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ABSTRACT

A field experiment was conducted during the rainy season of 2002 and 2003 at Sabour study the effect of nitro-
gen and weed management in direct-seeded upland rice (Oryza sativa L.). Grain and straw yields of rice and N, P
and K uptake by rice crop and weeds increased significantly with successive increase in nitrogen up to 120 kg/ha.
The splits in which basal application of nitrogen was skipped off resulted in significantly higher yield attributes,
grain and straw yields and nutrient uptake by crop in comparison to splits wherein part of nitrogen was applied at
sowing owing to lower weed dry weight and nutrient depletion by weeds that resulted in higher weed-control effi-
ciency and N-use efficiency. Among the weed-management practices, 2 hand-weedings at 20 and 40 days after
sowing and pre-emergence application of butachlor at 1.5 kg/ha + 1 hand-weeding at 30 DAS were at par; they
significantly reduced the density and dry weight of weeds and nutrient depletion by weeds. These treatments sig-
nificantly increased the nutrient uptake by the crop, resuiting in higher grain yield (4.18 and 4.16 t’ha) of 120 kg N/
ha as a result of higher weed-control efficiency (90.6 and 84.3%), N-use efficiency (33.5 and 32.9 kg grain/kg of N
applied) and production efficiency (60.4 and 60.3 kg grain/kg N applied) respectively. However, minimum nutrient
uptake by crop and miximum nutrient removal by weeds were noted under weedy check.
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Direct-seeded upland rice is becoming more popular as
an alternative to transplanted rice, as it is more remunera-
tive if the crop is managed properly. Weed is one of the
major constraints for low productivity of upland rice
(Angiras, 2002). In direct-seeded upland rice, weeds pose
serious competition to the crop in early stage and cause
heavy reduction in rice yield. Uncontrolled weeds reduce
the yield up to 80% in direct-seeded upland rice (Subbaiah
et al., 2005). Weeds grow faster than the crop plants and
thus absorb the available nutrients earlier, resulting in lack
of nutrient for growth of the crop plants. Nitrogen is a key
nutrient in determining the level of crop productivity. The
efficiency of applied nitrogen is very low and varies from
20 to 25% in upland rice crop due to the oxidized condi-
tion prevailing in uplands and concomitant heavy nitrogen
loss through percolating water. Hence, fractional applica-
tion of nitrogen in right amount and proportion, and when
it is needed the most seems to-be a practical proposition.
Weed control also facilitates higher absorption of applied
nutrient, thus increases the efficiency of fertilizers appli-
cation to the crops (Amarjit et al., 2006). Since informa-
tion on these aspects is meagre for direct-seeded rice
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grown under upland conditions, present investigation was
undertaken to find out the optimum dose of nitrogen for
direct-seeded upland rice and also to study the effect of
time of nitrogen application and weed management on
crop productivity and nitrogen-use efficiency.

MATERIALS AND METHODS

A field experiment was conducted under rainfed, up-
land conditions at Bihar Agricultural College Farm,
Sabour during the rainy season of 2002 and 2003. The soil
was sandy-loam with pH 7.8 and organic carbon 0.42%,
available N 185, available P 9.2 and available K 184.3 kg/
ha. The experiment was laid out in split-plot design, rep-
licated thrice. Three levels of nitrogen (40, 80 and 120 kg/
ha) were kept in the main plots. A combination of 16 treat-
ments consisting of 4 times of nitrogen application, viz. ¥2
N at 20 days after sowing (DAS) + % at tillering (T) + V4
at panicle initiation (PI), %4 N at 20 DAS + %4 at PI, 2N
atsowing (S)+ % atPl,and ¥4 NatS + 2 at T + % at PI;
and 4 weed-management treatments, viz. weedy check, 2
hand-weedings (HW) at 20 and 40 days after sowing
(DAS), pre-emergence application of butachlor at 1.5 kg/
ha + 1 HW at 30 DAS and pre-emergence application of
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butachlor at 1.5 kg/ha + 2,4-D @ 1.0 kg/ha at 30 DAS
were allocated to subplots.

