,000 m), to the high mountains
(2,600 m). Wheat is the third major
cereal and often is grown in the
winter season in the same field after
rice. The rice–wheat sequence covers
30% of the rice area and 75% of the
cultivated wheat area (Huke et al.
1993).

In the lowlands, rice is the main
crop in the rainy season. In the
winter, even if irrigation is available,
rice cannot be cultivated because of
low temperatures. So wheat is the
main winter crop, followed by maize,
lentils, gram, peas, linseed, mustard,
and other crops.

Despite the high priority given to
research, extension, and use of
improved production technology,

farm-level productivity of rice and
wheat has declined in recent times
(Regmi 1996). Various factors are
responsible, including lack of
irrigation and outbreaks of insects,
pests, and diseases ( Pimentel 1983).
Among the diseases, rice blast,
bacterial blight, and sheath blight are
important diseases of rice, and rust,
leaf blight, and smut are major
disease of wheat (Dahal et al. 1992).
Nematodes that feed on roots and
generally do not produce specific,
above-ground symptoms cannot be
overlooked as a factor in declining
productivity.

More than 150 genera of plant
parasitic nematodes have been
reported to be associated with rice
throughout the world. Rice root
nematode (Hisrschmanniella spp.) and
root knot nematode (Meloidogyne
spp.) are the most important ones in
the lowlands (Fortuner and Merny

1979). The involvement of these
nematodes in rice depends upon the
location, environment, varieties, soils,
and other cultural practices in rice
production. Amatya and Shrestha
(1969) reported Hirschmanniella oryzae
for the first time in Nepal. Later
Pokharel (1993) reported H. oryzae, H.
mucronata, and Meloidogyne from
locations in the Tarai.
Tylenchorhynchus, Pratylenchus,
Hoplolaimus, and Helicotylenchus are
reported to cause a significant yield
reduction in wheat ( Prasad and Gaur
1975). In Nepal, Pratylenchus and
Meloideogyne have been reported in
upland wheat (Pokharel,
unpublished). However, the presence
of plant parasitic nematodes in the
rice–wheat ecosystem had not been
quantified, and the research
described in this paper was
undertaken to do so.

Plant Parasitic Nematodes Associated with the
Rice–Wheat Ecosystems of Nepal

R. Pokharel, S. Khan, and P.R. Hobbs

ABSTRACT. Field surveys and experiments were undertaken in rice and wheat from 1993 to 1995 to
understand the association of plant parasitic nematodes with rice–wheat ecosystems and the effect of cultural

management practices on nematode incidence and activity. Four genera of plant parasitic nematodes were
observed in lowland rice, of which the rice root nematode (RRN, Hirschmanniella mucronata and H. oryzae)
and root knot nematode (Meloidogyne spp.) were observed both in roots and soil with varied frequencies and

population densities. Tylenchorhynchus and Hemicycliophora were observed only in rice soils at low
densities. In farmers’ fields in Rupandehi District, a significantly higher RRN population was observed in

irrigated fields managed by extension. Of the farmers’ fields managed by extension, canal-irrigated fields had
significantly higher nematode populations compared to rainfed fields. Fields irrigated by shallow tubewell had

significantly higher nematode populations than those irrigated by deep tubewells. Significantly higher numbers
of Hirschmanniella spp. were observed in fields under double crops of rice compared to fields with single crops

of rice. When rice was grown after different winter crops, RRN was the only nematode observed, and populations
of this nematode were significantly higher in rice grown after fallow, lentils, and broadleaf mustard. Significantly
lower RRN populations were observed in plots grown after wheat, linseed, broad beans, mustard, and chickpeas.
RRN was the only nematode observed in the soils of these winter crops but not in the roots. These crops are not

hosts of this nematode, which was carried through the soil from one crop of rice to the next.
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Methods

Plant Parasitic Nematodes
Associated with Lowland
Rice
Surveys were conducted from 1993 to
1995 in 190 sample sites in nine
districts. In each district one to five
sites were sampled randomly at
different rice growth periods. From
each site, ten samples, each consisting
of one hill of rice along with 250 cc of
soil, were randomly collected from
about 1 ha. These samples were
brought to the Institute of Agriculture
and Animal Science (IAAS)
laboratory and processed using a
modified Baermann tray-cum-sieving
method.

Effect of Irrigation Systems
on Rice Root Nematode
In 1992 and 1994, as part of the long-
term monitoring of farmers rice and
wheat fields in Rupandehi District,
rice root samples were collected (49
in 1992 and 56 in 1994). The objective
of this work was to understand the
effect of management on the rice root
nematode (RRN) population,
especially in relation to irrigation
practices.

Plant Parasitic Nematodes
Associated with Wheat
A pot experiment was conducted by
inoculation of RRN through the
infected rice roots. Populations were
extracted from the soils in completely
randomized design with four
replications in the greenhouse of the
Department of Plant Pathology,
IAAS, Rampur. Wheat roots were
processed from different trials.

Rice-based Crop Rotation
and RRN Populations
Rice soil and root samples were
collected from different rice-based
cropping patterns to understand the

role of crop combinations, especially
the effect of different winter crops, on
RRN in lowland ecosystems.

Double Crop of Rice with
Wheat in Winter
Surveys were conducted at six
locations in the hills and Tarai.
Samples were collected from two
fields, one with a single crop and the
other with a double crop of lowland
rainfed or irrigated rice. Ten samples
each were collected from each field
covering around 1 ha. Each sample
consisted of about 250 cc of soil and a
hill of rice with the roots. These
samples were brought to the IAAS
laboratory separately in well-labeled
plastic bags and were processed
separately.

Single Crop of Rice with
Different Crops in Winter
A field experiment was conducted in
a completely randomized block
design with three replications. Winter
crops were grown (wheat, lentils,
linseed, chickpeas, peas, rayo, broad
beans, and berseem) and a fallow plot
maintained. Before these crops were
planted, soil samples were collected
and the nematode population was
assessed. After these winter crops,
rice was grown as recommended. The
nematode population was assessed by
taking rice root and soil samples. Four
samples from each corner and one
from the center were collected from
each plot, brought to the IAAS Plant
Pathology laboratory, and processed.

Effects of Tillage and
Moisture on Off-Season
Survival of RRN
In 1993, an experiment was
conducted in fields under the rice–
wheat sequence to understand the
effects of plowing and moisture on
the off- season survival of RRN. In
1994, another experiment was

conducted in a completely
randomized block design with three
replications to understand the effect
of wheat, fertilizers, and tillage on the
off-season survival of RRN with the
following treatments: wheat without
fertilizers; wheat with tillage and
fertilizers; wheat with fertilizers; and
zero-tilled wheat. Sampling was done
regularly. After the wheat harvest a
light irrigation was given. Sampling
was done after a week of irrigation to
understand the role of irrigation in
reactivation of the nematode. The
samples were brought to the IAAS
laboratory and processed.

Processing of Samples
Unless otherwise stated, each sample
consisted of about 250 cc of soil and a
hill of rice. In the laboratory, the soil
and root samples were separated.
Before processing the soil sample,
clods were broken and each sample
was mixed thoroughly. Soil (200 cc)
was taken and mixed with about 5 L
of water, stirred thoroughly, and
allowed to settle for about one
minute. The soil and water
suspension was passed through a 60-
mesh sieve nested over a 325-mesh
sieve. The process was repeated to
recover all nematodes from the
sample. The suspension from the 325-
mesh sieve was collected in beaker.
Roots were washed, cut into 1-5 cm
lengths and mixed thoroughly. Then 3
g of roots were blended in a
commercial blender for about one
minute and collected in a beaker. The
root and soil suspensions were kept
in a small sieve lined with layers of
tissue paper and kept in petri plates
for 48 hours. The suspension was
collected, the nematode genera were
identified under a dissecting
microscope as described by
Zukerman et al. (1971), and
individuals were counted.
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Results and Discussion

Plant Parasitic Nematodes
Associated with Lowland
Rice
Rice root nematode (Hirschmanniella
spp.) was found in most of the root
and soil samples collected from rice
fields of all parts of the lowlands of
Nepal with high frequencies and
variability in abundance (Table 1).
Root knot (Meloidogyne), stunt
(Tylenchorhynchus), and sheath
(Hemicycliophora) nematodes were
observed in a few samples only. Root
knot nematode was observed with
high abundance and low frequency
both in roots and soil samples (Table
1). The population of root knot
nematode was higher in those areas
having sandy soils. Tylenchorhynchyus
and Hemicycliophora were observed in
the soils of lowland rice with low

frequency and abundance (Table 1).
The association of Hemicycliophora
with lowland rice in Nepal is
probably the first report. The
association of plant parasitic
nematodes with rice was reported by
Pokharel (1991), who found H.
mucronata, H. oryzae, Tylenchorhynchus,
Meloidogyne, Hjelicotylenchus,
rotylenchulus, Criconemella,
Hemicycliophora, and Scutelonema in
lowland rice fields of the Philippines.
The results indicate that rice root
nematodes and root knot nematode
may be problematic in certain parts of
the country in the future.

Rice is cultivated in rainfed,
irrigated, or deep-water conditions.
Rice root nematode is adapted to all
of these conditions but prefers
constantly flooded, heavy soil.
Populations of RRN were assessed in

rice roots sampled from different
irrigation systems. Significantly
higher nematode populations were
observed in extension-managed
(rainfed and canal) irrigation systems
as compared to lift (shallow and deep
well) irrigation systems. Within the
lift irrigation systems, significantly
higher nematode populations were
observed in areas served by shallow
tubewells compared to deep
tubewells (Table 2). Within the
extension-managed systems of
irrigation, canal-irrigated plots had
significantly higher nematode
populations as compared to rainfed
systems (Table 2). This may be
because this nematode spreads
through water (Birat 1968).

