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Abstract
Crop establishment, survival and yield of rainfed post-rice legumes were related to rainfall
variability and soil properties from trials conducted over three years at five different loeations in
tropical Southeast Asia. Crop establishment was the most important factor determining mungbean
yields. Crop survival was closely related to crop establishment indicating that conditions that
determine crop establishment equally affect crop survival. The success of post-rice cropping was
therefore governed largely by conditions occurring around the crop establishment phase. Rainfall
during the dry season crop had relatively little effect on yield indicating that subsoil water storage
is of greater importance as a plant water reserve than rainfall. This was supported by the finding
that yields tended to increase with increasing clay content through increased soil water storage
capacity.

RAINFED crop production following lowland rice is
adversely affected by poor soil physical conditions
induced by pre-rice soil puddling. Despite high subsoil water contents following prolonged periods of
inundation during the rice phase in the wet season,
during the dry season root growth into the subsoil is
often restricted and so the crop cannot use subsoil
water reserves, and yields are unreliable, poor or
non-existent. Immediately following drainage and
rice harvest, the top soil is very wet and sowing
under these conditions is likely to result in crop
establishment failure due to anaerobic conditions and
potential fungal infections of the seed or seedling.

Upon drying the pudd\ed soil is likely to become dry
rapidly and roots would have difficulty penetrating
zones of high soil strength and may subsequently fail
to reach subsoil water reserves. The optimum time
period for sowing, between too wet and too dry, is
therefore potentially narrow. A turnaround time of
one to two weeks between rice harvest and sowing of
the post-rice crop is generally regarded as optimum.
It is perceived as the time necessary to dry the soil
adequately and to avoid excessively high soil
strength. However, over and above time after rice
harvest, compounding factors that determine suitable
soil water contents for sowing are the rate at which
the soil dries out and the amount of rainfall occurring
after rice harvest. Provided the optimum soil water
content for sowing is known, the time required to
reach such a water content can be estimated if the
hydraulic properties of the soil, rainfall and evaporation are known. Modelling of soil water content
changes, using long-term meteorological data, can
give insight into how many sowing opportunities
existed within the timeframe the model was run.
Of equal importance are the c1imatological conditions following sowing. Even if sowing occurred at
suitable soil water contents it does not guarantee that
crop establishment will be successful. To assess the
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risk for dry season cropping it is necessary firstly to
find the number of sowing opportunities, and
secondly to determine how likely it is that the crop
will survive. In practice, the latter is of greater
importance because the farmer makes a conscious
decision as to whether the soil water content is suitable for planting. The unknown factors are the climatological conditions following sowing. Probabilities
can be calculated to assess the risk for crop failure
using soil water balance models and long-term
climatological data, provided conditions leading to
crop failure are defined.
Using data derived from ACIAR Project 8938
(these Proceedings) this paper discusses the effect of
soil properties and climatic conditions during the dry
season phase on crop establishment, crop survival
and yield. Its aim is to determine a preliminary guide
to climatic conditions that are conducive or
detrimental to rainfed dry season crop production
after rice. These conditions can then be used in conjunction with soil water balance models for an overall
risk assessment for crop production following rice.

Materials and Methods
Crop establishment, crop survival and yield data
from the field experiments of ACIAR Project 8938
were related to soil properties and rainfall patterns
during the sowing and growing periods of the rainfed
post-rice mungbean crop. Crop establishment was
obtained from the number of seedlings that needed to
be thinned to obtain the prescribed popUlation
density of 333000 plants/ha (Le. plant spacing of
20 x 30 with two plants/hill). Survival was expressed
as the number of plants at harvest per popUlation
density of 333000. The additional term net-survival
was calculated as the product of establishment and
survival to estimate conditions in farmers' fields
without over sowing to reach the prescribed population density. Depending on variables used in the
regression analysis and availability of data, the
number of observations that could be included in the
analysis ranged from 55 to 41. Correlation matrices
were constructed and included the relationship
between establishment, survival, net-survival, yield,
daily rainfall during the week prior to sowing, the
week following sowing and rainfall during the
remainder of the growing season. Multivariate
regression analysis was used to predict the yield, survival and crop establishment from the variables
listed above and clay content of the soil.

Results and Discussion
Rainfall totals following rice harvest and throughout
the legume season are shown in Figures 1 to 5 for the
experimental sites. Oldeman (1975) suggested that
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200 mm rainfall a month is required to maintain submerged conditions and to meet the evapotranspi rational demand of the submerged rice crop. A dry
month has less than 100 mm rainfall. Using
Oldeman's criteria, the climate at Jambegede and
NgaJe would fall in the C2 class (6 wet and 4 dry
months), Maros and Bulcan in class C3 (6 wet and 5
dry months), while Manaoag, Pangasinan would be
classified as D4 (3 wet and 8 dry months).
Long-term weekly rainfall data in relationship to
the weekly rainfall during the three months at which
crop establishment, i.e. sowing and early growth,
occurs are given in Figures 6 to 10. At Jambegede
rainfall during the year-long trial period was within
the variation of rainfall that can be expected (Fig. 6).
However, there was a tendency during the three
years for conditions to be slightly wetter than
average. The same applies to Ngale (Fig. 7), except
that the late wet season in 1994 tended to be wetter
than average. Maros weekly rainfall (Fig. 8) was also
well within what can be expected, except for a wet
period in 1992. At the sites in the Philippines (Figs 8
and 9), rainfall was within the expected magnitude.
In summary, rainfall during the trial period did not
deviate substantially from long-term data.
Local practices were followed in terms of when
rice and post-rice crops were planted/harvested. It is
interesting to note that post-rice legumes were
planted in the latter part of the rainy season at
Jambegede, Ngale and Maros (Indonesian sites) but
at the start of the dry season at the Philippine sites,
Bulacan and Pangasinan (see Figs 1 to 5 in Schafer
and Kirchhof, these Proceedings). It is clear that
rainfall occurring during the time of planting is a
major factor determining the water contents of the
soil and hence the success of crop establishment. At
Ngale and Jambegede, there was good rainfall during
the mungbean crop in all three years, but the other
sites had none or very little rainfall during the last
month of the post-rice crop. At Maros, mungbean
received some rainfall whereas at Bulacan and
Manaoag mungbean grew almost entirely on stored
water. Therefore it is not surprising that yields were
moderate to high at Jambegede and Ngale
(Adisarwanto, these Proceedings) as rainfall supplied
most of the water requirement at Ngale and approximately half at Jambegede (priyono et aI., these Proceedings). Yields were low to very low at Maros and
BuJacan as root growth was inadequate through the
hard, puddled and compacted layer of these soils and
access to subsoil was poor. At Manaoag, the plants
relied on stored water and roots had no difficulty in
growing to a depth of 1 m (Sanidad et aI., these Proceedings) in this well-drained soil.
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Figure 1. Rainfall at Jambegede, East Java during the mungbean phase 1992-1994 and long-term average (rainy season
November to April).
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Figure 2. Rainfall at Ngale, East Java during the mungbean phase 1992-1994 and long-term average (rainy season

November to April).
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Figure 3. Rainfall at Maros, South Sulawesi during the mungbean phase 1992-1994 and long-term average (rainy season
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Figure 8. Long-term weekly rainfall in comparison to weekly rainfall during the trial period at Maros.
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Figure 10. Long-term weekly rainfall in comparison to weekly rainfall during the trial period at Bulacan.

Table 1. The regression coefficients for the relationship

To obtain an indication of how well crop establishment, crop survival, yield and seasonal rainfall
were related, a correlation matrix for these variables
was calculated and given in Table 1. Crop establishment, survival and yield were strongly related to
each other and showed the importance of establishment or survival for adequate yield. This was consistent with findings of Bolton et al. (1984) with
mungbean and Carangall (1985) with soy bean who
showed a linear increase in yield with increasing
population density in the tropics. It is important to
note that crop establishment and survival, as
measured in these experiments, were independent
from each other. The strong relationship between
these two parameters indicated that a similar proportion of established seedlings survived at all sites.
Thus across the sites, survival appeared to be largely
a crop characteristic. It may be dependent to a lesser
extent on soil and climate within each site. Thus crop
establishment is a reasonable measure for plant
population density and thus a major factor determining yield.
Crop survival is generally determined by both soil
and climatic conditions that prevail after the crop is
established. However, Table 1 shows that there was
no relationship between rainfall following sowing

between crop establishment, sUIvival, yield and rainfall
during the dry season phase.
Regression coefficient
Crop
Crop
with n from 55 to 43 establishment survival
Crop survival
Yield

0.845**
0.638**

0.752**

Rainfall in period:
1 week before sowing
1 week after sowing
2 weeks after"sowing
3 weeks after sowing
4 weeks after sowing
Sowing to harvest

0.447'
0.122
0.192
0.106
0.066
0.049

0.406*
0.131
0.275
0.146
0.106
0.108

·significant at P < 0.005,

Yield

0.360
0.234
0.327
0.278
0.228
0.191

"Significant at P < 0.001.

and crop survival. But crop establishment and survival were both significantly related to rainfall
before sowing. The relationship between survival
and rainfall before sowing is due to the strong
relationship between crop establishment and survival. It indicated that conditions leading to adequate
crop establishment will result in adequate survival.
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The relationship between crop establishment and survival can probably be improved if establishment is
further classified to include how well seedlings are
established. Vigorous seedlings can be expected to
penetrate and access subsoil water reserves more
readily than weak seedlings. The relationship
between crop establishment and rainfall before
sowing showed that an assessment of the soil water
content and its suitability for sowing is the first step
toward determining yield. It is a conscious decision
the farmer is likely to make before sowing. The lack
of a relationship between establishment and rainfall
after sowing is probably due to insufficient data
being available.

Inclusion of additional climatic variables and clay
content (as an indicator of soil property) did not
result in relationships that would allow a reliable prediction of crop survival or establishment (Table 2).
The use of soil water content or potential (Rahmianna et al., these Proceedings) would be more appropriate and may improve the relationships.
Table 1 shows that yield is strongly related to crop
establishment and survival. For a particular plant
density, it is reasonable to assume that yield will be
determined by the amount of water available to the
crop. The inclusion of clay content as a surrogate of
plant available water capacity and seasonal rainfall
improved the relationship significantly (Table 3),

Table 2. Best subset regression analysis to predict survival and establishment from rainfall and clay content.

v

Independent variables

= included independent variable

Dependent variable: survival percentage
Rain 1 week before sowing
Rain 1 week after sowing
Rain 2 weeks after sowing
Rain sowing to harvest
Rain 4 weeks before harvest
Cl ay content topsoil
Clay content subsoil
r2 for included (v) variables

v

v

v

v

v
0.177

v
v

0.190

0.190

0.188

0.185

Dependent variable: establishment percentage
Rain 1 week before sowing
Rain 1 week after sowing
Rain 2 weeks after sowing
Rain 3 weeks after sowing
Clay content topsoil
r2 for included (v) variables

v

v

v
v

v
0.203

v

0.208

0.207

0.205

0.205

Table 3. Best subset regression analysis to predict yield from survival or establishment, and rainfall and clay content
(values are the coefficients for the independent variables in the appropriate regression equation).
Independent variables

Factor for included dependent variable

Constant
Survival percentage
Rain 1 week before sowing
Rain sowing to harvest
Clay content topsoil
Clay content subsoil
r2 for included variables

-0.4705
0.0102

-0.5236
0.0102

0.0003
0.0082

0.0004

Constant
Establishment percentage
Rain sowing to harvest
Rain 4 weeks before harvest
Clay content topsoil
r2 for included variables

-0.7320
0.0080

0.0083
0.744

0.747

-0.6649
0.0079
0.0004

0.0008
0.0127
0.702

0.0110
0.698
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-0.4778
0.!lO95
0.0011
0.0003
0.0082
0.757

-0.5328
0.0095
0.0012
0.0003
0.0084
0.754

Table 4. The range of possible yield contribution from rainfall, crop establishment and survival, and clay content.
Variable

Average
factor

Survival percentage
Establishment percentage
Rain 1 week before sowing
Rain 4 weeks before harvest
Rain sowing to harvest
Clay content topsoil
Clay content subsoil

Range of variable

Range of yield contribution
(t/ha)

Minimum

Maximum

Minimum

Maximum

0
0
0
0
0
28.1
32.9

96.3
100
215
443
754
78.0
82.3

0
0
0
0
0
0.28
0.28

0.95
0.80
0.26
0.35
0.23
0.78
0.69

0.0099
0.0080
0.0012
0.0008
0.0003
0.0100
0.0084

with the best relationship accounting for 76% of the
variability in yield.
It would be informative to deduce the range of
possible contributions to mungbean yield from the
relevant factors shown as crop establishment,
survival, rainfall and clay content. The results in
Table 4 show that plant population (erop establishment or survival) has potentially the largest effect on
yield followed by the soil's clay content as a
measure of plant available water, and rainfall.

