
54 Auslrailan Weeds Vol. 3(2) 1984 

Effect of three planting methods and six 
herbicides on dry matter and nitrogen 
accumulation in rice and weeds 

R. P. Singh and G. L. Sharma 
Institute of Agricultural Science, Banaras Hindu University, Varanasi 221005, India 

Summary 

The patterns of dry matter and nitro
gen accumulation in weeds and rice 
were studied in crops which were direct 
sown into dry or puddled soils or trans
planted before being treated with 
herbicide. Transplanted rice accumu
lated more dry matter than direct sown 
rice at all stages of crop growth , whilst 
the opposite was true for the associated 
weeds. Treatment with butachlor and 
propanil resulted in the highest levels 
of dry matter accumulation in the rice, 
whilst the weeds achieved maximum 
dry weight in the unweeded controls. 
Butachlor, propanil, benthiocarb and 
nitrofen were more effective than 2,4·0 
and MCPA in reducing dry matter 
production by the weeds. Rice which 
was direct sown into puddled soil 
accumulated more nitrogen during the 
first 35 days after sowing (DAS) than 
that sown into dry soil or transplanted, 
but by 75 DAS and harvest the trans
planted rice had accumulated the most. 
Weeds accumulated more nitrogen in 
direct sown than in transplanted rice 
throughout the life of the crop. Rice 
accumulated more nitrogen afler treat
ment with butachlor, propanil and 
benthiocarb than after treatment with 
the other herbicides, whilst the weeds 
accumulated most nitrogen in the 
unweeded controls. Dry matter ac
cumulation and nitrogen depletion by 
weeds was generally highest 35 DAS 
whilst in rice these att ributes consist· 
eolly increased up to harvest. 

Introduction 

Nitrogen ferti lizer is the most cosily 
factor in the production of rice in 
India, but gives the greatest response 
in terms of yield. In dryland rice 
production much of the nitrogen is 
intercepted by weeds, which have been 
shown to accumu late about 25"7. of 
that available in the soil (Shetty and 
Gill, 1974), or 40 to 50 kg ha-' during 
the life of the crop (Holiday, 1974). 
Swain (1967) has shown that under 
Australian wetland conditions, barn
yard grass (Echinochloa crus-galli (L.) 
Beauv.) may utilize 60"70 to 80"70 of the 
nitrogen avai lable to the crop, whilst 
both Mani (1975) and Kausik (1976) 

have observed the removal of up to 
23 kg and 28 kg of nitrogen per hectare 
by weeds in transplanted and direct 
seeded rice crops in India. The nitrogen 
uptake by the crop and its depletion by 
weeds during the different growth 
periods of rice have not been investi
gated . In view of the importance of 
nitrogen in the production of rice in 
India and other countries and its rapid 
depletion by weeds throughout the 
growth cycle of the crop, these investi
gations studied the patterns of dry 
matter accumulation and nitrogen up
take by rice and weeds under three 
different planting methods and treated 
with each of six herbicides that can be 
used in rice. 

Materials and methods 

The investigations were carried out on 
rice (ev. Cauvery) at the Research Farm 
of the Banaras Hindu University, 
Varanasi, India during the summer 
monsoon (kharif) seasons of 1979 and 
1980. Three main (planting) treatments 
and ten minor (weed control) treat
ments were laid out in a randomized 
split plot design with three replications, 
each subplot being 5 m x 3 m. The 
three main treatments were direct 
sowing into dry soil, direct sowing into 
puddled soil and transplanting into 
fl ooded soil. Subplot treatments 
included four pre-emergent herbicide 
treatments: butachlor (as Machete 50"70 
EC at 2.0 kg a.i . ha-'), granular buta
chlor (as Machete 5"70 at 1.0 kg aj. 
ha-'), nitro fen (as TOK E-25, 25"70 EC 
at 2.0 kg aj. ha-') and granular 2,4-0 
(as Weedex 4"70 w/ w at 1.0 kg aj. 
ha-I ); and four post-emergent herbi
cide treatments: liquid 2,4-0 (as 
Weedar L96 72"70 a." at 1.0 kg a.i . 
ha" ), liquid MCPA (as MCPA 40"70 
a." at 1.0 kg aj. ha-'), benthiocarb (as 
Saturn 50"70 EC at 2.0 kg a.L ha-') 
and propanil (as Starn F-34 35"70 EC at 
2.0 kg aj. ha-'). Hand weeded and 
unweeded contro ls were included for 
comparison. 