Plant Parasitic Nematodes
Associated with Wheat
In lowland wheat, no nematodes
were observed in the wheat roots in
the pot experiment and other
experiments. However, a low
population of Hirshmanniella spp. was
observed in wheat soils. Given that
RRN is endoparasitic in nature, the
absence of this nematode inside the
root indicated that wheat is not a host

Table 1. Plant parasitic nematodes associated with lowland rice in Nepal

District and Hirschmanniella Meloidogyne Tylenchorhynchus Hemicycliophora
location Root Soil Root Soil Soil Soil

Kabhre
Mahadevsthan 25.5 89.0 0.0 0.0 0.0 2.0
Sipaghat 20.5 76.0 0.0 0.0 0.0 1.0

Kathmandu
Godawari 6.5 75.0 2.0 0.0 0.0 3.0
Tarkeshower 29.5 35.0 1.0 0.0 0.0 0.0
Balaju 30.6 15.0 0.0 0.0 0.0 0.0

Dhading
Madevbesi 32.0 20.0 0.0 0.0 0.0 0.0
Simle 11.6 18.0 0.0 0.0 0.0 0.0
Benighat 36.0 20.0 0.0 0.0 0.0 0.0
Charaudi 16.0 18.0 19.0 0.0 0.0 0.0

Chitwan
Tandi 37.5 18.0 18.0 0.2 0.2 0.0
Parsa 14.2 17.0 0.5 0.2 0.0 0.0
Rampur 11.7 5.4 0.0 3.7 3.7 0.0

Janakpur
Nakatajigh 75.0 53.0 137.0 5.8 0.0 0.0

Bara
Parwanipur 30.9 43.0 0.0 0.0 0.0 0.0

Rajbiraj
Bhantabari 37.5 85.0 28.5 1.2 0.0 0.0

Jhapa
Budhabare 75.0 250.0 0.0 28.4 0.0 0.0

Rupandehi
Bhairahawa 57.9 259.0 0.0 0.0 0.0 0.0

Lumbini
Sunsari 39.2 150.0 0.0 0.0 0.0 0.0
Tarahara 21.2 155.0 0.0 205.0 0.0 0.0

Note: Root nematodes per gram of sample; soil nematodes per liter of sample.

Table 2. Root populations of rice root nematode
under different water regimes, Bhairahawa,
Nepal, 1992 and 1994

Nematode population
(root)

Water regime 1992 1994

Lift irrigation (deep and
shallow tubewell) 10.5 a 35 a

Extension managed (rainfed
and canal irrigated) 28.5 b 45 b

Lift irrigation
Shallow tubewell 9.0 a 30.0 a
Deep tubewell 28.0 b 50.0 b

Extension managed
Rainfed 11.0 a 30 a
Canal irrigation 40.0 a 60 b

Note: In each column, figures followed by
different letters are not significantly
different at p = 0.05 (t-test).



84 R. POKHAREL, S. KHAN, AND P.R. HOBBS

of this nematode. Similar results
reported by Rao (1979) indicate that
groundnut, black gram, and wheat
are not hosts of RRN.

The RRN population in soils in
which wheat was grown after single
or double crop of rice was not
significantly different (Table 3),
perhaps because of the inactive
survival of the nematode in the soil
when temperatures are low.

Plant Parasitic Nematodes in
Rice-based Crop Rotations in
Lowland Ecosystems
The genera of plant parasitic
nematodes in the soils of rice and
winter crops were the same in all
lowland rice–wheat crop sequences,
irrespective of the crops grown after
rice. However, the population
densities varied by crop and season.
Hirschmanniella spp. was the major
nematode observed in winter crops;
also this may indicate carryover of
this nematode during winter.

Double Crop of Rice and
Winter Wheat
When a single or double crop of rice
was grown, RRN was the major
nematode in all the surveyed sites. In

this survey other nematodes were
minor in number. The population
density of RRN was significantly
lower in the rice fields where a single
crop of rice had been grown,
compared to fields where a double
crop of rice had been grown,
irrespective of the rice growth period
and location (Table 1). This result
may be attributed to the fact that a
double crop of rice provided a better
opportunity for survival, growth, and
multiplication of RRN. Similar
observations have been made in
Vietnam, where significantly higher
RRN populations have been observed
in a double crop of rice compared to a
single crop (Khoung 1987). Although
RRN may not be a problem at present
in Nepal, current rice production
technologies favor its multiplication,
and it may become a problem in the
future. With the increase in irrigation
facilities, the area under double crops
of rice will increase and thus
encourage the growth and
multiplication of this nematode.

Single Crop of Rice with
Different Winter Crops
Rice root nematode was observed
with different winter crops in their

sampled soil but not their roots. This
nematode is an endoparasite, and its
absence inside the roots indicates that
these crops were not hosts for RRN.
Rao (1979) indicated that growing
groundnut, black gram, and wheat
before rice minimized the incidence
of RRN. Similarly, Babatola (1984)
indicated that tobacco, groundnut,
and onion were not hosts of the
nematode. The population of RRN in
the soils of winter crops at the
maximum growth stage was low, but
RRN survives the winter and is
carried from one rice crop to another
through the soil.

The population of RRN in fields
before the winter crops was not
significantly different in any of the
plots (Table 4). Root and soil
populations of this nematode in rice
grown after the winter crop were
significantly different. The nematode
population in the soil was high in
lentils; medium in peas, mustard,
rayo (broadleaf mustard), berseem,
and fallow; and low in wheat, broad
beans, and linseed. In the soil, RRN
populations were high after lentils,
fallow, and rayo and low after other
crops. The densities from high to

Table 3. Population densities of rice root nematode associated with rice in single crop and double
crop sequence, 1993-95

Site Double rice crop Single rice crop Crop growth stage at sampling

Dhading Roota 15.1 a 5.60 b Flowering
Soilb 2.9 a 0.6 b

Sipaghat Root 40.5 a 15.9 b Maximum growth stage
Soil 1.7 a 0.9 b

Bhairahawa Root 57.9 a 21.0 b Maximum growth stage
Soil 21.0 a 15.0 b

Parsa Root 14.0 a 3.5 b Harvesting
Soil 80.2 a 20.0 b

Tandi Root 2.9 a 0.9 b Harvesting
Soil 84.0 a 50.0 b

Lothar Root 319.4 a 28.6 b Maximum growth stage
Soil 110.0 a 81.1 b

Average Root 74.9 a 12.5 b
Soil 37.96 a 27.93 b

Note: In rows, means followed by the same letter are not significantly different at p=00.05 (t-test).
a Per gram.
b Per liter (average of ten samples).

Table 4. Population densities of rice root
nematode in rice rotated with different winter
crops, 1995

Initial At maturity of rice
Crop grown soil pop- Soil pop- Root pop-
before rice ulationa ulationb ulationa

Fallow 18.75 a 14.75 a 57.5 ab
Wheat 75.0 a 2.75 b 12.5 b
Linseed 52.5 a 3.0 b 75.5 b
Lentils 48.0 a 15.0 a 218.7 a
Chickpeas 33.0 a 0.5 b 25.0 b
Peas 21.5 a 5.25 b 80.0 ab
Broad beans 34.0 a 3.0 b 16.5 a
Mustard 18.0 a 4.0 b 117.5 ab
Rayo 58.5 a 12.5 a 88.7 ab
Berseem 22.5 a 6.5 b 97.8 ab

Note: In columns, means followed by the same
letter are significantly different at P=0.05
(DMRT).

a Per liter.
b Per gram.
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medium and medium to low were
not significantly different, whereas
densities from high to low were
significantly different (Table 4). This
may be due to various factors such as
conservation of soil moisture and
production of exudates from the roots
of these plants that might have
effected the survival of the nematode
in the soil.

Effects of Tillage and
Moisture on Off-Season
Survival of RRN
Rice root nematode was observed
throughout the year in the soils and
roots of the rice crop. In the winter,
the population of this nematode was
very low, irrespective of tillage
treatment, perhaps because of low
temperatures. The optimum
temperature for RRN has been
reported to be 25–30°C and the
minimum temperature is 10°C
(Babatola 1981). Low temperatures
might have caused the low recovery
of RRN, because at low temperatures
the nematode becomes inactive and
survives through quiescence or
anabiosis (Thorne 1961; Babatola and
Bridge 1979; Babatola 1981; Fortuner
1976). Populations of RRN were high
when wheat was harvested; this
population increase was influenced
by irrigation. At wheat harvest, when
the temperature increased, the
nematode population increased one
week after irrigation. When wheat
was grown with and without
fertilizers, a similar change occurred

in the RRN population. Higher
percentages of the nematode died in
plowing without wheat and the least
percentage died in unplowed field
(Table 5). That may be because
plowing reduced the nematode
population. The RRN population
may have been higher than in
unplowed fields because in
unplowed fields the soil ecology was
not disturbed and moisture was
conserved. Defrancq (1993) reported
that tillage reduced the nematode
population by disturbing the soil
ecology and moisture. Moreover the
uplowed plots supported the growth
of weeds, which might have served
as collateral or alternate hosts to the
RRN. A similar result was reported
by Pokharel (1993), indicating that
more than 72 genera of weeds are the
hosts of this nematode.