The seeds of rice variety ‘IR 36’ were drilled in rows 20
cm apart on 22 June 2002 and 24 June 2003 using a seed
rate of 60 kg/ha. The crop received a uniform dose of 17.2
kg P and 16.6 kg K/ha in the form of diammonium phos-
phate and muriate of potash respectively. Urea was the
source of nitrogen. The density and dry weight of weeds
were taken at 60 DAS and at harvesting stage of crop us-
ing a quadrate of 0.25 m? from 2 places in each plot. Data
of weed density, dry weight of weeds and intensity of
weeds were transformed usingV X+0.5 and arc sin, respec-
tively, before statistical analysis. Nitrogen, phosphorus and
potassium contents of weeds, grain and straw of rice at
maturity were estimated by standard laboratory proce-
dures. Their uptake was calculated by multiplying the dry-
matter accumulation by weeds, grain and straw yield of
rice by their respective percentages. Production efficiency
of absorbed nitrogen was calculated by dividing grain
yield in a given plot by the total nitrogen uptake in the
same plot and expressed as kg grain/kg nitrogen absorbed
by the plant. Nitrogen-use efficiency was worked out by
dividing the grain yield in the given treatment minus yield
in the control plot by nitrogen applied in the given treat-
ment (kg grain/kg N applied). The expected value of grain
yield in the control plot was calculated to be 1.17 tonnes/
ha. The total rainfall received during the crop season was
892 and 832 mm in 2002 and 2003 respectively.

RESULTS AND DISCUSSION

Weeds

The major weed flora of experimental field consisted
of: Echinochloa crus-galli (L.} P. Beauv., Dactyloctenium
aegyptium (S) Richter, Setaria glauca (L.) and Cynodon
dactylon (L.) Pers. among grasses; Cyperus rotundus (L.)
and Cyperus iria (L.), among sedges; and Phyllanthus
niruri (L.}, Lindernia viscosa and Amaranthus viridis (L.)
among the broad-leaf weeds. The grasses, sedges and
broad-leaved weeds constituted 30.0, 44.3 and 25.7% of
total weed flora, respectively.

Irrespective of nitrogen level, time of nitrogen applica-
tion and weed management practices, weed density and
dry weight of weeds were higher in 2003 than in 2002.
The crop experienced severe weed competition during
2003, which might be due to favourable weather condi-
tions leading to vigorous growth of weeds.

Nitrogen level and its time of application did not influ-
ence the weed density and per cent intensity of grasses,
sedges and broad-leaved weeds at 60 DAS and at harvest
stages significantly (Table 1). This shows that the germi-
nation of weed seeds was not influenced by the application
of nitrogen. However, dry weight of weeds and nutrient
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depletion by weeds increased significantly with increasing
levels of nitrogen up to 120 kg/ha. This may be attributed
to vigorous growth and development of weeds owing to
higher uptake of nutrients by weeds (Table 3) under higher
rate of N application. Similar results were reported by Roy

and Mishra (1999) under upland condition.

The minimum weed dry weight and nutrient depletion
by weeds were recorded with the treatment receiving ¥2 N
at 20 DAS + % N at tillering + %4 N at panicle initiation
(PI), followed by application of % N at 20 DAS + 2 N at
tillering + Y4 N at PI, which were significantly lower than
that recorded with splits involving part of nitrogen at sow-
ing. These results are in conformity with those reported by
Singh et al. (2005). Higher dry weight of weeds and nutri-
ent depletion by weeds under splits involving part of nitro-
gen at sowing might be attributed to vigorous growth of
weeds due to nitrogen supply at sowing, which conse-
quently resulted in higher dry weight of weeds at different
stages of growth.

Among the weed-management practices, 2 hand-
weedings at 20 and 40 DAS proved to be most effective in
reducing weed density, dry weight of weeds and N, P and
K depletion by weeds, followed by pre-emergence appli-
cation of Butachlor at 1.5 kg/ha + 1 hand-weeding at 30
DAS. Similarly, plots receiving 2 hand-weedings regis-
tered the highest weed-control efficiency (90.6%), fol-
lowed by application of Butachlor at 1.5 kg/ha + 1 hand-
weeding at 30 DAS (84.3%). The effective control of
weeds under these treatments resulted in the highest weed-
control efficiency and lower nutrient depletion by weeds.
Similar results were reported by Choubey er al. (1999)
and Singh et al. (2005). Weedy check recorded the high-
est weed density, weed dry weight and nutrient depletion
by weeds owing to their greater competitive ability than
crop plant put forth highest biomass under weedy condi-
tion.

