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Summary 

Field investigations on weed manage
ment practices in maize and soybean 
intercropping systems were carried out 
at Palampur during the summer sea
sons of 1982 and 1983. Pre-emergence 
application of pendimetha lin and ben
thioca rb a t 1.5 kg ha" resulted in sig
nifican t decrease in weed dry weight in 
maize and increased (h e grain-seed 
yield of maize and soybean, Maize 
Eq uivalent Yield and Land Equivalent 
Ra ti o. In tercropping of soybean 
reduced the weed dry weight sig
nifica ntly during 1983. Among differ
ent systems of intercropping, growing 
maize and soybea n in a lterna te rows 
proved best in terms of grain yield of 
maize and Land Equivalent Ra tio as 
well as Maize Eq uivalent Yield. Seed 
yield of soybean, however, decreased 
significa ntly irrespective of the inter
cropping systems as compared to solid 
sta nd. 

Introduction 

The wide spacing used for maize allows 
severe weed infestat ion, which provides 
intense competition during the rainy 
season. Continuous heavy rains in the 
hilly Kangra District of Himachal 
Pradesh do not permit mechanica l 
weeding in Kharif crops. Intercropping 
of maize with legumes, particularly 
soybean, is gaining in popularity 
among hill farmers because it benefits 
the maize grain yield, gives additional 
protein (Gu leria and Singh, 1980) and 
reduc es weed-cro p competition 
th rough their smothering effect on 
weeds (Tripathi and Singh, 1983). 
Shading by the maize, however, causes 
substantial yield reduction of the as
sociated crop. Effective weed control by 
a lachlor in maize+soybean intercrop
ping has been reported by Tripathi and 
Singh (1983), but non-availability of 
this herbicide has necessi tated research 
to find alternatives. Recent reports in
dicate effective weed control in maize 
using pendimethalin (Pam pion a, 1981) 
and benthiocarb in soybean (Raddatz 
and Tobar, 1975). Investigations as
sessed the effect of different 
maize+soybean intercropping systems 
on the growth of weeds and on the 

yield of the main and associate crop as 
well as suitable herbicides for weed 
control in this intercropping system. 

Materials and methods 

A field experiment was conducted at 
the Research Farm of the College of 
Agri culture, Himachal Pra desh 
Agricultural University, Palampur, 
India, during the summer seaso ns of 
1982 and 1983. The treatments com
prised all possible combinations of the 
following factors. 
A lnlercropping systems 
C ,-solid maize, 60 cm spacing be
tween rows 
C,-so lid soybean, 45 cm spacing be
tween rows 
Crmaize+soybean (1:1), maize sown 
at 60 cm spacing with one row of soy
bean in between 
C4- maize+soybean (1:2), maize sown 
at 60 cm spacing with two rows of soy
bean in between 
C,-maize+soybean (2:2), maize sown 
at 60 cm spacing with two rows of soy
bean after leaving a lternate maize row 
spacing 
C6- maize+soybean (2:2), maize sown 
at 45 cm and 75 cm spacing accom
modating two rows of soybean between 
the 75 cm apart rows only. 
B Weed management practices 
W o-unweeded control 
W ,-handweeded twice 
W,-pre-emergence application of pen
dimeth alin (as Stomp) @ 1.5 kg a j . 
ha" 
W rpre-emergence applica tion o f ben
thioca rb (as Saturn 50 EC) @ 1.5 kg 
aj. ha" 

The treatments were laid out in a 
split-plot design with three replications 
keeping intercropping systems in main 
plots and weed management practices 
in sub-plots. Maize variety Early Com
posite and soybean variety Bragg were 
planted at the recommended seed rates 
on 8 June 1982 and 17 June 1983. The 
maize crop was fertilized with 120 kg 
N, 60 kg P,o, and 60 kg K,o ha" 
whereas 20 kg Nand 80 kg P,O, ha" 
were applied to the soybean irrespec
tive of their stand in sole cropping or 
intercropping systems. 