Hirschmanniella, Meloidogyne,
Tylenchorhynchus, and Hemicycliophora
were the nematode genera observed
in the rice crop. In wheat,
Hirschmanniella may be problematic
in future, although no nematode was
observed inside the wheat root.
Hirschmanniella may become more
problematic in the areas where a
double crop of rice is grown. To
reduce the inoculum potential of
Hirschmanniella in fields planted after
rice, more beneficial crops would
include wheat, linseed, chickpeas,
peas, broad beans, mustard, and
berseem; it would be less beneficial to
grow lentil or rayo or to keep the

field fallow. Winter crops reduced the
nematode population compared to
keeping the field fallow. Extensive
studies have to be carried out before
recommending these practices to the
farmers, however.
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The Tarai of Nepal, an extension of
the Indo-Gangetic Flood Plains,
covers 23% of the country’s land area.
Forty percent of the Tarai is under
cultivation, and this represents 42%
of Nepal’s cultivated land. In Nepal,
wheat is the third most important
cereal crop in terms of production
after rice and maize. The Tarai
represents 57.49% of the total wheat
area of 653,500 ha and accounts for
10% of national annual cereal grain
production; the average yield is 1,640
kg/ha (CBS 1995/96). The low
productivity of cereal crops has
created a gap between national
production and food demand.

Winter rainfall at the National
Wheat Research Programme
(NWRP), Bhairahawa, has been
highly variable over the past 20 years
(Figure 1). Seasonal rainfall

(November–March) affected the
mean grain yield of some commercial
wheat varieties, such as RR-21, UP-
262, Triveni, and Nepal-297, tested in
the Coordinated Varietal Trials under
rainfed and irrigated conditions and
normal tillage practices at NWRP
during the 1991-96 wheat seasons.
Yields were higher when rainfall was
lower (Table 1).

The desirable soil physical
properties for the growth of wheat
differ greatly from those for rice. In
rice cultivation, the topsoil is
puddled to form a layer of low
permeability, a compact layer below
the root zone to check the percolation
of water and facilitate the stagnation
of water. Wheat growth is favored by
well-drained soils and an aerated
root zone with a soil moisture tension
of 40 centibar (cb). These opposing

requirements are not easily
reconciled, especially when farmers
use only animal-drawn implements
that are inadequate both for puddling
and for restoring a good tilth for the
wheat crop.

The heavy clay soils characteristic
of khala land, with the compaction
layer at the critical root zone, are not
congenial for the wheat crop. High
rainfall and a high water table in such
land aggravates the problem. It has
been generally observed in the
Bhairahawa area that wheat yields
are sometimes high on khala land in
years of low rainfall. These
experiences generated a sound
question: Why is there more wheat
with less rainfall at NWRP? To find
the answer to that question, the
experiment described in this paper
was conducted at NWRP.

Study of Root Length Density of Wheat under
Rainfed Conditions, Bhairahawa, Nepal

B.P. Sah

ABSTRACT. An experiment was conducted to study the root length density (cm/cm3 soil) of wheat at varying
depths under rainfed conditions in the rice–wheat system at the National Wheat Research Programme, Bhairahawa

(NWRP), during the wheat growing season of 1995/96 and 1996/97. The depth of the water table ranged from 40 cm
to 60 cm below the surface of the ground from sowing to harvest. A compaction layer was found between 15 cm and

25 cm below the surface under normal tillage conditions, which decreases downward root development and the
capillary movement of water. Breaking the compaction layer increased root length density.

Table 1. Effect of rainfall on grain yield of important commercial wheat varieties and grand mean
grain yield of the CVT-TTL (TS/rainfed and irrigated) at NWRP, Bhairahawa, during the wheat growing
seasons of 1991/92 to 1996/97

Mean grain yield (kg/ha)

Rainfall, CVT-TTL (TS/rainfed)
CVT/TTL

Nov.-Mar. (TS/irrigated)

Season (mm) Grand mean RR-21 UP-262 Triveni Nepal-297 Grand mean

1996/97 14.7 2,596 2,777 2,379 2,266 2,265 4,295
1991/92 22.5 2,550 2,355 2,463 2,235 2,378 2,941
1994/95 61.6 1,839 1,249 1,831 1,815 1,798 2,831
1993/94 68.9 1,720 1,146 1,556 NI 1,373 2,752
1992/93 120.3 NR NR NR NR NR NR
1995/96 211.6 1,692 1,451 1,148 1,671 1,602 2,349

Note: NR= grain yield data could not be recorded due to hailstorm at the crop maturity. NI = Triveni was
not included in the trial.

Rainfall (mm)
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Figure 1. Wheat season rainfall pattern at
NWRP, Bhairahawa, since 1977/78.
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Materials and Methods

The trial had two treatments:
1) breaking the compaction layer after
normal tillage, and 2) normal tillage
with four replications in a
randomized compete block design.
The plot size was 5 rows, 2 m in
length, 25 cm apart. Sowing dates
were 7 December 1995 (21 Mangsir
2052) and 4 December 1996 (19
Mangsir 2053). Fertilizer was applied
at the rate of 60:30:20 NPK, in one
basal application. The variety Triveni
(HD1963/HD1983) was sown at a
depth of 5 cm at a seed rate of 120
kg/ha.

Normal tillage in NWRP consists of
plowing twice with a tractor-drawn
nine-tine tiller, followed by two
plankings with a tractor, followed by
one or two rotovator operations. The
number of plowings depends upon
soil moisture and the weed
population.

The plot area was marked after
laying out the trial. Each 10 cm layer
of soil was dug out and kept
separately using a common spade.
After digging five layers (a depth of
50 cm), the pit was filled with same
soil layer to its original depth. Filling
the pit with the same layer of soil
(i.e., its original layer) is most
important to keep nutrients intact in
each layer. Walking on the surface at
each depth served to compact each
layer. The surface of the plot was
raised by 7-10 cm after complete
filling.

Two root samples per plot were
taken at the flowering stage of the
wheat crop. The samples were taken
from each of the five depths (0-10 cm,
10-20 cm, 20-30 cm, 30-40 cm, and 40-
50 cm) with the help of a root
sampling auger with a diameter of 5
cm. Each subsample was washed,

screened out, and distributed evenly
in several petri dishes, which were
then put on a grid chart to count the
intercepts.

The following formulas were used
to convert intercepts to root length
density (cm/cm3):

Root length (cm) = Number of intercepts x
grid size (cm) x π/4 .

Volume of soil (cm3) = π r2 ι , where r =
radius of the auger (cm) and ι = length of the
core of the soil  sample (cm).

Root length density (cm/cm3) =
Root length (cm)/

Volume of soil (cm3)

To measure the depth of the water
table, two 1.6 m perforated
polyethylene pipes with a diameter
of 4 cm were inserted into the
experimental field one foot away
from the experimental plot.
Measurement of the depth of the
water table was started 24 hours after
inserting those pipes at weekly
intervals and the same day that rain
fell or the day after rainfall.

Gypsum blocks were fixed into
center of the experimental plots at
two depths (15–20 cm and 35–40 cm).
Data were recorded weekly with the
Watermark Soil Moisture Sensor,
which gives a digital readout and
converts an electrical resistance
reading to centibars (cb) of suction.
The equipment shows soil water

tension ranging from 0 cb in fresh,
clean water to a maximum of 200 cb
in dry soil.

Results and Discussion

The growth of seedlings under
normal tillage was faster and better
compared to growth under deep
tillage. This trend was reversed in the
tillering stage, with faster and more
vigorous growth in the deep tillage
treatment. According to the
Watermark Soil Moisture Sensor, a 40
cb reading in clay soil suggests that
irrigation should be applied to the
wheat crop, and a reading of 60 cb
indicates the point at which the wheat
crop starts to wilt.

The exceptionally high rainfall of
211.6 mm during the wheat growing
season of 1995/96 affected soil
moisture and the water table (Figure
2). The reproductive phase of the
wheat crop in the normal tillage
treatment experienced stress from
excess water in the upper 20 cm of the
root zone. The treatment with no
compaction layer helped to facilitate
drainage faster than the normal
tillage treatment, providing 32.9%
more root length density (cm/cm3) in
totality (Table 2, Figure 3).

In the second year of the
experiment, unlike 1995/96,

WT (cm), Rainfall (mm), and SMT (cb)
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Figure 2. Depth of water table, rainfall, and soil moisture tension under rainfed conditions, 1996.

WT=Depth of water table (cm)
SMT(cb)=Soil moisture tension at 15–20 and 35–40 cm
depth for N=normal and NC=no compaction
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Table 2. Distribution of the root length density (cm/cm3) at different depths from the ground surface,
Bhairahawa, Nepal

Percentage of root length density (cm/cm3)

1995/96 1996/97

Without Normal Without Normal
Depth (cm) compaction layer tillage compaction layer tillage

0–10 38.82 47.25 24.4 37.6
10–20 28.28 24.07 22.7 27.8
20–30 16.31 13.68 19.0 17.1
30–40 8.61 8.64 22.9 10.4
40–50 7.54 6.35 11.1 7.1

Total 100 100 100 100
(12.2 cm/cm3) (9.14 cm/cm3) (10.76 cm/cm3) (9.26 cm/cm3)

0–20 67.1 71.32 47.1 65.4
20–50 32.9 28.68 52.9 34.6

Overall difference between
treatment without compaction
and normal tillage treatment (%) 32.9 16.2

there is a compaction layer 15–25 cm
below the ground surface in normal
tillage. Root length density (cm/cm3)
was 16.2% greater in the treatment
without the compaction layer. Two-
thirds of the roots in normal tillage
were concentrated at a depth of 0–20
cm, and only 34.6% were linearly
distributed at 20–50 cm depths. In
contrast, in the other treatment only
47.1% roots were recorded at the 0–20
cm depth and 52.9% were non-
linearly distributed at the 20–50 cm
depths (Figure 5). This indicates that
there was enough aeration in the
treatment without the compaction
layer to produce more root length
density (cm/cm3). Thus the root
length density of the rainfed wheat
crop could be improved by breaking
the compaction layer.
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Bhairahawa received a very low level
of rainfall (14.7 mm), which could not
influence soil moisture and the water
table (Figure 4). Therefore, results
from 1996/97 were more interesting.
In that year, the water table remained
very close to the ground surface,
ranging from 40 cm at sowing to 58
cm at harvest. Soil moisture at 35–40
cm depth under normal tillage
conditions was found to be stable at 5
cb, which indicated that the soil
remained fully saturated during the
whole crop season. The case at 15–20
cm depth with the normal tillage
treatment was completely different.