• Subsoil water store was the second largest contributor to yield.
Further research is needed to define adequately
the conditions which are conducive to crop establishment. If these conditions are known, a risk analysis
may be possible using soil water balance models to
delineate areas and climates at which successful
post-rice cropping is likely.
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Conclusions
• Crop establishment is the main determining factor
for yield of rainfed dry season crops after rice.
• Climatic conditions around sowing time determine
the success of crop establishment.
• Crop survival rates were similar for all sites and
are independent of the soil and climatic
conditions.
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Response of Food Legume Crops to Different Soil
Management Practices after Rainfed Lowland Rice:
A Summary
T. Adisarwantol, H.B 802 and G. Kirchhof2

residual fertilizer from the rice crop was probably
insufficient and can be a limiting factor where water
supply (rainfall or irrigation) is non-limiting.
The effect of mulch application was directly
opposite to the effect of fertilisation. It increased
yield in the drier areas (Philippines and SuI awes i),
but had no effect in the wetter areas (East Java). If
water is limiting, mulch will be beneficial by
decreasing soil evaporation rates and thus conserving
soil water.
Delay of sowing is often used to prescribe an
optimum time after harvest when legumes should be
sown. Recommendations on the turnaround time for
sowing legumes are based on the assumption that the
soil will steadily dry after rice harvest.
Results from these experiments showed that delay
per se was a poor indicator for describing soil water
content at sowing. Paddies are generally drained
about one week prior to harvest to allow easy access
for harvesting. At harvest the soil is usuall y wet.
However, in the Philippines soil conditions were dry
during harvest. Rainfall following rice harvest determines the soil water content and not time after
harvest. It is important to note that a reduction in
yield at Ngale (East Java) was observed with
increasing delay due to increasingly wet conditions,
and not drier conditions. An appropriate time for
sowing can therefore only be detennined by taking
the prevailing climatic conditions into account.

experiments were conducted over a three-year
period in Sulawesi (Basir et al., these Proceedings),
East Java (Adisarwanto et al., these Proceedings) and
the Philippines (Sanidad et al., these Proceedings) to
investigate the response of post-rice soil managements on growth and yield of legumes after lowland
rice under rainfed conditions. The response and magnitude of the effects from different management
systems on legumes were closely related to the
climatic conditions prevailing during the crop establishment phase (Kirchhof et al., these Proceedings).
The application of fertilizer strongly increased
yield on the sites in East Java. Yield increase was
small in Sulawesi and there was no effect on the sites
in the Philippines. This response seems to be associated with rainfall patterns during the legume phase.
Fertilizer was applied to the soil surface and
needed adequate water for its dissolution and subsequent movement into the root zone. Gentle rain at
the end of the rainy season in East Java provided wet
conditions which dissolved the fertilizer and made it
available within the root zone.
In Sulawesi, legumes were planted at the start of
the dry season and rain was inadequate to move the
fertilizer into the root zone.
Due to the dry conditions during the legume
season in the Philippines, applied fertilizer did not
enter the root zone and thus yield remained
unaffected. However, these results indicated that
FIELD
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2 Department of Agriculture, The University of Queensland,
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CROPPING SYSTEMS

Rainfed Lowland Rice-based Cropping Systems in the
Philippines: A Review
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Abstract
Crop diversification is for optimising productivity of small farms. Out of 47 dominant cropping
systems in the Philippines, 25 are rice-based systems (Le. wet season rice production followed by
a non-rice dry season crop). Several factors influence farmers to shift to rice-based farming
systems, namely: income stability, increasing demand for non-rice crops, and high profitability per
unit area. Constraints such as inadequate water, land suitability and climatic conditions are
additional factors resulting in a shift to rice-based cropping systems.
Limited availability of irrigation water to support rice in irrigated areas usually forces farmers to
diversify to non-rice crops. Rice-rice cropping patterns lead to pressure on water resources during
the dry season and farmers switch to crops other than rice (e.g. corn and mungbean) to conserve
water. The most profitable non-rice crops, for example, were garlic in llocos, hybrid corn in
Tarlac, and onion in Nueva Ecija. However, in some parts of Mindanao and in Aklan (Visayas)
rice production under irrigated conditions was more profitable than corn.
Installation of small water pumps in the rainfed areas enabled farmers to diversify to non-rice
crops during the dry season. Rice-based cropping systems such as rice---<:orn, rice-garlic, ricemungbean, rice-sweet pepper, and rice-tomato were evaluated from 1991 to 1995 in I1ocos Norte.
These trials were conducted using high application rates of NPK fertilizers (normally 138-50--60
kg/ha). The highest NPK fertilizer rate (295-142-100 kg/ha) was applied in sweet pepper, but no
fertilizer in mungbean. Although the average area planted to cash crops was small, farmers
obtained high net income from them. Rice yields varied 2-5.8 t/ha during the wet season. Among
the dry season cash crops, tomato yields ranged 34-46 t/ha and sweet pepper yields 5-15 t/ha.
Yield ranges for garlic, corn, and mungbean were 1-2 t/ha, 3.5-5.4 t/ha, and 0.3-0.5 t/ha,
respectively.
One of the major constraints in rice-based cropping systems is low soil fertility. Long-term
effects of fertilizers were monitored to assess the nutrient sustainability for different cropping
sequences. Results indicated that intensive cropping in rainfed areas is only sustainable if soil fertility is maintained. Indigo (Indigo/era tinctoria), a promising rainfed green manure, was evaluated
as an intercrop with a dry season crop and used as fertilizer for the rice crop to improve soil fertility and to reduce nitrnte leaching caused by the use of inorganic fertilizers. Rice yields in the
rice-tomato, rice-tobacco, and rice-garlic cropping systems were significantly increased by indigo
incorporation while rice-com was not affected.

NATURAL and climatic conditions are the most
important factors in influencing the selection of

cropping patterns and crop varieties in the tropics
(Kamiya 1989). Small-scale farming is caused by
high population density and limited land available
for agriculture. With the introduction of new
farming techniques agriculture has grown. In food
production, foodgrain is still a mainstay of Philippine
agriculture. However, some of the food production
areas were shifted to cash crops and non-farm production owing to urbanisation and industrialisation

1 Philippine Rice Research Institute (PhilRice), Maligaya,
Munoz, Nueva Ecija 3119, Philippines
2Mariano Marcos State University (MMSU), Batae, I1ocos
Norte 2906, Philippines
3 International Rice Research Institute (IRR1), Los Banos,
Laguna 4031, Philippines
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resulting in the relative decline/decrease of foodgrain
in the total agricultural production.
In the Philippines, crop diversification in ricebased cropping systems started in the 1970s when
researchers began to focus on developing technologies and strategies for optimising small farm
productivity (Galvez 1990). The purpose of this
paper is to review the rice-based cropping system in
the Philippines for optimising small farm productivity and the various factors that influence
farmers to adopt crop diversification under inadequate supply of irrigation water and under rainfed
conditions with the use of supplemental irrigation.

Dominant cropping systems
Out of 47 dominant cropping systems practised in
the minfed and upland areas of the Philippines
(Table 1), 25 are predominantly rice-based patterns
with rice as the main crop followed by another rice
crop (Adriano 1989). The other important cropping
patterns are corn, coconut, rootcrop, and fruit treebased patterns. Depending on the rainfall and availability of water, elevation and land features of the
micro-environment, there is a wide range of crop
species that can be grown after rice in the different
regions. In Luzon, Region I, aside from rice-garlic,
rice-<!om, and rice-tobacco, vegetables such as
cabbage, carrots, and other vegetables are planted
with white potato after rice. In other regions in
Luzon, non-rice crops such as mungbean, corn,
tobacco, peanut, and vegetables such as squash,
watermelon, tomato, and sweet pepper are planted
after rice.
The three major farming systems in the Visayas
are rice, corn and coconut-based (Ly Tung et al.

1989). In Mindanao, the dominant cropping systems
are rice-based, corn-based, and coconut-based. Crops
such as banana, pineapple and fruit trees are also
commercially grown. Water stress during the dry
season due to lack of availablity of irrigation is
among the major limitations for rainfed crop production after rice.

Factors for diversification
There are several factors that influence farmers to
diversify to non-rice crops or shift to rice-based
farming systems. Income stability is the major consideration in diversification to non-rice crops
(Miranda and Maglinao 1990). Increasing demand
for vegetables and non-rice crops and higher profitability per unit area have also been identified as
major driving forces to diversify to non-rice crop
production (Galvez 1990). Economic factors
affecting crop diversification are market supply and
demand, stability of prices, cost of input, and quality
of non-rice products (Caluya and Acosta 1989).
Other factors are availability of adequate
irrigation water, land suitability, climatic conditions,
availability of management technology, time constraints caused by the presence of the rice crop,
farmers' preference, resource base, influence of
neighboring farmers or extension agents, and land
tenure. Choice of crops primarily depends on the
availability of irrigation water during the dry season
(Caluya and Acosta 1989).

Profitability
Profitability and economic aspects of diversified
cropping during the dry season under irrigated and

Table 1. Dominant cropping pattern in the different regions in the Philippines (adapted from Adriano 1989).
Region

Cropping pattern

IICar

Rice-rice, rice-garlic, rice-tobacco, corn-corn, white potate-cabbage-rice-Iegume, white potate-vegetable
Rice-garlic, corn-<::orn, rice-rice, corn-legumes
Rice-rice, rice-legumes, rice-fallow
Rice-rice, rice-fallow, coconut-<::offee-pineapple, rice-tomato-coconut monocrop
Rice-rice, rice-<::orn, coconul+rice, coconul+roetcrops, coconut+corn
Rice-rice, rice-<::orn, rice-fallow, sugarcane monocrop
Corn-com, rice-rice, rice-fallow, com-rootcrops
Rice-rice, rice-fallow, coconut monocrop, corn-fallow
Coconut monocrop, rice-rice, cassava-fallow, corn-fallow
Rice-rice, corn-<::orn
Rice-rice, corn-<::orn, coconut
Corn-<::orn-<::orn, coconut, rice-rice

JJ
III
IV
V
VI

VII
VIII
IX
X

XI
XII

Source: Bureau of Agricultural Research (BAR 1989);
National Agricultural Research and Extension Agenda (NAREA).
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Table 2. Mean returns above variable cost Pesos ('OOO/ha) of irrigated and fainfed crops planted in the different systems
during 1986-1988 (adapted from Adriano 1989).
Corn

Irrigation
system·
Riee

Mungbean

6.35
5.64
4.65
7.32
6.57
5.95

4.68
4.79
0.23

Hybrid

Native

Garlic

Onion

Irrigated crops
I1ocos
Hoeos
Tarlae
Nueva Ecija
Mindanao
Aklan

11.06
13.15
5.97
28.29
3.29
4.29

2.5

Rainfed crops (within or near the system)
I1ocos
lIocos
Tarlac
Nueva Ecija
Mindanao
Aklan

2.94
2.90
0.39

1.4
1.99
2.57

2.19
2.59

"In lIocos region: Laoag-Vintar river irrigation systems and Bonga Pump No 2 irrigation system; in Tarlac: Tarlac-san
Miguel-O'Donnel Irrigation system; in Nueva Ecija: Talavera River irrigation system; in Mindanao: Allah river irrigation
system; in Aklan: Visayas Banga river irrigation system.

A comparison of profitability of selected diversified crops in the IIocos region (Ilocos Norte
province) with that of irrigated rice was done by
Caluya and Acosta (1989). The predominant
cropping patterns in the area were rice-garlicmungbean and rice-rice-mungbean. Returns over
the variable cost for irrigated garlic were higher
than those of irrigated rice. On the other hand,
returns for irrigated rice were higher than those of
irrigated mungbean. Returns did not widely vary
between irrigated and minfed mungbean because of
the ability of the mungbean crop to use soil residual
moisture.

rainfed conditions are summarised in Table 2.
Results of cost and returns analysis in the production
of different crops in the 1986-1988 dry seasons
showed that garlic was the most profitable non-rice
crop for farms in the IIocos region (Adriano 1989).
The returns from garlic cultivation were more than
those of irrigated rice. High yields and returns from
hybrid corn cultivation in Tarlac province (Central
Luzon) indicated the potential of hybrid corn as an
alternative crop to rice in this area. In Nueva Ecija,
the returns from onion cultivation were greater than
those of irrigated rice. On the other hand, in
Mindanao and Aklan (Visayas), returns from
irrigated rice were greater than those of irrigated
hybrid or native corn.
Total production costs in garlic and onion cultivation were two to four times higher than those of
irrigated rice (Adriano 1989). The price fluctuation
of onion during and between seasons usually resulted
in larger variations in income. In rice cultivation, the
input cost did not differ during or between seasons
but tended to be labor-intensive when water was
limiting during the dry season (Marzan 1989).
Inadequate water was more of a problem among rice
farmers than onion farmers. Higher production costs
may either prevent farmers from planting these crops
or may force them to plant a very limited area as
compared with rice.

