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Options for Establishment of Rice and Issues Constraining
its Productivity and Sustainability in Eastern Gangetic
Plains of Bihar, Nepal and Bangladesh

1. Introduction

The Indo-Gangetic Plains (IGP) are a very
important agro-ecoregion in South Asia. The
National Agricultural Research Systems (NARS)
of South Asia (Bangladesh, India, Nepal and
Pakistan) together with the Rice-Wheat
Consortium (an ecoregional initiative) have been
addressing the critically important challenges of
food security, natural resource conservation and
poverty alleviation in the IGP The last two years
have witnessed swift and accelerating adoption of
key productivity-enhancing and resource-
conserving practices in the north western parts
of the IGP that reduce carbon emissions and
input-use, and improve resource quality, while
raising system productivity and farm-level profits.
The Consortium has also been playing a catalytic
role in improving production and productivity of
the drought- and flood-prone and lesser-endowed
regions in the eastern parts of the IGP This zone
has plentiful supply of natural resources that
include deep productive soils, good quality
surface- and groundwater and climatic features
that permit multiple rice-based cropping systems.
During the past few cropping seasons, the
Consortium has invested substantial resources on
research for generating options on establishment
of rice and wheat crops to replace the

conventional tillage and agronomic practices.

The Rice-Wheat Consortium (RWC) organized a
traveling seminar during the rice-growing season
to eastern parts of the IGP in India, Nepal and

Bangladesh for scientists, farmers and machinery

manufacturers from 10-22, September 2001. The

objectives of the traveling seminar were to :

Visit farmers’ fields and experiment stations
in the eastern parts of the IGP in India
(Bihar), Nepal and Bangladesh to assess the
performance of new tillage options being
researched for establishment of direct seeded

and transplanted rice in puddled and
unpuddled fields.

Increase awareness of available options and
approaches for site-specific crop

management.

Facilitate interaction of the multi-disciplinary
team of scientists and service providers with
farmers and progressive practitioners about
resource-conserving technologies (RCTs) and
developing a common perception on

performance evaluation.

Facilitate exchange of experiences between
the participants and national program

scientists, extension workers and farmers.

Identify relevant research issues and generate
a 'pool of ideas' for developing efficient
nutrient, water and weed management
options as inputs from the team to the
research planning process.

Visit farmers’ fields and experiment stations
at Asian Development Bank (ADB) project
sites in Bihar (India), Nepal and Bangladesh
to assess the performance of various
management options being adopted by

farmers.

Seek a better understanding of how farmers
modify agronomic and crop management

practices to suit their different situations.



e Assess the potential of various tillage and
establishment options for rice and associated

problems with weed management.

e Exchange views with farmers on seeding
practices that helped improve germination
and early growth of rice seedlings in direct
seeded rice planted on raised beds or on the
flat, and also on how farmers place seed and

fertilizer.

e Exchange views on issues related to further
improvements in tillage implements attached
to 2—wheel power tillers.

e Identify and discuss issues that limit
productivity and sustainability of rice-wheat
and rice-based cropping systems, and
evaluate practices developed to tackle those

issues.

2. Composition of the Seminar
Team

Multi-disciplinary teams of people were selected
from all four RWC member countries with

greater emphasis on participants from eastern

India and Bangladesh. Members included
engineers, agronomists, soil and social scientists,
plant breeders, plant pathologists and farmers. In
all 23 participants from Bangladesh, India, Nepal
and Pakistan accompanied the traveling

seminar, including one progressive farmer from
western Uttar Pradesh. Many scientists from the
host country institutions, line-departments and
extension agencies and more than 200 farmers
also perticipated in the discussions during the
traveling seminar. Ten farmers also joined the
traveling seminar team during the visit within
each respective country. The participants also
had the opportunity to listen and share seminar
experiences and report the actual benefits of
RCTs to senior executives in research
organizations, civil administration and rural
development departments. The seminar began
from Patna where scientists assembled on 9
September, 2001 in the Hotel Chanakya. The
route of the study tour and the list of
participants are given in the Annexures I and II.
The sites visited by the participants of the

traveling seminar team are shown in red colour

in the map of the IGP (Fig. 1).

Figure 1. Map showing sites, visited by the traveling seminar team, in red colour.



ARABIAN SEA

MYANMAR

Figure 2. Generalized map of the different transects in the Indo-Gangetic Plains ( dots show long-

term fertilizer experimental sites).

3. About the Indo-Gangetic
Plains

The Indo-Gangetic Plains are a relatively
homogenous ecological region in terms of
vegetation but can be subdivided into five broad
regions — the Trans (region 1 in Pakistan & 2 in
the Indian Punjab and Haryana), Upper—(region
3), Middle—(region 4) and Lower—(region 4 in
eastern India, and region 5 in Bangladesh) Indo-
Gangetic Plains (Fig. 2). These transects have
been delineated based on soil-scapes, bio-climate,
development of ground- and surface-water, and
driving variables for agricultural development.
There are gradations in soils, climatic patterns,
cropping systems, social and economic situations,
and infrastructure and policy framework. The
annual precipitation in the IGP ranges from 500
mm to 1800 mm, increasing from northwest
towards the east. Gently sloping Illitic calcareous
alluvium soils are coarser in the NW gradually
becoming finer in an easterly direction. Driving
forces for agricultural development clearly
differentiate the northwest region from the
eastern region and warrant that technology

needs to be better targeted to meet local

situations. A commoon and similar approach to
resolve complex natural resource management
problems is unlikely to work across the whole of
the IGP. Future emphasis must shift from the
past reliance on area expansion, high-yielding
cultivars, and inputs of water and chemical
fertilizers towards improving the performance and
efficiency of agriculture at large and that of

irrigated agriculture in particular.

4. Tillage and Crop
Establishment Options

Rice and wheat crops are grown in sequence and
are planted following various tillage and crop
establishment practices specific to various
transects as shown in the matrix (Table 1). Since
tillage systems for crop establishment serve as
guide-posts for the choice of agronomic and crop
management practices on water, nutrient, pest,
and post-harvest management, the transect
approach helps in addressing location-specific
thematic problems of rice-wheat (R-W) system
ecology in different parts of the IGP In the
Consortium, resource-conserving technologies

(reduced-tillage and associated agronomic and




Table 1: Crop establishment matrix and their potential in different IGP Transects*.

Wheat Conventional O-till Surface Reduced tillage Bed

Rice tillage seeding 2-wheel 4-wheel  planting
tractor tractor

PTR Control TUM ML ML TU

PDSR TU TUM ML ML TU

NPTR TUM TUM TUML ML TU TUML*

NPDSR TUML TUM TUML ML TU TUML*

Source: RK Gupta; PR Hobbs and JK Ladha, 2000. "From Issues to Actions", RSC Meet, Islamabad, 7-9, March, 2000.
Legends: T=Trans-IGE, U=Upper IGE, M=Middle IGP, L= Lower IGP

Crop establishment techniques: Puddling & transplanting (PTR); Puddling & DS rice (PDSR);

New activities: Non-puddled transplanted rice (NPTR); Non-puddled direct seeded rice (NPDSR)

Potential of crop establishment techniques by colors

Most important for a large area; Important for many areas; May be important in some areas

* Diversification of rice-wheat-maize-wheat and soybean-wheat etc. on permanent beds

crop management practices) have emerged as a
rallying point for National Agricultural Research
Systems (NARS) and International Agricultural
Research Centers (IARCs) to demonstrate
benefits accruing from practicing them. The crop
establishment matrix suggests that large acreage
can be covered with non-puddled surface or bed
planted rice-wheat systems.

