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ABSTRACT

A field experiment was conducted during 2004-05 and 2005-06 on clay-loam soil at Jabalpur in Madhya
Pradesh to find out the effect of integrated weed-management practices on weeds and yield of zero-till direct-
seeded rice (Oryza sativa L.). Different methods of crop establishment were evaluated for getting higher produc-
tivity and profitability of irrigated rice-wheat cropping system. For rice there were four methods, viz. direct seeding
by zero-till drill, direct drilling in friable soil by seed drill, direct seeding of sprouted seeds in puddled soil, and
transplanting; and for the succeeding wheat (7riticum aestivum L. emend. Fiori & Paol.) there were two methods,
viz. sowing with zero-till drill and conventional sowing. Echinochloa colona and Commelina spp. were the major
weeds in zero-till, direct-seeded rice, which reduced the grain yield by 27.4%. Pre-emergence application of
pretilachlor at 750 g/ha or pendimethalin at 1.0 kg/ha each, followed by one hand-weeding at 30 days after sow-
ing was on a par with hand-weeding twice, giving significantly higher grain yield (5.20 and 3.50 t/ha) compared
with the weedy check (3.98 and 2.25 t/ha). Zero-till, direct-seeded rice with proper weed management resulted in
significantly higher yield than transplanted rice. In the succeeding wheat crop, population of dominant weeds,
viz. Chenopodium album and Medicago hispida, was found to be reduced when wheat was grown after zero-ill,
direct-seeded rice compared with other methods of rice establishment. The wheat sown after zero-till, direct-
seeded rice yielded significantly higher (3.76 and 3.61 t/ha) than when sown after other methods of rice estab-
lishment. Zero tillage in direct-seeded rice-wheat system reduced the weed problem and increased the system
productivity as well as profitability.
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Rice-wheat system is one of the most important crop-
ping systems for food security in south Asia. In this sys-
tem rice crop is grown by transplanting the seedlings
manually in puddled fields and the subsequent wheat crop
is grown by repeated tillage operations. Puddling results in
poor soil-physical conditions for establishment and raising
the succeeding crops (Tripathi et al., 2003). Due to rising
costs of labour and excessive water use in puddling for
transplanting rice in the irrigated eco-systems, direct seed-
ing of rice is gaining popularity in south-east Asia
(Balasubramanian and Hill, 2002). Direct-seeded rice
needs only 34% of the total labour requirement and saves
29% of the total cost of the transplanted crop (Ho and
Romli, 2000). Weed management is, however, a major
concern in direct-seeded rice. With the availability of
broad-spectrum herbicides to conrol weeds and the asso-
ciated technology, it is possible to raise the productivity of
direct-seeded rice crop with low production cost. The cost
of weed control could partially or completely be compen-

*Corresponding author (Email: jsmishra31@gmail.com)

sated with saving in tillage operations in zero tillage (ZT).
Minimum and ZT techniques have resulted in considerable
saving in time, labour, water, power and capital without
loss in rice yield under widely varying ecological condi-
tions (Tripathi et al., 1999). Sharma et al. (2003) re-
ported that direct drilling of rice using zero or rotary tillage
could be followed for growing a good crop of rice in soils
with low infiltration rate. Direct seeding of rice also al-
lows early establishment of the succeeding wheat crop,
reduced methane emissions and higher profit in areas with
assured water supply (Balasubramanian and Hill, 2002).
As the zero-till, direct-seeded rice facilitates timely sowing
of wheat, even a slight loss in rice productivity is compen-
sated by increased wheat yield, implying no loss in the
system productivity. Moreover, there may be many
complementary and supplementary relationships among
various methods of crop establishment in rice and wheat
that might affect the weed problem, crop stand and ulti-
mately the productivity of rice-wheat system. Keeping
these points in view, the present investigation was under-
taken.
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MATERIALS AND METHODS