Irrigation water
According to Wickham and Sen (1978), water.
requirement for lowland rice is the sum of evaporation (ET), seepage and percolation (S&P) and water
needed for land preparation. ET usually ranges from
4-9 mm/day for most rice-growing areas, S&P about
0-6 mm/day and for land preparation about
500-600 mm (Table 3). The basic water requirement
for rice,
is similar for most plants, including rice
(FAO 1979) and high water requirement for rice is
therefore due to large water losses during rice
culture. Limited availability of irrigation to support
rice in the irrigated areas therefore forces farmers to
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Table 3. Basic water requirement of rice and some dryland crops (FAO 1986).
Crop
Rice
Peanut
Corn
Onion
Sorghum
Soybean
Sugarcane
Sunflower
Tobacco
Tomato

Growing period

Basic water
requirement (mm)"

90-150
90-140
100-140
100-140b
100-140
100-130
270-365
270-365
90-120b
90-140b

350-700
500-700
500-800
350-550
450-650
450-700
1500-2500
600-1000
400-600
400-600

Table 4. Crop yield (t/ha) in rice-corn-mungbean and
rice-rice-mungbean cropping patterns for three crop years
under partially irrigated environment, Guimba, Nueva Ecija
(Adapted from Gines et al. 1989).
Crop year
Cropping pattern (a)

" Evapotranspiration
b plus about one month nursery period.

1984-85 1985-86 1986-87

1. Rice
2. Maize
3. Mungbean

3.97
2.59
0.91

4.70
4.45
1.1

5.02
4.48
1.07

1. Rice
2. Rice (b)
3. Mungbean (c)

4.03
1.91

4.26

4.9

(a) Rice yields are average of IR varieties such as IR36,
IR42, IR54, IR56, IR58, and IR64; Corn, hybrid MC 305
and IPB varieties; Mungbean, Pagasa 1. (b) Establishment
of a second crop of rice was suspended in years 1985-86
and 1986-87 due to low supply of irrigation water during
the dry season. (c) Mungbean was not planted due to
waterlogging.

diversify to non-rice crops (Galvez 1990) and productivity under limited water conditions is increased
through cultivation of corn and other non-rice crops
(Moya and Miranda, 1989).
Integration of component technology for non-rice
crops, improved cropping sequence (i.e., rice-cornmungbean) would increase farmers' income over
existing cropping patterns. Gines and co-workers
(1989) reported that the rice-rice cropping pattern in
Nueva Ecija led to undue pressure on water
resources during the dry season and a second crop of
rice could not be planted (Table 4). If farmers switch
to upland crops such as corn and mungbean during
the dry season, it would be possible to cultivate 75%
to 100% of the service area at 50% to 80% water-use
efficiency.
In the Philippines, 44% (1.4 million hectares) of
the total rice area (3.2 million hectares) is rainfed,
where the rainfed lowland rice average yield is 2 tlha
(PhilRice 1993). About half a million hectares of the
rainfed area are drought-prone. Installation of small
water pumps in the rainfed areas in the Ilocos region
enables farmers to diversify to non-rice crops during
the dry season.
Rainfed lowland rice-based cropping systems such
as rice-corn, rice-garlic, rice-mungbean, rice-sweet
pepper, and rice-tomato were evaluated from 1991
to 1995 in Hocos Norte as part of the Rainfed Lowland Rice Research Consortium (RLRRC), which is
implemented by MMSU, PhilRice, and IRRI.
Although the average area planted to cash crops was
low (0.18 to 0.94 ha), farmers obtained a high net
income of P 2600-73880 depending on the non-rice
crops grown (Table 5). Rice yields varied from 2 to
5.8 tlha depending on the rainfall distribution during
the wet season. Among the cash crops, tomato yields

Table 5. Average net income in Pesos ('OOO/ha) of the
farmer-cooperators in Ilocos Norte, Philippines, 1991 WS1995DS (unpublished data of RLRRC).
Year
Crop sequence
Rice-corn
Rice-garlic
Rice-mungbean
Rice-sweet pepper
Rice-tomato

1991-92 1992-93 1993-94 1994-95
29.15
64.50
11.63
73.88
37.89

19.55
29.41
7.93
61.44
36.27

21.80
15.29
3.58
11.74
40.60

18.81
36.20
2.61
41.96
55.14

ranged 34-46 t/ha and 5-15 tlha for sweet pepper
(Table 6). Yields of garlic ranged 1-2 t/ha; corn,
3.5-5.4 t/ha; and mungbean, 0.3-0.5 t/ha. High rates
of fertilizers were usually applied to achieve high
yields of non-rice crops (Table 7). The highest fertilizer rate was usually applied in sweet pepper,
while no fertilizer was applied in mungbean.

Declining soil fertility
Low soil fertility is also a major productivity
constraint. Long-term effects of fertilizers were
monitored to assess the nutrient sustain ability for the
different cropping sequences. Results indicated that
since the non-rice crops took up such quantities of
macronutrients from the soil, and since the micronutrients were correspondingly taken up, the need to
replenish all the nutrients to maintain the soil fertility
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Table 6. Dry season crop yiclds (t/ha). Hocos Norte,

Table 7. Average rate of NPK fertilizers (kgiha) applied to

Philippines, 1992-1995 (unpublished data of RLRRC).

rice and dry season crops by farmer-cooperators, Hocos
Norte, Philippines, 1991-1995 (unpublished data of
RLRRC).

Year
..

_---

1992

1993

1994

1995

Rice--com
4.0
S.D.
2.9
Rice-garlic
2.02
1.1
S.D.
Rice-mungbean
0.46
S.D.
0.25
Rice-sweet pepper 14.78
S.D.
2.5
Rice-tomato
34.09
S.D.
27.0

3.50
1.6
1.36
1.2
0.67
1.0
9.00
8.2
36.53
27.00

5.37
3.75
1.45
0.73
0.36
0.11
4.93
2.88
40.00
13.1

3.94
2.95
1.10
0.80
0.30
0.17
5.12
5.08
46.50
17.57

Crop sequence

Rice

Dry season crop

N-P-K

N-P-K

Rice--corn
Rice-garlic
Rice-mungbean
Rice-sweet pepper
Rice-tomato

159-22-18
135-42-25
135-40-22
86-28-14
130-32-20

140-43-43
114-45-28
nil
295-142-100
157-62-110

Mean

129-33-20

138-50-60"

Crop sequence

3

Mungbean and sweet pepper not included.

5

4.5

4

3.5

3
Of

.c:

""
"0

]!
>-

2.5

c:

.~

<'
2

1.5

Rice-tobacco

Rice-wmato

RiCEH:om

Crop sequence

IE3

With indigo

D

Without indigo

Figure 1. Grain yield of rice (BPI Ri 10) under different cropping sequences. 1994 WS.
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Rice-garlic

of rainfed areas must be taken into consideration.
Current evidences suggest that residual fertilizer in
the soil no! utilised by the rice crop is also taken up
by the subsequent non-rice crops.
Because of declining soil fertility and the nitrate
leaching to the groundwater caused by continuous
use of inorganic fertil izers, indigo (/ndigofera
tinctoria), a promising rainfed green manure, was
evaluated as an intercrop with dry season crops and
used as fertilizer for the rice crop. Rice yields in the
rice-tomato, rice-tobacco, and rice-garlic cropping
patterns were significantly increased by indigo incorporation while rice-com was not affected (Figure 1).
The difference was lA t/ha in rice-tomato cropping
sequence, 2.8 t/ha in rice-tobacco, and 1.29 tlha in
rice-garlic.

Recommendations
Implications and recommendations for policy are
focused on the provisions of support services to give
farmers more incentives to grow the crops.
Incentives include credit facilities, storage and
processing facilities, technical assistance, strengthening of cooperatives, and the research and development (R&D) activities such as breeding of new
varieties of the crops, design of farm tools for labor
intensive non-rice crops like onions and garlic, and
development of local and foreign markets for the
diversified crops (Adriano 1989).
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Rice-based Cropping Systems in Australia: Constraints to
Non-rice Crops
W.A. Muirhead 1 and E. Humphreysl
Abstract
In Australia, rice is generally grown in rotation with other crops, pastures and fallow. Waterlogging, caused by low soil penneability and flood irrigation, is the major constraint to the productivity of non-rice crops and pastures. Waterlogging can be reduced by more efficient irrigation.
This can be achieved by improved irrigation layout, laser grading, raised beds and pressurised
irrigation systems. Soil salinity is increasing as a constraint to the productivity of non-rice crops
and pastures in the rice-growing areas, due to rising watertables. To lower watertables, deep
percolation from rice and other enterprises must be controlled by increasing water-use efficiency.
Winter cereals established immediately after rice harvest increase water-use efficiency by using
water stored in the profile and winter rainfall. Winter cereals can be direct seeded into burnt
stubble soon after rice harvest, and this practice is financially attractive. Sowing as soon as
possible after harvest increases the chance of success. However, traditional cultivation after riee
serioUSly exacerbates waterlogging during a wet winter. Nitrogen fertilizer and irrigation can be
used to increase yield provided that the plant density is adequate. Despite the advantages, few
farmers sow winter cereals after rice.
Crops sown in the summer following a rice harvest can suffer from 'rice stubble disorder' due
to phosphorus deficiency. This is caused by adsorption of fertilizer phosphate on the amorphous
ferric hydrous oxides fonned after the rice fields are drained. The crystalline ferric hydrous oxides
present in the soil before the rice crop are reduced during flooding, and oxidation after draining
results in amorphous rather than crystalline fonns. The phosphorus adsorption capacity of the
amorphous form is 100 times that of the crystalline form. Adequate phosphorus availability for
summer crops sown after rice can be achieved by banding the phosphorus fertilizer rather than
mixing it in the soil.

IN AUSTRALIA, rice is grown on about 120000 ha
with average yields of about 8.6 tlha (average of 4
years to 1993-94) (Brennan et a1. 1994). It is grown
with flood irrigation in a semi-arid environment
between 34°S and 36°S latitude. The rice-growing
soils are transitional red-brown earths (Stace et al.
1968) or Xeralfs (Soil Survey Staff 1975) and grey,
brown and red clays (Xererts) (WiIlett 1988). The
latter soils can be either self-mulching or non-selfmulching. Groundwater levels are now within 2 m of
the soil surface in 40% of the rice-growing areas, and

this is predicted to double to 80% by 2015 (Anon.
1988). Van der Lely (1994) estimates that up to 25%
of the irrigated areas will be affected by salt within
30 years. Furthermore, it is estimated that rice has
contributed up to 50% of the accessions to the
groundwater within the irrigation areas (Dwyer
Leslie 1992).
Rotations are seen as a strategy for reducing the
environmental pressures of salinity, waterlogging
and chemical residues associated with rice
production. This paper reviews the constraints to the
productivity of non-rice crops sown in rotation with
rice, and the benefits of the inter-rice rotation to the
sustainability of irrigated agriculture in Southeast
Australia.

lCSIRO Division of Water Resources, Griffith Laboratory,
PMB No. 3, Griffith, NSW 2680, Australia
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Winter Crops Established Immediately After
Rice Harvest
Winter cereals sown after rice are considered to be
opportunistic crops. Each year, on average, between
10% and 20% of the rice stubble is sown to a winter
cereal. Irrigation and fertilizer inputs depend on
seedling establishment and growth. A winter cereal
sown after rice can utilise winter rainfall and so
reduce accessions to the groundwater. This is considered to be beneficial to the environment.
The major constraint to productivity of cereals
sown after rice is establishment of the cereal crop.
The soil is often too wet or too dry. In a wet autumn,
sowing can be delayed by up to four months
(Muirhead 1967). Harvesting machinery can leave
the field rutted, and difficult to sow without cultivation (Murray et a1. 1994). In contrast, in a dry
autumn, the soil may be too dry for germination and
sowing is delayed until rain.
Rice stubble is generally cut about 10 cm above
the ground, and then burnt before sowing. This
practice reduces the volume of rice stubble which
otherwise shades the winter cereal seedlings,
reducing dry matter production by 50% (Muirhead
1967). Cultivation delays sowing and generally has
little effect on yield (Muirhead 1967; Humphreys
et al., these Proceedings), except when followed by
rain. The cultivated soil has far greater capacity
to trap rain with lower run-off compared to
uncultivated soil, causing waterlogging and
reduced yield through reduced establishment and/Of
growth.
Winter cereals sown immediately after rice harvest which achieve satisfactory plant populations
require nitrogen fertilizer and irrigation to achieve
high yields (Table 1). Muirhead and White (1978)
concluded that anhydrous ammonia at 50 kg N/ha

produced more grain than the same amount of
nitrogen applied as urea, ammonium nitrate or
ammonium sulphate. Nitrogen fertilizer applied at
the tillering stage or earlier was equally effective in
increasing crop yield.
The release of nitrogen from the soil for the cereal
crop depends on the history of the field before the
cereal crop. The available nitrogen can vary from
35 kg N/ha after several rice crops to 75 kg N/ha
where a legume-dominated pasture existed for
several years before the rice crop (Stapper 1987). To
achieve a target yieJ d of 5 t/ha, Stapper (1987)
estimates that at least 150 plant8/m 2 are required and
450 shoots/m 2 at stem elongation. The quantity of
nitrogen fertilizer required will vary 50-100 kg N/ha,
depending on the previous history.
Few studies have examined the effect of a winter
cereal sown after rice on the level of the watertable.
Muirhead (1978) showed that barley (not irrigated),
significantly increased the depth to the watertable
when compared with an uncropped control; however,
the effect was small. The watertable fell from 30 cm
below the surface to 150 cm in the unsown treatment. The barley crop lowered the watertable to
170 cm. Muirhead (1978) estimated that, of the
45 cm lost by evapotranspiration on the barley treatment, 18 cm was derived from soil water depletion,
17 cm from rainfall and 10 cm from capillary flow.
Research has shown that wheat can be successfully grown in rice stubble immediately after rice
harvest. The practice appears to be financially
attractive. However, few farmers are including this
in their rotation. Perhaps active farmer participation
in this research would have either led to better
adoption of this research or researchers would have
had a better understanding of the factors which have
prevented its adoption.