Crop

Growth and yield attributes: Nitrogen and weed-man-
agement practices had significant effect on growth and
yield attributes, viz. plant height, effective panicles/m?,
grains/panicle, length of panicle and test weight. The
growth and yield attributes increased significantly with
increasing levels of nitrogen up to 120 kg/ha except
panicle length and test weight. This might be due to
greater availability of nutrients, resulting in increased bio-
mass. These results are in accordance with the findings of
Roy and Mishra (1999). Splits in which basal application
of nitrogen was skipped off resulted in higher growth and
yield attributes in comparison to splits involving part of
nitrogen at sowing. The higher growth and yield attributes
under these treatments might be attributed to supply of



Table 1. Effect of nitrogen and weed management on weed density, weed dry weight, weed intensity and weed-control efficiency of weeds at 60 days after sowing

Treatment Weed density (no/m?) Weed dry weight (g/m?) Intensity of weeds Weed-control
60 DAS Harvest 60 DAS Harvest at 60 DAS (%) efficiency at 60 DAS (%)
2002 2003 2002 2003 2002 2003 2002 2003 Grasses  Sedges Broad- 2002 2003 Mean
leaved-weeds

N (kg/ha)
40 ' 11.1. 12.8 9.7 11.0 10.0 11.0 89 9.4 327 42.2 28.7 63.0 61.6 62.3
' (139.11) (181.7)  (108.2)  (136.7) (1253)  (149.1) 92.1) (103.6) 30.1) (45.2) (24.5)
80 10.9 12.6 9.5 10.8 10.7 11.8 9.5 104 31.9 41.5 29.6 58.4 56.4 57.4
(136.0) (177.8) (105.2) (133.2) (140.7)  (169.3) (101.9) (121.7) (29.6) (43.9) (26.2) ‘
120 ; 10.7 12.5 94 10.7 11.2 12.3 10.0 10.8 33.0 40.8 29.8 55.1 53.6 544
(133.8) (174.8) (103.2)  (129.1) (151.8)  (180.1)  (111.9) (128.6) (30.6) (42.8) 26.7)
SEm + 0.1 0.1 0.1 0.1 0.05 0.02 0.02 0.06 0.3 1.3 04
CD (P=0.05) NS NS NS NS 0.19 0.09 0.06 0.24 NS NS NS
Time of N application
%A Nat20 DAS + Y4 at 10.8 12.6 9.4 10.8 10.2 11.3 9.0 9.7 325 41.8 29.4 62.2 60.0 61.0
tillering + ¥ at PI (134.4)  (177.2) (102.8)  (131.7) (128.5)  (155.3) 93.7) (106.9) (29.8) 44.4) (25.9)
A N at 20 DAS + Yz2at 10.9 12.7 9.5 10.9 104 114 9.3 9.9 32.7 408 29.8 60.9 . 59.2 60.1
tillering + Y at PI (136.6)  (179.1)  (105.6) (133.4) (132.2)  (179.0) 98.8)  (110.7) (30.2) (42.8) (26.6) ' -
% N at sowing + Y4 at  10.9 12.7 9.6 10.9 11.2 12.2 9.9 10.7 33.0 41.2 29.2 55.5 53.9 54.7
tillering + Y4 at PI (137.4) (174.7)  (107.3)  (134.4) (150.6)  (179.0)  (109.9) (129.2) 30.7) (43.5) (25.8) .
V4N at sowing + Y2at  10.9 12.5 9.6 10.8 10.9 11.9 9.7 10.5 42.2 422 289 56.9 55.7 56.3
tillering + Y4 at PI (136.7)  (176.5)  (107.0)  (132.5) 1457y  (172.0) (105.4) (125.0) 45.3) (45.3) (25.0)
SEm + 0.1 0.1 0.1 0.1 0.1 0.08 0.07 0.07 0.4 0.4 0.4
CD (P=0.05) NS NS NS NS 0.2 0.23 0.2 0.2 NS NS NS
Weed management
Weedy check 7.7 19.4 16.0 17.5 184 19.7 15.1 16.1 34.6 433 27.1
(311.9) (3783) (257.0) (306.3) (338.3)  (3383) (2279) (259.8) (32.3) (47.0) (20.7)
2 hand-weeding at 7.5 8.8 6.6 7.8 5.5 6.1 6.4 6.9 22.5 45.5 357 91.0 90.1 90.6
20 and 40 DAS (55.8) (78.6) 44.0) (60.9) (30.4) (38.3) (41.8) 49.1) (14.9) (50.9) (34.1)
Butachlor at 1.5 7.7 94 6.8 8.1 7.1 79 . 6.8 7.3 26.9 36.9 40.7 84.9 83.6 843
kg/ha + 1 HW (59.3) (88.7) (46.4) 64.7) (51.2) - (63.8) (46.8) 53.9) (20.7) (36.2) (42.6)
Butachlor at 1.5 + 10.9 12.9 8.7 10.0 11.7 13.2 9.5 104 46.3 40.3 14.0 59.5 55.1 57.3
24Dat1.0kgha (118.1) (116.9) (75.3)  (100.4) (137.3) (174.3) ©13) (109.6) (52.2) (41.8) 5.9
SEm: 0.1 0.1 0.1 0.1 0.08 0.08 0.07 0.07 0.4 0.4 0.4
CD (P=0.05) 02 0.2 0.2 0.2 0.23 0.23 0.20 0.21 14 1.2 12