The field experiment was conducted during 2004-05
and 2005-06 at National Research Centre for Weed Sci-
ence, Jabalpur. The soil was clay loam (Typic Haplustert),

low in available N (235 kg/ha) and medium in organic C

(0.66%), available P (17.5 kg/ha) and K (290 kg/ha), with
neutral pH (7.2) and electrical conductivity (EC) (0.37 dS/
m). Treatments in rice consisted of integration of pre-
emergence application of pretilachlor @ 0.75 kg/ha or
pendimethalin @ 1.0 kg/ha with post-emergence applica-
tion of fenoxaprop @ 70 g/ha, mixed cropping of
Sesbania followed by 2,4-D at 30 days after sowing,
hand-weeding, mechanical weeding and weedy check
(Table 1). These were replicated thrice in randomized
block design. Due to non-availability of pretilachlor in the
second year, pendimethalin was used. Weed-free checks
of conventional direct-seeded rice, puddle broadcast and
transplanted rice were also kept for comparison. How-
ever, in the second year the conventional direct-seeded
rice check could not be sown due to continuous rains.
Tillage operations in transplanting and puddle broadcasting
consisted of 1 disc ploughing, 2 harrowings and 1 pud-
dling, followed by planking, whereas in conventionally
tilled direct-seeded rice the plots were dry seeded with
seed drill after 1 disc ploughing, 2 harrowings and 1
rotavtor. The zero-till, direct-seeded rice was sown di-
rectly using zero-till seed-drill. Pre-germinated weeds in
zero-till, direct-seeded rice were killed with the application
of glyphosate (0.5%) before sowing. Rice variety ‘Kranti’
was sown on 29 June 2004 and 23 July 2005 with 80 kg
seed/ha. Direct-seeded rice was sown in rows with zero-
till seed-cum-fertilizer drill and normal seed-cum-fertilizer
drill as per the treatment. On the next day the seeds of
same variety soaked for 24 hr were broadcast in the
puddled field. Nursery of rice for taking transplanted rice
was sown on the same day and transplanted 25 days later
at 20 x 20 cm spacing. One-third of the recommended
dose of N (40 kg/ha) and full dose of P (26.2 kg/ha) and
K (33.2 kg/ha) were applied at sowing, and the remaining
N was top-dressed in two equal splits, half at active
tillering and half at panicle-initiation stage. Direct-seeded
and puddle-broadcast rice matured a week earlier than
transplanted rice, but the subsequent wheat was sown at
the same time.

During winter (rabi) season, four rice cultures, viz.
zero-till direct-seeded rice, conventionally tilled direct-
seeded rice, puddle broadcasting and transplanting, were
taken as main plots, and wheat cv “WH 147’ was sown as
subplot treatment under two tillage conditions, viz. zero
tillage (direct sown by zero-till seed-drill) and conventional
tillage (1 disc ploughing, 2 discing, 2 cultivator and 1
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rotavator) in a plot size of 20 x 4 m on 17 November 2004
and 30 November 2005. Spinkler irrigation was given im-
mediately after sowing to ensure proper germination. Fer-
tilizer was applied @ 120 kg N, 26.2 kg P and 33.2 kg K/
bha. Half the N and full dose of P and K were applied basal;
and the remaining N was top-dressed in two equal splits,
half at crown-root initiation stage and half at spike-initia-
tion stage. Herbicides as per treatment in rice and 2,4-D
@ 0.50 kg/ha in wheat were applied using 500 litres /ha
water with the help of knapsack sprayer, fitted with flat-
fan nozzle. The crop was raised under irrigated condition
with recommended package of practices. Population and
dry matter of weeds were recorded at 60 days after sow-
ing (DAS) with the help of random quadrate (0.5 x 0.5 m)
at four places in a plot. These were subjected to square-
root transformation before analysis. Data on grain yield,
total productivity, net monetary returns and benefit : cost
ratio obtained from the cropping sequence during the 2
years were pooled. Economics was calculated by con-
sidering the prevailing sale prices of rice and wheat and
the cost of cultivation.

RESULTS AND DISCUSSION

Effect on weeds in rice

The major weeds observed in weedy check plots at 60
DAS during both the years were Echinochloa colona (L.)
Link and Commelina sp. (Table 1). A few weeds, viz.
Cyperus difformis, Ammania baccifera L. and
Eriocaulon spp were also recorded in 2005 due to water
submergence. Different weed-control treatments signifi-
cantly influenced the population and dry matter of weeds.
Pre-emergence application of pretilachlor 750 g/ha or
pendimethalin 1.0 kg/ha followed by 1 hand-weeding or
harrowing at 30 DAS significantly reduced the population
of E. colona compared with the weedy check. These
treatments, however, did not affect the population of
Commelina spp. Broadcasting of Sesbania and its subse-
quent killing by 2,4-D followed by 1 hand-weeding com-
pletely controlled the Commelina spp., Ammania
baccifera and Eriocaulon spp. Application of pre-emer-
gence herbicides + 1 hand-weeding at 30 days, being on a
par with broadcasting of Sesbania, and its subsequent kill-
ing by 2,4-D followed by 1 hand-weeding significantly
reduced the total dry matter of weeds compared with
other treatments. Singh et al. (2003) also reported that
growing of Sesbania as an intercrop with direct-seeded
rice up to 30 DAS reduced the weed infestation by 30%.