Soil moisture was sufficient for crop
requirements up to the late jointing to
early booting stage, but a deficit
began at the booting stage. Under the
treatment with no compaction layer,
soil moisture at 35–40 cm depth
started decreasing from 4 cb to 63 cb
from the seedling stage to harvest,
and at 15–20 cm depth moisture
decreased from 35 cb during the
seedling stage to 200 cb at harvest.
This indicates that there was enough
capillary water movement in this
treatment and no or minimal water
movement in the normal tillage
treatment. This also suggests that
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Figure 4. Depth of water table, rainfall, and soil moisture tension under rainfed conditions, 1997.

WT=Depth of water table (cm)
SMT(cb)=Soil moisture tension at 15–20 and 35–40 cm
depth for N=normal and NC=no compaction
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Figure 3. Rooting pattern of rainfed wheat by
breaking soil compaction layer, 1995/96.
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Figure 5. Rooting pattern of rainfed wheat by
breaking soil compaction layer, 1996/97.
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Conclusions

Breaking the compaction layer is an
important method to increase
aeration in the subsoil root zone,
availability of soil moisture in the
upper root zone through capillary
water movement from the
subsurface/water table, and root
length density (cm/cm3).
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A number of efforts have made by
Agriculture District Office (ADO) in
Rupandehi District of Nepal in the
past to mechanize rice transplanting.
One effort, in 1986, featured a manual
mechanical rice transplanter that was
imported from IRRI and used mat-
type seedlings. Although the
outcomes of this effort were not
documented, the authors learned that
the machine was not successful. In
June 1997, we invited three outreach/
research agencies to take part in a
participatory women farmer research
and evaluation of the IRRI Model Rice
Transplanter: the Bhairahawa
Lumbini Ground Water Project
(BLGWP); ADO, Bhairahawa
Agricultural Farm (RARS,
Bhairahawa); and NECOS (a
permaculture non-governmental
organization working with women
villagers).

There were some disagreements
among participating agencies with the
“gender orientation” of the program.
In a spirit of compromise, we
included two large-scale, male
farmers into our small-scale farmer
program in addition to the groups of

female smallholders. RARS,
Bhairahawa used an established
women’s group in Bankati (Tikulighar
VDC). NECOS suggested their
Piparayia group (Bhairahawa
municipality), and the large-scale
farmers were located in Karhiya
(Balwari VDC) and Bewoora
(Makrahar VDC).

Two separate days of formal
training were held at RARS,
Bhairahawa; 14 women farmers and 8
men farmers from the above-
mentioned villages took part.
Additionally, three officers from
BLGWP, two officers from ADO, and
three officers from RARS, Bhairahawa
attended. The first training was a
combination of classroom sessions
and fieldwork. After an orientation on
the process, the economics of the
machine, and seedbed construction,
the trainees went to the field and
prepared the seedbed. During the
days following the training, we went
to the four trial locations to aid the
groups in making their seedbeds.
Three weeks later, when the two beds
(4.2 m x 1.2 m) at RARS, Bhairahawa
were ready for transplanting, we held

the second training. The whole
process was reviewed and then the
training focused on the transplanting
itself. With the trainees, 0.06 ha were
transplanted that day. The following
day, laborers from RARS, Bhairahawa
transplanted the remaining 0.10 ha for
a total test plot area of 0.16 ha. In the
next few weeks, participating farmers
transplanted 0.05 ha at Bankati, 0.02
ha at NECOS, 0.06 ha at Karhiya, and
0.05 ha at Bewoora.

Objectives of the
Program

The program was developed to utilize
farmers’ perspectives in the research
and evaluation of the IRRI
transplanter to: 1) describe and
identify current transplanting
practices and problems; 2) compare
the cost of current farmers’ practices
with the use of the IRRI 6-row manual
transplanter; and 3) evaluate whether
this machine can be utilized, both
socially and physically, by the women
farmers and ascertain whether any
changes in the machine’s design could
enhance or ease its operation for them.

Preliminary Report: Women Farmer Participatory
Testing and Evaluation of the IRRI 6-Row Rice

Transplanter in Rupandehi District

V.K. Gami and S. Justice

ABSTRACT. Rupandehi farmers with holdings of all sizes are experiencing labor shortages in the paddy season,
especially during rice transplanting. The International Rice Research Institute (IRRI) 6-row rice transplanter is used
with mat-type rice seedlings in puddled soil for rice transplanting. It has the advantages of requiring less precise land

preparation, creating conditions for better water and weed control, allowing farmers to plant seedlings 15–20 days
earlier, and reducing the drudgery inherent in transplanting rice by hand. Farmers’ current practice is very labor

intensive, requiring about 25–30 laborers per day per hectare. This high labor input often results in labor shortages. It
is felt that the mechanization of transplanting can be addressed by appropriate technology: locally manufactured and
quite probably gender-neutral rice transplanters based on the design provided by IRRI. The potential negative impact

of displacing rural labor would mostly be felt by women, who are the main source of labor in the transplanting
season. Therefore, this program targeted women farmers.
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Methods

Farmer participatory research (FPR),
though stated as a goal of most
national agricultural research systems
(NARSs) and international
agricultural research centers (IARCs),
has been characterized by a general
reluctance to involve farmers in the
research process until a technology
has been “proven.” Many times, this
reluctance has meant that years of
work have led to a “top-down”
recommendation that has not been
accepted by farmers. In Nepal this
has been manifested in crop breeding
when farmers have deemed
germplasm unsuitable; it has been
seen in agricultural engineering when
machinery developed by engineers
has never been adopted by farmers.
In both cases, the top-down
development of technology wasted
precious research time and resources
at a time of shrinking agricultural
research budgets and donor fatigue.
Farmer participatory research is seen

by many1 as a set of methodological
tools that will speed the development
and extension of farmer-approved
technologies. A version of this
methodology was implemented in the
study described in this paper.

The promising rice transplanting
technology has been borrowed from
abroad, and there is still a need to
quickly test, evaluate, and modify, if
need be, the design and/or
procedures to suit the conditions of
Nepali farmers in a timely and cost-
effective manner. Although the
program has just begun, some
agronomic and socioeconomic data
have already been collected and are
presented for discussion here. After
the harvest, the remaining agronomic
data will be collected. There will be a
survey using FPR-derived interviews
and questionnaires to gauge farmers’
preferences with respect to the
transplanter, such as their ideas or
suggestions for modifying the
machine or procedures to better suit
their needs.

Machine Evaluation and
Preliminary Results

The machine as designed by IRRI
was made to simplify earlier picking
and planting mechanisms (for
specifications, see Appendix 1). The
design involves only two motions:
the downward stroke picks a group
of seedling (3–7) from the seed tray
and plants them into the soil; the
upward stroke releases them and
moves the tray laterally to present
new seedlings for the next cycle. The
machine is operated by one person by
stepping backwards as s/he pushes
and pulls the handle to transplant 6
rows of seedlings with each
downward stroke. The machine
could easily be fabricated in small
workshops using locally available
materials, if the proper training is
available.2

Table 1 presents some details of the
experience of farmer groups with the
technology. Based on our preliminary
farmer interviews and the capacity of

1 Indeed, Dr. Eugene Saari emphasized this in his farewell address at Bhairahawa Agricultural Research Farm. He said researchers need to
include farmers earlier in the germplasm selection process as a way to save precious resources and speed the development time of new
“farmer approved” lines.

2 Agricultural Implement Research Center (AIRC), Birganj has already successfully produced a transplanter in their small workshop (Eng. G.
Sah, Chief, AIRC, pers. comm.).

Table 1. Experience of farmer groups with the IRRI 6-Row Transplanter

Village/ Area Rice Plant height Panicle length Effective tillers Fertilizer
VDC (ha) variety (cm) (cm) (no.) dose Remarks

Karhiya/ 0.03 Chaite-4 108 27 340 None Good stand, farmer wants
Balwari #1 machines for himself

Karhiya/ 0.03 Radha-4 110 25 288 None Good stand
Balwari #2

Bewoora/ 0.05 Radha-4 114 28 259 Basal urea/ Was thin but filled out;
Makahar DAP 11 kg farmer wants machines

1st TD for himself

Bankati 0.05 Radha-17 111 24 309 Basal urea Best plot but farmers are
women’s 1 kg, DAP 2 kg, yet to be convinced
group 1st TD 3 kg

RARS, Bhairahawa 0.13 Makwanpur – – – 1st TD 20 kg Thin in places, but filling in

Piparhiya 0.02 – – – – – Very poor, as are the
women’s group surrounding farmers’ fields

Farmers’ practice – – 111 23 287 – –
(Bankati only)
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the transplanter (as reported by IRRI)
we conservatively estimated the
variable costs of traditional
transplanting and the IRRI
transplanter. Figure 1 illustrates the
potential savings of the IRRI 6-Row
Transplanter over farmers’ current
practice. Currently, 25 people take
one day to transplant 1 ha, compared
to two people transplanting 0.25 ha in
one day with the transplanter.
Additional savings are made with the
seedmat seedbeds. With the
traditional method it takes 18 local
laborers one day to uproot and
bundle the seedlings to plant 1 ha.
With seedmats, it takes one person
one day to cut the mats for 0.25 ha
(Figure 2). Restated, under farmers’
conditions it takes 43 people per
hectare per day to get the rice into the
fields. With the transplanter and wet
seedbed method, it would take 12
man-days to plant one hectare. The
savings per hectare are considerable
(at 50 Rs/day for traditional practices
and 60 Rs/day for skilled operators
of the transplanter [food not
included], 2,150-720 = 1,430 Rs
savings per hectare) (Figure 1).