Table 1. Response of cereal crops to nitrogen fertilizer when they are sown in rice stubble.
Crop
Barley

Yield (no nitrogen)
(t!ha)

Yield (nitrogen)
(t/ha)

Added N rate
(kg/ha)

1.1

1.5

50

Reference
Muirhead (1967)

Wheat

1.1

3.0

100

Muirhead et al. (1976a)

Wheat

2.3

5.2

100

Muirhead and White (1978)

Wheat 1974
Wheat 1975

1.8
1.9

5.0
4.7

120
120

Dear et al. (1979)

Wheat 1978
1979
1981
1981

0.8
1.7
1.1
0.7

2.1
3.0
2.0
1.6

210
140
100
100

Bacon and Cooper (1985)

Wheat

1.9

5.1

100

Bacon et al. (1989)
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Waterlogging
Rice in Australia is restricted to soils where deep
percolation is less than about 3 mm/day (van der
Lely 1994). Consequently, these soils have poor
intemal drainage. Virtually all irrigation of non-rice
crops is by flood which leaves the soil waterlogged
for varying periods after application. Grieve et a1.
(1986) estimated that the yield loss from waterlogging in irrigation areas in the Murray Valley
ranged from 12% in annual pasture, 20% in winter
cereals and 25% for perennial pasture.
Reducing the effects of waterlogging can be
achieved by a range of strategies. In the traditional
layout, rice is grown in bays separated by banks
(bunds) constructed on contours with a vertical
separation of 5 to 10 cm. This layout is not well
suited to the irrigation of crops and pastures grown
in rotation with rice. Water moves from one bay to
the next down the slope, thus drainage of surface
water is slow and exacerbates waterlogging. Swinton
and Beale (1990) recommend using a side ditch so
that each bay can be irrigated and drained separately
to allow faster irrigation and drainage. This modification of the traditional layout will reduce waterlogging to give more productive pastures and cereal
crops.
Removing the contour banks after rice harvest,
and laser landforming to give either rectangular
contour bays or a border check layout for the interrice rotation, is often practised. Marshal! and Jones
(1993) predicted increases in the productivity of nonrice enterprises ranging from 33% for annual pasture
to 75% with sod-sown wheat. They concluded that
landforming was economically advantageous on rice
farms.
Bed farming, which is usually practised on lasergraded fields, effectively provides shallow surface
drains in the form of irrigation furrows between the
beds. These furrows quickly remove excess water
from the 15 cm of soil in the bed. Virtually all
summer crops and vegetables grown in rotation with
rice are produced on beds or hills. Permanent beds
are increasing in popularity because they reduce
tractor operations and improve the timeliness of
operations (Maynard et al. 1991). They also restrict
wheelings to the furrows and reduce compaction
(and so waterlogging) in the bed.
Nevertheless, waterlogging beneath beds can still
reduce crop yield. Under high watertable conditions,
Muirhead et a1. (1995) demonstrated that mole drains
increased the gas-filled porosity in the bed and this
was associated with a 38% increase in onion yield.
The most effective system to minimise the effects of
waterlogging would be permanent beds with either
sprinkler or drip irrigation and mole drains beneath
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the beds to remove excess rainfall. Rice is likely to
be desirable in rotation as a phytosanitory crop,
especially where vegetables are grown.

Salinity
Surface soil salinity is slowly increasing in the ricegrowing areas in Australia. In the Murrumbidgee
Irrigation Areas (M lA), van der Lely (1993) estimated that 17% of the area now has salt levels which
are reducing crop and pasture production. Salt, either
occurring in the profile before irrigation or added
with the irrigation water, is being redistributed in the
landscape as groundwaters rise. Deep percolation
under the rice crop is estimated to contribute about
50% of the water added to the groundwater within
the irrigation areas each year (Dwyer Leslie 1992). A
variety of best management practices should be used
to minimise these accessions. These strategies
include puddling (Humphreys et al., these Proceedings) and exclusion of elevated land and fields with
high water use (van der Lely 1994). In other enterprises, irrigation efficiency must also be improved to
minimise the amount of deep percolation occurring.

Rice Stubble Disorder
With the adoption of shorter rice rotations, some
farmers replaced pasture with summer and winter
crops. For summer crops, the banks between rice
bays are flattened, the field is landformed to a
uniform gradient, and the crop is sown on hills or
beds and tlood irrigated via furrows. However, crops
such as maize, sorghum and sunflowers often made
poor growth when sown in the spring after rice
harvest (Sheldon 1979). Examination of these crops
showed that the poor growth was restricted to plants
growing where water was ponded during the rice
crop. The young, stunted plants were deficient in
phosphorus, often despite the application of seemingly adequate levels of phosphorus fertilizer
(Sheldon 1979). These symptoms were called 'rice
stubble disorder' (Muirhead et al. 1973). Considerably better growth occurred on the location of the
former banks.
Muirhead (1975) postulated that the organised
(crystalline) ferric oxides in the soil act as an
electron acceptor in the respiration of microorganisms during the ponded phase of rice culture.
This releases ferrous iron and adsorbed phosphates.
On draining the rice crop, the ferrous iron is oxidised
and precipitates as an amorphous (non-crystalline)
ferric oxide in the soil. This material has a large surface area and can adsorb up to 100 times as much
soluble phosphate as the crystalline form of ferric

oxide. Those commercial crops with rice stubble disorder had had the phosphorus fertilizer incorporated
into the soil and this would expose the fertilizer to
adsorption on the amorphous iron oxides.
Field studies have shown that mixing phosphorus
fertilizer in the cultivated soil after a rice crop
reduces P uptake and yield of summer crops. Muirhead et al. (1976b) reported that 30 kg P/ha mixed in
the soil produced a similar maize yield to the unfertilised control. However, when the same amount of
fertilizer was banded either with the seed or 10 cm
below it, the yield increased by 30%. About one
month after emergence, the plants growing on the
banded treatment were up to seven times as large as
those growing on the mixed treatment. Tasselling
was 7-10 days earlier on the banded than on either
the mixed or the control treatments. Muirhead et a1.
(1976b) reported similar results in sunflowers,
except that the time to anthesis was not influenced
by the treatments.
Willett (1982) examined the effect of phosphorus
added before and after flooding on phosphorus
uptake by wheat after 46 days. He showed that phosphorus added before flooding was immobilised 10 a
greater degree than phosphorus added after flooding.
Soils differed in their response and this appeared to
depend on the amount of reducible iron present. In
contrast with crops sown in the following summer
after rice, the yield of wheat sown soon after rice
harvest does not appear to be affected by rice stubble
disorder (Dear et al. 1979; Muirhead et al. 1976a).
The lower phosphorus uptake rale required for
winter crops and their lower yield potential may contribute to the difference in response.
A new generation of farmers and advisors has
appeared in Australia since this research was carried
out and who are unaware of it. Many have experienced yield loss through rice stubble disorder in a
range of summer cereal, pulse and vegetable crops.
The challenge now is to ensure that farmers in the
future will not suffer unnecessary crop loss through
the immobilisation of fertilizer phosphorus caused by
soil changes occurring during a recent rice crop.
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Problems of and Prospects for Soil Management for
Lowland Rice-pulse Rotations
B. Chandrasekharan 1, H.C. Bhattacharyya 2, J.K. Gogoi 2 and
S. Sankaran 1
Abstract
The developing world is facing the ramifications of such problems as population pressure,
shrinkage of non-renewable resources, energy crises and growing food demand. In the vast
majority of lowland rice lands, the objectives of food production, which are ecologically sustainable, economically competitive, climatologically efficient, environmentally sound and socially
equitable, can be met through efficient land use in rice-pulse systems. Soil physical conditions following land submergence and erratic rainfall patterns cause problems for crop establishment and
root and shoot growth, and result in low yields of pulses growing on puddled rice soils in rainfed
lowlands. Soil physical requirements are in sharp contrast for rice and pulses and represent a
challenge for researchers 10 find appropriate soil and other management practices for a sustainable
cropping system. This paper reviews various climatic and soil-related constraints, along with soil
management practices. The most important aspects dealt with are tillage, drainage and residue
management which can provide a congenial growing condition for the pulse crops after wetland
rice production.

rice lands. This may not only increase pulse production but may also offer a unique system for sustaining rice productivity by exploiting the benefits of
biological nitrogen fixation and green manuring. The
rice-pulse system, however, faces a number of
climatic and soil related limitations. Pulses after wetland rice production are constrained by poor stand
and growth due to heavy soil texture and excessive
soil strength after drying, and restricted root growth
due to the presence of plough pans. Drought as well
as excess moisture restrict legume production due to
low and erratic rainfall during the dry season.
Management practices therefore need to be reviewed
for enhancing the productivity of these systems.

Introduction
THE world population may grow to 7.2 billion by
2010 from the 5.3 billion of 1990 (FAO 1993) and to
over 10 billion by 2050 (UN 1992). Despite the
progress made in food production, there could still
be 200 million people undernourished in Southern
Asia alone by 2010 (FAO 1993). There will be little
land for expansion beyond 2010 to increase food
grain production to meet the growing demand. Since
there is little scope for increasing rice area, productivity needs to be improved by more efficient use
of resource bases such as water, restoring soil health
and adopting technological innovations.
Protein supply largely depends on legume production. An increase in legume production is
possible through additional area coverage on rainfed
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Food legumes have long been very important components of multiple cropping systems due to their
tolerance to drought, short life-cycle, ability to fix
atmospheric nitrogen, ability to grow well under
poor soil and management systems, multifarious uses
like food, feed, firewood and vegetables, good price
and market, storability, high nutritive value and

importance in the diet of fann households. In areas
where monthly rainfall is high (>200 mm) for 4 to 5
months, legumes can be grown following lowland
rice (Zandstra 1976). In rainfed lowlands, which
comprise about 40% of the total rice area in South
and Southeast Asia, production of the second rice
crop is restricted to areas of longer growing rainy
season or with supplemental irrigation. Pulses can be
grown either in the post-monsoonal period following
rice (Zandstra 1982) or in the pre-monsoonal period
preceding rice. Legume production between wheat
and rice is also becoming popular in India (Singh
1988).
Of the 18 food legume species grown in developing countries, soybean, mungbean, groundnut and
cowpea are mostly grown on rice lands (Buresh and
De Datta 1991). Soybean, mungbean, groundnut,
cowpea and pigeon pea prevail in tropical areas,
whereas chickpea, lentil and peas predominate in
subtropical areas. These crops are normally part of
indispensable traditional food and provide a high
quality protein to the diet of rice farmers (pandey
1985; McWilIiam and Dhillon 1986). Short duration
pulses such as mungbean and cowpea are beneficial
for human consumption as well as providing crop
residues for green manuring (Yadvinder-Singh et aJ.
1994).

Land Resources
Land is a non-renewable natural resource. The continuous increase in the number of farm families and
competition from non-agricultural land uses constantly decrease the per capita land availability in the
developing countries. The objective of arriving at
nutritional, economic and ecological security therefore has to be met by increased productivity per unit
area by efficient and judicious use of this valuable
resource. There is growing concern now to bring
about a shift in the land use pattern which will be
sustainable, economically competitive, climatically
efficient and environmentally sound and equitable.
Back-to-back cereal monoculture rotation, soil
erosion, overexploitation of ground water in some
areas, elimination of a fall owing system due to
shrinkage of arable land, unsuitable use of fragile
land and deforestation have resulted in increased
land degradation. Growing pulses after lowland rice
not only provides high value protein production, but
also aids restoration of soil fertility and helps to prevent land degradation. However, there are numerous
c1imatological and soil-related constraints associated
with rice lands where rice is either preceded or
followed by pulses.

Problems in the System
The major constraints in the lowland rice-pUlse systems are water availability and poor soil physical
conditions. Rice is usually grown under lowland conditions where soils are puddled; pulses are upland
crops and soil conditions induced by soil puddling
are often detrimental to successful pulse production.
Numerous climatic and soil-related problems are
therefore encountered in rice-pulse rotations.

