








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 post­
monsoon 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 there­
fore requires special considerations compared to 
normal upland cropping if food production under 
rainfed conditions is to be increased. 

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 post­
rainy 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. Fer­
tilizers are often not applied, crops depend on the 
native fertility and may face nutritional constraints 
(Patanothai and Ong 1987). Pulses grown after low­
land 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 prep­
aration 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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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). 

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 con­
ditions (Sanchez 1973; De Datta and Kerim 1974; 
Ghildyal 1978; Sharma and De Datta 1985). Pud­
dling 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 micro­
porosity (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 establish­
ment of pulses. Although delayed sowing of the 
legume, i.e. waiting for the optimum moisture con­
ditions, 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 low­
land 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 estab­
lished legumes using reduced tillage techniques 
(Saxena 1976). Ruhendi and Litsinger (1982) listed 
the following reduced tillage prdctices as those com­
monly 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 tractor­
driven plough to break up subsoil hard pans. How­
ever, 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 exper­
iments 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, mould­
board ploughing reduced subsoil bulk densities to 
1.5 Mglm3 compared to 1.7 Mglm3 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 Mglm3 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). Germi­
nation 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. Prac­
tising 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 per­
centage of soy bean establishment and soil water con­
tent (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). 
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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. 

Drainage 

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, particu­
larly on alfisols (ICRISAT 1977). On Vertisol this 
broad bed system has the additional advantage of 
reducing erosion and runoff (Table 2). 

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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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 sur­
face, 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). 

Table 2. Effect of land management" on runoff, erosion 
and yieJds of sequential cropping of maize and chickpea on 
deep Vertisois, 1977. 

Land Runoff Erosion Yield kglha 
treatment (mm) (kg/ha) 

Maize Chickpea 

Flat planting 141 240 2740 490 
Narrow ridges 77 110 3240 450 
Broad beds 110 170 3170 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). 

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 manage­
ment practices for the rotation will not only increase 
food production, but also maintain sustainability of 



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 physico­

chemical properties with varied tillage practices, 
drainage systems and residue management sys­
tems 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. 

References 

Bhatnagar, V.K., Chaudhary, T.N. and Shanna, B.R. 1983. 
Effect of tillage and residue management on properties 
of two coarse textured soils and on yield of irrigated 
wheat and groundnut. Soil Till. Res. 3, 27-37. 

Bhusan, L.S., Varade, S.B. and Gupta, c.P. 1973. Inl1uence 
of tillage properties on clod size, porosity and water 
retension. Indian J. Agric. Engineering. 43, 466-471. 

Brammer, H. 1977. Incorporation of physical determinants 
in cropping pattern design. In: Cropping Systems 
Research and Development for the Asian Rice Farmers, 
IRRI, Los Banos, Philippines. 83-95. 

Buresh, RJ. and De Datla, S.K. 1991. Nitrogen dynamics 
and management in rice-legume cropping systems. 
Advances in Agronomy. 45, 1-59. 

De Datta, S.K. and Kerim, M.S.A.A.A. 1974. Water and 
nitrogen economy of rainfed rice as affected by soil 
puddling. Soil Sci. Soc. Am. Proc. 38, 515-518. 

De Datta, S.K. 1981. Principles and Properties of Rice Pro­
duction. John Wiley & Sons. New York. 

FAO (Food and Agriculture Organization) 1993. Agri­
culture: towards 2010. Conference, 6-25 November, 
1993. Food and Agriculture Organization of the United 
Nations, Rome, Italy. 320 p. 

Gerard, C.J., Unger, P., Bordovsy, D., Gorick, T., Hons, F. 
and Matocha. 1988. Conservation tillage effects on soil 
physical properties, 16-28. In: Hons, F.M. cd., Conser­
vation Tillage in Texas. Res. Monogr. 15. Texas Agric. 
Exp. Stat. College Stat. Texas. 

Ghildyal, B.P. 1978. Effect of compaction and puddling on 
soil physical properties and rice growth. 317-336. In: 
IRRI, Soils and Rice, Los Baiios Philippines. 

ICRISAT (International Crop Research Institute for the 
Semi Arid Tropics) 1977. Annual Report, ICRISAT, 
Hyderabad, India. 

191 

1988. Characterising Resources. 281-293. In: Annual 
Report 1987, Resource Management Program. 
Patancheru, AP., India. 

Katyal, J.C., Deb, S.K., Korwar, G.R. and Osman, M. 1994. 
Technology for irrigating stresses: Alternative land uses. 
291-305. In: Virmani S.M., Katyal, J.c., Eswaran, H. 
and Abrol, l.P. ed., Stressed Ecosystems and Sustainable 
Agriculture. 1994. Oxford and IBH Publishing Co. Pty. 
Ltd. New Delhi. 