The participants of the traveling seminar
observed that effects of puddling are short-lived
if ponded conditions are not maintained
continuosly. Farmers reported that it takes more
irrigation time to submerge the fields once cracks
develop. Also keeping in view the finer texture
of the soils and poorly drained situations in
many parts of the eastern Indo-Gangetic Plains,
the key question is why should puddling be
practiced to degrade soil structure. It seems that
the practice of puddling could be avoided and it
may go well with situations where winter crops
are either surface seeded or are planted with
reduced- or zero-till drills. The matrix in Table 2
shows the potential / possibilities of using various
crop establishment options for the rice-wheat
systems.

5. Bihar (India)

5.1. Soils and agro-climatic conditions

The agro-climatic conditions in the state of
Bihar are continental monsoonal type with a
short winter season. In the northern parts of
Bihar, comprising districts of east and west
Champaran, Saran, Gopalganj, Vashali,
Muzzafarpur, Samastipur and Begusarai, the soils
are generally calcareous and are deposited by the
Saryu, Gandak, and Buri Gandak river system.
Calcium carbonate content of the soils varies
from 5% to 40%. Salt-affected soils are found in
Sewan and Gopalganj areas and respond to

application of soil amendments.

In north Bihar sediments deposited by the Koshi
and Mahananada river system are generally
acidic in reaction. These soils extend into the
terai of Nepal. Diara lands are coarser in texture
and get submerged during the monsoon season.
Tal lands are found to the south of the river
Ganges in strips 1-5 km wide along the river
course. These soils (grayish in color, calcareous)

get flooded during the monsoon season and



Table 2: Matrix of options for establishment of rice and wheat crops in the system.

Planting methods™ Rice Wheat
Puddled Unpuddled Raised Flat Raised
(Flat) (Flat) beds beds
A. Direct Seeded
Zero-till and controlled traffic ~ NA 4 4 4 v
Reduced till NA 4 4 v v
Sprouted seed (drum seeder) v v v'(on dry or v (Primed v'Primed
/surface seeding wet soil, seed on seed,
machinery wet soil) machin
issues) issues

B. Transplanted

Manual v (double  v/(dry or wet ~ ¥'(dry or NA NA
TP) soil) wet soil)
Mech. transplanter v v'(wet soils) v/ (Machine NA NA
issue)
Seedling broadcast 4 v (wet soils) ¥'NA (Possible NA NA

on broad beds)

* Overarching concerns of cultivars, weed, pest and crop residue management including machinery.

become dry and hard during the summer season. grayish in low-lying positions. With good soil and
With provision of irrigation, these soils can be water management practices excellent crops can
used to grow several crops with low inputs. In be raised. Usually waterlogging occurs to variable
south Bihar, comprising districts of Bhijpur, depths in areas along the river courses. In
Nalanda, Navada, and Rohtas, soils are loam to several upland areas, waterlogging is associated

silty clay loam in texture, reddish brown in color with canals, providing water at a time when
in the upper reaches of the landscape and rain-water is sufficient and irrigation is not

Figure 3. (a) Farmer participatory trials in Harnaut, and (b) Drainage problems of Agricultural
Research Institute Farms, Patna.



Agricultural University, Pusa have laid out
demonstrations in participatory mode with
farmers on single seedling transplanting. It saved
as much as 20-40 kg seed ha™ besides increasing
the number of tillers per hill.

The practice of the rice nursery can be further
improved by raising nurseries on raised beds 10—
15 cm high having dimensions of 1 X 20 m or
less. Enough farmyard manure or compost is
added to the soil. Wherever soils are fine in
texture, it is advantageous to mix some sand to
facilitate nursery uprooting without damaging the
root system. It is better to treat the seed with

2 g of Vitavax / kg seed or with Bavistin and
broadcast on the beds in such a way as to
provide enough space between seedlings and for
good vigor. Solarisation of the seedbed has also
been reported to improve seedling growth in
Bangladesh where rice root knot nematodes are
a problem. Seedlings raised in the manner
described attain 3—4 tillers within 20 days. With
healthy seedlings it is possible to further improve

crop yield.

The participants observed that most farmers
transplanted seedlings deep in puddled soils
(usually more than 4-5 cm below the soil

surface). This practice also reduced tillering.
Thus, transplanting single healthy seedlings
shallow reduces seed costs and can improve the
productivity of rice in Bihar, Nepal, and
Bangladesh.

6. Nepal

From 14 to 17 September 2001, the participants
had an opportunity to see many on-station and
on-farm experiments at Ranighat, Parwanipur,
and Bhairahawa in the terai, lowland belt and at
Naldung in the mid-hills near Katmandu. In
these experiments, the performance of various
crop establishment methods (bed planted, direct
seeding with the Chinese seed drill, drum seeded
rice and system for rice intensification (SRI);
nutrient management strategies (N management
with the help of leaf color chart); long-term
integrated nutrient management; crop varieties;
water management and weed management
strategies were being evaluated.

6.1. Crop establishment

Among the crop establishment methods tested in
Nepal, the performance (vigor, growth, leaf area,
panicle size) of the crop was in the order of: bed

planted = drum seeded = transplanting =

doi
oy b

o]

Figure 8. Participants discussing the nutrient and water management strategies in slope lands with
the farmers near Naldung and LTFE work in Parwanipur farms, Nepal.
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Chinese seed drill. Direct seeded rice matured
10-12 days eartlier than transplanted rice when
seeded on the same day. Ganesh Shah, Nepal
Agricultural Research Centre (NARC), Ranighat
has modified the IRRI drum seeder. The
modified seeder can seed at variable row and
plant spacing (15 and 20 cm). This reduces seed
requirement from 60 kg ha™' to 15 kg ha. It
was cautioned that if the drum seeder was to be
used, the depth of standing water in the main
field should be about or less than one
centimeter. In Nepal, they were using the aerobic
drum seeder. IRRI also has an anaerobic drum
seeder that places the seed just below the soil
slurry. There is a need to further test both these
systems in the RWC.