Climatic constraints
Rainfall is the largest constraint to successful rainfed
fanning. Rice-based cropping systems are particularly dependent on reliability and amount of rainfall. In India, for example, rainfall has shown an
exceptional variability during the past decade
(ICRISAT 1988). In low rainfall areas, the coefficient of variation in rainfall occurrence varied
between 25% and 30% and in some cases may
exceed 50% (Katyal et aL 1994, Table 1). During the
past 120 years, there were 425 occurrences of
drought in 29 out of 35 agrometeorological divisions
of India (Katyal et al. 1994). On 70 occasions, the
intensity of drought was classified as severe. Arable
land in India has an average probability of 39% for
perennial drought (Ramachandran, cf. Katyal et al.
1994). This reduces the yield of the main crop, rice,
and makes growing of a subsequent crop impossible.
Cereals and other high value crops are grown in
double cropping systems that have sufficient rainfall.
Pulses after rice are restricted to areas with low and
erratic rainfall, soil and socioeconomic constraints.

Table 1. Effect of mean annual rainfall on coefficient of
variation (CV) and probability of occurrence of deficit
rainfall.
Station

Jodhpur
Anantpur
Hydcrabad
Varanasi
Ranchi
Shilong

Mean
annual
rainfall
(mm)

Annual
rainfall
CV(%)

Probability (%) of
occurrence of deficit
rainfall
«75% of nonnal)

369
568
769
1026
1434
2415

55
30
29
25
21
15

51
38
31
25
20
7

Source: Katyal et al. 1988.
LowJand rice is grown during the main monsoon
period when water supply is adequate. Upland crops
induding pulses are grown during the period of premonsoon and post-monsoon induding the dry
season. While pulses grown during the pre-monsoon
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period are prone to drought stresses at early growth
stages due to initially dry soil conditions and delayed
onset of monsoon, those grown during the postmonsoon season are affected by excess water in the
early stage and by drought at later stages. Soil and
water management in the rice-pulses system therefore requires special considerations compared to
normal upland cropping if food production under
rainfed conditions is to be increased.

was sown 20 days after rice harvest (Le. turnaround
period, TAP, of 20 days). Crop establishment was
totally prevented when the TAP was 30 days
(Woodhead et al. 1986).

Soil related constraints
Soil-climate interactions are of particular importance
to the productivity of lowland rice soils. In areas
where rainfall and waterholding capacity of the soils
allow a long cropping season, an early rainy season
pulse crop, a mid-late or post-rainy season crop can
be grown (Willey et al. 1981). When the crop is
grown at the onset of the rains, seeds are placed in
the dry soils resulting in low seed germination and
poor establishment. In the mid-late rainy season,
high soil water content makes land preparation and
sowing difficult and excessive soil water affects
establishment and crop growth. During the postrainy season sowing of pulses, soil conditions can
change rapidly from wet to dry, depending on the
land, soil type and rainfall conditions. Both excess
and deficit soil water conditions are frequently
experienced in the post-rainy season pulse crop. Due
to lack of rainfall during the dry season they depend
on residual moisture from the wet season crop. Fertilizers are often not applied, crops depend on the
native fertility and may face nutritional constraints
(Patanothai and Ong 1987). Pulses grown after lowland rice can be affected by excess water during
vegetative phases and subsequent moisture stress
during the reproductive phases (Buresh and De Datta
1991, Fig. 1). Post-rice pulses often depend on
residual soil moisture and the ability of root systems
to tap subsoil water reserves or to follow a receding
watertable (fimsina 1989). The pre-rice pulse crop,
on the other hand, encounters water deficit during
the reproductive phase (fimsina 1989).
Puddling is beneficial for rice production. It
makes transplanting of seedlings easy, assists root
establishment, controls weeds and helps to maintain
submerged conditions. Following drainage and rice
harvest, the soil remains wet and chemically reduced
for a few days (Melhuish et al. 1976) but becomes
hard with concomitant high bulk density during and
after drying (Sanchez 1976). Such conditions are
unfavourable for timely and adequate land preparation and often result in poor establishment of the
pulse crop. High mechanical strength of a drying
puddled soil has been reported to slow root and shoot
extension rate in mungbean by 30% when mungbean
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Figure 1. Rainfed lowland rice cropping patterns in tropical
Asia. Source: Buresh and De Datta, 1991.

Soil Management
Rice is generally grown on heavy soils with low
permeability and the crop has a shallow root system.
Pulses, like other upland crops, require deep and
well-drained soils. Soil management for rice lands is
therefore in direct contrast to that of rice-pulse
systems.
Puddling is a soil management practice for rice to
reduce percolation and preserve submerged conditions (Sanchez 1973; De Datta and Kerim 1974;
Ghildyal 1978; Sharma and De Datta 1985). Puddling eases transplanting of seedlings, favours fast
establishment of roots and controls weed growth
(De Datta 1981; Sharma and De Datta 1985). It
destroys soil structure and lowers permeability by
reducing macroporosity and increasing microporosity (Ghildyal 1978) and helps to maintain
reduced conditions. Puddling reduces percolation
rate, soil strength and soil temperature in lowland
rice (Woodhead et al. 1986).
Pulses need tillage for fine tilth to ensure adequate
seed-soil contact and aeration. However, after
puddling for wetland rice, the soil becomes hard with
high bulk density upon drying (Sanchez 1976). This
hinders land preparation and reduces crop establishment of pulses. Although delayed sowing of the
legume, i.e. waiting for the optimum moisture conditions, can be practised to obtain a friable seed bed
after tillage, the increased TAP may make the crop
suffer from drought stress at later growth stages.

Farmers tend to sow legumes using reducing tillage
to take advantage of the residual soil moisture for
seed germination. This saves time and capital and
helps to maintain higher soil water content longer,
compared to tillage (Ruhendi and Litsinger 1982).
Appropriate soil and crop management techniques
are needed to obtain desired soil physical conditions
to allow adequate crop establishment, growth and
development of the pulse crop after wetland rice.

Tillage
Conventional tillage for upland crops following lowland rice usually results in lower yields than zero,
minimal or strip tillage techniques. Zandstra (1982)
attributed this to greater water loss from cultivated
soils compared to compact soil under zero or
minimum tlllage. Therefore farmers normally established legumes using reduced tillage techniques
(Saxena 1976). Ruhendi and Litsinger (1982) listed
the following reduced tillage prdctices as those commonly practised for legumes after wetland rice:
• broadcasting seed into recently harvested rice
fields with erect stubble;
• cutting rice straw and using it as a mulch after
broadcasting seeds;
• spreading straw over planted fields and burning
(for weed control and as a source for nutrients);
• placing seeds in a wedge made with a hand-tool at
the base of the stubble after harvest.
Despite larger soil water loss using tillage, its
loosening effect and resulting lower soil strength
can enhance root growth. Tillage can be carried out
with tractor-driven rototillers, but farmers on small
holdings break soil clods manually (Prihar et al.
1985). Deep tillage can be used to reduce high bulk
density of subsoil hard pans that restrict root
growth (Prihar et al. 1985). Culture of wetland rice
usually leads to the formation of a structure of a
puddled layer and a compacted layer below. Clay
translocation during and after puddling can further
worsen such conditions. Prasadini et aL (1993)
improved peanut yields after rice using a tractordriven plough to break up subsoil hard pans. However, tillage after rice harvest may be detrimental if
carried out under too high soil-water conditions
where the soil's bearing capacity is low. This
applies equally to animals and tractors (Brammer
1977). Unger et a!. (1984) conducted tillage experiments on a Pullman clay loam soil and found that
bulk density in the top 7.5 cm depth was not
affected by mouldboard ploughing, compared with
bum-list, disc or rotary tillage. However, mouldboard ploughing reduced subsoil bulk densities to
1.5 Mglm3 compared to 1.7 Mglm 3 in the other
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tillage methods. Bhusan et a!. (1973) on the other
hand, compared disc ploughing with rotary tillers
and reported a reduction in bulk density to
1.06 Mglm 3 using disc ploughing but no effect on
bulk density using rotary tillers.
Tillage systems influence soil structure and can
therefore have an effect on water stable aggregation
through alteration in the spatial distribution of
organic matter and crop residues within the soil
matrix (Gerard et a!. 1988). Unger et at. (1973)
reported that water stable aggregation of clay loam
soil at 12-15 cm depth tended to be higher if crop
residue was incorporated using rotary or disc tillage
compared to listing, mouldboard ploughing or
burning of crop residue. The mean weight diameter
(MWD) of topsoil aggregates (0-30 cm depth) on a
clay loam soil after wheat was highest (23 mm) for
mouldboard tillage, intermediate (15 and 14 mm) for
disc and rotary tillage and the lowest (9 and 7 mm)
for sweep and no tillage treatments (Unger 1984). In
an experiment in Southern India, MWD of seed zone
aggregates was affected by tillage practices for
peanut in a rice-peanut system (Prasadini et al.
1993). The soil surface was doddiest with a MWD
of 45 mm using the country plough while the
rototiller created a fine, uniform seed bed with a
MWDof 16 mm.
Disc and mouldboard ploughing created relatively
large aggregates and voids between them. Due to the
large exposed surface area of the clods, evaporation
was increased compared to tillage techniques that
created a finer seed bed (Bhusan et al. 1973). Germination of peanut was increased using a rototiller in a
rice-peanut system because resulting aggregate size
distribution created good seed-soil contact and high
soil moisture retention compared to country plough
and disc (prasadini et aL 1993). Soil penetration
resistance at pegging stage was also decreased in the
rototiller-tilled soil.
In India, non-inversion tillage such as disc
ploughing is widely practised to break soil crusts and
to incorporate crop residue into the topsoil. Practising minimum tillage through a combination of one
discing and one harrowing up to 15 cm depth and
mulching, Bhatnagar et al. (1983) reported improved
water conservation and increased grain yield of
wheat and peanut in Punjab. In studies using zero
tillage at IRRI, a close relationship between percentage of soy bean establishment and soil water content (0-5 cm layer) at planting was observed
(Syarifuddin 1979). Maximum stand of soybean was
recorded at soil moisture content of 50% to 56% in
the 0-5 cm layer at planting under zero tillage after
puddled rice (Fig. 2).

was maintained, infiltration rates increased and root
growth promoted through the use of surface residues
and controlled traffic (Sojka et a1. 1984). Restoring
good tilth after a lowland rice crop is more difficult
in soils with low organic carbon compared to humic
soils with similar texture and clay mineralogy
(Moorman and Van Breemen 1978). Fine-textured
soils tend to break into large, hard clods that make a
poor seedbed for upland crops after wetland rice.
Organic matter addition through crop residues can
improve the tilth of such soils.
Mulching reduces evaporation from the soil surface, controls weeds and decreases soil temperatures.
Soybean and mungbean can produce high yields with
zero tillage and mulching after wetJand rice
(Lantican 1977). The effect of mulching on soybean
in zero till ed plots after rice was greater than in
rototilled plots as rototillage already reduced water
loss from lower soil layers (Syarifuddin and Zandstra
1978).

Percentage
100

40

Soil moisture (%)

_ _ _ _ 81

---S2
20

Establishment (%)
---Sl

---S2

2

4

I

6
8
10
12
Time after rice harvest (days)

14

16

Table 2. Effect of land management" on runoff, erosion

18

and yieJds of sequential cropping of maize and chickpea on
deep Vertisois, 1977.

Figure 2. Relationship of soil moisture content of the
0-5 cm layer at planting and percentage of established
soybean.
SI = Straw removed at rice harvest,
S2
Straw removed at soybean planting, iRRI, 1978
dry season.
Source: Syarifuddin, 1979.

Land
treatment

Runoff
(mm)

Flat planting
Narrow ridges
Broad beds

Drainage

141
77
110

Erosion
(kg/ha)
240
110
170

Yield kglha
Maize

Chickpea

2740
3240
3170

490
450
740

a Furrows in the ridges and broad bed treatments were
maintained at a 0.6% grade; the drill rows under flat
planting had the same slope (ICRISAT 1977).

Saturated soil after rice harvest is unsuitable for
tillage and depresses crop establishment, particularly
on heavy soils. Following surface drainage of rice
fields, soil water loss through evaporation is high
during the first two days and approaches potential
evaporation (Syarifuddin 1979). Water loss was
41 mm after 5 days drainage and 48 mm after 10
days drainage. Standing rice stubble in the field
reduced water loss in the ()....15 cm layer.
A suitable method to control excess water is a
broad bed and furrow system with a distance
between furrows of 150 cm. Narrower spacings of
75 cm amplitude were found to be unstable, particularly on alfisols (ICRISAT 1977). On Vertisol this
broad bed system has the additional advantage of
reducing erosion and runoff (Table 2).