Grain yield of rice

In ZT direct-seeded rice, different weed-control treat-
ments did not influence the number of panicles/m? during
2004, but during 2005 the pre-emergence application of
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Table 1. Effect of weed-control treatments on poulation and dry matter of weeds in rice
Treatment Dose Time of Weed population (no./m?) Dry weight
(gha)  applic- E. colona Commelina Cyperus  Ammania Eriocaulon ~ of weeds
action Spp- difformis  baccifera Spp- (gm?)
2004 2005 2004 2005 2005 2005 2005 2004 2005
Pretilachlor/ 750/ Pre-em. 11 2.4 12 1.9 0.9 0.7 1.3 48 - 1.6
pendimethalin 1,000 (0.6) 54 0.9 3.0 (0.3) (0.0) 1.3) 22.7) (2.0)
+1HW 30 DAS
Pretilachlor/ 750/ Pre-em. 1.9 3.4 1.2 2.4 1.5 0.9 11 80 31
pendimethalin 1,000 32 (@109 (0.9) (5.3) (1.6) 0:3) (0.6) 62.7) (8.9)
+ 1 harrowing 30 DAS
Pretilachlor/ 750/ Pre-em. 3.0 37 1.2 27 2.4 2.8 1.3 80 6.7
pendimethalin 1,000 8.7 (129 0.9 (6.6 (5.3) (7.2) 1.3) (63.0) (44.3)
fb fenoxaprop 70 30 DAS
Broadcasting 1.2 23 0.7 0.7 0.9 0.7 0.7 54 12
of Sesbania fb 2,4-D 0.9) 5.0 (0.0) (0.0 (0.3) (0.0 (0.0) (28.8)  (1.0)
fb 1THW 500 35 DAS
45 DAS
2HW 30 and 1.6 0.7 0.7 0.7 2.0 1.6 3.0 07 3.0
45 DAS (1.9) (0.0 0.0) (0.0) 3.7 (1.9) (8.6) 0.0) B2
Weedy check 4.4 49 24 1.9 1.8 27 4.1 149 72
(19.2) (23.6) 53 (60 (2.6) (7.0) 16.3) (222.7) (51.8)
SEm+ 0.3 0.4 02 . 0.1 0.2 0.2 0.2 11 04
CD (P=0.05) 0.8 1.3 0.5 0.4 0.5 0.6 0.7 29 13

Values in parentheses are original; HW = hand weeding

pendimethalin @ 1.0 kg/ha + 1 hand-weeding at 30 DAS,
being on a par with broadcasting of Sesbania, and its sub-
sequent killing by 2,4-D followed by 1 hand-weeding
(HW) and herbicide followed by 1 harrowing produced
significantly higher panicles/m? than other treatments
(Table 2). Significantly higher number of grains/panicle in
ZT direct-seeded rice was recorded in 2 hand-weedings
treatment compared with the weedy check. Different
weed-control treatments did not affect 1,000-grain weight
significantly during 2004; however, in 2005 hand-weeding
twice significantly increased the grain weight compared
with the weedy check. Higher grain yield of rice was ob-
tained in 2004 than in 2005 due to timely sowing. On an
average, weed competition reduced the yield of zero-tilled
direct-seeded rice by 27.5%. Pre-emergence application of
herbicide + 1 HW at 30 DAS, being on a par with hand-
weeding twice, produced significantly higher grain yield
than the weedy check. Grain yield of rice was negatively
correlated (r = —0.85*) with dry matter of weeds. A posi-
tive correlation between yield attributes [panicles/m?
(r =0.39), grains/panicle (r = 0.83*) and 1,000-grain
weight (r = 0.57)] and grain yield was also recorded.
When compared with other rice cultures, ZT direct-
seeded rice with proper weed management gave higher
yield than conventionally tilled, direct-seeded rice, puddle
broadcast and transplanted rice in 2004. However, in 2005

transplanted rice, being on a par with puddle-broadcast
seeding, yielded significantly better than ZT. Lower yield
of ZT direct-seeded rice during 2005 might be due to de-
layed sowing.