The rice was sown in rows 25 em 
apart at 100 kg ha-', with the dry soil 
and puddled treatments being sown 
respectively 12 and 14 July in 1979 and 
on 2 and 4 Ju ly in 1980. The trans-

planted rice was planted out at an 
equivalent rate on 8 August 1979 and 
on 22 July 1980. Fertilizer was applied 
at 120 kg ha-' nitrogen, 26 kg ha-' 
phosphorus and 50 kg ha" potash in 
e.ach year; half the total rate of nitrogen 
and a ll the phosphorus and potash 
were applied at the last ploughing or 
puddling and the remainder of the 
nitrogen in two equal top dressings at 
tillering and panicle initiation. Pre- and 
post-emergent herbicides were applied 
4 and 20 days after sowing or trans
planting respectively, the liquid formu
lations as sprays through a foot sprayer 
and the granules broadcast after mix
ing with dry soil. 

Weeds and rice plants enclosed in 
two 50 cm x 50 cm quadrats in each 
plot were uprooted 35 and 75 days after 
sowing (DAS) and again at harvest, 
and air dried under cover before being 
oven dried at 70 to 75°C for 48 hours. 
The total nitrogen content of the crop 
and weed samples was determined by 
the modified Kjeldahl method (Jack
son, 1967). 

The data from the two seasons were 
analysed separately, but since the year, 
year X main plot and subplot and year 
X mean square differences were not 
significant, the means of the two years 
were averaged and compared using the 
Duncan's new mUltiple range test (Steel 
and Torrie, 1960). 

Results and Discussion 

The most abundant weed species in the 
experimental plots were Cynodon 
dactylon (L.) Pers., Eleusine indica (L.) 
Gaertn., Echinochloa colona (L.) 
Link., Cyperus rotundus L., Fimbri
stylis lil/oratis Gaud., Euphorbia hirta 
L., Corchorus aestuans L., Ectipta 
prostrata (L.)L., Phyllanthus niruri L., 
Ammania baccifera L. and Commelina 
benghalensis L. 

Dry malter production by weeds 
and rice 

The weeds accumulated more dry 
matter in crops direct sown into dry soil 
than in those direct sown into puddled 
soils which in turn accumulated more 
dry matter than weeds in transplanted 
crops (Table I). This pattern was 
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Table l Ory matter production (kg ha· l ) by weeds and rice as affected by method of planting and weed control (average 
of two years) 

Herbicide application Weeds 
Treatment 

Main plot 
direct sowing 

(dry soil) 
direct sowing 

(puddled soil) 
transplanted 

(puddled soil) 

Sub plot 
butachlor L2 
butachlor GJ 
nitro fen 
2,4-0 G 
2,4·0 L 
MCPA 
benthiocarb 
propanil 
hand weeded 
unweeded control 

I DAS "" day after sowing 
I L "" liquid 
1 G = granular 

rate 
(kg a.i. ha· l ) 

2 
I 
2 
I 
I 
I 
2 
2 

35 DAS' 75 DAS Harvest 

1921.2<:" 1903.7c I 980.4c 

1307.0b 1329.2b 1483.2b 

830.1. 831.7. 977.0. 

954.9c 1000.2e 1061.1e 
326.1 b 938. lb 1002.0b 

1160. If 1163.3e 1334.8e 
1902.2h 1903.8f 2053.3f 
1852.2g 189O.7f 2001.1 f 
I 848.6g 1854.2f 2009.2f 
1087.4e 1081.9d 11 87.9d 
1025.2d 1072.2d 1069.3e 
356.9. 358.9. 400.8. 

2377.5i 2328.8g 2516.7g 

4 Different letters denote significant differences between means . 

consistent throughout the life of the 
crop. Comparing the weed control 
treatments, Ihe highest dry matter 
weights of weeds were recorded in the 
unweeded controls and the lowest in 
hand weeded plots. At all stages of 
crop growth, butachlor, benthiocarb, 
nitro fen and propanil reduced the dry 
matter accumulation more than did 
2,4-0 or MCPA. 

