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ABSTRACT _
An investigation was conducted during winter seasons of 1996-97 and 1997— . -

- 98 at Gurdaspur, Punjab, on fields heavily infested with broad-leaf of weeds. An

application of metribuzin (0.175 kg/ha) or pendimethalin (0.7 kg/ha) alone or tank
mixture of isoproturon + metribuzin (0.75 + 0.131 kg/ha), isoproturon + atrazine
(0.75 + 0.094 kg/ha) or isoproturon + 2, 4-D (0.94 + 0.5 kg/ha) provided effective
control of broad-leaf weeds in wheat ( Triticumn aestivum L. emend. Fiori & Paol.)
Application of 2, 4-D or diclofopmethyl/tralkoxydim alone was not effective

" against broad-leaf weeds, especially Medicago denticulata Willd., Lathyrus

aphaca L. and Vicia sativa L. However, diclofopmethyl or tralkoxydim alone in
tank mixture with isoproturon effectively controlled wild oat. Isoproturon +
atrazine and isoproturon + 2, 4-D recorded the lowest dry matter of weeds in the
first and second year respectively. The maximum weed density and dry matter of

"weeds were recorded in weedy check. Application of metribuzin (0.175 kg/ha)

resulted in the maximum grain yield which was at par with tank mix application of
isoproturon + metribuzin, isoproturon + atrazine, isoproturon + 2,4-D, isoproturon
and pendimethalin, whereas weedy check resulted in the minimum grain yield. -
The maximum net returns were obtained with metribuzin (0.175 kg/ha)
application, followed by isoproturon + metribuzin. However, maximum benefit :
cost ratio was registered with atrazine applied @ 0.094 kg/ha. Diclofopmethyl

resulted in the lowest net returns and benefit : cost ratio.

"
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In areas where varied weed situations
~ exist and no single herbicide is effective in
- giving desirable control, using herbicide

mixture-can prove to be a boon. Isoproturon
can be tank mixed with number of

‘herbicides and thus provides-an opportunity

to control broad spectrum of weeds. With
these objectives, the present investigation
was conducted to study the relative efficacy
of different herbicides applied alone and
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their tank mixture with isoproturon against
weeds and to work out the economics of
application of such herbicides.

MATERIALS AND METHODS

The field investigation was conducted
during winter seasons of 1996-97 and
1997-98, at Regional Research Station,
Punjab Agricultural University, Gurdaspur.
The soil of the experimental field was
loamy sand in texture, neutral in reaction
(pH, 7.1) and tested low in organic carbon
. (0.39%), medium in available phosphorus
(18.0 kg/ha) and low in available potassium
(100 kg/ha). Fourteen treatments replicated
~ thrice were laid out in randomized block
design. Details of treatments.are given in
Table 1.-During the first year, diclofop-
methyl (0.875 kg/ha) was used and during
the second year, it was replaced with
tralkoxydim (0.35 kg/ha). Application of
herbicides was made with knapsack sprayer
fitted with flat-fan nozzle using 500 litres/
ha water. ‘

Wheat variety ‘PBW 343’ was sown on
19 November in both years using recom-
mended seed rate (100 kg/ha) and doses of
NPK (125 kg N, 62.5 kg P,0O; and 30 kg
P,0/ha). Half dose of N and full of P and
K were drilled at sowing, while the remai-
ning N was applied after the.first irrigation.
All other recommended agronomic practi-
ces were followed. Three irrigations were
) applied in each year and well-distributed
rainfall of 368 and 546 mm was received
during crop-growth period during 1996-97
and 1997-98 respectively. Gross and net
plot size was 6.0 m x 1.61 m and 5.0 m x
1.15 m respectively.

Number of wild oat (Avena ludoviciana)

[Vol. 46, No. 4

and broad-leaf weeds-(species-wise) were
counted separately from 0.5 m x 0.5 m
quadrate 60 days after sowing and at
harvest. Similarly, final weeds dry matter
(of both grassy and broad-leaf weeds) was

‘recorded at harvest using the quadrate of.
same size. Data of number of weeds were -

subjected to square-rodt transformation
before statistical analysis. The crop was
harvested in the first week of May in both
years.