6.2. Nutrient management

NPK and Zn are the most limiting nutrients for
the rice-wheat cropping system in Nepal. Results
of long-term experiments showed that grain
formation did not take place in minus P plots
even with 100 kg N ha™! applications. A long-
term experiment started in June 1978, at
Bhairahawa (rice-rice-wheat system) has had no
grain yield in the first rice crop for the past 15
years in minus P plots. Yields of the second rice

crop and wheat were very low in this treatment.
Integration with 10 t FYM per crop gave higher
yields, but yield of rice and wheat still showed a
downward trend. This experiment also showed
severe potassium deficiency that started to show
after the 12th year in both crops. Yields have
been reduced by 50% in the —K plots with 1000
grain weight the main yield component affected.
There was also earlier and more leaf diseases in
the —K plots in rice and wheat. On an average,
farmers used 50 kg N, 30 kg P,O, and a few
farmers used zinc in rice and 60 kg N, 30 kg
P,0, ha™' in wheat. Field monitoring data also
indicate a deficiency of K in farmers’ fields
because of continuous mining of K without
replenishment. This is being investigated further
in Nepal and initial data suggests that farmers
will have to apply potassium in addition to P
and K to maintain yields. Since all potassium is
imported into Nepal, a policy on potassium use
is needed from the Ministry. In other areas of
Nepal boron deficiency that shows itself as
sterility in wheat is a serious micronutrient
problem. Zinc deficiency is also widespread but
farmers can correct the problem by applying zinc.
However, good quality zinc is not always
available.

Figure 9. Raj Shrestha, National Agricultural Research Centre scientist, explaining the farmer
participatory N management trials conducted on slope lands (mid-hills near Naldung site, Nepal).
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Evaluation of the use of leaf colour charts (LCC)
for improving the efficiency of nitrogen is being
done at on-station and 20 on-farm trials for
various rice cultivars at all the sites. Farmers’
nitrogen practice is also being calibrated with the
help of LCCs by keeping the amount of fertilizer
used by farmers the same but applying it based
on the LCC readings. Fertilizer recommendation
packages are being developed for rice-wheat-
cowpea, rice-mustard-mungbean and rice-wheat-
dhaincha cropping systems. During discussions at
the site, it emerged that slope length and aspects
should be considered in nitrogen management of
rice and other crops. Surface runoff and
subsurface flows from the terraces may lead to
significant N movement from top to lower
positions in the landscape, suggesting the need
for a different experimental design and N
application according to terrace positions in the
landscape transect.

In Nepal, most farmers grow soybean on the
bunds to save and stabilize the terrace from
runoff water. Intercropping of soybean with rice
gives them additional income and improves the
dietary protein contents of the farm families.

6.3. Varietal development

Several on-station screening and development

trials for rice and wheat (winter season) cultivars
suitable for different agro-eco-situations are
being conducted by breeders at the Regional
Agricultural Research Stations (RARS) at
Parwanipur and Bhairahawa and the National
Agricultural Research Institute (NARI) in
Katmandu. Prominent rice cultivars developed at
these stations include BG1442, MLT-119,
Masuli, Savitri, Janaki, Khumal-4 and Chinsung
242 for rice grain and Taichung native 1 for

Chura purpose.

6.4. Weed management

Weed management is a serious problem in direct
seeded rice where it is difficult to maintain
standing water during the first 15 days. Although
the participants saw a varietal screening
programme on the comparative ability of rice
genotypes to suppress weeds, there was a need
for more work on weed control in direct seeded
rice. In Nepal, there are some studies on weed

control in wheat in the winter season.

6.5. Concerns

e Large runoff losses of surface soil which carry

away a huge amount of organic carbon, P
and K

H1 b Bn ar il
Hid-fliz S r
B Tl 5 Formery 1t CERIRN

Figure 10. Some participants crossing the rivulet to visit the farmer participatory varietal

evaluation trials.
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Imbalanced use of fertilizers, particularly K.
The interaction of K deficiency with leaf

diseases in wheat and rice.

Low productivity of rice (2.9 t ha!) and
wheat (2.0 t ha™).

In terai region, early season waterlogging and
water and heat stress at physiological
maturity in wheat.

Susceptibility of the rice cultivar Taichung to
blast and a higher dose of N accelerates the

infestation.

Fertility management in the mid-hill terraces.

Unlike the plains, the soil fertility needs to
be managed differently in the sloping lands
and terraces. Most of the terraced lands are
interlinked with forest ecosystems and hence
fertilizer application methods need to be
adjusted according to runoff patterns and its
direction. It seemed that lower positions of
the landscape receive runoff from above and
so should receive less fertilizer compared to

terraces in higher positions.

Weed management in direct seeded rice and

surface and zero-till sown wheat.

Low input use by farmers, especially in the
hills. There is a need to use both organic
and inorganic sources based on nutrient

inputs of linked forest ecosystems. .

6.6 Future thrusts

14

Continued thrust on accelerating
mechanization in Nepal including help in
developing government policies to promote
mechanization for improving agricultural
efficiency. Mechanization includes not only
tractors, especially smaller 2-wheel version,
but also energy sources for irrigation and
harvest, post-harvest and processing

operations.

7.

Improved fertilizer application methods for
transplanted rice; rice on raised beds; direct
seeded and drum seeded rice.

Detailed soil and plant analysis of the long-
term experiments are needed to help
calibrate tests that determine when critical
levels and deficiencies start to occut. This
will make the soil and plant tests more
effective.

Possibility of growing Boro rice in the terai of
Nepal should be explored

Recently acquired animal-drawn zero-till drill
needs to be adapted to the 2—-wheel power
tillers available in Nepal.

Detailed monitoring of soil biological
parameters in relation to soil health and
initiate work on soil physical and chemical
properties in relation to new tillage options

being promoted for rice and wheat.

N-use efficiency in relation to physical
properties.

Introduction of legumes in RWCS and

diversification with other cash crops.

Research on weed management strategies for

direct seeded rice including use of herbicides.

Balanced and integrated site-specific nutrient

management

Modification of drum seeder for simultaneous
placement of seed and fertilizer

Studies on using permanent bed systems in
terraced land of the hills where presently
manual labor is used to prepare beds for
wheat.

Bangladesh

Bangladesh has diverse environments, which

offer many opportunities for crop diversification



laced with challenges and limitations. The
agricultural scenario has the complexity of small-
scale farm economies, yearly problems of
monsoon floods, changing water courses of
tributaries and other physiographic changes
within small distances. Groundwater
development is occurring at a fast rate (40K
shallow and deep tube-wells per year), most of
which are used to irrigate other than monsoon
season crops. The relative contribution of
traditional tank irrigation in irrigated area has
gone down by more than 9% over the past few
decades. Most soils (old and new alluviums) are
deposited by the Ganges and Meghna river
systems. There are as many as 34 physiographic
units, comprising of 500 soil series and 21 major
soil types. Uplands and medium lowlands
constitute nearly 75% of land acreage. Twenty
per cent of the area falls in the lowland
category. Most soils are deficient in N, P, and
sulfur. In many areas soils are acidic in reaction.
Population pressure and competing use of land
by other sectors of the economy have decreased
the acreage of arable lands from 10 mha to

8.1 mha in past three decades. The challenge
facing Bangladesh agriculture is to grow more
food from the marginal and productive lands at
lower production cost. Some of the key
constraints leading to low productivity or even

productivity stagnation in rice-wheat systems of

Bangladesh are enumerated as under:

e Late transplanting and use of late-maturing,
photosensitive varieties of rice leading to
short turnaround time for seeding of wheat

in rice-wheat systems.

e Low integrated use of organic and chemical

fertilizers and imbalanced fertilizer use.

e Multiple nutrient deficiencies, nutrient
mining of P and K and emergence of
secondary and other micronutrient

deficiencies.

e Low use of external nutrient inputs by the

farmers

e Inefficient management of irrigation and
rain-water. Late transplanted rice crop suffers
from water shortages due to non-use of
groundwater in highland to medium lowland

areas in the main rice season.

e Continuous rice cropping leads to greater
incidence of insect pest and disease
complexes (root knot, mealy bug, brown
spot, leaf streak, stem borers and weeds)

e Soil acidity and non-availability of liming

materials in some areas.