In Rupandehi, all trainees
understood how to prepare good
seedlings at the density suitable for

the IRRI transplanter. Farmers
showed ingenuity in using a special
knife to slice the thick seedling mats
to the required thickness and in the
methods they employed to transport
and transplant the seed mats. The
farmers easily did the required
seedbed preparation in the villages
with minimum guidance from the
trainers, but the follow-up seedbed
management was lacking. Farmers
are used to walking away and not
checking on newly broadcast seed for
several days. With the new
technology, seedbeds must be
watered several times a day in the
first 4–5 days. Additionally, the seed
mat is on a thin layer of soil (1.5 cm)
which lies upon a plastic sheet. This
means that the mat cannot pull water
from below and that seedlings rely on
sprinkle irrigation in the beginning
and flood irrigation after the fifth
day.

The machine works well in fairly
level fields and with standing water
levels of up to 5 cm. Together with
the farmers, we found that if the field
was plowed by bullocks with the
traditional methods the field needed
to set for 10–12 hours. If the field was
plowed deeply with a four-wheel
tractor (nine-tine cultivator), the field

should be allowed to settle for 24–36
hours to keep the transplanter from
sinking into the more deeply plowed
and puddled field (depending on
local soil characteristics).

Another problem was encountered
where standing water was deeper
than the recommended 1–5 cm. In this
case the machine did not operate
properly and the stand of seedlings
was reduced. Again, such areas
should be drained 1–3 days before
transplanting.

Preliminary
Recommendations

Training for operators in seedbed and
seedling preparation, as well as in the
operation, maintenance, and
adjustment of the machine (trouble
shooting) are absolute necessities for
the successful extension and adoption
of the IRRI 6-Row Rice Transplanter.
Carefully planned demonstrations are
essential to avoid negative
demonstration effects for the farmers
(see Appendix 2). We experienced
some unavoidable problems with the
machine during the several of the
transplantings, which dampened the
enthusiasm of some of the small-scale
farmers for the transplanter. We

Figure 2. Laborers needed for farmers’ traditional
transplanting and IRRI Transplanter.

Figure 1. Potential savings (Nepali rupees) of the IRRI 6-Row Transplanter over farmers’ current
practice. Note the figures do not include meals normally provide by farmers. Traditional labor @50
Rs/day and IRRI transplanter operators @ 60 Rs/day.
Source: Small and large farmer preliminary surveys and RNAM Rice Transplanter Manual.
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found that the Amar Industry
Transplanters were of variable
quality and that several machines
should be modified locally to reduce
breakage under local conditions.

Future Research

The average woman in our study was
able to operate the machine
effectively, but women had to exert
much more effort than the men did.
To enable women to work all day
without great fatigue, it seems that a
smaller 5– or 4–row version of the
transplanter is needed. It has been
suggested that these smaller, lighter
versions may also be appropriate for
the smaller terraced khets in the mid-
hill rice regions.

Additionally, manual rice row
weeders were used to various extents
by three of the farmer groups, but no
agronomic or economic data were
collected. The benefits in green
manuring and savings in labor costs
that this row weeder provides needs
further study.
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Appendix 1. Features and specifications of the IRRI 6-Row Rice Transplanter

Field capacity (IRRI results) 0.3–0.35 ha/day (depending on operator’s skill level)
Ease of operation 1 person, stepping backwards, moves push-pull handle;

move downward to transplant 6 rows of seedlings with
down-stroke

Simple construction Can be fabricated at local workshops using locally
available materials

Field labor requirement Two people

Specifications
Planting depth 2–5 cm
Adjustable seedling per hill 3–7 plants per hill
Field standing water depth 1–5 cm
Weight (with optional wheel attachment) 25 kg
Length (with handle folded) 100 cm
Width 123 cm
Construction Aluminum sheet, steel supports, and wooden skids

Seedling preparation
Size of seedling mat 20 cm x 50 cm
Number of seedling mats per hectare 400–450
Size of seedbed per hectare 1.2 m x 45 m
Seed requirement per hectare 30–40 kg

Appendix 2. Planning considerations for successful use of the IRRI 6-Row Transplanter

Seedling stage Field selection Machine and operators

Variety of rice Size and shape of the field Check daily that all moving parts of
machine are lubricated and nuts and
bolts tightened.

Type of nursery Soil type and nature Seedling density adjustment
(dapog or wet bed)

Type of soil for seedbed Previous crops Speed depends on experience and
capacity of operator

Date of seeding Physical properties of soil and
type of field preparation
determine time for proper
settling after puddling

Seed quality Drainage and land leveling are
important factors to ensure proper
depth of water during transplanting

Germination of seed

Age of nursery and
process of management

Root length and density

Density of seedlings/variety
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Opening Session

8.30–9.00 Registration

Chairperson: D.Joshy, Executive Director, NARC

9.00–9.15 Welcome and Importance of Workshop (R.P. Sapkota, National Coordinator, Rice–Wheat System and
Director; Crops and Horticulture Research, NARC)

9.15–9.30 Few Words (B.K. Baniya, Director, Planning and Coordination, and J.M. Duxbury, Cornell University,
USA)

9.30–9.45 Importance of Rice–Wheat for Food Security in Nepal (P.R. Hobbs, Regional Agronomist, CIMMYT,
Nepal)

9.45–9.55 Chairperson’s Remarks
9.55–10.00 Vote of Thanks (N.K. Rajbahndari, Site Co-ordinator, Rice–Wheat Research, Naldung Site)

Presentation of Papers

Chairperson: R.P. Sapkota, Crops and Horticulture Research, NARC
10.30–10.50 Tillage and Crop Establishment Studies at Naldung Site (N.K. Rajbhandari, Site Coordinator, Naldung

Site)
10.50–11.00 Discussion
11.00–11.20 Weeds and Weed Management Studies in Rice-Wheat System at Naldung (J.D. Ranjit, Senior Agronomist)
11.20–11.30 Discussion
11.30–11.50 Plant Pathological Studies in Naldung Site (K. Shrestha, Chief Plant Pathologist)
11.50–12.00 Discussion
12.00–12.20 Soil Fertility Studies in Naldung Site (S.L. Maskey, Soil Scientist)
12.20–12.30 Discussion

13.30–13.50 Climatic Studies in Rice–Wheat Site (K.K. Sherchand, Senior Agronomist)
13.50–14.00 Discussion
14.00–14.20 Entomological Studies in Naldung Site (B.K. Gyawali, Chief Entomologist)
14.20–14.30 Discussion
14.30–14.50 ICIMOD Activities in Jhiku Khola Watershed/Yarsha Watersheds (P.B. Shah, National Coordinator-

PARDYP Project)
14.50–15.00 Discussion
15.30–15.50 Farm Monitoring Results (N.K. Rajbhandari, Site Coordinator, Naldung Site)
15.50–16.00 Discussion
16.00–16.20 Long-term Fertility Trial in Rice–Rice–Wheat System (A.P. Regmi, Senior Soil Scientist)
16.20–16.30 Discussion
16.30–16.50 Surface/Relay Seeding as Alternate Methods of Wheat Establishment (G.S. Giri, Site Coordinator,

Bhairahawa Site)
16.50–17.00 Discussion
16.30–16.50 Long-term Fertility Trial in Rice–Wheat System (A.P. Regmi, Senior Soil Scientist)

Annex 1
Agenda: Rice–Wheat Research End-of-Project Workshop

Wednesday 1 October, 1997
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16.50–17.00 Discussion
17.00–17.15 Chairman’s Remarks

Thursday 2 October, 1997

Presentation of Papers (continued)
Chairperson: J.M. Duxbury, Cornell University

14.00–14.20 Effect of Rice and Wheat Establishment Technique on Grain Yield (G.S. Giri, Site Coordinator,
Bhairahawa Site)

14.20–14.30 Discussion
14.30–14.50 Farmer Participatory Research on Chinese Seed Drill (Scott Justice, Research Scholar, CIMMYT, Nepal)
14.50–15.00 Discussion
15.00–15.20 Farm Monitoring (G.S. Giri, Site Coordinator,-Bhairahawa Site)
15.20–15.30 Discussion
15.30–15.50 Report on Rice–Wheat Research at Parwanipur Site (S.K.Gami)
15.50–16.00 Discussion
16.30–16.50 Plant Parasitic Nematode Association with Rice–Wheat Ecosystems of Nepal (R.R. Pokhrel, IAAS,

Rampur)
16.50–17.00 Discussion
17.00–17.15 Chairman’s Remarks

Friday 3 October, 1997

Discussion Sessions: Future Strategy of Rice–Wheat Research
9.00–11.00 Small Group Discussions

Group 1: Tillage and Crop Establishment (Coordinator, P.R. Hobbs, CIMMYT, Nepal)
Group 2: Integrated Nutrient Management (Coordinator, J.M. Duxbury, Cornell University, USA)

11.30–12.30 Plenary Discussion, Groups 1 and 2

13.30–15.30 Small Group Discussions
Group 1: Farm Monitoring and Outreach (Coordinator, G. Ortiz-Ferrara, Wheat Breeder, CIMMYT)
Group 2: Irrigation and Farm Equipment (Coordinator, G.B. Manandhar, Chief Agronomist,

Engineering Division)
Group 3: Integrated Pest Management (Coordinator, K. Shrestha, Chief, Plant Pathology Division)