RESULTS AND DISCUSSION

Weed flora

The experimental field was heavily
infested with natural population of broad-
_lea’f weeds. The dominant weeds were
Anagallis arvensis L. (68.9%), Lepidium
sativum L. (11.4%), Medicago denticulata
Willd. (11,4%), Vicia sativa L. (3.0%) and
Lathyrus aphaca (2.5%). Among grassy
weeds, Avena ludoviciana Dur. (3.1%) was
present. '

Weed density -

Different herbicides applied alone
(except 2, 4-D and diclofopmethyl or
tralkoxydim) or in tank mixture with
isoproturon significantly controlled the
broad-leaf weeds as compared weedy
check throughout growth period in both the
years (Table 1). Higher dose of metribuzin
(0.175 kg/ha) in 1996-97 recorded the
lowest population of broad-leaf weeds
which was significantly superior to diclofo-
pmethyl, 2, 4-D, isoproturon + diclofop-
methyl (0.75 + 0.875 kg/ha) and weedy
check at 60 days and also isoproturon (0.94
kg/ha), atrazine (0.125 kg/ha) and
isoproturon + atrazine at harvest. However
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Table 1. Effect of herbicides on population of weeds (number/m?) infesting wheat at different growth stages

[100¢ Joqusoaqy

Herbicides . " Dose - Broad-leaf weeds ' Wild oat
(eg/ha) ~ 60 DAS At harvest . 60 DAS .. Atharvest

1996~ 1997- Mean 1996~ 1997- Mean 1996 1997— Mean 1996 1997~ Mean

. 97 98 97 98 97 98 97 98
Isoproturon 0.940 234 540 387 227 307 267 114 114 114 183 152 167
. (G0) (293) (17.6) (53) (107) B0 - (03 (©3) ©3) @7 (13) (20
Metoxuron . 1.500 205 532 369 206 454 330 152 210 181 138 180 159
(5.0) (287) (169) (43) (0 (125 (13) (37 (25 1.0 (23) (17
Pendimethalin ~ 0.750 229 344 28 188 316 252 149 193 170 190 166 177
: ' (5.3) (1200 (870) (4.0) (100) (7.0) (13) (3.0 (22 (G0 (200 (25
2,4-D 0500 804 849 826 424 426 425 149 246 197 269 161 215

65.7) (737) (69.7) (187 (19.0) (194) (13) (53) (3.3 (63) (1.61) (215

Metribuzin 0.131 1.47 3.46 2.47 1.88 - 279 2.34 1.14 127 120 2.47 1.49 1.97
» 23) (1400 @2 @7 @700 62y (03 O (©5 (3 103 (33

Metribuzin 0.175 133 300 200 127 264 195 1.00° 193 146 254 152  2.03
: Q0 Q0 (5 (17 (0 - @ (00 @GO 15 67 (13 (D0

Atrazine  ~ 0.094 251 658 455 209 519 364 114 252 183 238 173 205
67 @43 @50) (G0 @10 (160 (03) 67 GO LGN Q20 (8

Atrazine 0.125 202 913 603 292 500 . 408 175 237 206 251 169  2.00
@7 (847 467 (870) (283) (175 A7) @D (2 63 @0 3D
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Table 1. Continued
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Herbicides . Dose

Broad-leaf weeds ¢ - . Wild oat o
(kg/ha) 60 DAS At harvest 60 DAS At harvest
1996- 1997- Mean 1996~ 1997- Mean 1996~ 1997- Mean 1996~ 1997~ >Mean
; 97 98 .97 98 - 97 98 97 98
Diclofopmethyl ~ 0.875. 864 126 106 .599 570 585 100 173 136 100 152 125
. (75.0) (161.3) (18.2) .(36.7) (33.0) (34.9) (0.0) 2.3) (1.2) 0.0) - (1.3)y 0.7
Isoproturon + 0.750 1.87 1.75 1.81 . 1.33 1.55 1.44 1.27 1.0 1.13. 2.58 1.27 <193
metribuzin 0.131 5.0) (3.3) @.1 2.0) GB.0) @50 07 (0.0 0.3) G O 32
Isoproturon +  0.750 232 . 166 199 . 280 = 223 251 152 114 132 237 127 . 182
atrazine 0.094 6.3) 3.0 “«.7 80) »630) @1 (.3) 0.3) 0.8) 3.7 0.7) (32) .
Isoproturon + 0.750 5.21 7.54 6.37 3.79 3.58 3.69 1.00 . 147 1.23 1.00 ‘1‘5IZY 125 .
dislofopmethyl 10.875 B1L7) (597 @57 (@153) (137 @145 (0.0) 1.3 0.7 ©0.0) - (1.3 (0.7).
Isoproturon + 0.940 . 1.69 397 283 219 173 1.95 100 1.69 134 148 138 143
2,4-D 0.500 (94.7) (151.0) (122.8) (30.0) (329 (32.9) (23) _ 8.7 (5.5) (1 7) (1.0) (_1 9
Weedy check 955 123 - 10.9 A 5.45 5.94 5.69 1.61 ,3.10 2.36 3.31 1.49 2.40.
94.7) ’(151.0)“ (122.8) (30.0) (329 (329 (@23 @87 @36 (1.9 Q3. '._(6.5)
CD (P =0.05) 1.83 1.68 1.28 1.17 0.79 NS 0.76 NS 1.11 NS .