Figure 11. Dr. Pannaullah and his colleagues discussing the whole family training with participants.
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e Short winter season for growth of wheat.

e Sterility problems in wheat caused by boron
deficiency.

e Non-availability of farm implements for use
with power tillers and 4-wheel tractors

Ongoing work includes on-farm and on-station
trials on aspects of farming system research,
methods of crop establishment, soil fertility and
plant nutrition, mulching, liming, varietal

development, and evaluation of soil solarisation.

7.1. Farming system research

On the basis of land, agro-climatic situations
and socio-economic conditions, Bangladesh has

identified four major farming systems.
i. Crops + fisheries

ii. Crops + livestock

iti. Crops + fisheries + livestock

iv. Crops + livestock +agro-forestry

A team of scientists is engaged in monitoring the
changes and evaluations of farming system
research activities/technologies developed for
increasing and sustaining overall farm
productivity and the well-being of the
community farmers following a particular farming
system. Efforts are also being made for overall
improvement in the existing farming system by
developing and transferring location-specific and
client-oriented technologies for crops, livestock,
fisheries, agro-forestry and other homestead
production components, like fumeless Chulha etc.
The group visited a farming system research
(FSR) site at the village of Kapasia where many
integrated activities were being conducted.
Unfortunately, rain prevented the group from
seeing most of this excellent work being done by
the scientists from Bangladesh Rice Research
Institute (BRRI). It was suggested that other

16

institutions and NGOs be invited to work in

these FSR sites of BRRI.

7.2. Crop establishment and tillage

Experiments related to new crop establishment
and tillage systems were planted at Chuadanga
and Nashipur sites. Dr. R. Karim is assessing the
long-term implications of the Chinese hand
tractor (CHT) seeded rice on soil health and
biotic factors in the following cropping systems
at Nashipur:

1. Wheat-jute-rice (T. Aman)
2. Wheat-sweet gourd-rice (TPR/DSR)
3. Wheat-mungbean-rice (DSR/TPR)

The performance of DSR was poor in all the
cropping systems because of water stress under
the sandy soil condition. Bed planted rice was
infested with leaf blast. High intensities of weeds
were seen in the direct seeded rice. Soil crack
formation took place in transplanted puddled
rice soils while no cracks were seen in the
unpuddled DSR. Since cracks suck more water,
it was presumed that more irrigation water was
required for TPR as compared to DSR. This
needs to be measured properly. In another bed
planted experiment with four cropping systems
viz. rice-wheat, rice-lentil, rice-mustard, and
rice-chickpea, being carried out by Dr. Murshed
Alam messing was good and crop vigour and
growth was better in bed planted rice as
compared to TPR.

7.3. Soil fertility and plant nutrition

Bangladesh soils are commonly deficient in NPS
and Zn. Some soils are deficient in B and Mo.
Potassium deficiency is also emerging except in
coastal lands. A large number of on-station and
on-farm experiments on nutrient management
are going on in different parts of the country.

Site-specific N management options are being



developed for RWCS through omission plot
technique, chlorophyll meter and leaf colour
charts (LCC). Long-term trials on nutrient
management are being conducted at BRRI and
BARI stations, such as Nashipur, to develop
'Balanced fertilization packages' for RWCS. LCC
are very useful in enhancing N-use efficiency.
Soil test based fertilizer recommendations have
been developed for rice-potato, radish, tomato
and wheat crops.

7.4. Mulching

Some on-station experiments on the use of rice-
straw mulch in wheat were conducted for
increasing water-use efficiency and controlling
weeds. Mulch, in turn, increased organic carbon
content in the soil. Mulching gave very good
results in zero-till sown wheat in reducing weed
infestation and enhancing water efficiency and

ultimately higher yield.

7.5. Liming

Lime is used as an amendment for reclamation
of acidic soil. Dolomite @ 2 t ha™ containing
13.5% calcium and 6% magnesium is commonly
used as liming material in acidic soil. Excess use
of dolomite may increase the Mg ion on the
exchange site of clay minerals and if Mg
neutralizes 30% of the charge, the soil behaves
like an alkali soil. Excess Ca may replace K ion
and lead to K deficiency.

7.6. Varietal development

About 30% of the T. Aman and 65% of the Boro
rice area has been covered by newly released
high-yielding varieties like BR22, 23, and 32.
Wheat variety Kanchan is widely grown in
Bangladesh. T. Aman (rice)-potato-Boro rice is
the most remunerative cropping system but
availability of short-duration quality potato seed

is a problem.

7.7. Soil solarisation

The participants saw on-station as well as on-
farm trials on solarisation of nursery bed before
nursery raising. Performance of the solarized and
unsolarised crop looked the same, but final
harvest result was needed to make a final
conclusion. Scientists conducting these trials said
that there was less disease and more yield in the
solarized plots compared to unsolarized ones in

past years.

7.8. Research issues

1) Late planting of T. Aman (rice) is due to late
harvest of the Aus rice crop or jute or the
use of photosensitive rice varieties that
flower late. In fact, farmers need to grow
photosensitive varieties when rice is planted
late in September, otherwise flowering will be
affected by cold and sterility will be a
problem. Zero-tillage establishments may be
used in T. Aman to get the earliest planting
possible.

2) Weed control is a basic problem in DSR.
Screening of varieties as well as selection of
herbicides and suitable integrated weed-

control strategies is required for DSR.

3) Late planting of wheat may be advanced by
use of zero-tillage. Farmers are presently
using a reduced-tillage system where the seed
and fertilizer is broadcast and then the soil
rototilled for incorporation. Results show
that using the seeder attachment with the
hand tractor is better. Permanent bed
planting needs to be researched for rice and

wheat as a way to overcome this problem.

4) How to improve availability of implements

for 2-wheel tractors?

5) Leaf blast is more in DSR. There is a need
to breed DSR varieties with blast resistance.
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Can proper fertilizer and water management
reduce the infestation?

Nutrient management strategies for N, P and
K need to be developed for balanced

fertilization.

B deficiency sterility in crops like wheat and
fruits poses a problem in acid soils. Is
reclamation of acid soils with lime a better
option than application of Boron to over
come the sterility problem?

Arsenic pollution is a serious problem in
Bangladesh. Shallow tube-well water is
polluted with arsenic, and vegetables and
crops irrigated with this water contain toxic
amounts of As. Excessive amounts of
arsenics in the food chain causes gangrene
like structures on joints and genitals. Cause
of this problem needs to be ascertained and
remedial action taken. Rapid expansion of
Boro rice and draw down of the water-table
in the winter season may be one cause. If
this is the case, alternative to Boro rice that

uses less water may be needed.