Summary and Conclusion
Lowland rice culture is a sustainable system that has
supported high population density in South and
Southeast Asia. It has become imperative now to
meet the growing need for food and protein from the
rice lands without their degradation. A suitable soil
management system for lowland rice-pulse systems
will have to allow ease in transplanting, good
anchorage to roots and reduced water and nutrient
losses through percolation for wetland rice and to
allow ease in sowing, better seed-soil contact, lesser
resistance to root growth, retention of high soil
moisture and better aeration at the same time for
pulses after rice. Efficient tillage practices, drainage
systems for heavy soils, residue and crop management practices for the rotation will not only increase
food production, but also maintain sustainability of

Crop residue
Crop residue is an important source of organic
matter, which can improve soil physical conditions
when incorporated but may have little or no effect on
bulk density (Bhatnagar et al. 1983). Soil structure
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the ecosystem. Much remains to be done in respect
of soil management for lowland rice-pulse systems.
The future research strategy may include some of the
following aspects:
• detailed study of the changes in soil physicochemical properties with varied tillage practices,
drainage systems and residue management systems for both crops;
• long-term changes in soil chemical properties due
to various soil physical management practices and
their effects on growth and development of both
crops;
• crop management practices including methods of
establishment, integrated nutrient management
and soil physical management practices in the
whole system and their effects on soil physical
properties and growth, weed, pest and disease
infestation, root growth, biological N2 fixation in
pulses and yield of both crops.
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Problems and Management of Rice-wheat Rotation
Bhajan Singht and I.P. Abrol2
Abstract
Rice-wheat rotation is practised on about 23 million hectares of land mainly in China, India,
Pakistan, Nepal and Bangladesh, with the two crops mostly meeting the food needs of Asian
countries. But this rotation, besides having several advantages, has implications for soil health and
the environment. Yields are very low (less than 5 t!ha) in some areas while quite high yields
(8 tlha) are obtained in south China and in the north-western states of India. This variation is due
to differences in infrastructure development and adoption of technology. This paper discusses
constraints to the system in north-western India. The trends in area and productivity suggest that
rice-wheat rOlation will stay. However, there is a need to increase efficiency in the use of energy,
nutrients and water, and to manage soil physical problems and restrict insects and pests effectively.
This paper reviews these issues and the adoption level of technology. This can facilitate the
transfer of technology to similar areas in other parts of the lndo-Gangetic Plains. The researchable
issues are also listed.

RICE-WHEAT is the main cropping system of the sub-

population of Asia, rice-wheat will continue to play
a dominant role. Besides several advantages, this
system has great implications for soil health and the
environment. It is, therefore, imperative to maximise
productivity of the rice-wheat system on a sustainable basis without adversely affecting the fragile
agro-eco system. The major constraints of the ricewheat system in north-western India are discussed
along with their management.
The area under rice-wheat rotation is mainly concentrated in the Indo-Gangetic Plains consisting of
Punjab, Haryana, Bihar, Uttar Pradesh and West
Bengal (Fig. 1). The soils of these plains vary from
loamy sand to silty clay loam, and are mostly neutral
to alkaline in reaction. Rice-wheat rotation is also
practised on sodic soils with pH around 9 to 10
when brought under reclamation. The fertility status
of this region is low to medium, low to high and
medium high with respect to available nitrogen,
phosphorous and potassium, respectively. The
maximum and the minimum temperature of the
region during the sowing period of the rice crop is
42 QC and 28 cC, respectively, with a mean temperature of 35 cc. Eighty per cent of the precipitation is received during the rice-growing period, for
instance, at Ludhiana about 550 mm of rainfall is
received during the rice-growing period of the total
657 mm annual rainfall.

tropical agro-eco zones where assured irrigation is
available. The advent of high input responsive dwarf
varieties of rice and wheat in the 1960s gave a fillip
to the expansion of rice-wheat systems. Apart from
providing staple food for billions of Asians, ricewheat rotation has been a source of income and
employment for the farming community. This
system is practised on about 23 million hectares
comprising 10.3 million hectares in China, 10.5
million hectares in India, 1.5 million hectares in
Pakistan, 0.5 million hectares each in Nepal and
Bangladesh and 0.05 million hectares in Bhutan. The
productivity of this system is less than 5 t/ha in most
of the areas. However, in southern China and some
parts of north-western India, productivity is quite
high. The wide variability in productivity is mainly
due to variation of infrastructure development
(irrigation and other inputs) and adoption of
improved technology. To feed the ever-growing

IDepartment of Soils, Punjab Agricultural University,
Ludhiana 141 004, India
2Rice-wheat Consortium for the Indo-Gangetic Plains,
ICRISAT, 23 Golf Links, New Delhi 110003, India
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In India, of 10.5 million hectares, 1.5 million hectares are under scented rice. The main rice-based
cropping systems are:
1. rice-wheat: upper and middle plains;
2. rice-potato or peas-wheat or sunflower: Upper
Gangetic Plains;
3. rice-wheat-maize + cowpea (fallow)/cowpea
(fallow)lgreen manure/green gram: upper and
middle plains;
4. rice-jute: Lower Gangetic Plains;
5. rice-wheat-rice: Lower Gangetic Plains;
6. rice-rice: Lower Gangetic Plains.

Trends in area and production
The area under rice and its productivity have continued to increase over the years in India as well as
in Punjab and Haryana. The rate of expansion of rice
over different periods depicted in Table 1 indicates
that the maximum rate of increase in productivity per
unit area was during 1971-80 in Punjab and Haryana

with an almost similar trend in area planted to rice
(Kaur 1995). The area and yield continued to
increase during 1981-90 but the rate was less compared to 1971-80. In wheat, the increase in productivity per unit area continued during 1981-90
(Table 2) despite a decrease in area during this
period compared to 1971-80 (Kaur 1995). The area
as well as yield and production of rice (Fig. 2) and
wheat (Fig. 3) have increased over past decades and
are likely to increase in the future. The rice-wheat
system is therefore likely to stay for the reasons outlined here.

Factors For and Against the Rice-wheat
System
This system has high productivity and profitability.
Both crops in rotation have wide adaptability to
different soil and weather conditions. They are also
reasonably tolerant to salts, and rice can withstand

12 Guiaral
13 Andra Pradesh
14 Karnataka
1 Jammu & Kashmir

2 Himachal Pradesh
:3 Punjab
4 Haryana

5 Rajasthan
6 Uttar Pradesh

o.

7 Bihar
8 West Bengal
9 Madhya Pradesh
10 Orisssa
11 Maharashtra

300

Figure 1. Rice-wheat sequence area for all India.
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15 Goa
16 Kerala
17 Tam;1 Nadu
1B Assam
19 Meghalaya
20 Nagaland
21 Mampur
22 Mizoram
23 Tripura
24 Sikkim
25 Arunachal Pradesh

Table 1. Growth rate of rice in some parts of India.
State
Punjab
Production
Area
Yield
Haryana
Production
Area
Yield
Uttar Pradesh
Production
Area
Yield

1961-70

1971-80

1981-90

-0.17ns
4.17ns
-4.34

18.82
6.22
12.61

6.09
4.80
1.29

13.32
8.05
5.27

3.24
2.72
0.52n5

7.20
4.88
2.32

5.87
O.13ns
5.74

4.27
0.99
3.28

-0.61ns

1.45ns
1.07
0.38ns

LlO
-1.71

1961-90
10.92
6.06
4.86

Kaur (1995).
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Figure 2. Rice production. area and yield from 1950 to 1995 (Pb: Punjab).
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1990

1995

Table 2. Growth rate of wheat in some parts of India.
1961-70

State
Punjab
Production
Area
Yield
Haryana
Production
Area
Yield
UUar Pradesh
Production
Area
Yield

6.08
-1.93ns
8.01

5.57
3.96
1.61

1971-80

1981-90

1961-90

4.58
2.29
2.30

4.25
1.22
3.01

5.98
1.97
4.07

8.22
3.52
4.70

5.14
0.93
4.18

6.90
2.55
4.04

4.65
2.45
2.20

5.32
1.46
3.86

6.36
3.11
3.25

Kaur (1995).
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Figure 3. Wheat production, area and yield from 1950 to 1995 (Pb: Punjab).
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Table 3. Energy input (Ml/ha) for raising rice and wheat

respond to the application of up to 120 kg N/ha on
medium soils. However, on soils low in available N
the rice responds up to 180 kg N/ha. Wheat also
responds to 120 kg N/ha. The delay in sowing not
only adversely affects wheat yields but also
decreases N use efficiency.
P and K: wheat, being a winter crop, is more responsive to direct P application than rice. The application
of P (60 kg P 20 S /ha) to wheat only in a rice-wheat
system results in 1.0 t/ha extra yield, compared to its
application to rice only. Application of P (60 kg
PzOs /ha) to both the crops does not increase the
yield further, indicating that P application to wheat
in the rotation is sufficient to meet the requirement
of both the crops (Saggar et aL 1985). In northern
India the dominant clay mineral is IIIite and the
response to K application has not been consistent and
its application has been recommended only to soils
testing low in available K.
Micronutrients: zinc deficiency is widespread in the
Indo-Gangetic Plains and rice is more sensitive to its
deficiency than wheat and other crops (Table 6).
Application of 60 kg zinc sulphate per hectare is recommended to correct the deficiency (Singh et aL
1995). Keeping in view the profitability of the ricewheat system the farmers have extended the cultivation of rice to coarse-textured soils. This has
resulted in the appearance of Fe deficiency in rice
(Singh et al. 1995). The adoption of this system on
coarse-textured soils has not only increased the Zn
and Fe deficiencies, but also resulted in the appearance of Mn deficiency in the following wheat crop.
The magnitude of the deficiency at some locations
was so severe that yield increase up to 2.9 t/ha has
been reported with foHar application of Mn (Nayyar
et aJ. 1990).

in Punjab.
Input/operation

Rice

Wheat

Irrigation
18282 (54.7%) 3518 (18.8%)
Fertilizer
8586
8143
1456
586
Seedbed preparation
784
3171
Harvesting and threshing
4172
3171
Others
33410
18762
Total

high watertable conditions. The marketing of these
cereal crops is easy. However, this system may
create some soil health and environmental problems
such as high input energy, nutrition and water
requirements, puddling-induced soil problems and
residue management. Table 3 shows that about 55%
and 26% of the total energy input in rice is spent on
irrigation and fertilizer respectively, compared to
19% and 24% in the case of wheat (Singh et aL
1990). The rice-wheat system yielding a total of
8.8 tlha has been reported (Velayuthum 1995) to
remove about 663 kg nutrient per hectare per year
(Table 4).

Nutrient consumption
There is a close relationship between nutrient consumption and foodgrain production, both in India
and the State of Punjab (Fig. 4). The per unit nutrient
productivity of food grain production is higher in
Punjab than in India. Despite an increase in the use
of NPK fertilizers over the years (Table 5) it has not
been able to match their removal by this system and
still leave a negative balance of 4.31 million t of
nutrients during 1993-94 (Velayuthum 1995).

Integrated approach
Organic matter is another limiting factor in the sustainability of this system. Green manuring of 50-60day-old sesbania or cowpea or crotalaria before
transplanting rice along with 60 kg NI/ha resulted in

Nutrient management
Nitrogen: the major constraint to the productivity of
the system is N deficiency and both rice and wheat

Table 4. Average nutrient removal by some of the selected cropping systems in India.
Cropping systems

Rice-wheat
Rice-rice
Rice-wheat-green gram
Rice-wheat-cowpea1
Rice-wheat-maize + cowpea1

Yield
t/ha

8.8
7.7
8.2
9.6 + 3.91
9.3 + 29 1

Nutrient uptake (kg/ha/yr)
N

PzOs

KzO

Total

235
220
306
272
305

92
87
62
153
123

336
247
278
389
306

663
554
646
814
734

IfaJlow
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Figure 4. Nutrient consumption and foodgrain productivity from 1950 to 1995.

Table 5. Consumption of fertilizer nutrients and their extraction (million t) by rice and wheat crops.
Fertilizer consumption

Year

1974-75
1984-85
1993-94

Nutrient removal

Net removal

Rice

Wheat

Total

Rice

Wheat

Total

0.81
2.62
4.0

0.71
2.21
3.35

1.52
4.83
7,35

3.86
5.64
7.66

1.8
3.4
4.0

5.74
8.07
11.66

4.22
3.24
4.31

N + P20S + K20

an increase of 2.6 t/ha of paddy over 60 kg N alone
(fable 7), but was at par with the yield obtained with
120'kg N/ha (Kolar et al. 1993).

experiments suggest that higher yields (Table 8) are
obtained where rice straw is burnt followed by rice
straw removal and rice straw incorporation (Beri et
a1. 1995). The decrease in yield may be due to excess
residue load when the residue of both the crops is
incorporated, and this experiment was conducted on
a sandy loam soil. Probably incorporation of residue
may prove better on fine-textured soils where poor
aeration in wheat is observed after first or second
irrigation.