DAS, Days after sowing; PI, panicle initiation; Figures in parentheses are the means of original values
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nitrogen at critical stages of crop growth, which resulted
in higher growth and yield attributes. Among weed-man-
agement practices, 2 hand-weedings at 20 and 40 DAS
and application of butachlor at 1.5 kg/ha + 1 hand-weed-
ing at 30 DAS caused significant increase in growth and
yield attributes. This could be attributed to efficient con-
trol of weeds, which reduced the nutrient uptake by weeds
(Table 4) and resulted in better growth and yield attributes
of rice crop. Severe weed infestation decreased the growth
and yield attributes in weedy check.

Crop yield and nutrient uptake

The grain and straw yields of rice were higher in 2002
than in 2003. The crop experienced severe weed compe-
tition during 2003 because of lower rainfall and
unfavourable weather conditions, resulting in heavy weed
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infestation during 2003. However, the trends of various
treatments with respect to yield were similar during both
the years.

Application of 120 kg N/ha gave significantly higher
grain and straw yields over 40 kg N/ha during both years.
The increase in grain yield owing to application of 80 and

120 kg N/ha over 40 kg N/ha was 26.6 and 32.4% respec-

tively. Significant increase in grain and straw yields could
be attributed to the fact that nitrogen application improved
the N, P and K uptake by the crop plants and ultimately
photosynthetic activities, resulting in growth and yield at-
tributes (Table 2), which laid down the foundation of
higher yield. These findings are in conformity with those
of Roy and Mishra (1999). Nitrogen and potassium uptake
by grain and straw increased significantly with increasing
levels of nitrogen up to 120 kg/ha . However, phosphorus

Table 2. Growth, yield attributes and grain yield of rice as influenced by nitrogen and weed-management practices (average of 2 years)