Lantican, R.M. 1977. Fields crops breeding for multiple 
cropping patterns. 349-357. In: Cropping systems 
research and development for the Asian rice farmers. 
IRRI, Los Banos, Philippines. 

McWilliam, l.R. and Dhillon, J.L. 1986. Food legume crop 
improvement: progress and constraints. 22-33. In: 
Wallis, E.S. and Byth, D.E. cd., Food Legume Improve­
ment for Asian Fanning Systems. ACIAR, Canberra. 

Melhuish, F.M., Muirhead, W.A. and Higgins, H.M.L. 
1976. Current views on effect of cropping history on 
nutrient availability in irrigated soils. Paper presented at 
Australian Soil Science Conference, Wagga, May, 1976. 

Moonnan, F.R. and Van Breeman. 1978. Rice: Soil, Water, 
Land. IRRI, Los Banos, Philippines. 

Pandey, R.K. 1985. Food legumes in rice based farming 
systems. Lecture at the Orientation cum Training Pro­
gram on improving the income and employment 
potential of rice farming systems, 21-30 January, 1985, 
IRRI, Los Banos, Philippines. 8 p. 

Patanothai, A. and Ong, C.K. 1987. Limits imposed by 
management in rainfed farming systems. 77-82. In: 
Wallis, EJ. and Byth, D.S. ed., Food legumes improve­
ment for Asian farming systems. Proc. International 
Workshop. Sept. 1-5, 1982 KhanKaon, Thailand. 

Prasadini, P.P., Rao, C.N., Rao, S.R. and Rao, M.S. 1993. 
Soil physical conditions improvement project, Andhra 
Pradesh Agricultural University, Hyderabad, India. 
IRRN 18, p. 1. 

Prihar, S.S., Ghildyal, B.P., Painuli, D.K. and Sur, H.S. 
1985. Physical properties of mineral soils affecting rice­
based cropping systems. In: Soil Physics and Rice. IRRI, 
Los Banos, Philippines. 

Ruhendi and Litsinger, l.A. 1982. Effect of rice stubble and 
tillage methods on preflowering insect pests of grain 
legume. 85-88. In: Cropping Systems Research in Asia. 
IRRr, Los Baiios, Philippines. 

Sanchez, P.A. 1973. Puddling tropical soils. 1. Growth and 
nutritional aspects. Soil Sci. 115, 149-158. n. Effects of 
water losses. Soil Sci. 115, 303-308. 

- 1976. Properties and Management of Soils in the 
Tropics. John Wiley & Sons Inc., New York. 618 p. 

Saxena, M.C. 1976. Soybeans in India. 226-231. In: 
Goodman, R.M. ed., Expanding the use of soybeans. 
Proc. Conf. for Asia and Oceania, Chiang Mai, Thailand. 
INTSOY Series 10, 261p. 

Shanna, P.K. and De Datla, S.K. 1985. Effects of puddIing 
on soil physical properties and processes. In: Soil Physics 
and Rice. IRRI, Los Banos, Philippines. 217-235. 

Singh, R.B. 1988. In: Mungbean: Proc. of the second Inter­
national Symposium, 16-20 Nov. 1987.552-559. Asian 
Vegetables Res. Dev. Cent., Taipei, Taiwan. 



Sojka, R.E., LangdaJe, G.W. and Karlen, D.L. 1984. 
Vegetative technique for reducing water erosion of crop­
land in the Southeastern United States. Adv. Agron. 37, 
155-181. 

Syarifuddin, A.K. and Zandstra, H.G. 1978. Growing 
rainfed eorn and soy beans after puddled flooded rice: 
Soil physical conditions and management. IRRI Saturday 
seminar paper, 4 November (mimeo). 

Syarifuddin, A.K. 1979. Establishment and perfonnance of 
rainfed maize (Zea mays) and soybean (Glycene max (L) 
Merrill) in the dry season after puddled flooded rice. PhD 
thesis, University of Philippines, Los Banos, Philippines. 

Timsina, 1. 1989. Adaptation of diverse cowpea (Vigna 
unguicualta (L) Walp) cultivars to excess moisture and 
drought in rice land. PhD thesis, UPLB, L.B. 

UN (United Nations). 1992. Long range World Population 
Projections. United Nations, New York. 

Unger, P.W. 1984. Tillage effects on surface soil physical 
conditions and sorghum emergence. Soil Sci. Soc. Am. 1. 
48, 1423-1432. 