The transplanted rice had the lowest 
dry matter at 35 OAS (i.e. only to days 
after transplanting) but the highest dry 
matter at 75 OAS and at harvest, 
whilst the direct sown crops accumu
lated relatively little extra dry matter by 
the later stages of growth (Table I). 
Application of butachlor, propanil and 
benthiocarb resulted in greater dry 
matter production of rice as compared 

Rice 

35 DAS 75 DAS Harvest 

1391.6a 3418.8a 4362.5a 

1800.8. 5856.2b 8062.5b 

1317.4a 8712.5c 11 098.5c 

1779. lc 6837 .5d 8866.6d 
1738.ge 6593 .7ed 8742.3d 
1424.3b 5968.7e 7832.6e 
1175.6b 5868.7b 6626.3b 
1120.2b 5156.2b 6643 .0b 
1170.2b 5062.5b 6526.3b 
1687.4e 6183 .7ed 8552.0d 
1779. le 6818.8d 9136.8d 
2204.8d 7681.2e 9808.3e 
948.6a 4293 .7a 5652.0a 

with the other herbicides, a finding 
consistent with that of Rethinam and 
Sankaran (1974). Nitrofen resulted in 
significantly greater dry matter ac
cumulation by the rice than either 
2,4-0 or MCPA. 

Nitrogen uptake by weeds and rice 

Method of planting significantly 
affected the rate at which weeds ac-

Table 2 Nitrogen uptake (kg ha· l ) by weeds and rice as affected by methods of planting and weed control 

Herbicide application Weeds Rice 
Treatment rate 

(kg a.i. ha·' ) 35 DAS' 75 DAS Harvest 35 DAS 75 DAS Harvest 

Main plot 
direct sowing 23 .57<:" 24.53c 26.01 e 21.07a 36.66. 77.63a 

(dry soil) 
direct sowing 17.9Ob 18.52b 20.50b 41.46b 64 .nb 83 .07b 

(puddled soil) 
transplanted 10.10. 1O.69a 1O.9Oa 23.6 1a 84.58e 100.14e 

(puddled soil) 

Sub plot 
butachlor L 2 2 12.83b 13.67 b 15.73b 33 .92c 71.79d 86.58e 
butachlor G] I 12.83b 13.74b 14.84b 33 .24c 67.39d 84.04e 
nitrofen 2 15.4lb 16.ooe 18.04c 31.23c 58.99bc n.48b 
2,4·0 G I 21.45c 21.31d 21.25d 22.18b 50.47a 62.37b 
2,4·0 L I 21.48c 21.33d 21.32d 21 .35b 52.84ab · 64.70b 
MCPA I 21.23e 21.37d 21.46d 21.91b 50.Q2. 63.01b 
benthiocarb 2 13 .84b 14.25be 15.79b 31.74c 64.99cd 82.6Oe 
propaniJ 2 14.01b 14.35b 16.22b 31.52e 69.45d 88.47c 
hand weeded 5.43a 6.06a 7.85a 33 .32e 82.35e 98 .34d 
unweeded control 33 .38d 35 .38e 39.34e 18.03a 45 .04a 57.58a 

I DAS = day after sowing 
2 L = liquid 
3 G = granular 
4 Different letters denote significant differences between means. 
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cumulated nitrogen from the soil 
(Table 2). Weeds among the direct sown 
rice accumulated most nitrogen, whilst 
weeds in the transplanted rice accumu
lated the least at all stages of crop 
growth. Among the weed control treat
ments, the highest uptake of nitrogen 
occurred in the unweeded control and 
the lowest uptake in the hand weeded 
plots, as may have been expected. 
Among the herbicide treatments, 
butachlor (both formulations), pro
panil, benthiocarb and nitro fen all 
reduced accumulation of nitrogen to a 
greater extent than did 2,4-0 or 
MCPA. The depletion of nitrogen after 
35 OAS was constant irrespective of 
methods of planting and herbicides. 
This was due to constant growth of 
weeds at later stages (Table 1). 

The rate of nitrogen uptake by the 
rice was significantly higher at 35 DAS 
in the crop direct sown into the 
puddled soil than in the transplanted 
or dry sown crops (Table 2), which 
relates to their relative rates of dry 

matter accumulation over the same 
period. By 75 OAS and harvest, how
ever, the transplanted rice achieved the 
highest rates of nitrogen accumulation 
in both years. Comparing the weed 
control treatments, the rate of nitrogen 
accumulation was higher in all weed 
control treatments than in the un
weeded control, with the highest rate 
in the hand weeded control and sig
nificantly higher rates in subplots 
treated with butachlor, propanil, ben
thiocarb and nitro fen than in those 
treated with 2,4-0 or MCPA. The 
higher rates of nitrogen accumulation 
in these treatments were due to de
creased competition from weeds 
(Thble 1). 
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