Treatment Plant  Effective Panicle  Grains/ Test Straw Grain yield (tha)
height  panicles/ length  panicle. weight yield 2002 2003 Mean
{cm) m’? (cm) ® (t/ha)
Level of N (kg/ha) '
40 70.0 273 17.5 74.0 20.6 3.02 2.36 2.08 2.22
80 73.2 311 18.7 77.2 21.4 3.30 3.02 2.60 2.81
120 75.1 343 18.9 79.9 21.5 3.45 3.13 2.75 2.94
SEmz 0.3 0.3 0.2 0.8 0.2 0.04 0.03 0.04 0.04
CD (P=0.05) 1.0 10.0 0.6 23 0.4 0.13 0.10 0.14 0.12
Time of N application
Y5 at 20 DAS + % at tillering + % at PI 73.4 333 18.7 717 21.3 3.56 3.21 291 3.06
Y4 at 20 DAS + 12 at tillering + % at PI 72.7 324 18.9 78.7 21.8 3.43 3.07 2.75 291
2 at sowing + %4 at tillering + Y4 at PI 72.2 286 17.9 75.5 21.0 294 2.47 2.07 227
Y4 at sowing + Y2 at tillering + Y4 at PI 72.7 294 18.1 75.9 21.2 3.04 2.58 2.18 2.38
SEmz 0.6 3 02 0.7 0.1 0.04 0.03 0.04 0.04
CD (P=0.05) NS 8 04 2.1 NS 0.12 0.09 0.12 0.11
Weed management
Weedy check 65.8 164 16.0 60.9 19.5 1.26 0.70 0.58 0.64
Two hand-weedings at 20 and 40 DAS 76.5 367 19.6 84.4 22.1 4.11 3.86 3.38 3.62
Butachlor at 1.5 kg/ha + 1 HW 75.8 365 19.6 84.3 22.0 4.08 3.81 3.37 3.59
Butachlor at 1.5 + 2,4-D at 1.0 kglha 72.9 341 18.3 78.1 212 3.55 2.98 2.56 2.77
SEmt 0.6 3 02 0.7 0.1 0.04 0.03 0.04 0.04
CD (P=0.05) 1.7 8 0.4 2.1 03 0.12 0.09 0.12 0.11
Table 3. Grain yield and nitrogen uptake by crop and weeds as influenced by interaction among levels of nitrogen and weed-management
practices
Weed management Grain yield (vha) Uptake by crop N depletion by weeds
40 80 120 (kg/ha) (kg/ha)
40 80 120 40 80 120
Weedy check 0.90 0.64 0.38 16.9 13.6 10.9 24.7 29.0 323
2 hand-weedings at 20 and 40 DAS 2.85 3.83 4.18 535 71.4 823 44 6.3 8.0
Butachlor at 1.5 kg/ha + 1 HW 2.79 3.82 4.16 51.6 69.7 81.1 49 7.0 8.3
Butachlor at 1.5 + 2,4-D at 1.0 kg/ha 2.34 295 3.03 42.8 53.7 59.1 10.0 12.9 14.7
CD (P=0.05)
Weed control at same level of N 0.18 3.15 1.07
N levels at the saine weed control 0.19 3.23 1.01
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uptake by grain and straw increased signifi-
cantly up to 80 kg/ha. This may be ascribed to
increase in N, P and K concentration in grain
and straw and more dry-matter production due
to addition of nitrogen.

" The highest grain and straw yields were re-
corded with the application of Y2 N at 20 DAS
+ Y N at tillering + % N at panicle initiation
(PI), which was significantly superior to re-
maining splits. Application of % N at 20 DAS
+ ¥ N at tillering + % N at PI, in turn, also
proved significantly superior to the treatment
supplying a part of nitrogen at sowing. This
clearly indicates that skipping the nitrogen
dose at sowing and applying the same at 20
DAS was more favourable for higher grain and
straw yields, obviously owing to higher N, P
and K uptake, resulting in better yield and
yield attributes. Skipping basal application of
nitrogen and applying it at 21 DAS was re-
ported by Singh et al. (2006). Similarly, skip-
ping the dose of N at sowing resulted in sig-
nificantly higher N, P and K uptake by the crop
over the treatment receiving part of nitrogen at
sowing (Table 4). Higher N, P and K uptake by
the crop in these treatments could be attributed
to more availability of nutrients in soil owing
to less depletion of nutrients by weeds.