Residue management
About 60% of rice and 20% of wheat in Punjab is
harvested by combine, and residue management is
another major problem of this system. At present rice
straw is mostly burnt which causes air pollution. The
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Table 6. Average response of crops to applied zinc.
Crop

Response (q/ba)

Rice

9.5
7.1
3.6
2.5
2.7
4.1
28.6

Maize
Wbeat
Groundnut
Raya

Bajra
Potato

effect. The raising of crops in the system on such
soils or with brackish water needs special fertilizer
and other management practices (Singh et al. 1995).
The rice-wheat system also induces Se toxicity
(fable 10) in wheat where its content in underground
water is high (Dhillon and Dhillon 1990). Such
pockets have been found in Hoshiarpur and
lalandhar districts of Punjab State (Singh et a1.
1995).

Physical properties
Water management
There is a wide variability in different States in the
utilisation of groundwater resources. Maximum
utilisation is in Punjab and Haryana and lowest in
M.P. and low quality water is also being used
(Velayuthum 1995). The rice-wheat system has
resulted in lowering of the water table in Ludhiana
and Amritsar districts (fable 9). This is through a
favourable trend for Amritsar district because the
watertable has gone from less than 5 metres to 5-10
metres while in Ludhiana district the watertable has
fallen below 10 metres, which is seriously affecting
the water balance and expenses of pumping water.
On the other hand, the watertable in the districts of
Bathinda and Faridkot is rising (Khaper and Sondhi
1992). Experiments on the irrigation requirements of
rice have shown that the application of irrigation
water after a drainage gap of two days results in
44 kg grain/ha/cm water-use efficiency and saves
65 cm of irrigation water without adversely affecting
the yield (Sandhu et a!. 1980). In the case of wheat,
irrigation at IW/PAN-E ratio of 0.75 compared to
irrigation at five growth stages resulted in a saving of
13 cm of water and about 14 kg grain/ha/cm
increased water-use efficiency (Prihar et al. 1976).
Several agronomic practices (date of transplanting,
date of seeding, closer spacing, etc.) also affect water
and nutrient use efficiency.

Puddling of soil for the rice crop in a rice-wheat
system (fables 11 and 12) results in the deterioration
of soil physical properties (Gill 1992). The root distribution pattern in wheat is also adversely affected
under a rice-wheat system (Fig. 5) and wheat roots
are more concentrated in the surface layer compared
to a maize-wheat system due to the formation of
hardpan (Sur et al. 1981).

Relative wheat root density
(%,
0

5

w/w of total in the 0-00 cm layer)
10

15

50

60

70

0
5
10
15
20

(a) RICE-WHEAT

25
30
35
40
45

E

.!1.
J::

1S.

~

50

0
5
10
15

Poor quality water

20

25

The use of poor quality water results in the accumulation of salts and where this water contains a high
sodium content there also results sodicity of the soil.
Under a rice-wheat system, the deterioration of the
soil is faster than under a maize-wheat or milletwheat system. The application of sodic water results
in ammonia loss from N fertilizers and also lowers
crop yields. The amelioration of such waters with
amendments or conjunctive use of these waters with
canal water helps in minimising the deleterious

(b) MAIZE-WHEAT

30

35
40
45

50

Figure 5. Relative root length density for wheat in a ricewheat (a) and maize-wheat (b) rotation.
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Table 7. Three-year mean paddy yield (t/ha) as influenced by green manuring and N levels.
Age at incorporation (DAP)

Green manure crop

Nitrogen applied (kg/ha)
60

90

Mean

120

Paddy yield (!/ha)
Fallow
Sesbania
Cowpca
Crotalaria

LSD(p

5.8
8.1
8,4
8,4
8.6
8.4
8.5
8.2
8.3
8.4

40
50
60
40
50
60
40
50
60

7.2
8,4
8.6
8.6
8.8
8,4
8.4
8.3
8.5
8.5

8.0
8.5
8.4
8.3
8.7
8.5
8.2
8,4
8.6
8.7

7.0
8.3
8.5
8,4
8.7
8.5
8,4
8.3
8.5
8.5

0.05): Differences between yields at each N level", 0.71; difference between mean yield at all N levels

0.80.

Table 8. Effect of long-term crop residue management on grain yields (t/ha) of rice and wheat.
N applied (kg/ha)

Crop residue
60

120

180

Mean

Rice (mean of to years)*
Burned
Removed
Incorporated

4.65
4.46
3.62

5.65
5.50
4.63

6.42
6.04
5.26

5.57
5.33
4.50

Wheat (mean of 11 years)··
Burned
Removed
Incorporated
Mean

3.46
3.48
2.94
3.29

4.26
4.14
3.87
4.10

4.64
4.42
4.34
4,47

4.12
4.02
3.72

Critical difference (5%)
·Residue 0.55; nitrogen = 0.16; residue x nitrogen: N.S.
uResidue 0.25; nitrogen 0.22; residue x nitrogen = N.S.

Table 9. Area under different watertable depths in some districts of Punjab.
District

5-10 m

<Srn
June 1973

June 1990

June 1973

221
98
199
138
154

26
79
39
154
266

264
271
312
165
222

< 10m

June 1990

June 1973

June 1990

24
169

49
102
154
107
92

('000 ha)
Amritsar
Ludhiana
Sangrur
Bathinda
Faridkot

434
205
318
295
248

251
167

Table 10. Selenium content (mg/kg) in wheat and soil as influenced by cropping system.
Amount of irrigation
water applied

Cropping system

Wheat (45-60-day-old
shoots)

Soil
Available

Rice-wheat (n
Com-wheat (r

31)
37)

200
60

162 ± 115.8
8.2 ± 11.8

200

1.87 ± 0.92
0,44 ± 0.28

Total
0.047
0.022

±
±

0.018
0.022

Table 11. Physical characteristics of the soil determined on completion of three years of two rotations.
Soil characteristics

Rotation
Com-wheat-mungbean

Rice-wheat-mungbean

Soil bulk density, g/cm-3
Modulus of rupture, dynes/cm-3
Dispersion ratio
Water storage in 0-180 cm soil

1.66 ± 0.042
43.5 x lQ4
0.54
43.2

1.79 ± 0.005
45.5 x 104
0.59
37.8

Per cent water stable aggregate
0.50 mm
0.50 mm-O.25 mm
0.25 mm-O.lO mm

2.0
4.1
6.4

3.7
2.1
2.6

Intake rate, cmlh

2.76

1.86

Weed and pest management

Adoption oCProduction Tecbnology

Weed infestation adversely affects the yield of rice
and wheat. Use of chemical herbicides (fable 13) is
more effective than conventional methods for their
control (Gill 1992).
Insects like stem borer, white backed planthopper,
leaf folder and thrips have increased over time and it
is not possible to have a good crop of rice without
controlling these insects. At present, there is no
serious insect in the case of wheat except termite and
aphids.
The common diseases in rice are bacterial leaf
blight, sheath blight and sheath rot.

Table 12. Effect of crop rotations (after six years of
cropping) on bulk density and hydraulic conductivity of
soil.
Soil
Bulk density
Hydraulic conductivity
(cm/min)
depth
(g/cm 3)
(cm) - - - - - - - - - - - - - - Rice-wheat Maize-wheat Rice-wheat Maize-wheat
0-5
5-10
10-15
15-20
20-25
25-30

1.53
1.65
1.69
1.81
1.73
1.65

1.60
1.62
1.63
1.68
1.64
1.64

0.17
0.08
0.06
0.02
0.03
0.06

0.11
0.14
0.13
0.04
0.08
0.08

Treatment with herbicide
Conventional
Unweeded

Grain yield (q/ha)
Paddy

Wheat

6.0
5.5
3.7

5.1
3.8

Issues that Need Attention
A. Integrated nutrient management:
• rescheduling of fertilizer requirement for the
system as a whole;
• feasibility of green manuring or growing of grain
legume or cowpea fodder in the cropping system;
• efficient ways to incorporate crop residue (particularly rice straw) with and without the use of
green manures.
B. Increasing efficiency of fertilizer nutrient use:
• calibration and extensive adoption of soil test
based fertilizer use;
• better fertilizer management practices like source,
rate, method/mode under different agroecosystems;
• detailed understanding of nutrient dynamics in
terms of losses, build-up, depletion, plant uptake
and residual effect at benchmark sites for extrapolation to the other experimental regimes of
operation;

Table 13. Effect of herbicides on grain yield.
Treatment

The rapid adoption of the production technology by
the enterprising peasantry of the State of Punjab has
helped in maintaining high yield despite soil constraints. In a survey conducted in the State (Chatha et
al. 1990, 1994) it was observed that more than 60%
of the farmers use the recommended doses of Nand
P. In the case of micronutrient deficiency correction
adoption is more than 90% where deficiency has
been noticed. Another interesting observation is that
19% of farmers incorporate rice residue before
sowing wheat. Thirty-two per cent of farmers have
reported lodging incidences in rice and 68% of
farmers observed insect attack in this crop. Combine
harvesting has facilitated the operation and 54% of
rice and 24% of wheat is harvested with combines.

3.4
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C. Long-term experimentation to monitor:
• periodic soil health in terms of chemical, physical
and biological properties and soil organic matter
content/status;
• pollution problems from use of chemicals.
D. Development of production technology and
fertilizer management practices for:
• dire("1 seeded rice;
• wheat sown with minimum tillage;
• different plant populationsj
• residue incorporation.
E. TiIlage/puddling studies in relation to soil
characteristics and crop establishment
particularly in heavy soils and late sown
conditions.

F. Integrated pest management:
timely forecast of pest appearance;
surveillance of pests;
minimising pesticides residue problems;
interaction of nutrient management practices on
the incidence of pest and diseases and nutrient
uptake by weeds.
G. Water management:
developing water management strategies for minimising nitrogen losses and accretion to groundwater;
devising practices for increasing water-use
efficiency at all levels;
refining irrigation schedules;
recharge of groundwater;
development of management practices for
efficient use of brackish waters and or sodic soils.
H. Conducting on-farm monitoring research for
adoption pattern of:
• rice-wheat cultivation technology and production
constraints.
I. Development of machinery for rice plantation,
straw management and herbicide and insecticide
sprays.

202

Effect of Soil Management on Selected Physical Properties
and Performance of Upland Crops after Wetland Rice
v.P. Singh1, Mohammed Mujeeb Khan2, K. Borkakatit and C.M. Siota 1
Abstract
To alleviate the soil physical constraints inflicted by puddling on the productivity of rice-based
cropping systems, field experiments on soil management were conducted in medium and heavytextured soils under puddled and unpuddled and irrigated and rainfed conditions. Soil puddling for
rice resulted in unfavourable physical properties related to moisture retention and transmission for
the growth and yield of subsequent upland crops - corn, mungbean, blackgram and peanut. The
establishment and germination of these crops were, however, not affected by the altered physical
properties. Results show that all soil management treatments
deep tillage and pulverisation of
the ploughed surface soil (deep-till-pulv-DTP), shallow tillage and pulverisation of surface soil
(shallow-till-pulv-STP), or deep tillage only (deep-till-DJ) significantly improved soil physical
properties over no tillage (zero-till-ZJ), in all soils under both irrigated and rainfed situations.
These improvements, however, were not effective for crop growth especially in rainfed conditions
where soil moisture was severely limiting throughout the growth period. Irrigating crops was more
effective in promoting crop growth than the improvements in other soil physical properties through
tillage operations. Therefore, the authors conclude that the performance of upland crops is more
affected by moisture deficiency than the adverse soil physical properties resulting from puddling.

pressure,
under-nutrition
and
decreasing agricultural land resources compel Asian
farmers to grow more food through crop diversification and optimum resource utilisation. Growing nonrice crops after rice has been found beneficial for
nutrition, soil health and sustainability of the agricultural systems. Soil puddling for previous rice
crop(s) to ease transplanting, facilitate root establishment, effect weed control and to lessen percolation
losses of water has been reported to cause difficulties
in land preparation and stand establishment for the
subsequent non-rice crops.
Puddling destroys soil aggregates resulting in
decreased volume of transmission pores and

decreased bulk density. The puddled soil remains
wet and reduced for a few days (Meluish et al. 1976;
IRRI 1986 and 1987), which upon drying becomes
hard and has high bulk density causing difficulties in
the tillage fOf the following non-rice crop. The
destruction and recreation of soil structure for a ricenon-rice crop sequence becomes a cyclic event and
improper soil management may lower the productivity of both the crops (Zandstra 1982).
This study was, therefore, conducted to develop a
soil management system and crop growing techniques suitable for a range of upland crops.