Effect on weeds in wheat :

Wheat field was dominated with broad-leaved weeds, viz.
Chenopodium album and Medicago hispida. Different
methods of rice establishment significantly influenced the
population of weeds in wheat (Table 3). The population of C.
album was found to be significantly reduced when wheat
was grown after ZT direct-seeded rice compared wih other
methods of rice establishment. The population of Medicago
hispida was lower in CT direct-seeded rice during 2004-05;
however, in 2005-06 it was significantly reduced after ZT
direct-seeded rice compared with puddle-broadcast rice.
Except after transplanted rice, dry matter of weeds in wheat
did not vary significantly due to rice-establishment
techniques. Irrespective of the various crop-establishment
methods in rice, sowing of wheat by zero-till drill
significantly reduced the population and dry matter
production of weeds. Less exposure of weed seeds to light
and presence of crop residue on soil surface might have
inhibited the emergence of weed seed in zero tillage. Singh et
al. (2004) also reported significant reduction in the
population of Chenopodium album in zero tillage.
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Table 2. Effect of weed-control treatments on yield attributes, yield and economics of rice

Treatment* Panicles/m? Grains/ 1,000-grain Grain yield Gross B:C
panicle weight (g) (t/ha) returns ratio
2004 2005 2004 2005 2004 2005 2004 2005 (Rs/ha)
Pretilachlor / pendimethalin + 1 HW 341 302 122 119 253 29.5 5.20 3.50 21,750 1.97
Pretilachlor / pendimethalin + 348 275 132 106 24.7 25.8 5.23 2.75 19,950 1.91
1 harrowing
Pretilachlor/pendimethalin 354 239 114 131 26.7 304 4.58 3.33 19,750 1.83
fb fenoxaprop
Broadcasting of Sesbania fb 2,4-D 341 295 113 113 257 24.7 4.46 2.90 18,400 1.62
fbo 1HW
2HW 338 241 136 136 26.3 34.0 5.36 3.25 21,500 1.58
Weedy check 334 236 108 106 25.7 26.3 3.98 2.25 15,800 1.74
Conventional till, direct - seeded rice* 224 122 26.0 4.87 - 24,350 2.15
Puddle-broadcast rice 250 284 160 146 26.3 29.0 4.84 4.67 23,800 1.93
Transplanted rice 219 269 137 150 277 4.38 5.00 23,450 145
SEm+ 22 16 9 8 1.5 2.8 0.24 0.19
CD (P=0.05) 61 15 24 23 NS 7.9 0.68 0.56

*Herbicide dose and time of application details as in Table 1

Table 3. Effect of crop-establishment methods in rice and wheat on population and dry matter of weeds in wheat

Treatment Weed population (no./m?) Dry matter of
Chenopodium album Medicago hispida Total weeds (g/m?)
2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06
Rice culture
Transplanted 5.1 0.90 2.6 6.7 5.7 6.7 6.9 6.4
5.7 0.3) 6.1) (44.4) (32.0) 44.4) 47.1) (40.5)
Puddled broadcast 33 1.2 24 9.5 4.1 9.7 5.8 ' 6.9
(10.7) 0.9) 52 (89.8) (16.3) (93.6) (33.1) 47.1)

Conventional till, 3.7 2.1 4.2 5.8
direct-seeded rice 13.3) 3.8) (17.1) 33.1)

Zero-till, direct- 27 0.71 2.5 6.3 4.0 6.3 6.6 6.2
seeded rice 7.0 (0.0) 6.0) (3%9.2) 15.5) (39.4) (43.1) 37.9
SEm+ 0.2 02 0.1 04 02 0.5 0.3 0.4
CD (P=0.05) 0.6 0.5 0.3 13 0.6 1.5 1.0 NS

Tillage
Conventjonal tillage 4.2 0.80 2.7 73 5.0 7.7 7.0 7.0
(16.9) 0.1) (7.0) (58.8) (24.5) (58.8) (48.5) 48.7)
Zero tillage 35 1.1 2.1 7.4 4.0 75 5.5 6.1
117 0.71) (€N)) (54.3) (15.5) (55.8) (29.8) 36.7)
SEm+ 0.1 0.1 0.1 0.4 0.1 0.1 0.2 0.3
CD (P=0.05) 0.4 03 0.2 1.1 0.4 NS 0.7 NS