All the weed-management treatments sig-
nificantly increased the grain and straw yields
as well as N, P and K uptake by crop compared
to weedy check. The pronounced effect of in-
crease in grain and straw yields and NPK up-
take by crop was observed with 2 hand-
weedings at 20 and 40 DAS and application of
butachlor at 1.5 kg/ha + 1 hand-weeding at 30
DAS and both were found at par with each

other, but significantly superior to rest of the

treatments. The increase in yields under these
treatments may be attributed to significant re-
duction in dry weight of weeds, thereby crop
under 2 hand-weedings at 20 and 40 DAS and
application of Butachlor at 1.5 kg/ha + 1 hand-
weeding at-30 DAS increased significantly
with the increasing level of nitrogen up to 120
kg/ha. However, grain yield under application
of butachlor at 1.5 kg/ha + 2,4 D at 1.0 kg/ha
at 30 DAS increased significantly up to 80 kg
N/ha.

At 120 kg N/ha, grain yield and nitrogen
uptake by crop in 2 hand-weedings treatment
were as high as 4.18 tonnes/ha and 82.32 kg

Table 4. Effect of nitrogen and weed management on nutrient uptake by weeds and crop and N-use efficiency (average of 2 years)

SHARMA ET AL.
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Total

Nutrient uptake by crop (kg/ha)

Nutrient depletion by

Treatment
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weeds by harvest (kg/ha)
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N (kg
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absorbed)

Straw  Grain  Straw  Grain = Straw
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kg N
applied)

Level of N

54.8 26.3

41.1 41.1 11.3 473

6.2
7.8
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6.0
7.4
7.7
0.1

34 14.7 25.7 154

3.6
3.7

0.1

11.0

40
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15.8
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0.7 0.2 0.6

0.5

0.6 0.2

0.3

0.1

SEmx+

1.7 0.6 0.4 NS 04 1.9 2.3 0.7 2.3

1.0

0.3

0.5

CD (P=0.05)
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8.5
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13.4
14.2
14.1
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52.0 23.7

50.9 56.1 13.5 58.9
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6.2

16.9 36.4 19.7
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3.7

0.1
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26.7 15.1

18.3
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6.6 43.7 44.9 11.5 50.2

0.1
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28.7 16.3 6.3 5.2
0.2
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0.7 03 0.7
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0.8
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60.3 32.9
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9.9
7.6

9.5 6.9
6.1
0.1

22.9

44.5

6.7
12.5
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0.2

18.5
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03
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N/ha respectively. The respective values for weedy check
were 0.38 t/ha and 10.92 kg N/ha. Such a high nitrogen
uptake by crop with above treatments can be interpreted in
terms of high biological yield and nitrogen content in
plants tissue. :

Weeds in weedy check removed 28.7, 7.3 and 35.3 kg
N, P and K/ha, respectively, being 67.5, 65.2 and 64.8 and
64.5% of total N, P and K removed by crop and weeds.
However, a reverse trend was observed in weed-manage-
ment treatments (Table 4). Weeds under 2 hand-weedings
treatment removed 6.2 kg N, 1.7 kg P and 8.4 kg K/ha,
which were correspondingly 9.2, 9.0 and 8.9% of total N,
P and K removal from the soil. This indicates that where
the removal of nutrients by weeds was more, the corre-
sponding uptake by the crop was less and vice versa. The
results further revealed that under unrestricted weed
growth N, P and K removal by crop was 52.0, 46.5 and
44 8% lesser than that of weeds.

Production and nitrogen-use efficiency

Production efficiency of absorbed nitrogen (kg grain/
kg N absorbed) and N-use efficiency (kg grain/kg N ap-
plied) showed a diminishing trend, as the levels of nitro-
gen increased from 40 to 120 kg/ha. This was mainly due
to denominator goes on increasing, whereas the numera-
tor does not increase proportionately. As a result, the pro-
duction efficiency of absorbed nitrogen and N-use effi-
ciency at higher levels were low.

The differences in production efficiency of absorbed
nitrogen due to time of application of nitrogen were not
significant (Table 4). This can probably be due to the fact
that any increase in uptake was followed by a
correspondig increase in grain yield also. However, splits
in which basal application of nitrogen was skipped off
enhanced the N-use efficiency compared to splits involv-
ing part of nitrogen at sowing.