16.00–17.00 Plenary Session of Afternoon Group

Naldung Site Bhairahawa Site
Tillage and Crop Establishment N.K. Rajbhandari G.S. Giri
Farm Monitoring/Crop Residue Studies N.K. Rajbhandari G.S. Giri
Weed Studies J.D. Ranjit
Pathological Studies K. Shrestha
Entomological Studies B.K. Gyawali
Soil Fertility Studies S.L. Maskey A.R. Regmi
Socioeconomic Studies D. Gauchan
Agricultural Engineering Studies G.B. Manandhar
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Annex 2
Workshop Participants

D. Joshi Executive Director, NARC

T. B. Shrestha Director General, Department of Agriculture

R.P. Sapkota Director, Crops and Horticulture, NARC

B.K. Baniya Director, Planning and Coordination, NARC

E.Pelinck Director General, ICIMOD, Nepal

T.P. Pokhrel Chief, Agronomy Division, Khumaltar

B.K. Gyawali Chief, Entomology Division, Khumaltar

G.B. Mahandhar Chief, Engineering Division , Khumaltar

M.P. Upadhyay Chief, Botany Division, Khumaltar

S.L. Maskey Chief, Soil Science Division, Khumaltar

K. Shrestha Chief, Plant Pathology Division, Khumaltar

S.N. Bhaidhya Chief, Outreach Division, Khumaltar

B.M. Singh Basnet Chief, Communication, NARC, Khumaltar

N.K. Rajbhandari Rice-Wheat Coordinator, Naldung

H.K. Upreti Scientist-3, Agronomy Division, Khumaltar

J.D. Ranjit Weed Scientist, Agronomy Division, Khumaltar

K.K. Sherchand Scientist-3, Agronomy Division, Khumaltar

R. Shrestha Scientist-3, Agronomy Division, Khumaltar

C.B. Karki Scientist-3, Plant Pathology Division, Khumaltar

H.K. Manadhar Scientist-3, Plant Pathology Division, Khumaltar

D.P. Dhakal Technical Officer, Plant Pathology Division, Khumaltar

S.P. Pandey Scientist-4, Soil Science Division, Khumaltar

P.R. Pandey Technical Officer, Soil Science Division, Khumaltar

K.P. Shrestha Technician, Entomology Division, Khumaltar

D. Gauchan Scientist-3, Outreach Research Division, Khumaltar

A.K. Gautam Crop and Horticulture Research Division, NARC

A. Mudwari Wheat Coordinator, NWRP, Bhairahawa

G.S. Giri Rice-Wheat Coordinator, Bhairahawa

A.P. Regmi Soil Scientist, Bhairahawa

H.P. Bimb Plant Pathologist, Bhairahawa

M.R. Bhatta Wheat Breeder, Bhairahawa

B.P. Sah Senior Agronomist, Bhairahawa

S.U. Khan Senior Agronomist, Bhairahawa

B.K. Gami Agricultural Engineer, Bhairahawa

G.P. Koirala Regional Director, RARS, Parwanipur

N.P. Adhakari Rice Coordinator, NRRP, Parwanipur

S.K. Gami Rice Wheat Coordinator, Parwanipur

S.P. Khatiwada Senior Agronomist, Parwanipur

G.P. Pandey Chief Agronomist,  DOA

D.R. Bhandari Agronomist, DOA

A.R. Khan Chief, DADO, Rupandehi

K.N. Gangol Chief, DADO, Kapilvastu

S.K. Pradhan Chief, DADO, Nawalparasi

Y.R. Pant Chief, DADO, Kabhre

R.N. Deo Chief, Agri. Division BLGWP

P.B. Shah National Coordinator, PARDYP Project, ICIMOD

R.C. Munakarmi Soil Lab. Consultant, CIMMYT, Kathmandu

O. Gurung Cornell University/TU

R.R. Pokhrel IAAS, Rampur

C.K. Sen Agronomist, SPIN, Harihar Bhawan

S.K. Sakya Coordinator, AREP, Harihar Bhawan

P.R. Hobbs Regional Representative, CIMMYT, Nepal

E. Duveiller Regional Pathologist, CIMMYT, Nepal

G. Ortiz-Ferrara Wheat Breeder , CIMMYT, Kathmandu

C. Meisner Agronomist, CIMMYT, Bangladesh

D. Johnston Chief, ARD, USAID, Nepal

D. Suwal Project Officer, ARD, USAID, Nepal

K.F. Bronson IRRI, Philippines

J.M. Duxbury Cornell University, USA

R. Bellinder Cornell University, USA

P. Kataki Coordinator, SM-CRSP, Cornell University, USA

M. Devare Research Scholar, Cornell University, USA

S. Justice Research Scholar, CIMMYT, Kathmandu

J.C. Gautam Special Secretary, MOA

J.P Thapaliya Associate Secretary, MOA
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A. Tillage and Crop
Establishment (P.R.
Hobbs)

Importance
1. Timely planting
2. Reduce cost production
3. Good stands

Results
1. Higher yields
2. Better seed quality
3. Input efficiency
4. Better use of residual moisture
5. Increase cropping intensity
6. Good stands

Questions for research on
reduced tillage
1. Weeds, insects, diseases, rodents . . .
2. Availability of equipment
3. Methods of fertilizer application
4. Soil parameters

Constraints to timely
planting
1. Late maturing rice—variety

compatibility
2. Late monsoon rains
3. Land preparation time
4. Availability of inputs
5. Soil moisture
6. Labor shortage
7. Lack mechanization
8. Farmer awareness

Topics discussed
1. Variety compatibility
2. Chinese seed drill
3. Surface seeding
4. Farmer awareness/participation
5. Rice planting techniques
6. Rice harvest

Surface seeding
1. Plant protection issues: foliar blight,

root rots, grasshoppers, stem borers,
rodents, and weeds

2. Increase demonstrations/research
on surface/relay cropping
throughout Nepal in proper sites
and by soil type

3. Define target areas for using
geographic information systems
(GIS)

4. Publish findings, extension bulletins
5. Look at soil issues: water table, roots
6. Monitor grower adoption
7. Longer term assessment and

monitoring

Chinese hand tractor: links
needed with DOA, extension,
DAE, ethers
1. Mechanization issue
2. Availability of equipment (power

and implements)
3. Some local manufacture possible

(and Indian markets)
4. Assess economics
5. Farmers’ participation needs

encouragement
6. Scientist involvement, outreach

Rice planting techniques
1. Direct seeding of rice on non-

puddled soil
2. Some work done in 1970s and 1980s;

more work needed
3. Major issues: weeds, varieties,

diseases, insects

Manual TP or DS on puddled
soil
1. Some data presented
2. Reduced labor costs
3. Need to improve equipment
4. Seedling management important

(nurseries)
5. Can combine with mechanical

weeder

B. Integrated Nutrient
Management (J.M.
Duxbury)

Macronutrients
N Response to 150 kg (recommended

100 kg/ha) farmers << 100
•Rice varietal response

P Critical level established (Olsen P)
•Apply to W in RW
•R + W in RRW
•Need for P on LGMs

K K response on farms documented
(0.5-1 t)
•Farmers don’t use K
•Disease quantification missing

S General deficiency recognized
•Response to S under

(investigate)
•Non S containing fertilizers used
•System analysis of needs/

response

General
•Soil test data often conflict with

observed field response
•Sufficient knowledge for some

refinement of fertilizer
recommendations

•Establish working group
Extension + NARC

•Summarized results of all long-
term experiment

•Understand why farmers don’t
follow recommendations

Micronutrients
Zn deficiency
•Rice, Bhairahawa
•Rice and Wheat, Parwanipur
•Rice, western Nepal
•Farmers use Zn in Tarai; less in

hills
•FAO study showed Zn, MO, B

problems
•Diagnosis of micronutrient

deficiencies
•Foliar analysis
•Response to foliar application

Annex 3
Workshop Highlights and Findings
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Integrated organic/inorganic
use

Limited database (Sesbania)
Quality of FYM
Various crop alternatives
•Grain legumes
•Forage
•LGMs
Screening of legume species
Use of organic byproducts from
industry
Socioeconomic reality (farmer
constraints)
•Seed
•Livestock

4. Interactions between
nutrients and:

•Disease
•Soil physical conditions (rooting

patterns)
NARC needs:
Upgrading of laboratory/
analytical capacity (personnel,
equipment)
Policy needs:
•Fertilizer sources with S (SSP,

(NH4) 2 SO4)
•Subsidy policies to reflect

balanced nutrients needs,
especially P & K, organic
manures

C. Farm Monitoring and
Outreach (G. Ortiz-
Ferrera)

Major findings, Tarai:
Soil nutrient status depleted (OM,
MICRO, MACRO)
Stable yields (R & W)
Small increase in fertilizer use
•No K use (Bhairahawa)
• Increase FYM use (Tarai)
•General decrease in Bhairahawa
• Inputs greater in wheat; V-297
No change in pests and diseases
Some crop diversification (i.e.,
sunflower, kidney bean)
Increasing weed pressure (i.e.,
Phalaris minor; Polygonum spp. in
low hills)

Major findings, Hills
Rice

•9% increase in HYU in rice
• Increase yields of rice (3.5–5.5

t/ha in 4–5 years)
•FYM use increases (3.5 t/ha in 4–

5 years)
•NPK use increase significantly

for rice
•Disease stable; pests stable
•No change in weed pressure
•No data on soil nutrients

Wheat
•No difference in HYV for wheat
• Increase in wheat yields
•FYM use increase
•N, P use increase (K not used)
•Disease stable; pests stable
•No change in weed pressure
•Shift from wheat to potato in

river valley
•No data on soil nutrients

Needs for both areas (Hills and Tarai)
•Socioeconomic data (e.g.,

demography, land holding of
households, credit, etc.)