POPULATION

Materials and Methods
Under irrigated conditions, two experiments were
conducted in medium-textured, irrigated and puddled
(medium-irrig-pudd-MIP) soil and in heavy-textured,
irrigated and puddled (heavy-irrig-pudd-HIP) soil in
a strip-plot design with three replications. Four
tillage treatments, viz., zero tillage (zero-till-Z7),
shallow tillage and pulverised tilled soil (shallowtill-pulv-STP), decp tillage (deep-till-D7), and deep

1 Agronomy, Plant Physiology and Agroecology Division,
The International Rice Research Institute, PO Box 933,
Manila 1099, Philippines
2 Saline Water Section, Agriculture College Farm, Andhra
Pradesh Agricultural University, Baptla, Andhra Pradesh,
India
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tillage and pulverised tilled surface soil (deep-tillpulv-DTP) were used as horizontal factors, and
growing of mungbean, blackgram, corn, and peanut
in each tillage treatment as vertical factors. All the
crops in both these experiments were irrigated at
15-20 mm water depth per application at 15 days
interval.
Under rainfed conditions, two experiments were
conducted in puddled rainfed medium-textured
(medium-rain-pudd-PRM) and unpuddled rainfed
medium (medium-rain-unpudd-URM) textured rice
soils in a strip-split plot design with three replications. Three tillage treatments (zero-till, shallowtill-pulv and deep-till-pulv) were used as horizontal
factor; three sowing time management practices
(sow-time) for the upland crops as vertical factor,
and upland crops (mungbean and corn) as sub-plot
factor.
The sowing time management practices included
the following.
SI Sowing immediately after completing the
respective tillage treatments i.e. in zero-till only
one day after harvesting rice, in shallow-till-pulv
4 days after harvesting rice, and in deep till pulv
8 days after harvesting rice because zero-till took
no time for tillage, shallow-till-pulv 4 days and
deep-till-pulv 8 days for completing the tillage.
No irrigation was provided under SI in any
tillage treatment.
S2 Simultaneous sowing in all tillage treatments
(zero-till, shallow-till-pulv, deep-till-pulv) on the
day when deep-till-pulv was completed. The
crops under S2 in all tillage treatments including
zero-till and shallow-till-pulv were sown 8 days
after harvesting rice although these were ready
earlier. No irrigation was provided under S2 in
any tillage treatment.
S3 Same as S2, but with two irrigations, i.e. simultaneous sowing in all tillage treatments on the
day when deep-till-pulv was completed, 8 days
after harvesting rice. The first irrigation was provided immediately after sowing of upland crops
and the second irrigation 30 days later.
Under zero-till, seeds of mungbean and blackgram
were dibbled to a depth of 2.5 cm in 30 cm apart
rows at 5 cm spacing between seeds, corn to a depth
of 3 cm in 75 cm apart rows at 20 cm spacing and
peanut to a depth of 3 cm in 22.5 cm apart rows at
10 cm spacing immediately after harvesting rice. In
other treatments the fields were allowed to dry for
3-12 days after rice harvest in order to carry out the
respective tillage operations, after which the seeds of
all the crops were sown as described in zero-till.
The soil chemical and physical properties were
analysed before and after rice harvest, before the
application of tillage treatments and at certain inter-
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vals thereafter. Soil samples for physical analyses
were drawn by a core sampler at an incremental
depth of 5 cm from 0--15 cm soil layer for mediumirrig-pudd and heavy-irrig-pudd soils, and from
0--30 cm layer for medium-rain-unpudd and mediumrain-pOOd soils. Samples for chemical analyses were
drawn from 0--15 and 15-30 cm depth from all the
soils. The samples were prepared and analysed for
different properties as per standard methods. The
other soil and plant measurements were made in situ.
Saturated hydraulic conductivity was measured by
a constant head method using a Guelph permeameter. Total nitrogen (for medium-irrigatedpudd and heavy-irrigated-pudd soils) was analysed
by the micro-Kjeldahl digestion method and available nitrogen (for the medium-rain-unpudd and
medium-rain-pudd soils) by the colorimetric estimation with indophenol blue using an autoanalyser
system. Available phosphorus was analysed as
Olson P.

Results and Discussion
The medium-irrig-pudd and heavy-irrig-pudd soils
were classified as sandy clay loam and clayey,
respectively, whereas the medium-rain-pudd and
medium-rain-unpudd soils were classified as silty
clay loam. The chemical properties of experimental
soils are presented in Table 1. The medium-rainunpudd soil had lowest pH in both, 0--15 and 15-30
cm layers, while the medium-irrig-pudd soil had the
highest pH value. The electrical conductivity was
highest in heavy-irrig-pudd soil, intermediate in
medium-irrig-pudd and medium-rain-unpudd soils,
and lowest in medium-rain-pudd soil. The organic
matter, nitrogen, phosphorus and potassium contents
were highest in heavy-irrig-pudd soil.

Soil bulk density
The initial bulk density values were highest in
medium-irrig-pudd soil (Fig. 1), followed by
medium-rain-pudd and medium-rain-unpudd soils
(Fig. 2), and were lowest in heavy-irrig-pudd soil
(Fig. 1). The values of bulk density at different
stages of measurements indicated a relationship with
the soil texture, history of soil management, and the
tillage treatments. The soil bulk density was generally lower in heavy-textured (1.0 Mglm 3 ) soil than
medium-textured soil (1.4 Mglm 3 ), and in unpuddled
soil condition (1.0 Mglm 3 ) than the puddled soil condition (1.2 Mglm 3 ).
The bulk density increased with soil depth. The
highest values were recorded in 10--15 cm layer in
both the soils that were puddled and in 25-30 cm
layer of the soils that were not puddled during the
previous years for rice cultivation.

Table 1. Some properties of the soils of experimental sites before the application of tillage treatments.
Heavy-irrig-pudd

Medium-irrig-pudd

Medium-rain-unpudd

Medium-rain-pudd

Soil depth (cm)
Soil property
Chemical
• pH (1:1 H2O)
• EC (dS/m)
• Organic carbon (%)
• Available N (kg/ha)
• N (%)
• Available P (ppm)
• Available K (kg/ha)

0-15

15-30

0-15

15-30

0-15

15-30

0-15

15-30

8.00
0.35
0.50
227.96

8.38
0.14
0.52
223.44

7.71
0.45
1.75
245.00

8.19
0.25
1.67
239.75

6.33
0.33
1.08

6.47
0.34
1.08

7.00
0.13
0.94

7.13
0.12
0.90

5.80
135.00

5.79
153.60

9.89
1020.30

9.85
937.04

0.10
7.57

0.10
8.03

0.08
8.30

0.07
7.73

Soil depth (cm)

0-10

Physical

10-20 20-30 0-10

_ _ _ ._____ M._

67.33 66.67 65.00 20.67
8.00
8.33
9.33 15.33
24.67 25.00 25.67 64.00

Sand (%)
Silt (%)
Clay (%)
Soil texture

Sandy clay loam

1.5

10-20 20-30

15.33
19.33
65.34

3.00 3.00
66.33 63.67
30.67 33.33

14.67 3.67
3.67
3.33
3.00
19.33 71.33 68.33 62.67 70.00
66.00 25.00 28.00 34.00 27.00

Clay

Bulk density (Mg/m')
0.5

0

10-20 20-30 0-10 10-20 20-30 0-10

Silt

Silty loam

Bulk density (Mg/m"j

2

0

1.5

0.5
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Figure 1. Bulk density of medium-textured irrigated puddled and heavy-textured irrigated puddled rice soils as influenced
by tillage levels.
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Figure 2. Bulk density of puddled rainfed medium-textured and unpuddled rainfed medium-textured rice soils as influenced

by tillage levels.
Tillage treatments significantly reduced the soil
bulk density in the tilled zone; up to 10 cm in
shallow-till-pulv and 20 cm in deep-till-pulv and
deep-till. The soil pulverisation evidently had more
impact in reducing the bulk density than ploughing
only in all the soils.
Soil bulk density, measured two days after the
application of tillage (days-after-til!), was lower as
compared to the measurements made before the
application of tillage, or without it (Figs 1 and 2). A
significant decrease was noted through deep-till-pulv
in all the three layers (0-5, 5-10 and 10-15 cm) and
through sha/low-till-pulv or deep-till as compared to
zero-till in 0-5 cm layer of medium-irrig-pudd,
heavy-irrig-pudd and medium-rain-pudd soils. In
these three soils, also the average bulk density of the
three layers was significantly lower in deep-till-pulv
than in zero-till, shallow-till-pulv and deep-till. The
interaction effect of tillage levels and soil depths was
highly significant in affecting the bulk density.
In medium-rain-unpudd soil, both shallow-till-pulv
and deep-till-pulv treatments resulted only in a slight
and insignificant decrease in the bulk density. In all
the different layers of this soil, zero-till, shallow-tillpulv and deep-till-pulv treatments had approximately
the same values (Fig. 2). The tillage level and soil
depth interaction was also non-significant.
The differences in soil bulk density among the
tillage treatments during the subsequent stages of
measurement (2, 10 and 45 days-after-til!) remained

at the same level as recorded at two days-after-till.
This indicates that any possible change in the bulk
density was achieved immediately after the completion of tillage operation, and that this effect was
persistent till 45 days-after-till. The results are in
accordance with the findings of Bhushan et al.
(1973) and Alegre et al. (1986).

Soil moisture content
At all stages of measurement, the soil moisture content, as expected, was highest in heavy-irrig-pudd
soil, followed by medium-irrig-pudd, medium-rainpudd and medium-rain-unpudd soils (Figs 3 and 4).
The soil moisture content generally was higher in
deeper soil layers compared to surface layers in most
of the treatment combinations of all the soils.
At two days-after-till, the soil moisture content in
heavy-irrig-pudd soil ranged from 18-32% in 0-5
cm; 26-42% in 5-10 cm, and 26-48% in 10-15 cm
soil layers. It was significantly higher in zero-till as
compared to shallow-till-pulv in 0-5 and 5-10 cm
layers and also to deep-till and deep-till-pulv in all
the three soil layers. In medium-irrig-pudd soil, it
ranged between 12-22% in 0-5 cm, 25-45% in 5-10
cm and 20-42% in 10-15 cm layer. It was significantly higher in zero-till than other tillage treatments
in all the three soil layers, and in shallow-till-pulv
treatment than deep-till and deep-till-pulv, but only
in 5-10 and 10-15 cm layers. Syarifuddin and Zandstra (1981) have also reported similar findings. At
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Figure 3. Moisture content in medium-textured irrigated puddled and heavy-textured irrigated puddJed rice soils as
influenced by tillage levels.
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other sampling stages, the moisture content was
identical in all the treatments.
In medium-rain-pudd and medillm-raill-ul1pudd
soils the moi sture content generally did not di ffe r
s ignificantly among the tillage treatments, as
observed separately for each of the upland crops in
eac h sow-lime practice and soil layers. However, the
moisture content in these soils was significantly
affected by sow-lime practices. It was s ignif icantly
hi g her in S3 plots than S2 and Ilo-irrig plo ts in both
the soils, mainly because of the supply of irrigation
wat er in S3 . It sho uld be mentioned that in mediumraill-pudd so il , the higher soil moisture content in S3
plots was at matric potentials -0.50 to -0.30 MPa,
whereas in medium-rain-unplldd soil, it was at -0.3
to -0.03 MPa in no-irrig and S2 plots, the lower
moisture content was at -1 .5 MPa in both th e soils.

Saturated hydraulic conductivity
In thi s study, the saturated hydraulic conductivity
(K) was measured at 30 days-after-lill in 0-15 cm
soi l layer in all the experiments. The K values differed greatly among the four soils. The average K
values (tillage and upland crops in mediwn-irrigplldd and heavy-irrig-pudd soils; and till age, sowing

time management practices and upland crops in

medium-rain-plldd a nd medium-rain-ul1plldd soils)
were highest in medillm-rain-lIflpudd soil (4.5 cm/h)
and lowest (0.4 cm/h) in heavy-irrig-pudd soil. The
medium-irrig-pudd soil had 3.6 cm/h and mediumrain-pudd so il 3.4 cm/h values (Fig. 5).
The K values were significantly intluenced by different tillage treatments in all the four soils. In
medium-irrig-pudd soil, it w as highest in deep-lillpu/v (5.1 cm/h) compared with other three tillage
treatments; zero-till (2.0 cm/h), shallow-till-pulv (2.8
cm/ h) and deep-till (4.3 cm/h). The differences in K
values between deep-till and zero-till, deep-till and
shallow-till-pu/v, and shallow-lill-pulv and zero-till
in all the four upland crop plots were also significan t.
The differences in K valu es among the upland crop
plots were not significant in any of the tillage treatments except in deep-till-pulv, where corn had significantly higher values than mungbean, blackgram,
an d peanut. Tillage and upl and crop interaction was
not s ignificant.
[n heavy-irrig-plldd soil, the K value was significantly lower than medium-irrig-plldd so il (Fig. 5).
Also in this soil, the tillage treatments significantly
affected th e K value. It was higher in deep-till-pulv
(0.61 cm/h) and deep-till (0.53 cm/h) as compared
HIP
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Figure 5. Saturated hydra ulic conductivity at 30 OAT as influenced by tillage levels and upl and crops in medium-textured
irrigated pllddled and heavy-tex tured irrigated puddled and by tillage leve ls and sowing time management in puddled rainfed
medium-textured and unpuddled rainfed medium-textured rice soils.
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