Unger, P.W., AlIen, R.R. and Parker, 1.1. 1973. Cultural 
practices for irrigated winter wheat production. Proc. 
Soil Sci. Soc. Am. 37, 437-442. 

192 

Willey, R.W., Rao, M.R. and Natragen, M. 1981. 
Traditional crop management with P.P. and their 
improvement. Proc. International Workshop on P.P., 
ICRISAT/ACIAR. VoU. ICRISAT, Patancheru, India. 

Woodhead, T., De Dulla, S.K., Painuli, D.K.. Shanna, P.K. 
and Mombani, B. 1986. International Program Review: 
Program area 408. Feb-March, 1986. IRRI Research 
Program Review (Mimeo). 

Yadvinder-Singh, Ladha, 1.K., Singh, B. and Khind, C.S. 
1994. Management of nutrient yields in green manure 
systems. 125-153. In: Green Manure Production 
Systems for Asian Ricelands. lRRI, Los Banos, 
Philippines. 

Zandstra, H.G. 1976. Cropping systems research in 
IRRI, Paper presented at the Cropping Systems 
Seminar for Administrators, 26-28 Jan., 1976, IRRI, 
Los Banos, Philippines. 

- 1982. Effect of soil moisture and texture on the growth 
of upland crops after wetland rice. In: Report, workshop 
on cropping systems research in Asia. 43-54. IRRI, Los 
Banos, Philippines. 



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
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, rice­
wheat 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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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 sustain­
able basis without adversely affecting the fragile 
agro-eco system. The major constraints of the rice­
wheat system in north-western India are discussed 
along with their management. 

The area under rice-wheat rotation is mainly con­
centrated 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 tem­
perature of 35 cc. Eighty per cent of the precipi­
tation 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. 



In India, of 10.5 million hectares, 1.5 million hec­
tares 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 con­
tinued 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 

o 300 . 

Figure 1. Rice-wheat sequence area for all India. 
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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 com­
pared to 1971-80. In wheat, the increase in pro­
ductivity 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 out­
lined 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 

1 Jammu & Kashmir 
2 Himachal Pradesh 
:3 Punjab 
4 Haryana 
5 Rajasthan 
6 Uttar Pradesh 
7 Bihar 
8 West Bengal 
9 Madhya Pradesh 

10 Orisssa 
11 Maharashtra 

12 Guiaral 
13 Andra Pradesh 
14 Karnataka 
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 

Kaur (1995). 
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Figure 2. Rice production. area and yield from 1950 to 1995 (Pb: Punjab). 
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Table 2. Growth rate of wheat in some parts of India. 

State 

Punjab 
Production 
Area 
Yield 

Haryana 
Production 
Area 
Yield 

UUar Pradesh 
Production 
Area 
Yield 

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 
in Punjab. 

Input/operation 

Irrigation 
Fertilizer 
Seedbed preparation 
Harvesting and threshing 
Others 
Total 

Rice 

18282 (54.7%) 
8586 

586 
784 

4172 
33410 

Wheat 

3518 (18.8%) 
8143 
1456 
3171 
3171 

18762 

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 con­
sumption 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). 

Nutrient management 

Nitrogen: the major constraint to the productivity of 
the system is N deficiency and both 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 respon­
sive to direct P application than rice. The application 
of P (60 kg P20 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 rec­
ommended to correct the deficiency (Singh et aL 
1995). Keeping in view the profitability of the rice­
wheat system the farmers have extended the culti­
vation 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 appear­
ance 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). 

Integrated approach 

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

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

Cropping systems Yield Nutrient uptake (kg/ha/yr) 
t/ha 

N PzOs KzO Total 

Rice-wheat 8.8 235 92 336 663 
Rice-rice 7.7 220 87 247 554 
Rice-wheat-green gram 8.2 306 62 278 646 
Rice-wheat -cowpea1 9.6 + 3.91 272 153 389 814 
Rice-wheat-maize + cowpea1 9.3 + 291 305 123 306 734 

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. 

Year Fertilizer consumption 

Rice Wheat Total 

1974-75 0.81 0.71 1.52 
1984-85 2.62 2.21 4.83 
1993-94 4.0 3.35 7,35 

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). 

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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Nutrient removal Net removal 

Rice Wheat Total 

3.86 1.8 5.74 4.22 
5.64 3.4 8.07 3.24 
7.66 4.0 11.66 4.31 

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. 



Table 6. Average response of crops to applied zinc. 