0.94

'NS_

Values in parentheses are the original ones
DAS, Days after sowing .
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~in 1997-98, tank mixture of lower doses of
_ isoproturon + metribuzin (0.75 +0.131 kg/

ha) and isoproturon + atrazine (0.75 +
0.125 kg/ha) recorded significantly lower
population of broad-leaf weeds than weedy
check, application of tralkoxydim or diclo-
fopmethyl, 2, 4-D, isoproturon, metoxuron,

. metribuzin (0.131 kg/ha) and atrazine

(0.094 and 0.125 kg/ha) at 60 days, where-
as at harvest, tank mixture of isoproturon +
metribuzin gave significantly lower popula-

* tion of broad-leaf weeds than other treat-

ments except metribuzin (0.175 kg/ha),
isoproturon + 2,4-D (0.94 + 0.50 kg/ha) and
isoproturon + atrazine (0.75 + 0.094 kg/ha).
The maximum weed density during both
years was recorded under weedy check.
Population of broad-leaf weeds in weedy

check and with application of diclofop-

methy! was virtually the same. From the
mean data of 2 years, it can be inferred that

- tank mixture of isoproturon + metribuzin

'(0.75 + 0.131 kg/ha) controlled the broad-

" leaf weeds at 60 days to the maximum

extent and this treatment was at par with
tank mixture of isoproturon + atrazine (0.75
+0.125 kg/ha), isoproturon + 2,4-D (0.94 +
0.5 kg/ha), pendimethalin (0.75 kg/ha) and

. metribuzin (0.131 or 0.175 kg/ha) but

significantly better than rest of the treat-
ments. Better control of broad-leaf weeds
with isoproturen, 2, 4-D and tank mixture
of isoproturon + 2,4-D was reported Balyan

and Malik (1988), Singh and Malik (1994).

and Dixit and Bhan (1997). However, at

" harvest, only metribuzin (0.175 kg/ha) and
. isoproturon + 2,4-D could give control of

broad-leaf weeds (mean of 2 years) similar
to that of isoproturon + metribuzin (0 75 +
0.131 kg/ha). -

WEED CONTROL IN WHEAT - 693

- Different herbicides eXcépt 2, 4-D or

- diclofopmethy! applied alone or isopro-

turon + diclofopmethyl or tralkoxydim
(0.75 + 0.875/0.35 kg/ha) effectively
controlled Anagallis arvensis over weedy
check. Likewise, except 2,4-D, pendi-
methalin, atrazine (0.125 kg/ha) and
diclofopmethyl, all other herbicides
effectively controlled Medicago denticulata.
Similarly, Lepidium sativum was effectively
controlled by different herbicides except
atrazine and diclofopmethyl. Application of
2, 4-D and diclofopmethyl provided the
least effective control of Vicia sativa. Singh
et al. (1993) reported effective control of
different broad-leaf weeds with
isoproturon, 2, 4-D atrazine, metribuzin and
pendimethalin. Control of Anagallis
arvensis and Melilotus indica with metri-
buzin has also been reported in pea + Indian
mustard intercropping system (Tewan et
al., 1997) o

Post-emergence application of
diclofopmethyl or tralkoxidim, isoproturon
and tank mixture of isoproturon + diclofo-
pmethyl or tralkoxﬂyid’iim}:-'jeffcctively
controlled Avena sp. HOWéVéf pendime-
thalin, 2,4-D 1soproturon + metribuzin and
isoproturon + atrazine were not effective
against Avena populatlon Gill and Mehra
(1981) and Gill and Walia (1988) reported
similar control of Avena sp. with diclofop-
methyl and tralkoxydim. Similarly, control
of Avena sp. in wheat with isoproturon was
reported by Balyan ef al. (1993) .