Values in parentheses are original

Grain yield of wheat

Plant population, plant height, number of spikes/m row
length and grain yield of wheat were significantly influ-
enced due to different methods of establishment in pre-
ceding rice (Table 4). Zero-till, direct-seeded rice being on
a par with conventionally tilled direct-seeded rice, pro-
duced significantly higher number of plants/m row length
than puddle broadcast and transplanted rice. The number
of spikes/m row length was also significantly higher

when wheat was grown after ZT direct-seeded rice com-
pared with other methods of rice establishment. This
could be owing to better soil-seed contact, resulting in
higher number of plants/unit area. Irrespective of the vari-
ous crop-establishment methods in rice, sowing of wheat
by zero-till seed drill increased the plant population, plant
height and yield attributes over conventional method. The
wheat sown after zero-till direct-seeded rice yielded sig-
nificantly higher than when sown after other methods of
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rice establishment. Zero tillage significantly increased the tional tillage. Singh er al. (2002) also reported similar
grain yield of wheat. Ram ez al. (2006) also reported simi- yields of transplanted and direct-seeded rice and higher
lar findings. Interactions between crop-establishment grain yield of wheat crop following it.
methods in rice and wheat were not significant for yield : T
and yield attributes of wheat. Yield parameters of wheat 10 - Wheat (CT)
.. . . . . Wheat (ZT)
were positively correlated with grain yield. Among differ- S5 Riceswheat (CT)
ent parameters, plant population (r = 0.84*) and number g ] E=3 Riceswheat (ZT)
of spikes/m row length (r = 0.94**) were highly corre- _
[+
lated. g . |
Total productivity of rice-wheat system =
Zero-till, direct-seeded rice-wheat system gave the =, )
highest total productivity, followed by conventional tillage '-§ .
and puddle broadcast systems (Fig. 1). Transplanted rice- o , g§
wheat system resulted in the lowest total productivity de- ] é§
spite giving higher rice yield than ZT direct-seeded rice, é§
indicating that reduction in wheat yield after transplanted 0 ZTDSR  CT.DSR Puddied broadeast Transplanted
rice was much greater than the corresponding increase in Rice-establishment method
rice yield. Sowing of wheat by zero-till seed drill gave Fig. 1. Effect of rice-establishment method on productivity of rice
higher total productivity compared with that by conven- and wheat under various tillage conditios

Table 4. Effect of crop-establishment methods in rice and wheat on plant population, plant height, yield attributes and yield of wheat

Treatment Plant Plant height No. of Grains/spike 1,000-grain Grain yield
population/m (cm) spikes/m : weight (g) (t/ha)
row length row length

2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06

Rice culture

Transplanted 55.8 59.6 89.9 87.4 48.4 53.6 43.0 52.0 48.2 52.1 2.35 3.02
Puddled broadcast 57.4 64.0 93.4 89.0 482 54.5 454 525 51.0 51.1 2.48 3.26
Conventional till, 59.3 92.2 49.7 459 49.3 2.83
direct seeded rice :
Zero-till, direct- 63.7 66.0 96.4 92.0 61.1 60.4 43.4 47.8 49.6 523 3.76 3.61
seeded rice
SEm+ 1.9 2.6 1.1 2.1 2.8 2.5 1.6 1.8 1.6 0.7 0.11 0.15
CD (P=0.05) 55 NS 3.1 NS 82 NS NS NS NS NS 0.31 0.48
Tillage
Conventional tillage 53.4 61.8 89.2 88.0 50.0 52.5 44.0 49.3 48.3 51.8 2.57 3.16
Zero tillage 64.7 64.6 96.7 91.0 54.0 59.8 44.8 51.0 50.7 519 3.17 344
SEmz 1.6 1.3 0.8 1.7 1.2 1.9 0.4 0.5 0.8 0.1 0.11 0.10
CD (P=0.05) 4.6 NS 2.2 NS NS 5.4 NS NS 2.3 NS 0.26 0.21

Table 5. Effect of methods of rice establishment on economics of rice-wheat system (average of 2 years)

Treatment Cost of cultivation Net returns B : Cratio
(Rs/ha) (Rs/ha)
R+WCT R+WZT R+WCT R+WZT R+WCT R+WZT
Zero-till, direct-seeded rice . 25,684 23,885 22,166 27,115 1.86 2.13
Conventional till, direct-seeded rice* 25,985 24,185 18,390 23,415 1.71 1.97
Puddled broadcast 26,985 25,185 16,615 21,940 1.62 1.87
Transplanted 30,785 28,985 11,205 16,290 1.36 1.56