Soils are very poor in organic carbon
content. Green manuring or inclusion of a
legume crop in the rice-wheat system may
help. Residue management and use of farm
waste also needs to be part of the research
agenda. Zero-till has been shown to result in
less SOM oxidation and may be a possible

solution.

10) Technology adoption rates are low and poor

18

farmers are reluctant to adopt technology
related to fertilizer and irrigation
management. Participatory research
approaches, where farmers are encouraged to
experiment with new technology, should be
promoted. Expansion of the stakeholders and
linkages with active NGOs and public sector

research is also in order.

7.9. Some key concerns for RWCS

L.

How to increase the productivity of wheat
crop following T Aman rice?

How to improve nutrient-use efficiency and
overcome nutrient imbalances and excessive

mining of nutrients?

7.10. Research possibilities

Improving the attachments for hand tractors.
Weed control in DSR.

Effect of liming on potassium leaching and
availability. Effect of dolomite on physical
chemical and biological properties of soil.

Study on K requirement in dolomite

reclaimed soil.

Improving solubility of dolomite and
accumulation of Mg ions on the exchange

complex.

Rationale use of potassium in rice-wheat

systems.

How to manage favorable balances of
potassium and phosphorus — developing

strategies for crop-residue management!?

Study genotype x tillage x method of
planting interactions. Screening of rice
genotypes for DSR for different agro-
ecological situations.

How to overcome the sterility problems in

BR-31 (rice) and wheat?

How leaching losses of residual N in the
wheat season can be reduced to prevent
nitrate pollution of groundwater and

economize on N fertilizers?

Can effects of liming be achieved through
manipulation of electrical properties of clay

colloids in acidic soil sediments?



Figure 12. Bed planted and direct seeded rice crop (Left), and extensive root system of bed planted
rice shows up in the furrows (Right).

e (Can permanent bed-planting systems improve
and sustain sugarcane production in

Bangladesh?

e (Can permanent bed-planting systems help
diversify and further intensify the rice-wheat
systems in Bangladesh?

e s the practice of puddling really necessary or
can it be avoided in some situations! What
are the benefits of doing this on total system
productivity and water use?

e How to overcome the arsenic problem of

groundwater pollution and contamination?

7.11. Sustaining sugarcane acreage

Towards the end of the traveling seminar,
participants had the opportunity of meeting
Dr. Hamid Miah, Chairman, Bangladesh
Agricultural Research Council. During the
discussions, the Chairman remarked that the
cropped area of sugarcane was decreasing in
Bangladesh and asked if the participants had
ideas on sustaining this crop. An Indian farmer
and several scientists shared their experiences.
Dr. Miah showed keen interest in the system of
permanent bed planting for intercropping of

sugarcane (in furrows) with wheat planted on

the raised beds. This system gives more time for
sugarcane in the main field, thereby raising cane
production for the farmers and higher sugar
recovery for the factory, a key concern of the
sugar industry. Late-planted sugarcane has lower
cane production and less sugar recovery, and
therefore the sugar mills are reluctant to procure
the late-planted cane crop. Intercropping of
sugarcane with wheat would help resolve this

conflict between industry and cane farmers.

In his closing remarks, Dr. Miah greatly
appreciated the value of the traveling seminar
organized by the RWC and advised the national
scientists present in the meeting to try bed-
planting system to sustain sugarcane production

in Bangladesh.

8. Insect and Disease Scenario
in the Rice Crop in the Eastern
Indo-Gangetic Plains

Drought like situations had been prevailing in
Bihar just before the visit of the team (up to 31
August). It rained heavily a couple of days
before the arrival of the team. Due to drought,
the Bihar rice crop suffered attack from blast
disease (Pyricularia oryzae), brown spot
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(Helminthosporium oryzae), zinc deficiency, and
mild to moderate incidence of bacterial leaf
streak (Xanthomonas oryzicola). Heavy rains
provided a very congenial environment for a
severe attack of sheath blight (Rhizoctonia solani)
in the rice cultivar MTU 7029. Short-duration
rice cultivar Prabhat was bred for medium to low
land and upland situations so that a toria crop
could be seeded. This cultivar seemed to be
suited to the dry seeded conditions and also
seemed to be competitive with weeds. However,
this cultivar also suffered from sheath blight
(Rhizoctonia solani) and some iron chlorosis in
Chappra and Nevada villages of Bihar.

In Nepal, amongst the pests, stem borer, mealy
bug and leaf folder of rice were visible and
affecting rice productivity. In Nepal, blast disease
of rice (Pyricularia oryzae) was observed and was
becoming a very important disease of early-
maturing rice cultivars. Other important diseases
were brown spot (Helminthosporium oryzae) and
bacterial leaf streak(Xanthomonas oryzicola) that
adversely affected the productivity of Sonali
Mahsuri in the Parwanipur area of Nepal. Bunt
of rice (Trlletra brachalcana) was also observed in
a few panicles of the rice cultivar Mala in
farmers’ fields. False smut of rice (Ustolaginoidia
virenset) was observed in the cultivar Taichung
native#1-71 in the Katmandu valley. False smut
and sheath blight diseases, however, were the

predominant diseases in Nepal.

In Ghazipur, Bangladesh, bacterial leaf streak was
noticed in a mild form. In the Hatikata site in
Chaudanga district, blast was observed. It was
also observed that sheath blight attack was more
in direct seeded rice than transplanted rice. In
Meherpur and Khustia, blast disease was more
visible in the direct seeded BR-30 and BR-11.
In several locations root knot nematode had also

adversely affected root development. Mealy-bug
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attack was visible in many places where water

stress was present.

Some of these pests and diseases can possibly be
controlled by removing water stress in the rice
crop. Spray of fungicides like Hinosan (one litre
ha™'); Bavistin (500 g ha™'); or Beam (700 g
ha™) reportedly helped control the diseases. For
control of brown spot, Indophil M95 (2 kg ha™)
was recommended. Sprays of Bhitox-50 (2.5 kg
ha™) plus streptocyclin (50 g ha™) are being
advocated for control of leaf streak. Carbofuran
applied with irrigation water is effective against
mealy bug. Leaf folders and stem borers were
effectively controlled through use of
Monocrotophos (600-700 ml ha™).

