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Abstract

A field study was conducted to determine the ability of soybean (Glycine max cv.
Otofuke Ohsode) to occupy the weed’s niche under maize (Zea mays cv, Honey bun-
tam) crop by the means of intercropping. Keeping the planting density of maize
constant, six types of plant arrangements with different soybean planting densities
were tested (Fig, 1). Treatments were arranged in the split plot design with four
replicates, in which the main plots included weeding treatments and the subplots
received plant arrangements, Dry matter production at 20 day intervals and grain
yield at harvest were determined, Of the total of 225 weed plants.” of at 60 days after
planting, 60% was belongs to Rorippa palustris, Stellaric media, Chenopodium album,
and Poligonum spp. (Table 1), At this stage both crops showed severe dry matter
reductions in unweeded treatment, On the other hand, in weeded treatments, signif-
icant dry matter increases of both maize and soybean over sole crops were ohserved
under all intercropping treatments except T 3. Weed growth was clearly suppressed
by intercrops (Fig. 2). Yields of maize in all plant arrangements were similar to
sole crop yield with a 20% yield increment in T 4, In this arrangement, soybean seed
vield was not reduced, These resulis suggest that there is a possibility {o get higher
yield advantages by intercropping with less weeds, if crops are arranged properly,
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Introduction

Intercropping is the space dependent multiple
cropping system which is simply defined as grow-
ing of two or more crops simultaneously on the
same field (Willey, 1979). Here the intensifi-
cation is in both time and space dimensions.
There are many reasons for intercropping such

as increased the productivity or vield advantage,

better use of available resources, reduction of

damages caused by weeds, insects and diseases
and many other sociceconomic advantages, These
advantages are gained without the use of high
level of inputs as the plants in such systems use
the natural environmental resources efficiently

(Willey 1979 ; Francis 1986).
therefore, could be applied to the organic farm-

Intercropping,

ing systems,
Most of the farmers in the tropical and sub-
tropical countries are in small scale and they

! Laboratory of Forage Crops, (Obihiro University of Agriculture and Veterinary Medicine, Obihiro,

Hokkaido 080, Japan,
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are seriously constrained by low productivity and
limited Iand resources. Intercropping would be
the possible means of increasing the productivity
of these farmers (Evans 1960 ; Enyi 1973 ;
Andrews and Kassam 1975 ; Cordero and Me-
Collum 1979), Weeds are one of the most im-
portant cost creators in farmlands, Intercrop-
ping can be used as an efficient means of weed
control, Steiner (1984) observed that the inter-
cropping maize with mung bean (Vigna radiato
L), sweet potato (IJpormcea batatas L. Lam_ )
or ground nut (Arachis hypogaes) reduced
weed growth, yield losses and time required for
weeding, Weed control in maize depends on many
factors including the use of herbicides and culti-
vation, When the maize plants are growing,
herbicide application becomes more and more
difficult and the location of maize roots should
determine the depth and placement of cultivator
shovels limiting the use of cultivators. Use of
cultivators will tend to root pruning, When maize
is about 75 em tall, cultivation within 15 em from
the stem to a depth of 15 cn will eut off much of
the root system (Klingman and Aston 1982).
In dry weather, such plants may seriously wilt
after cultivation and could not tolerate even slight
wind, Therefore, use of a companion crop to
suppress weeds in later stages of the crop is also
important aspect of intercropping, In organic
crop husbandry, which is becoming more and
mere popular, intercropping can play a major
role, Bulson and Snaydan (1990) reported that
the wheat and field beans under organic crop
husbandry as intercrops, resulted not only the
yield advantages but also grester suppression of
weed growth, .

Under farmers condition especially in develop-
ing countries, the crops are grown as mono-
cultures without adequate weeding, Weeds also
oceupy their own niche in such conditions in the
crop growing [ield and steal the growth resources
available for the crop plants and uliimately lead

to interspecific competition for various growth

factors, Therefore, this study was aimed to
evaluate the role of soybean as a weed suppressor

under maize and soybean intercropping system,
Materials and Methods

A field experiment was conducted in the 1992
growing season at the research field of Obihiro
University of Agriculture and Veterinary Medicine
in Obihiro, Hokkaido,

(andosols), Treatments were arranged in the

on volcanic ash soils

spilt plot design with four replicates, Unweeded

(w,} and weeded (w,) were established on
18 m by 4 m whole plots as the main plots. The
plots received w, were kept with weeds throughout
the season, whereas w, plots were kept weed free
until the maize plants reach about 75 co in height
at which it is hard to apply any mechanical
method of weed control without damage to the
plant roots, Sub plots were 4 m by 3 m and
consisted of six different plant arrangements
including the sole crop of maize (T 1) and soy-
bean (T 2) as controls (Fig, 1) The other
four treatments were maize and soybean addi-
tive type of mixtures, The planting density of
maize was kept constant to 86, 666 plants,” ha,
which is the standard in Hokkaido,

A soybean row with same plant spacing (T 3),
with half of the plant spacing (T &) as the con-
trol ; and two soybean rows with the same plant
spacing as the sole soybean (T &) in between
two maize rows spaced as the control and three
soybean rows spaced 30 cm placed in between two
coupled maize rows having 30 cn spacing and 20 ca
away from the maize rows (T 4) were the mix-
tures used (Fig. 1),