*2004-05 only
ZT = Zero tillage, CT = conventional tillage; R = rice; W, wheat
Selling price: Rice Rs 5,000/t; wheat, Rs 7,500/t
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Economics

In zero-till, direct-seeded rice, pre-emergence applica-
tion of herbicide followed by 1 hand-weeding at 30 DAS
gave maximum benefit : cost ratio (1.97), and hence
proved more remunerative than the other weed-control
treatments (Table 2). The lower B:C ratio (1.45) in trans-

planted rice was ascribed to higher cost of production due .

to additional cost involved in puddling and transplanting of
rice. The total net returns (Rs 27,115/ha) and B:C ratio
(2.13) obtained from zero-till, direct-seeded rice and zero-
till wheat system were higher than those from other sys-
tems (Table 5). This was owing to higher wheat produc-
tivity and lower cost of cultivation in zero-tillage treat-
ment. The minimum net return (Rs 11,205/ha) and B:C
ratio (1.36) were obtained in transplanted rice and con-
ventional tillage wheat system due to lower wheat yield
and higher cost of production.

It was concluded that both direct-seeded rice and
wheat may be grown in zero tillage for getting higher weed
control, and productivity and profitability of the rice-wheat
system under irrigated conditions.

REFERENCES

Balasubramanian, V. and Hill, J.E. 2002. Direct seeding of rice in
Asia: emerging issues and strategic research needs for the 21¢
century. (In): Direct Seeding: Research Strategies and Op-
portunities, 383 pp. Pandey et al. (Eds). Proceedings of Inter-
national Workshop on Direct Seeding in Asian Rice System,
held during 25-28 January 2000, Bangkok, Thailand. Interna-
tional Rice Research Insitute, Los Banos, Philippines.

Ho and Romli. 2000. Impact of direct seeding on rice cultivation:

WEED MANAGEMENT IN RICE - WHEAT SYSTEM ; 203

lessons from the Mudaarea of Malaysia. (In): Proceedings of

Workshop on Direct Seeding: Research Strategies and Op-

portunities, held during 25-28 January 2000, Bangkok, Thai-
"land.

Ram, Mangat, Om, Hari, Dhiman, S.D. and Nandal, D.P. 2006. Pro-
ductivity and economics of rice (Oryza sativa) — wheat
(Triticum aestivum) cropping system as affected by estab-
lishment methods and tillage practices. Indian Journal of
Agronomy 51(2): 77-80.

Sharma, R.K., Chhonkar, R.S., Gathala, M.K., Kumar, V., Pundir,
A K. and Mongia, A.D. 2003. Direct seeding of rice: a dis-
tinct possibility. Indian Wheat Newsletter 9(2): 5.

Singh, Samar, Bhushan Lal, Ladha, J.K., Gupta, Raj, Naresh R.K.
and Singh, P.P. 2003. Weed management in zero till direct
seeded rice: some promising developments. Rice-Wheat Infor-
mation Sheet 47(Dec.): 7-8.

Singh, Shailendra, Singh, Govindra and Singh, V.P. 2004. Weed dy-
namics in wheat as affected by rice and wheat establishment
methods. Indian Journal of Weed Science 36(3&4): 193-198.

Singh, Y., Bhardwaj, A K., Singh, S.P,, Singh, R.K., Chaudhary, D.C.,
Saxena, A., Singh, V., Singh, S.P. and Kumar, A. 2002, Effect
of rice (Oryza sativa)-establishment methods, tillage prac-
tices in wheat (Triticum aestivum) and fertilization on soil
physical properties and rice-wheat system productivity on
a silty clay Mollisol of Uttaranchal. Indian Journal of Agri-

* cultural Sciences 72: 200-205.

Tripathi, R.P., Gaur, M.K. and Rawat, M.S. 2003. Puddling effect on
soil physical properties and rice performance under shallow
water table conditions of tarai. Journal of Indian Society of
Soil Science 51(2): 118-124,

Tripathi, S.C., Nagarajan, S. and Chauhan, D.S. 1999. Evaluation of
zero tillage in wheat (Triticum aestivum) under different
methods of rice (Oryza sativa) transplanting. Indian Journal
of Agronomy 44(2): 219-222.