Pendimethalin and benthiocarb were 
applied 2 days after sowing at 1.5 kg 
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a.i. ha" using 750 L ha" of water with 
a high volume sprayer each yea r. Hand
weedings were done 15 and 30 days 
after sowing. Data o n weed dry weight 
(g m") was recorded at the silking 
stage of the maize and at harvest of 
both crops, when the grain yield of 
maize and seed yield of soybean were 
recorded. For comprehensive compar
ison, the soybean grain yield was con
verted to Maize Eq uivalent Yield 
(MEY) using the formula (Tripathi and 
Singh, 1983) given below then added to 
th e maize yield to obtain tota l MEY: 

Y,x P, 
MEY= P 

m 

where MEY= Maize Equivalent Yield, 
Ys=soybean yield, Ps= price of soy
bean, and P m = price of maize. 

The Land Equivalent Ratio was cal
culated fo llowing Mead and Willey 
(1980). It can be defined as the relative 
land area required for sole crop(s) to 
produce the yield achieved in intercrop
ping. This can be calculated by the for
mula reproduced below: 

Y a Y b LER = L,+ Lb=-+-
Sa Sb 

where La and Lb are LERs for in
divid ual crops, Ya and Y b are maize 
and soybean yields in intercropping, 
Sa and Sb are maize and soybean 
yields in solid stands. 
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Results 

The predominant weed species record
ed in the experimental area were 
Echinochloa colonum (L.)Link, 
Echinochloa crus-galli (L.)Beauv., 
Digilaria sanguinalis (L.) Scop., Pani
cum dicholomi/lorum Michx., Cyper
us iria L., Cynodon daclylon (L.) Pers., 
Commelina benghulellsis L. and 
Ipomoea spp. Aeschynomene indicum 
L. was also abundant in the second 
year. 

Weed dry weighl 
Application of pendimethalin and ben
thiocarb reduced the dry weight of 

weeds significantly over the unweeded 
control during both years at the silk
ing stage of maize as well as at harvest 
(Table I). Hand weeding, however, 
resulted in significantly lower weed 
weights than those due to benthiocarb 
and pendimethalin. Benthiocarb treat
ed plots were superior to pendimethalin 
treated plots during 1982. Heavy rain
fall (15.6 mm) in the evening of the day 
the herbicides were applied in this year 
might have washed the pendimethalin 
away from the treated plots, causing 
less efficient weed control by this 
herbicide. 

The dry weight of weeds tended to 
decrease when soybeans were grown 
either as the sole crop or in inter-

Table 1 Dry weight of weeds at the silking stage of maize and at harvest as 
influenced by different treatments 

Dry weight of weed (g m·l ) 

Treatments Silklng stage of maize Harvest 
1982 1983 Mean 1982 1983 Mean 

A Intercropping systems 
C1-solid maize 263 496 379 272 491 38 1 
Crsolid soybean 175 336 255 247 379 313 
C,-maize (N) + soybean (I: I) 217 346 281 264 375 319 
C,-maize (N) + soybean (I :2) 216 368 292 235 397 316 
C,-maize (N) + soybean (2:2) 209 356 283 258 388 323 
C.-maize (45-75)+ soybean (2:2) 247 356 301 274 376 325 

SEm± 17 26 22 38 
LSD (P ~ 0.05) NS 81 NS 94 

B Weed management practices 
W crunweeded control 517 486 501 557 526 541 
W l-handweeding twice 156 295 225 207 328 267 
W,..pendimethalin@1.5 kg ha" 357 358 357 448 355 401 
W,-benthiocarb@1.5 kg ha" 297 364 330 338 396 367 

SEm± 18 23 13 21 
LSD (P ~ 0.05) 52 63 37 6t 
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cropping systems with maize, although 
this decrease was only significant dur
ing 1983. Guleria and Singh (1980) and 
Tripathi and Singh (1983) reported 
similar reductions in weed weight due 
to soybean intercropping with maize, 
which they attributed to the smother
ing effect of soybeans on weeds. 

Maize grain yield 
Table 2 shows that controlling .weeds by 
handweeding or herbicides significantly 
increased the grain yield of maize. It 
was highest after the application of 
benthiocarb in 1982 and after pend i
methalin in 1983, although the former 
herbicide in 1983 and the latter in 1982 
gave yields statistically similar to two 
handweedings. Pamplona (1981) also 
observed effective weed control by pen
dimethalin in maize. Comparison of 
the mean yields of the two years indi
cated that unchecked growth of weeds 
caused 57.5 Ofo loss in maize grain yield, 
whereas pendimethalin and benthio
carb application on average benefitted 
it by 16.9"10 and 13.2"70 respectively. 