Production efficiency of absorbed nitrogen and N-use
efficiency were positively influenced by weed-manage-
ment practices (Table 4). The maximum production effi-
ciency of 60.4 kg grain/kg N absorbed and N-use effi-
ciency of 33.5 kg grain/kg N applied were obtained by 2
hand-weedings at 20 and 40 DAS, followed by Butachlor
+ 1 hand-weeding at 30 DAS having corresponding values
of 60.3 and 32.9, respectively. This was mainly due to
higher grain production per unit of nitrogen applied and
nitrogen uptake. The results confirm the findings of
Amarjit et al. (2006). .

Response functions

The relationship between grain yield under various
weed-management measures to nitrogen application was
worked out by fitting response equations, and following
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estimated equations were obtained from grain yield data
pooled over 2 years.

Two hand-weedings: Y =12.65+0.4721 X - 0.0019 X?
Butachlor + 1 hand-weeding: Y =10.69 + 0.5176 X - 0.0022 X
Butachlor + 2,4-D: Y =12.16 + 0.3464 X - 0.0016 X*

where Y, grain yield of rice (¢q/ha); and X, dose of nitro-

- gen (kg/ha) under weed-management treatments

These equations revealed that response of weed man-
agement measures to nitrogen application in relation to
grain yield was quadratic, indicating operation of law of
diminishing return. The maximum grain yields 41.98,
41.13 and 30.91 g/ha under 2 hand-weedings, butachlor +
1 hand-weeding and butachlor + 2,4-D were obtained by
applying 123.6, 119.2 and 106.4 kg N/ha respectively. The
optimum dose of nitrogen was also calculated, being
117.9, 114.1 and 99.7 kg/ha and their grain yields were
41.9, 41.1 and 30.8 g/ha, respectively. ’

Thus application of 120 kg N/ha in splits involving Y2
N at 20 DAS + %4 N at tillering + %4 N at panicle initiation
and weed management either through 2 hand-weedings at
20 and 40 DAS or by applying Butachlor at 1.5 kg/ha + 1
hand-weeding at 30 DAS may be adopted for realizing
higher productivity of direct-seeded rice grown under up-
land conditions.

REFERENCES

Amarjit, S.B., Singh, M., Kachroo, D., Sharma, B.C. and Shrivan,
D.R. 2006. Efficacy of herbicides in transplanted, medium-
duration rice (Oryza sativa) under sub-tropical conditions of
Jammu. Indian Journal of Agronomy 51(2): 128-130.

Angiras, N.N. 2002. Effect of seed rate, intercultural and weed man-
agement in direct-seeded upland rice (Oryza sativa). Ex-
tended Summaries, Vol. 2. of the 2nd International
Agronomy Congress, held during 26-30 November at New
Delhi, India, pp. 929-930.

Choubey, N.K., Tripathi, R.S. and Ghosh, B.C. 1999. Effect of fer-
tilizer and weed management of direct seeded rice (Oryza
sativa) on nutrient utilization. Indian Journal of Agronomy
44(2): 313-325.

Roy, D.K. and Mishra, S.S. 1999. Effect of weed management in
direct seeded, upland rice (Oryza sativa) at varying nitrogen
levels. Indian Journal of Agronomy 44(1): 105-108.

Singh, G, Singh, R.G, Singh, O.P., Kumar, T., Mehta, R.K., Kumar,
V. and Singh, P.P. 2005. Effect of weed management prac-
tices on direct seeded rice (Oryza sativa) under puddled low-
lands. Indian Journal of Agronomy 50(1): 35-37.

Singh, R.P,, Singh, C.M. and Singh, A K. 2005. Effect of crop estab-
lishment method, weed management and split application of
nitrogen on weeds and yield of rice (Oryza sativa). Indian
Journal of Agricultural Sciences 75(5): 285-287.

Singh, S.P., Subbaiah, $.V. and Kumar, R.M. 2006. Response of rice
(Oryza sativa) varieties to nitrogen, application time under
direct-seeded puddled condition. Oryza 43(2): 157-158.

Subbaiah, S.V., Singh, S.P., Kumar, R.M., Viraktamath, B.C. and
Ahmad, M.L 2005. Agro techniques for hybrid rice cultiva-
tion and seed production. Technical Bulletin 16, Directorate
of Rice Research, 12 pp.