9. Commentary

In the IGE, where rice-wheat systems
predominate, most of the rice is established by
transplanting 3-5 week old seedlings into
puddled fields. Puddling is achieved through
plowing and leveling the field, followed by a
soaking irrigation and stirring or plowing of the
surface layer while saturated. Puddling is an
important traditional soil management operation
used to reduce soil permeability and preserve the
aquatic, anaerobic conditions suited for growth
of wetland rice. It also helps control weeds,
improve water and nutrient availability and
facilitate transplanting of rice seedlings. On the
other hand, puddling destroys soil aggregates,
breaks capillary pores, and disperses fine clay
particles. After repeated puddling, clay particles
settle in the bottom of the plow layer to form a
compacted layer (plow pan) that allows ponded
water conditions for longer durations by
restricting the percolation losses. The compacted
layer may become partially cemented, increasing
its strength, and subsequently resisting root
penetration and growth of following crops. In
several experiments wherein puddled rice is
followed by wheat, a downward trend in rice



yields between 0.05 t ha™ and 0.5 t ha™! has
been observed. Yet many farmers in eastern IGP
opined that they puddled their soils mainly for
weed management and to some extent for water
retention. However, farmer interviews revealed
that puddling effects were short lived due to
shortages of canal water supplies, power, and fuel
for pumping of groundwater. Most of puddled
soils showed up cracks varying in size and depth.
[t was reported by farmers that once the puddled
soils cracked, it took more irrigation time to
maintain ponded condition. Under such
situations, farmers prefered to dry their soils as it
helped the soils regain their capacity to retain
water.

In northwest parts of the IGP where a great
majority of soils are coarser in texture (loamy
sand to loam), puddling forms a highly
impermeable clayey layer in the surface
centimeters of the puddled layer. In the medium-
and finer-textured soils, puddling reduces
infiltration by increasing bulk density in the
lower portion of the puddled layer and
development of a plow pan. A massive type of
soil structure changes water retention and
movement in the surface soil layers and a
compact subsoil layer or plow pan alters water
infiltration, profile moisture contents and
groundwater recharge. Under some situations,
root coiling in wheat can be observed as a
consequence of puddling. The puddled layers are
known to retain more moisture at low tensions
and remain wet for longer periods due to
reduced evaporation. Thus fields dry up slowly
for plowing of land for sowing of wheat crops.
Due to slowed drying of finer-textured soils,
commonly found in eastern IGE farmers
reportedly wait for a long time before seeding
wheat in a short winter window. Puddling also
affects soil properties for the following crop.
Plowing a finer-textured puddled soil produces
larger clods that are difficult to pulverize for

establishing a suitable seedbed for wheat. Unless
this is done, seed and soil contact and hence,
crop germination is poor. Excessive tillage causes
crusting, cracking and results in loss of soil
aggregates that reduces germination and creates
a plow pan. This can restrict rooting of the next
crop, especially if the soil dries. Reduced
infiltration causes waterlogging and yellowing of
wheat crop and reduced yields. There are two
alternatives to improve the rice-wheat system,
where repeated conversion of soil from anaerobic
to aerobic conditions and repeated destruction of
soil physical properties is a feature of the rice
phase. In order to improve overall system
productivity, an issue to be considered is : Can
we do away with the puddling for rice and use
other soil management options to provide the

required water and weed control?

Large power and labor requirements of puddling
and transplanting often result in labor shortages
and increasing costs for these operations. In
addition, under the changing socioeconomic
environment in South Asia, despite large
populations, workers are not available or
reluctant (especially younger male workers) to
undertake the drudgery of transplanting, raising
costs even more and the real wages for rural
labor. Area planted is often more than optimal
because workers are paid by time not quality.
Alternate methods of establishing rice that
require less labor and water without sacrificing
productivity are being experimented by the
farmers in the Consortium countries and would
be discussed further in the ensuing sections. One
topic for consideration is the weed shifts, mainly
from sedges in puddled soils to grasses and
broadleaf weeds in non-puddled situations. This
needs more study in future, and emphasis needs
to be put on developing good weed-control
strategies for dry seeded, non-puddled rice.
Another interesting field observation was the
increased numbers of tillers and panicles per m~
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in the direct seeded plots. In earlier experiments
total yields were similar between direct seeded

and transplanted plots (in flat fields).

Transplanted rice has earlier been reported to
have more grains per panicle than direct seeded
rice. For the direct seeded rice crop, farmers
have generally used a higher seed rate of up 80
kg ha™'. High plant population pressure likely
reduces the tillering ability of direct seeded rice
and reduces the availability of nitrogen and
other nutrients to each plant. In direct-seeded
plots, farmers seemingly are reluctant to top
dress additional N fertilizer doses for fear of blast
and brown plant-hopper attack. Use of resistant
cultivars, wider spacing, and lower seed rates
may be needed to realize the full potential of
this system. For weed control, varieties are
needed that are more competitive with weeds.
Varieties that emerge quickly and cover the
ground would be better than slower-growing
varieties. Rice breeders will need to screen
germplasm under the direct-seeded technology,
to identify suitable varieties. It was observed that
farmers generally did not go for seed priming
that would enhance early season growth of rice
seedlings and be useful for dry seeded rice.

10. Weed Control

Use of a stale seedbed system for direct seeded
rice may be advantageous. In this system, the
first flush of weeds is encouraged to germinate
before killing them with non-selective herbicides
or plowing. Development of new, improved
herbicides for dry seeded rice is also needed. In
fact, integrated weed management should be
emphasized over any one system. In China,
scientists have indicated that rice transplanted
into zero-till soils had a problem of weeds in the
first few years which was controlled by
herbicides. In later years, weeds became less of a
problem, as the weed bank was exhausted and
herbicides use was less. Direct seeded rice also
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takes more time in the field, since the time
needed for raising seedlings must be considered.
This is not a problem in South Asia, where only
a single crop of rice and wheat are grown, but
would be a problem in areas of the eastern IGP
where two rice crops and a wheat crop are

grown.

Water management is a major issue for direct
seeded rice. Large amounts of water are needed
to maintain standing water in a rice crop, and
even more if the soil is not puddled. Research
has shown a 20-50% savings in water, without
yield loss, mainly resulting from less seepage
losses and a decline in soil permeability from
puddling (Hatta 1967, Sandhu et al. 1980 and
Prihar and Grewal 1985) However, there are
data to show that farmers often apply water in
excess of crop water requirements and that fields
do not need to be flooded to achieve high yields.
Bhuiyan (1992) reported a 40% savings in water
without yield loss by replacing shallow water
regimes with a saturated soil regime. Water can
be applied just as fine cracks appear, saving large
amounts of water. Under high weed pressure,
shallow flooding during the first 45 days after
transplanting, followed by maintenance of a
saturated regime for the rest of the season,
resulted in similar yields but a 30% savings in

water, over the flooded regime.

Rice grown under traditional practices in the
tropics and sub-tropics requires 700-1,500 ha-
mm of water (up to 400 mm for land
preparation, 50 mm for growing rice seedlings,
and 500-1,200 mm to compensate for evapo-
transpiration demand and seepage losses).
Puddling reduces seepage/deep percolation losses,
an advantage that would be missed in non-
puddled situations. The difference between
infiltration rates in puddled vs unpuddled soils
may be as high as 250-400 mm. But not all of
this water is lost from the system — much will go
to recharge the aquifer, thus saving on the water



requirement for the next wheat crop and
reducing irrigation by one or two applications
(140 mm water). A productive wheat crop may
be possible with just 1-3 irrigations. It is,
therefore, important to conduct more research
on total water needs of the system and not just
highlight the extra water needed for non-puddled
rice.