•GIS
•Standardize questionnaire for

both sites: need quantitative data
on weeds, pests, diseases, and
soil parameters

•Move to Jhiku Khola (ICIMOD
site), continue work at Naldung

Requirements to continue
monitoring

•Labor is available but need
sociologists, economists to be
involved

•Logistical support needed
(vehicles)

•Financial support needed

Recommendations for policy makers
•Timely availability of inputs and

of appropriate sources of inputs
(e.g., S)

•Credit accessibility
•Market opportunity/

infrastructure
• Irrigation/drainage

improvements

Basic conclusions for future directions
•Farm monitoring  should

continue with more quantitative
data collection (on crop
production and soil parameters)

•Farm monitoring should start at
other sites (e.g., Parwanipur)

•GIS need land use, soil type, and
nutrient status to be linked to
outreach

•Decide between moving farm
monitoring to Jhiku Khola
versus continuing at Naldung

•Obtain socioeconomic data that
are missing

•Need linkages between
monitoring and policy/
recommendations

Links Needed: NARC with
NGOs

Problems
•NGOs get funding, NARC not
•MOU through official channels

Outreach
•ADD    K
•Publish findings

D. Irrigation and farm
machinery (G.B.
Manadhar)

Mechanization
• Majority of farmers use animals so

there is a need to improve efficiency
with animal drawn tools/implements

• Need to look at mechanical/solar
power also

• Options of efficient implements:
seeding reaping, threshing,
transplanted, pumping, transport 2 –
wheel, 4 - wheel

• Animal power declining:
- needs mechanization
- needs multipurpose mechanization
- need to inform policy makers about

the research findings
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• Promote linkages with private sector
in the production of good quality
equipment (need to make equipment
available to farmers as well as
training, and  maintenance)

• Test and evaluate equipment for
suitability
- research on gender, labor issues
- farmers’ participation important
- need evaluate policy issues for

promoting mechanization, subsidy,
loans training.

Irrigation
• Agree water is an important factor for

stabilizing production
• Want to ensure efficient use water no

papers presented
• Problem defining responsibilities

NARC versus DOA versus DOI
• What linkages needed between these?

E. Integrated Pest and Disease Management (K. Shrestha)

Research area Insects/pests Diseases Weeds

Tillage and crop establishment Damage and control of grasshoppers Foliar blight and root rot of Monitoring and management
(normal, surface, and relay and rodents in wheat wheat of weeds in direct-seeded rice
seeding)

Survey of natural enemies, Blast, sheath blight, and Yield loss studies in wheat
monitoring stemborer, IPM bacterial blight of rice
package development (for rice)

Crop rotation (R–W-L) Monitoring insect pests in R–W Monitoring diseases in Monitoring weeds
on-station, long-term R–W and nematodes

Nutrient management Observation in superimposed trial Observation in superimposed trial Observation in superimposed trial

Farm monitoring Monitoring Monitoring Monitoring

Irrigation/farm equipment Rice bug and rodents in rice Leaf blight and powdery mildew Planting method versus weed
of wheat; bacterial blight of rice; management in R–W
nematodes in rice and wheat

Suggestions
• Multidisciplinary group at Bhairahawa site too.
• Researchers and extension personnel (SMS) should visit R-W outreach sites occasionally.
• IPM training to field level technicians/farmers.
Needs
• Personnel, training (Entomology)
• Personnel, training (Plant pathology)
• Personnel, training (weed science)
Publication of IPM packages for farmer’s extension and SMS

Research themes
1. Evaluation of existing water systems

a) Rain water harvesting
b) Tubewells: shallow, deep
c) Canals
d) Indigenous systems

2. Minimum dataset
a) Soil physical: infiltration, water

table
b) Seepage losses
c) Water quality

3. Drainage: effect on production
4. Collection of climatic data
5. Rooting and groundwater studies
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Tillage and Crop
Establishment in Rice–Wheat
Systems in the Naldung Area
(N.K. Rajbhandari)

S.P. Pandey: As you are not
mentioning maturity period in
varietal trial, how can you be assured
that the tasted variety fit in the system
or not? Farmers in the site are already
using more than 170 kg/ha for wheat.
Then what is the use of conducting
seed rate trial?

Less turnover time for varieties?
maturity parameter? Justification of
seed rate trial?

C.B. Karki: In Sipaghat, sterility is a
major problem. Did you take
representative sample for the yield
data because yield is more than 3
t/ha?

H.P. Bimb: How do you explain the
term incompatibility and is it right to
give conclusions based on 1–2 years of
data?

Most varieties have a maturity
difference of 7–10 days only.

G. Ortiz-Ferrera: Why are early
maturing varieties good for the
system?

Altitude, yield performance, Mat-
varieties 7–10 days.

P.R. Shakya: RR-21 is still giving better
yields than other wheat varieties
although susceptible to rust.
Foundation seed of RR-21 still
available for seed production.
Taichung-176 is giving better yield
than Yongeng, but why do farmers
like Yongeng? What are the good
characteristics of Yongeng?

RR-21 used as check (stable genetic
make up), leaf rust susceptible/yellow
rust susceptible. Taichung-176 is
susceptible to blast.

A. Mudwari: Genetic makeup of RR-
21 is good and the variety is still
popular among farmers.

D.R. Bhandari: What is the variety
used in the seed rate and seed source
trial? The Chinese seed drill was
appreciated by the farmers in
Naldung site 5–7 years ago. Are
farmers getting the Chinese seed drill?

The program is for demonstration to
the farmers. Farmers are demanding
the Chinese seed drill.

D. Joshy: Question of incompatibility
is not answered properly, needs to be
discussed in the group. You should
assess the variety in a system
perspective.

B.K. Baniya: There is a need to stratify
altitudes and present data for planting
and harvesting in a system
perspective.

J.M. Duxbury: Did you recommend
the same seed rate of 120 kg/ha for
the Chinese seed drill?

S. Khan: Your data show that NL
series produced good yields (52 qt/
ha) compared to the UP series (29 qt/
ha). Why do farmer like the UP series?
Seed rate depends also on method of
planting, i.e., recommended rate
should also be based on method of
planting.

Weeds and Weed
Management Study in
Naldung Site (J.D. Ranjit)

Disease Situation in the Naldung
Area (K. Shrestha)
I.P. Abrol: What are the strategies
adopted by the farmers to control
weeds and disease?

S.N. Baidya: Before coming to the
conclusion that this herbicide is good,
have you looked into weed
emergence in succeeding crop and
economic analysis?

Yes, looking at distribution pattern in
Khumaltar (three years now), some
weeds are shifting, some are
disappearing, etc.

Severity of Chenopodium, Cannabis in
potato plots (used huge amount of
compost). 2,4-D salt to control broad
leaf has caused problem of Phalaris
minor now.

M.R. Bhatta: In your weed
management practices, using
herbicide alone is not going to solve
problem, not giving complete control
and environmentally friendly.
Experience from India showed that
broadleaf weeds can be effectively
controlled by introducing early
maturing potato, vegetable pea, in
between rice and wheat. We can
include this topic in future (high
economic return and 75% control of
grassy weeds, 90% control of Phalaris
minor).

Biological control is possible for the
weeds of the present day
(microherbicide- pathogen include in
the composition).

Understanding of weed dynamics (in
Bhairahawa lowland Polygonum) is
important.

Change of cropping pattern is a policy
level solution.

Dr. Malik is working on biological
control of P. minor.

G. Ortiz-Ferrara: Interaction of
nutrients, agronomy, and disease
incidence studies is very encouraging.
Have you been able to quantity the
results?
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Use of N fertilizer only showed
higher incidence of disease than use
of balanced nutrient applications.

H.P. Bimb: You have presented only
qualitative data. How could you
conclude what are the major diseases
on the basis of qualitative data? You
are suggesting chemical control and
on the other hand you are not doing
any loss assessment, how do you
clarify?

Major diseases of Nepal presented.
Validamycin sheath rot disease (one
year data).

Good cooperation between breeder
and pathologist.

S.P. Pandey to J.D. Ranjit: Less than
10% of farmers reported weeds as a
severe problem. When the farmers do
not perceive weeds as a problem, why
conduct research? Orient research on
a needs basis. Yield is not very
significant among different
treatments, how do you justify that?

Farmers are interested in having tools
for line planting so that weeding is
easy.

S.P. Pandey: You have just reported
the disease incidence as high/low. We
have to be more specific about
whether the problem is there or not.

G. Ortiz-Ferrera: Have you quantified
the interaction between nutrients and
disease incidence?

From the national importance.

Have you conducted yield loss
assessment before recommending any
chemical to control disease?

People and Resource
Dynamics Project in
Mountain Watersheds of HKH
(P.B. Shah, PRDYP)

Fertilizer Management (S.L.
Maskey)
B.M.S. Basnet: Have you taken
recordings of solar radiation after
flowering?

Model takes care of LAI, solar
radiation.

P.R. Hobbs: What is the fertilizer/
compost used by farmers?

Fertilizer use is quite high where
accessible (farmers from Dhulikhel
come to Kathmandu for fertilizer).

C. Meisner: How much lime applied
and pH raised? Why probably no
response?

Lime applied is 2 t/ha. Still have to
look at why there was no response.

S.P. Pandey: Climate and soil are
variable over the year and site. So
what processes have been going on
and how you can replicate and apply
the findings to other places?

Crop Modeling (K.K.
Sherchand)

B.M.S. Basnet: Solar radiation is vital
for grain yield. Have you calculated
the solar radiation during vegetative
phase?

I have considered only yield
components due to lack of time.

C. Meisner: Are the yield data that
you have presented observed or
predicted?

Insect Situation in the
Naldung Area (B.K. Gyawali)

K. Shrestha: Did you give any
suggestion to control rice stem borer
to farmers?

After heading there is no use spraying
insecticide.