The intercropping system in which 
maize and soybeans were grown 
together in alternate rows (1:1) gave a 
significantly higher maize grain 
production than any other treatment 
including the solid stand of maize, ex
cept that in 1983 the maize + soybean 
1:2 system was on a par with maize+ 
soybean 1:1. Yield differences between 
other intercropping systems and solid 
maize were also significant with the 
former systems yielding more than the 
latter. During 1982, however, the C" 
Cs and C. systems did not differ sig
nificantly among themselves. The mean 
maize grain yield was 45.4Ofo, 34.6070, 

Table 2 Grain-seed yield of maize and soybean, Maize Equivalent Yield and Land Equivalent Ratio as influenced 
by different treatments 

Treatments 

A lntercropp;ng systems 
CI-solid maize 
C,..solid soybean 
C,-maize (N) + soybean (I: t) 
C.-maize (N) + soybean (I :2) 
C,-maize (N) + soybean (2:2) 
C.-maize (45·75) + soybean (2:2) 
SEm± 
LSD (P ~ 0.05) 
B Weed management practices 
W <runweeded control 
W I-handweeding twice 
W,-pandimethalin@1.5 kg ha" 
W,-benthiocarb@1.5 kg ha" 
SEm± 
LSD (P ~ 0.05) 

Maize grain yield 
(kg ha") 

1982 1983 Mean 

3897 1626 2762 

4834 3096 4015 
4339 3096 3717 
4232 2918 3575 
3994 2666 3330 

135 85 
441 277 

2161 1012 1506 
4703 2769 3736 
4529 4205 4367 
5643 2815 4229 
294 100 
590 290 

Soybean seed yield 
(kg ha") 

1982 1983 Mean 

1326 715 1020 
1030 460 745 
1016 334 675 
824 326 575 
807 325 566 
77 19 

250 61 

337 248 293 
1383 535 959 
1074 512 793 
1209 433 821 

29 18 
84 51 

Maize £quivslen. 
Yield (kg ha") 

1982 1983 Mean 

3897 1625 2762 
3316 t430 2373 
7410 4118 5764 
6881 3765 5323 
6293 3570 4931 
6011 3316 4663 

179 65 
583 203 

2503 1259 81881 
6801 3199 5000 
6012 435 8 5185 
7223 3068 5145 

189 84 
544 242 

Land Equivalent 
Ratio 

1982 1983 Mean 

2.03 
1.82 
1.55 
1.59 

0.052 
0.168 

1.00 
2.03 
1.87 
2.19 

0.109 
0.315 

2.71 
2.27 
2.39 
2.20 

0.086 
0.298 

1.58 
1.98 
2.84 
2.17 

0.091 
0.265 

2.37 
2.04 
2.02 
1.89 

5.29 
2.01 
2.35 
2.18 
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29.4.,. and 20.6% greater in e" e., 
e, and e6 intercropping systems than 
in the solid maize. These results 
confirm the earlier findings of llipathi 
and Singh (1983). Some of the atmos
pheric nitrogen fixed by the soybean 
crop might have been released to the 
soil and utilized by maize plants, as 
suggested by Agboola and Fayemi 
(1972). Reduction of the dry weight of 
the weeds might also have allowed rela
tively more nutrient to become avail
able to the maize crop. There was no 
phytotoxic effect of pendimethalin or 
benthiocarb in maize. 
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Soybean seed yield 
Handweeding resulted in similar yields 
to pendin1ethalin in 1983 and produced 
significantly more seed yield of soybean 
than other treatments in both years Of 
experimentation. The application of 
pendimethalin or benthiocarb also 
produced significantly higher yields 
than the unweeded control (Table 2). 
Uncontrolled growth of weeds caused 
an average 69.4% yield loss compared 
to two handweedings. 

Soybean seed yield was decreased by 
27.0%, 33.9%, 43.6"70 and 44.5% in the 
e" e., e, and e6 intercropping sys-

8576 

terns respectively. This may be attrib
uted to the shading effect of the maize 
as also reported by Singh et oj. (1973). 

As in maize, none of the herbicides 
had any phytotoxic effect on soybean 
plants. 