11. Soil Fertility Issues

In puddled rice, any nitrogen left over from the
previous crop would be in the nitrate form.
Whenever the soil is puddled, this nitrogen
would be lost through leaching from the root
zone to the water needed to puddle the soil and
there is no way that this N can be used by the
plants. What happens to the residual N in non-
puddled, dry seeded rice situation is a matter of
speculation but it seems that dry seeded rice
crop could use the residual N from the soil
layers for early rice establishment, avoiding
leaching losses. The best way to mop up the
residual N of the previous wheat crop seems to
be by growing a short-duration mungbean crop.
Many farmers in Haryana and Punjab like this
practice. However, since ways to improve
nitrogen-use efficiency is needed in years to
come, this system needs to be evaluated for the
rice-wheat cropping. As stated previously,
puddling rice soils, preparing seedbeds, uprooting
and transplanting seedlings into puddled fields is
a very tedious farming operation having an
element of seasonality. Discussions with farmers
suggested that the total cost for raising seedlings,
puddling and transplanting rice seedlings was
around Rs. 2500 per ha in India and Nepal. In a
dry seeded rice system, this cost would be
substantially less. Of course, dry seeded rice
would have significant weed-management costs.
As labor costs are bound to increase with time,
alternatives to transplanted rice will be essential
to reduce production costs and keep food prices
low. Dry seeded rice offers additional benefits of

improved soil physical properties and consequent,
improved total system productivity.

12. Can Rice be Grown without
Manual Transplanting?

Another possibility is to assume that puddled
soils are needed for rice production and then
identify management practices to minimize the
disadvantages of puddling and to remove
problems associated with transplanting. On the
issue of the high costs of labor for transplanting,
there are several options. In northwest India and
Pakistan, scientists are experimenting with
mechanical rice transplanters to overcome the
problems of labor shortages and poor
transplanting techniques and spacing. The most
successful machine used to date is the Chinese
rice transplanter. It costs one-tenth of the price
of the imported Japanese models. The first
problem that had to be overcome was the
preparation of the seedbeds. Growing seedlings as
mats on plastic sheet has solved this. Other
problems include local manufacture of the
transplanters so that more farmers can access
them, missed hills during transplanting, and
improper use of the machinery. These are being
addressed and this system should be available to
farmers in the near future. Since seedling density
is higher in this system, increased nutrient
applications may be needed to ensure high
yields.

Direct seeding of sprouted rice seeds onto
puddled soils with or without the use of a drum
seeder is another option that needs to be tried
in South Asia. This is commonly used in
Malaysia, Thailand and other Southeast Asian
countries. International Rice Research Institute
(IRRI) has both an aerobic and anaerobic drum
seeders that need more testing. The main
problem is water management, which must be
more exact than for transplanted rice. Use of

laser leveling being evaluated in Pakistan would
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be an obvious help in overcoming this problem.
Weeds are also more of a problem in direct
seeded rice, but the herbicides normally used for
transplanted rice should also be effective under
this puddled situation.

The last system that needs exploring is the use
of broadcasted seedlings. In China, this is a
recent method introduced for establishing rice,
since it saves on labor and removes drudgery of
transplanting. In China the seedlings are
produced either through a modified dry seedbed
method or in plastic bubbled sheets. Each
seedling is produced with a clod of soil attached.

When the seedlings are thrown in the air, they
fall to the ground and the additional weight of
the attached clod pushes the seedling into the
soil. Benefits include fast, timely transplanting,
good initial growth, less drudgery and lower
production costs. These healthy seedlings can
also be used for transplanting on the flat or on
beds. This may be useful with hybrids where
seed costs are high.

13. Boro Rice Cultivation

In many lowland areas of Bihar and in
Bangladesh, having facilities for irrigation, rice is
seeded late in October or in early November, for
transplanting in February. Boro rice replaces the
winter wheat and is the highest yielding rice
crop grown, since it benefits from high solar
radiation, less pests and seems to like the cool
temperatures during seedling growth. In the
foothills, terai area of Nepal, there are some area
where no winter crops are grown because of
excessive soil moisture or due to waterlogging.
Such areas could be planted to Boro rice as an
option, if farmers can provide irrigations

whenever needed.

During discussions at Parwanipur, it was found
that the scientists working at this station found

difficulty in raising successful Boro rice nurseries
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due to cold. Scientists from India shared their
experiences on this aspect. It was suggested that
the last week of October was the best time for
seeding Boro rice in the nursery. It could be
extended up to the first week of November.
Earlier sowing helps seedlings to benefit from
warmer temperatures so they attain some height
before the onset of winter. Further it was
suggested that the wet-bed method of raising
Boro rice nursery was better. Maintaining water
in peripheral furrows around the raised bed
would be advantageous, as it protects from low
temperatures and facilitates the survival of

seedlings during winter.

During the coldest period, removal of dews from
leaves with the help of bamboo sticks and
broadcasting of wood ash over leaves helps
protect the seedlings from cold injury. The
transplanting of seedlings can be started when
the mean daily temperature is around 13°-14°C.
This temperature prevails around the 3rd week
of January in Bangladesh to the first fortnight of
February in the non-traditional Boro rice areas in
India. The crop is harvested by May end. But in
typical Boro rice areas optimum temperature for
transplanting may reach even earlier. Efforts
should be made to transplant at the earliest
possible time for higher yield when temperature
becomes favorable. It was also reported that Boro
seedlings could also be raised by Dapog method.
In this method seeding is done as soon as
temperatures rise above 10°C in January on
plastic sheets or even on banana leaves and
younger seedlings are transplanted as soon as
possible.

Indian participants further informed that the rice
variety Gautam possessed better tolerance to cold
than other varieties. Recently, two early-
maturing varieties (Dhan Lakshmi and

Richharea) have been developed which may be
harvested by April end. Though these varieties
yield lesser than Gautam, they need less number



of irrigations due to the shorter growth period.
In the event of limited irrigation facility, these

two varieties may be tried.

While interacting with the scientists at the
Regional Research Station, Bhairahawa, Nepal, it
was reported that some seedlings of Gautam were
obtained from India and tested in a small area at
this site two years ago. The parent crop yielded
5.5 t ha! and its ratoon 2.5 t ha™'. In
continuation, four Boro rice varieties (Gautam,
Jaya, Baans Dhan and Gorakhpur local) were
tested this year with success. Gorakhpur local
gave the highest yield (5248 kg ha™') followed by
Jaya (5117 kg ha™') and Baans Dhan (4890 kg
ha™). Gautam vyielded 4553 kg ha! but matured
one month earlier than others. Gautam matured
in 120 days where as others matured in 150-155
days after transplanting. The investigation on
sowing date of Gautam showed that November-
sown seedlings gave higher yield in comparison
to December- and January-sown seedlings. About
two months old seedlings were used for

transplanting for all the seedling dates. More
work is planned this year.

The participants of the RWC traveling seminar
interacted with local farmers and scientists
working at the Regional Agricultural Research
Station, Parwanipur (RARS) and Regional
Research Station, Bhairahawa in Nepal on
cultivation of Boro rice and shared their
experiences. Scientists from RAU, Pusa, Bihar
agreed to train the Nepalese scientists in Boro
rice culture. In October, four Nepalese went to
Pusa, Bihar for this training on growing Boro rice
in the cooler areas of the eastern Gangetic
plains.