Crop 

Rice 
Maize 
Wbeat 
Groundnut 
Raya 
Bajra 
Potato 

Water management 

Response (q/ba) 

9.5 
7.1 
3.6 
2.5 
2.7 
4.1 

28.6 

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. 

Poor quality water 

The use of poor quality water results in the accumu­
lation 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 millet­
wheat 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 
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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 

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 dis­
tribution 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 
(%, w/w of total in the 0-00 cm layer) 
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Figure 5. Relative root length density for wheat in a rice­
wheat (a) and maize-wheat (b) rotation. 



Table 7. Three-year mean paddy yield (t/ha) as influenced by green manuring and N levels. 

Green manure crop Age at incorporation (DAP) Nitrogen applied (kg/ha) 

60 90 120 Mean 

Paddy yield (!/ha) 

Fallow 5.8 7.2 8.0 7.0 
Sesbania 40 8.1 8,4 8.5 8.3 

50 8,4 8.6 8.4 8.5 
60 8,4 8.6 8.3 8,4 

Cowpca 40 8.6 8.8 8.7 8.7 
50 8.4 8,4 8.5 8.5 
60 8.5 8.4 8.2 8,4 

Crotalaria 40 8.2 8.3 8,4 8.3 
50 8.3 8.5 8.6 8.5 
60 8.4 8.5 8.7 8.5 

LSD(p 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. 

Crop residue 

60 

Rice (mean of to years)* 
Burned 4.65 
Removed 4.46 
Incorporated 3.62 

Wheat (mean of 11 years)·· 
Burned 3.46 
Removed 3.48 
Incorporated 2.94 
Mean 3.29 

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. 

N applied (kg/ha) 

120 

5.65 
5.50 
4.63 

4.26 
4.14 
3.87 
4.10 

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

District <Srn 5-10 m 

180 

6.42 
6.04 
5.26 

4.64 
4.42 
4.34 
4,47 

June 1973 June 1990 June 1973 June 1990 June 1973 

('000 ha) 

Amritsar 221 26 264 434 24 
Ludhiana 98 79 271 205 169 
Sangrur 199 39 312 318 
Bathinda 138 154 165 295 251 
Faridkot 154 266 222 248 167 

Table 10. Selenium content (mg/kg) in wheat and soil as influenced by cropping system. 

Cropping system Amount of irrigation Wheat (45-60-day-old Soil 
water applied shoots) 

Available 

Rice-wheat (n 31) 200 162 ± 115.8 1.87 ± 0.92 
Com-wheat (r 37) 60 8.2 ± 11.8 0,44 ± 0.28 

200 

Mean 

5.57 
5.33 
4.50 

4.12 
4.02 
3.72 

< 10m 

June 1990 

49 
102 
154 
107 
92 

Total 

0.047 ± 0.018 
0.022 ± 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 

1.66 ± 0.042 
43.5 x lQ4 
0.54 

1.79 ± 0.005 
45.5 x 104 

0.59 
Water storage in 0-180 cm soil 43.2 

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 

Intake rate, cmlh 2.76 

Weed and pest management 

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 
depth (g/cm3) (cm/min) 
(cm) ---------------

Rice-wheat Maize-wheat Rice-wheat Maize-wheat 

0-5 1.53 1.60 0.17 0.11 
5-10 1.65 1.62 0.08 0.14 
10-15 1.69 1.63 0.06 0.13 
15-20 1.81 1.68 0.02 0.04 
20-25 1.73 1.64 0.03 0.08 
25-30 1.65 1.64 0.06 0.08 

Table 13. Effect of herbicides on grain yield. 

Treatment 

Treatment with herbicide 
Conventional 
Unweeded 

Grain yield (q/ha) 

Paddy 

6.0 
5.5 
3.7 

Wheat 

5.1 
3.8 
3.4 
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37.8 

3.7 
2.1 
2.6 

1.86 

Adoption oCProduction Tecbnology 
The rapid adoption of the production technology by 
the enterprising peasantry of the State of Punjab has 
helped in maintaining high yield despite soil con­
straints. 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. 

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 (par­

ticularly 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 agro­
ecosystems; 

• detailed understanding of nutrient dynamics in 
terms of losses, build-up, depletion, plant uptake 
and residual effect at benchmark sites for extra­
polation to the other experimental regimes of 
operation; 



• scheduling of fertilizer recommendations 
according to availability of water; 

• identification of nutrient efficient crop cultivars. 

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 mini­
mising nitrogen losses and accretion to ground­
water; 
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. 
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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. Siota1 

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 heavy­
textured 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. 