The maximum dry weight of weed was
recorded in case of weedy check in both
years (Table 2). The mean dry matter of
weeds in weedy check was similar to that
obtained with application of diclofopmethyl



Table 2. Effect of herbicides on final dry matter of weeds, yield attributes, grain and straw yields of wheat

Herbicides . " Dose

Weeds dry matter Spikes/running . ’ 1',000-grain Grain yield Straw yield
(kg/ha) (g/ha) (m) weight (g) (g/ha) (g/ha)
' 1996—.1997- Mean 1996— 1997- Mean 1996- 1997- Mean 1996— 1997— Mean 1996— 1997— Mean
97 98 97 98 97 98 97 98 97 98
Isoproturon - 0.940 333 373 353 424 404 414 398 455 426 348 336 342 574 620 597
Metoxuron - - 1,500 453 847 650 423 337 380 41.0 421 415 326 264 295 543 490 51.7
Pendimethalin 0.75 460 573 516 440 343 392 417 441 429 355 316 33.6 602 583 592
2,4-D ’0.50 6.13 1053 833 426 34.1 383 403 459 431 297 2177 257 579 403 49.1
Metribuzin 0.131 333 647 490 421 4111 416 426 428 427 331 342 336 562 58.0 571
Metribuzin 0.175 467 3.00 384 435 373 404 402 470 436 358 365 362 564 609 587
Atrazine . 0.094 353 8.13 583 426 323 375 392 445 419 345 255 3007 559 48.7 523
Atrazine 0.125 7.13 560 636 401 325 363 397 438 418 301 241 271 545 467 506
Diclofopmethyl ~ 0.875 ~ 14.26 11.87 13.07 437 300 36.8 399 39.1 395 251 199 225 509 388 449
Isoproturon + 0.750 487 1.67 327 459 38.6 423 404 421 413 367 345 355 648 603 626
metribuzin 0.131 o ’
Isoproturon + ~0.750 407 1.00 254 403 400 401 415 454 434 345 360 352 588 609 598
atrazine 0.094
Isoproturon + 0.750 7.93 413 6.03 400 368 384 426 46.0 443 341 304 323 558 554 556
diclofopmethyl 0.875
Isoproturon + 0.940 387 133 260 446 49.0 468 405 405 405 310 333 322 508 554 556
2,4-D . 0.500 ' X
Weedy check 1140 1587 1365 368 274 321 391 441 41.6 266 180 223 498 365 432
CD (P =0.05) 469 457 315 NS 62 5‘0 26 22 62 43 42 NS 97 8l

NS
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applied alone but was significantly higher

- than rest of the treatments. All the herbi-

cides recorded significantly lower dry
weight of weeds than weedy check in both
years except atrazine ( 0.125 kg/ha) and
isoproturon + diclofopmethyl ( 0.75 +
0.875 kg/ha) in 1996-97. Likewise, all the
herbicides were more effective in reducing
weeds dry weight than diclofopmethyl in
both the years except metoxuron and 2, 4-D

. applied alone in 1997-98. The mean dry

weight of weeds was- the lowest in
isoproturon + atrazine, closely followed by
isoproturn + 2, 4-D.