14. Brief Summary of Concerns
of Rice-Wheat Cropping System
at Different Sites

Some of the sustainability concerns of rice-wheat
systems observed by the participants during the
traveling seminar have been listed below:

Bihar, Eastern UP

Nepal

Bangladesh

Rice Late transplanting, suitable
cultivars, water shortages at
maturity, inefficient fertilizer
use, method of rice
establishment, weeds,
inefficient use of rain-water.

Systemic Late planting, terminal heat

concerns stress, weeds, low yields,

for wheat high cost of cultivation, low
profits, and poor markets.

Proposed Popularize RCTs, diversify

options cropping systems, single

seedling transplant, recycle
residues and animal waste,
use drum seeders, promote
surface seeding wheat, seed
production, and groundwater
development in rice season
for timely rice seedling
raising.

Method of crop
establishment, inefficient
and imbalanced fertilizer
use, K deficiency,
cultivars, accessibility
of inputs to farmers

Late planting, weeds, early
waterlogging, high costs,
poor markets. low
mechanization.

Popularize RCTs, diversify
cropping system, use drum
seeders, seed production
of improved varieties,
promote surface seeding,
balanced fertilizer use,
promote K use and
mechanization

Late transplanting, K
deficiency, method of crop
establishment, acidity and
liming, root knot nematodes,
lack of supplementary
irrigation use for rice.

Late planting, heat stress,
inefficient fertilizer use,
sterility, and lack
implements for hand tractors.

Popularize RCTs, more
research on SS and bed
planting, residue recycling,
heat-tolerant wheat
cultivars, and introduce
more accessories for hand
tractors. Look at the
arsenic problem and
suggest options to

solve it.

25



15. References

Bhuiyan, S.I. 1992. Water management in

relation to crop production: Case study in rice.
Outlook on Agriculture. 21: 293-299.

Hatta, S. 1967. Water consumption in paddy
field and water saving rice culture in the tropical

zone. Japan Tropical Agriculture. 11: 106-112.
Prihar, S.S. and Grewal, S.S. 1985. Improving

irrigation water use efficiency in rice-wheat
cropping sequence: technical and policy issues.
In: National seminar on water management: The

key to developing agriculture. Agricole Publishing
Academy, New Delhi, India.

26

Sandhu, B.S., Khera, K.I., Prihar, S.S. and Singh,
B. 1980. Irrigation need and yield of rice on a
sandy-loam soil as affected by continuous and

intermittent submergence. Indian Journal of
Agric. Sciences. 50: 492-496.



Annexure |

Itinerary: Traveling seminar to Bihar, Nepal and Bangladesh

Date Day

Indian Leg

10 Sep., 2001  Monday

11 Sep., 2001  Tuesday

12 Sep., 2001  Wednesday

13 Sep., 2001  Thursday

Nepal Leg

14 Sep., 2001  Friday

15 Sep., 2001  Saturday

16 Sep., 2001  Sunday

17 Sep., 2001  Monday

Bangladesh leg

18 Sep., 2001  Tuesday

19 Sep., 2001  Wednesday

Place visited

Agricultural Research Station, Patna, and village-Sardali Chak.
Central Potato Research Institute, Patna.
ORP villages of ICAR Complex Eastern region, Phulwari Sharif.

KVK, Harnaut and Lohari village clusters in Barh and Nalanda
districts.

RAU, Tree crop experiments, Agricultural Engineering. Department,
dairy and poultry, rice experiments, apiary and goatary

Village clusters of Chapra and Navada

Departure for Rexaul via Muzzafarpur reaching Birgan;j
Agricultural Implements Research Station, Ranighat
Agricultural Research Station, Parwanipur,

Leave for Bhairahawa

National Wheat Research Station, Bhairahawa

Village clusters near Lumbini. Travel to Katmandu.

Visit ADB and IRRI experiments — N management, varietal and LCC
trials — on way to Nagarkot Phedi

Visit Nepal Agricultural Research Institute, Khumaltar

Departure for Dhaka

Visit BRRI Farming System site at Kapasia
Visit BRRI and BARI main station at Joydepur
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Annexure | (Continued)

20 Sep., 2001  Thrusday Fly to Jessore and travel to BRRI R-W site at Chuadanga — FF trials
Hatikata

Stop to see Rehman engineering display implements for CHT
Overnight stay in Bogra

21 Sep., 2001 Friday Travel to Nashipur and Wheat Research Station. Look at WRI trials.

Visit farmer field trials at Birganj in Dinajpur district

22 Sep., 2001  Saturday Fly to Dhaka

23 Sep., 2001  Sunday End of seminar and return home.
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Annexure I

Participants: Traveling seminar to Bihar, Nepal and Bangladesh

Bangladesh

Dr. ABM Abul Khair

Agronomy Division

Bangladesh Agricultural Research Institute
Joydebpur, Gazipur 1701

Tel 880 2 9252049

Fax 880 2 9252713

Dr. Muhammed Murshedul Alam
BRRI Regional Station
Kalisangkorpur, Bozlur More
Kushtia 7000

Tel 880 71 71243

Email brrikus@bd.drik.net

Dr. SM Rezaul Karim
Ex. SSO

Bangladesh Rice Research Institute
Gazipur 1701

Dr. Zia Uddin Ahmed

Bangladesh Rice Research Institute
Joydebpur, Gazipur 1701

Tel 880 2 9257390

Fax 880 2 9350122

Email ziaOl@bdonline.com

Md. Abdul Quayyum

Agronomy Division

Bangladesh Agricultural Research Institute
Joydebpur, Gazipur 1701

Tel 880 2 9252049

Fax 880 2 9252713

Md. Tlias Hossain

Regional Wheat Research Station
Shampur, Rajshahi

Tel: 880 721 750462

E-mail ofrdbari@rajbd.com

Ms. Salina Parvin Banu

Wheat Testing Station

Bangladesh Agricultural Research Institute
Joydebput, Gazipur 1701

Tel 880 2 9252091

E-mail entoipm@bdcom.com

India

Dr Raj K Gupta
RWC/CIMMYT

CG Block, NASC Complex
DPS Marg, New Delhi-110 012
Tel 91 11 5827432

Fax 91 11 5822938

E-mail rgupta@cgiar.org

Dr. Arvind K Shukla

Project Directorate for Cropping Systems
Research

Modipuram, Meerut

Uttar Pradesh

Tel 91 121 570708

Fax 91 121 571548

E-mail pdcsr@vsnl.com

Dr. CS Prahraj

Regional Station

CSWCR&TI, Sunabeda, Koraput 763002
Orissa

Tel 91 6853 20592

Fax 91 6853 22418
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Annexure Il (Continued)

Dr. Mritunjay Kumar Dr. S Pande
Rajendra Agricultural University ICRISAT
Pusa, Samastipur 848 125 Patancheru, Andhra Pradesh
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