POPULATION pressure, under-nutrition and 
decreasing agricultural land resources compel Asian 
farmers to grow more food through crop diversifica­
tion and optimum resource utilisation. Growing non­
rice crops after rice has been found beneficial for 
nutrition, soil health and sustainability of the agri­
cultural systems. Soil puddling for previous rice 
crop(s) to ease transplanting, facilitate root establish­
ment, 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 

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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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 rice­
non-rice crop sequence becomes a cyclic event and 
improper soil management may lower the pro­
ductivity of both the crops (Zandstra 1982). 

This study was, therefore, conducted to develop a 
soil management system and crop growing tech­
niques suitable for a range of upland crops. 

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 (shallow­
till-pulv-STP), decp tillage (deep-till-D7), and deep 



tillage and pulverised tilled surface soil (deep-till­
pulv-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 repli­
cations. Three tillage treatments (zero-till, shallow­
till-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. simul­
taneous sowing in all tillage treatments on the 
day when deep-till-pulv was completed, 8 days 
after harvesting rice. The first irrigation was pro­
vided 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 medium­
irrig-pudd and heavy-irrig-pudd soils, and from 
0--30 cm layer for medium-rain-unpudd and medium­
rain-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 per­
meameter. Total nitrogen (for medium-irrigated­
pudd and heavy-irrigated-pudd soils) was analysed 
by the micro-Kjeldahl digestion method and avail­
able nitrogen (for the medium-rain-unpudd and 
medium-rain-pudd soils) by the colorimetric esti­
mation 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-rain­
unpudd 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 gener­
ally lower in heavy-textured (1.0 Mglm3) soil than 
medium-textured soil (1.4 Mglm3), and in unpuddled 
soil condition (1.0 Mglm3) than the puddled soil con­
dition (1.2 Mglm3). 

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. 

Medium-irrig-pudd Heavy-irrig-pudd Medium-rain-unpudd Medium-rain-pudd 

Soil depth (cm) 

Soil property 0-15 15-30 0-15 15-30 0-15 15-30 0-15 15-30 

Chemical 
• pH (1:1 H2O) 8.00 8.38 7.71 8.19 6.33 6.47 7.00 7.13 
• EC (dS/m) 0.35 0.14 0.45 0.25 0.33 0.34 0.13 0.12 
• Organic carbon (%) 0.50 0.52 1.75 1.67 1.08 1.08 0.94 0.90 
• Available N (kg/ha) 227.96 223.44 245.00 239.75 
• N (%) 0.10 0.10 0.08 0.07 
• Available P (ppm) 5.80 5.79 9.89 9.85 7.57 8.03 8.30 7.73 
• Available K (kg/ha) 135.00 153.60 1020.30 937.04 

Soil depth (cm) 

Physical 0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30 0-10 10-20 20-30 
___ . _____ M._ 

Sand (%) 67.33 66.67 65.00 20.67 15.33 14.67 3.67 3.67 3.33 3.00 3.00 3.00 
Silt (%) 8.00 8.33 9.33 15.33 19.33 19.33 71.33 68.33 62.67 70.00 66.33 63.67 
Clay (%) 24.67 25.00 25.67 64.00 65.34 66.00 25.00 28.00 34.00 27.00 30.67 33.33 

Soil texture Sandy clay loam Clay Silt Silty loam Silly clay loam 

Bulk density (Mg/m') Bulk density (Mg/m"j Bulk density (Mg/m"j 
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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-till­
pulv 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 
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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 com­
pletion 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 con­
tent, as expected, was highest in heavy-irrig-pudd 
soil, followed by medium-irrig-pudd, medium-rain­
pudd 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 signifi­
cantly 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 Zand­
stra (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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Figure 4. Moisture content in puddled rainfed medium-textured and unpuddled rainfed medium-textured 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 moisture content generally did not di ffe r 
s ignificantly among the tillage treatments, as 
observed separately for each of the upland crops in 
each 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 medium­
raill-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 the soils. 

Saturated hydraulic conductivity 
In this 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 dif­
fered greatly among the four soils. The average K 
values (tillage and upland crops in mediwn-irrig­
plldd and heavy-irrig-pudd soils; and till age, sowing 

C1 C2 C3 C4 

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 medium­
rain-pudd soil 3.4 cm/h values (Fig. 5). 

The K values were significantly intluenced by dif­
ferent tillage treatments in all the four soils. In 
medium-irrig-pudd soil, it w as highest in deep-lill­
pu/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 treat­
ments except in deep-till-pulv, where corn had sig­
nificantly 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 signifi­
cantly 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 

4 ' 

Figure 5. Saturated hydraulic 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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