M.R. Bhatta: Did you observe the
population build-up of aphids and
thrips over the year at Naldung site?
In Bhairahawa, thrips population is
increasing.

Population build-up over the year is
the same. With change in fertilizers,
cropping pattern, there is some
change.

B.M.S. Basnet: You are saying that
with increased use of pesticides there
is no change of yield. I do not agree
with you, as you are not presenting
facts and figures. In the last 25 years,
use of insecticides has increased grain
yield.

Long-Term Fertilizer Trial
(A.P. Regmi)

Effects of long-term application of
mineral fertilizer and manure on crop
yield and soil properties.

P.R. Hobbs: It seems that 30 kg P is not
enough, may be you need to put more
P, i.e., 60 kg P, to see a good response.

J.M. Duxbury: What is the
fundamental difference of P2O5
response in experiment II?

M.R. Bhatta: With the intensification
of cropping pattern and use of high
yielding varieties, deficiency of
micronutrients is well understood.
General recommendation for sulfur
(also recently in India, nationwide
50% of the soil is deficient) in
Bangladesh. Deficiency of Ca and Mg
may collapse the photosynthesis. Do
you have a nationwide survey so that
we can put in GIS map?

S.U. Khan: Farmers in our outreach
command area (Rupandehi) are not
using K2O. But they are not getting
zero yields—why?
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Triple crop (rice–rice–wheat) rotation
is not the same as farmers’ rice–wheat
rotation.

P. Pandey: What is your
recommendation for sustainable yield
in R-R-W and R-W system?

E. Duveiller: Effect due to Zn not seen,
have you related this to sterility
problem?

At this stage soil is not deficient in
micronutrients.

N.P. Adhikari: What is your
suggestion for farmers growing R-R-
W as the total yield is decreasing in
the system?

Surface and Relay Seeding
(G.S. Giri)

K.K. Sherchand: What is the amount
of  biomass left in the field?

We are initiating residual
management trial from next year
onwards.

S. Justice: Is there a benefit for surface
seeding wheat for weeding or any
follow up practices?

I do not think it is easy to do
intercultural operation (stubble).
Harvest stubble close to the ground.

N.P. Adhikari: You have mentioned
that the 50% of farmers are late
planters. Have you stated the yield
difference of normal seeding, surface
seeding, and relay seeding? How
much of the area could be put under
surface seeding technology?

C.B. Karki: BL-1135 is susceptible to
leaf rust. Have you tried to correlate
leaf rust susceptibility BL-1135 to seed
yield?

Farm Monitoring, Naldung
Area (N.K. Rajbhandari)

S.U. Khan: Concerning RR-21 varieties
(high yield 4 t/ha), most farmers like
RR-21 although it is the most
susceptible variety. How are you
going to solve the problem?

I do not think we should use a
susceptible variety. We need to have a
similar variety.

P.R. Hobbs: RR-21 has to get out of the
field.

J.D. Ranjit: Himali variety grown in
Mahadevsthan area is local or
improved?

That variety is not recommended by
NARC.

K.K. Sherchand (suggestion): Breeder
and pathologist should work together
to produce isoline of resistant genes.

M.R. Bhatta: RR-21 is almost replaced
in Tarai (low yield, disease
susceptibility). Annapurna-4, Pasang
(Yr9 virulence resistant) may replace
RR-21.

Effect of Crop Establishment
in Rice–Wheat Crop (G.S. Giri)

C. Meisner: Have you broken the hard
pan before seeding rice and wheat?

No, as most of farmers do not have
tractors.

J.D. Ranjit: Is the date of seeding for
direct seeded and transplanted rice
the same?

Seeds are soaked in water on the same
day for all three cases (DSR, WSR, and
TPR).

N.P. Adhikary: How is the weed
problem in those three methods of
seeding ?

There are more weeds in DSR.

S.P. Pandey: Is the cost of surface
seeding and the Chinese seed drill
similar? What about the time factor ?

P.R. Hobbs: Can you explain why
surface seeding of rice and wheat is
better and necessary for Bhairahawa
conditions?

K.K. Sherchand: Do you think the
Chinese seed drill will be easily
acceptable to farmers where you can
run tractors?

Yes, because of the multiple uses of
the hand tractor (winnowing,
harvesting, pumping water, planting).

Participatory Approach,
Chinese Hand Tractor (S.
Justice)

What is the price difference between
the tractor and Chinese hand tractor?

Rs 6–7 lakh for tractor, Rs 150,000 for
hand tractor.

G.S. Giri: How many farmers are
involved in the survey and
participation?

Sixty-four.

Shakya: How many farmers in
Bhairahawa are using the hand
tractor, and who is the distributor?

C.K. Sen: How do you justify and
explain the term participatory?

Farm Monitoring at
Bhairahawa (1991-96)

J.M. Duxbury: Are all samples
analyzed at different times?

Analysis is done at different time.
Final N, pH, K, OM are analyzed
simultaneously.

K. Shrestha: Do you have only soil
nutrient activities or other activities as
well in farm monitoring?
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K.K. Sherchand: Any idea about
increase in green manure users in
Nepal?

Mechanization is coming up but
incorporation is difficult. Green
manure grown after wheat requires
lots of soil moisture. So it is not
common. In addition, after the
harvest of wheat, stray cattle are a
problem. Mungbean is commonly
grown after wheat, but showed little
residual effect on succeeding crops.

In eastern part, mungbean is
practiced but not in western part. So
we should use mungbean instead of
green manuring crops as it is difficult
to incorporate.

T.P. Pokhrel: Twenty years ago, soils
were rich in P2O5 and K2O. But now
we are losing NPK and other
micronutrients. How did this happen
and what is your future strategy?

Due to use of high-yielding, input-
responsive variety, soil is exhausted.

Rice–Wheat Research in
Parwanipur (S.K. Gami)

C. Meisner: Where you are studying
relay wheat, do farmers relay lentil?

No, the land is too wet.

T.P. Pokhrel: We have just celebrated
25 years of rice–wheat research, but
you are just starting rice–wheat work
in Parwanipur. Did you review the
work done in the past?

S.U. Khan: In your command area,
you mentioned that over-irrigation is
a problem. Can you manage this
problem by reducing the number of
irrigations and improving the
drainage situation?

Nematode Associated with
Rice–Wheat System (R.R.
Pokhrel, IAAS)

I.P. Abrol: Do you have the problem
of ear cockle disease of wheat?

Sporadic problem.

K. Shrestha: You collected the
nematode from both sites of Naldung
but you have not mentioned the
number in Chitte.

Data for Naldung (fertility trial).

C. Meisner: I would like to encourage
the publication.

C.K. Sen: Was FYM a treatment in
some plots?

Yes, for 19 years.
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I. Nutrient management
group (J. Duxbury)

P.R. Hobbs: N use efficiency is very
low in rice and incorporation of
nitrogenous fertilizer with compost
and other nutrients is another area of
study.

K. Shrestha: Sufficient data are
available to redefine the fertilizer
recommendation. What does it mean?

Since farmers are not using balanced,
recommended doses of fertilizer, field
trials show that P and K are deficient.
Keeping this in mind, fertilizer
recommendations for each region are
necessary.

M.R. Bhatta: Is it possible to initiate
residue management work
(particularly straw)?

V.K. Gami: Cow dung for use as
cooking fuel is a serious problem in
the Tarai (70%). What do you suggest
for this problem ?

E. Duveiller: What are alternatives of
straw that are used as a cattle feed,
agroforestry, proper use of human
waste?

Solar cooker, agroforestry, human
waste recycling can be the alternative.

P.R. Hobbs: Subsidy on fertilizers,
imports encouraged, soil status
improved.

T.P. Pokhrel: Farmers’ perception is
that wheat exhausts the soil in the
rice–wheat system. Wheat is the crop
of food security. In this context, can
you propose an alternate crop to
break the rice–wheat system without
hampering food security?

A legume can correct the situation.

R.P. Shapkota: Fertilizer availability is
the complex problem in our country
due to imports and cost of fertilizer.
So the cost of production should be
taken into account while
recommending any fertilizer.

This is a policy issue.

G.S. Giri: Agroforestry should be tried
as an alternative to burning cow
dung. Crop residue management
should be compared with FYM, and
crop diversification may give the
alternate system to the rice–wheat
system.

B.K. Baniya: Have you found out
some research agenda to enrich the
soil condition in the rice–wheat
system?

Legume and crop residue
management may be the research
agenda.

C.K. Sen: There is a need to
investigate why farmers are not using
recommended practices.

T.B. Shrestha: Due to poverty and
product prices, farmers are not using
recommended practices.

II. Irrigation, IPM, and
Monitoring

S.U. Khan: You mention that there is
no lab facility to conduct irrigation
and farm machinery trials. But I heard
that there is a well-equipped
laboratory in Birganj. That lab is not
sufficient?

C.B. Karki: You mention there is
disease stability. But in my
observation, leaf rust and rust
complex is increasing. Please, can you
clarify?

B.K. Baniya: We have outreach sites in
Khumaltar, Bhairahawa, and
Parwanipur to conduct outreach
research. Is it necessary to have
separate rice–wheat sites?

S.P. Pandey: Since we have sufficient
data from the rice–wheat site, how
many issues were solved using those
data? In general, FYM application is
decreasing in the whole country. But
you mention that it is increasing in
rice–wheat sites. This must be
clarified.

C.K. Sen: Why do scientists not visit
the rice–wheat sites more regularly?

P.B. Saha: Why you are concentrating
rice–wheat activities only in two sites
instead of throughout Nepal?

Raulf: The work done on IPM by
NGOs should be analyzed and taken
into consideration.

K.K. Sherchand: I request all stations
to record climatological data on a
daily basis and send it to the
Agronomy Division, which will help
to maintain the inventory of
climatological data.
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