Maize Equivalent Yield (MEY) 
The presence of weeds resulted in on 
average 62.4% loss in terms of MEY, 
which was significant in both years. 
The application of pendimethalin and 
benthiocarb benefitted total MEY by 
3.7% and 2.9% over handweeding, 
suggesting that either herbicide can be 
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Figure 1 Effecl of weed managemenl praclices on Maize Equivalenl Yield (kg ha'l) from differenl intercropping systems 
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used safely for weed control in 
maize + soybean intercropping systems. 
Benthiocarb resulted in more MEY 
than pendimethalin in 1982, whereas 
pendimethalin proved superior to ben
thiocarb in 1983. 

The MEYs also show the superiority 
of maize+soybean 1:1 over the other 
intercropping systems and solid maize 
or soybean during both years although 
the difference between maize + soybean 
1:1 and 1:2 in 1982 was not significant. 
The Cs and C. intercropping systems 
also resulted in significantly higher 
MEY than either crop alone, with no 
significant difference between them. 
Mean total maize production was 
108.70/., 92.70J0, 84.40J0 and 68.8"1. 
more due to the C3, C., Cs and C. in
tercropping systems than in solid maize 
and 142.9"1., 124.30J0, 107.80J0 and 
96.70J0 more than in solid soybeans. 
The low MEY in 1983 was the result of 
poor yields of both crops as a conse
quence of about 10 days delay in sow
ing, followed by incessant rains after 
germination. 

Land Equivalent Ratio (LER) 
The LER followed the same pattern of 
effect of weed management practices 
on maize grain yield and MEY with 
benthiocarb and pendimethalin prov
ing most effective in 1982 and 1983 
respectively. The LER due to any of the 
weed management practices was sig
nificantly more than that from unweed
ed control plots. Since LER is based on 
the grain-seed yield of maize and soy
bean in solid stands and in inter
cropping, it was affected in a similar 
fashion by the treatments as the 
grain- seed yields (Table 2). 

The maize+soybean 1:1 intercrop
ping system resulted in the highest 
LER, which was significantly more 
than that from any other intercropping 
systems. The differences in LER be
tween the other intercropping systems 
were not significant, except that due to 
maize+soybean 1:2 which was sig
nificantly more than the Cs and C. 
systems in 1982 . 

Interaction between intercropping 
systems and weed management 
practices 
Interactions between intercropping sys
tems and weed management practices 
were significant on grain-seed yield of 
maize and soybean and on MEY in 
both years, and on LER in 1983 only. 
Since MEY was calculated using the 
grain yield of maize and the seed yield 
of soybean, only the interaction eff""t 
on MEY will be discussed. 

The interaction of intercropping sys
tems and weed management practices 
on MEY for the two years is depicted 
in Figure I, which shows that MEY was 
significantly higher with the adoption 
of weed control measures in all the 
intercropping systems during both 
years. Handweeding, benthiocarb and 
pendimethalin resulted in similar MEYs 
in solid crops of maize and soybean 
during both years and in maize+soy
bean 1:2 in 1983. In the other inter
cropping systems the application of 
pendimethalin proved inferior to ben
thiocarb in 1982, whereas this treat
ment was superior in 1983. 

A comparison of intercropping sys
tems shows that there was no sig
nificant difference in MEY due to 
different systems in the unweeded con
trols in 1982, although maize + soybean 
1:1 and Cs were equivalent and yielded 
significantly better than the other in
tercropping systems in 1983 in the 
presence of weeds. The maize + soybean 
1:1 and 1:2 systems did not differ sig
nificantly among themselves during 
both years, but gave significantly more 
total maize yield in the handweeding, 
pendimethalin and benthiocarb treat
ments, except that C. was inferior to 
C3 in benthiocarb treated plots in 
1983. The MEY of the Cs system was 
equivalent to C3 and C. in the hand
weeded and benthiocarb treatments in 
1982. The Cs and C. systems also gave 
significantly higher MEY than solid 
stands of either maize or soybean when 
handweeded or treated with benthio
carb or pendimethalin, and both of 
these systems generally remained on 
par in this regard during both years. 
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Conclusion 

Pre-emergence application of pend i
methalin and benthiocarb at the rate of 
1.5 kg ha-i significantly reduced the 
dry weight of weeds and increased the 
yields of maize and soybean, Maize 
Equivalent Yield and Land Equivalent 
Ratio in maize + soybean intercropping 
systems. Growing of maize and soy
bean in 1:1 intercropping system gave 
the best yield of crops, Maize Equiva
lent Yield and Land Equivalent Ratio. 
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