Effect of crop
The maximum number of spikes/m in

1997-98 and in pooled data were recorded
- with isoproturon + 2,4-D, whereas weedy

check-registered the minimum number of
spikes/m. Grain yield with application of
isoproturon + metribuzin (0.75 +0.131 kg/
ha) in 1996-97 and with metribuzin alone
(0.175 kg/ha) in 1997--98 and in the pooled
data was the maximum, while the lowest
grain yield was obtained from diclofop-
methyl in 1996-97 and from weedy check
in 1997-98. Consequently, in the pooled
data, weedy check registered the lowest
grain yield. Better control of broad-leaf
weeds obtained with the application of
metribuzin alone or through tank mixture of

" isoproturon with metribuzin or 2, 4-D or

atrazine resulted in higher grain yield of
wheat. Sharma et al. (1987), Malik et al.
(1989) and Dixit and Bhan (1997) reported
similar results. Since diclofopmethyl or
tralkoxydim was not effective against
broad-leaf weeds and provided effective
control of only Avena sp. (Gill and Walia,

WEED CONTROL IN WHEAT g 695

A 1988; Malik et al., 1989; Katyal et al.,

" 1997), grain yield with diclofopmethy!l or

tralkoxydim alone was not better than
weedy check in both the years.

The pooled mean data (Table 2)
indicated that the maximum grain yield was
obtained with metribuzin (0.175 kg/ha),
being at par with tank mix application of
isoproturon with other herbicides, isopro-
turon (0.94 kg/ha), pendimethalin (0.75 kg/
ha) and metribuzin (0.131 kg/ha). Similarly,
the maximum straw yield in 1997-98 and in
the mean data was obtained with application
of isoproturon and isoproturon + metribuzin,

_respectively, whereas weedy check regis-
tered the lowest straw yield, which was
closely followed by diclofopmethy! .
Although isoproturon + metribuzin (0.75
+0.131 kg/ha) gave the maximum total
income, followed by metribuzin (0.175 kg/
ha) application alone, reverse trend was -
observed for net returns. While weedy
check recorded the minimum gross income,
the lowest mean net income was obtained
with application of diclofopmethyl or
tralkoxydim thus incurring a net loss of Rs
1,207/ha or Re 0.8/rupee invested com-
pared with weedy check. Except diclofop-
methyl or tralkoxydim, herbicide appli-
cation was quite remunerative as is evident
from benefit : cost ratio (Table 3). All the
herbicides except isoproturon + diclofop-
methyl and pendimethalin, gave benefit :
cost ratio of more than 10. Although net
‘returns were higher with metribuzin applied
alone or in combination with isoproturon,
the maximum benefit : cost ratio was
obtained with atrazine applied alone at
0.094 kg/ha (85.3), followed by its
-application at 0.125 kg/ha (43.5). This was
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Table 3. Economics and benefit : cost ratio of different herbicides applied to wheat (mean data of 2 .

kg). The profit margin benefit : cost
drastically decreased in spite of higher net
return in case of metribuzin because of its
high cost (Rs 1,875/kg). Diclofopmethyl
incurred loss due to ineffective control of
~ broad-leaf weeds by it and its cost (Rs 480/
kg). :
Thus broad-leaf weeds in wheat can be
- effectively controlled with the application
of metribuzin, isoproturon, pendimethalin
or tank mixture of isoproturon with different
herbicides. Diclofopmethyl and tralkoxy-
dim provide effective control of Avena sp.
infesting wheat crop. . ‘

years) -
Herbicides " Dose Cost of Total Net Benefit : cost
(kg/ha) herbicide income income ratio
(Rs/ha) (Rs/ha)
Isoproturon 0.940 362.5 21,469 21,106 18.9
~ Metoxuron 1500, 3750 18,390 18,015 10.0
* Pendimethalin 0.75 1,000.0 21,059 20,059 5.8
2,4-D 0.50 118.7 16,400 16,280 17.0
Metribuzin 0.131 . 3506 20,982 © 20,631 18.2
Metribuzin 0.175 468.7 22,227 21,757 16.0
Atrazine 0.094 504 18,607 18,557 85.3
Atrazine 0125 67.0 17,242 17,175 435
Diclofopmethyl 0.875 1,500.0 14,551 13,051 -0.8
Isoproturon + 0.750 640.6 22,349 21,708 11.6
metribuzin 0.131 :
_ Isoproturon + 0.750 3404 21,993 21,652 21.7
atrazine - 0.094 ' '
Isoproturon + 0.750 1790.0 20,092 18,302 2.2
dictofopmethyl 10.875 : o
'Isoprotur'o‘n_+ 0.940 481.7 19,848 19,366 10.6
2,4D 0.500 :
" Weedy check 1,4258 14,258
due to very low cost of atrazine (Rs 268/ REFERENCES
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