A sweet corn cultivar, Honey buntum was
intercropped with soybean cultivar, Otofuke
ohsode, These are well adapted to Hokkaido,
Maize was planted on May 18 and soybean was
planted just after maize emerged on May 18 in
1992, Fertilizers were added as recommended
amounts [or respective maize and soybean in

Tokachi area, at the same rates as sole crop plois
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Fig. 1. Plant arrangements used in the experiment. = maize;+soybean : T 1 sole crop maize ; T 2 sole
crop soybean ; T 3 alternative rows with the same plant spacing as sole craps; T 4 three soybean
rows in between two couples maize rows ; Tb soybean alternative rows with half of the plant
spacing as sole crop ; T 6 two soybean rows with the same plant spacing as the sole crop.

fo the all arrangements,

Starting 20 days after soybean planting, five
plants of both maize and soybean were random-
ly taken from each plot at 20 day interval until
final harvest for dry matter determination, Planis
were sampled from an area bordering the net
harvest plots, Weeds were also sampled on the
same dates from 0, 25 cff quadrats in three places
from the plots with weeds, those were also from
outside the net harvest plot, At maturity, pods
of soybean and ears of maize were hand har-
vested only in the weeded plots from the entire
net harvest plots, All above ground weed tissue
was also hand harvested from an area of 0, 25 of
in three locations of each plol. Weed counts were
taken at 8 weeks after planiing from randomly
selected places of the unweeded plots. For total
dry matter determination, whole crop plants

and weeds sampled were dried at 70 °C for 2 to

4 days depending on the age and the amount of
the sample,

Results

Weed counts

Total number of 225 plants,/ nf of weeds were
recorded in the experimental field, Of these, ap-
proximately 60% was occupied by four major
species, Those were Rorippa palustris Bess, , Stel-
laria media Villars, Chenopodium album L,
and Polygonum spp. (lapathifolium /japonicum)

(Table 1), Rorippa palustris commonly found
in Hokkaido (Numata and Yoshizawa 1977)
was the most troublesome weed due to the ability
to reproduce rapidly by underground runners
and hard to conirol even by deep hoeing.

The weed counts of different species were not
significant between plant arrangements, Weeds
grew very rapidly in unweeded plots without
showing any difference among plant arrange-

ments at any growth stage,
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Table 1. Major weeds observed in the experimental site and their densities

DENSITY PERCENTAGE
NAME Plants / of % ¢

Marsheress (Rorippa palusiris Bess) 38,00 17.00
Chickweed (Stellaria media Villars) 29.75 13.00
Lambsquarters (Chenopodium album L. ) 31.07 14.00
~Smartweed. (Polygonum spp, , japonicum and lapathifolium} . 36.00 16.00
Pale persicaria (Polygonum nodosum Pess. ) 1.67 0.74
Field cress (Rorippa atrovirens) 1.25 0.55
Wild amaranth (Amarenthus lividus Loisel) 17.42 7.74
Sowthistle (Sonchus oleraceus L. ) 15.67 6.96
( Polygonum nepalense Meisn) 12.25 5.40
Quackgrass (Agropyron repens Li. ) 2.83 1.25
Others 35.00 17.33

Crop growth

Dry matter production of maize was higher in
weeded plots compared to unweeded plots in all
growth stages. At 40 days after planting there
were significant increases in dry matter pro-
duction by T4, T5 and T 6 arrangements than
sole maize (Table 2). Soybean dry matter
increase was observed in all mixtures at all

growth stages except T' 3 in which the planting

density was less than the sole crop. Until 40 days
after planting, effects of weeding on soybean
di¢ not appeared, indicating that weeds did not
affect on dry matter production at the early
seedling stages. Thereafter, however, obstacle
of soybean growth by weeds became obvious.
Table 3 shows that there were effects of weeds
on dry matier production of soybean in all treat-
ments, At 40 days after planting in weeded plots,

Table 2. Effact of plant arrangement and weeds on dry matter production of maize at 40 days

after planting

Weeding treatment SE. for plant
Plant Unweeded Weeded Mean SE. for plant arrangement at the
arrangement arrangement same weed
—g/of— treatments
Sole maize (T1) 6.05 9.66 7.85 +1.260 =1.78
T3?® 5.0 9.38 7.21
T4 6.12 12.32 9.21
TH 5.77 12.25 9.01
T6 10.38 11.45 10.91
Mean 6.67 11.01
SE. for weeding tre +1.20
atment

SE. for weeding tre
atment at the same +2.68
plant arrangement

D' SE ; Standard error.
2 See Fig. 1.
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Table 3. Effect of plént arrangement and weeds on dry matter production of soybean at 40 days after

planting
Weeding treatment SE. for plant
Plant Unweeded Woeded Mean SE. for plant arrangement at the
arrangement arrangement same weed
—g/m— treatments
Sole soybean (T 2) 40.75 79.62 60.18 +7.68" +10.87
T3® 39.51 63.60 51.56
T4 57.99 104.82 81.40
TS 66.32 188.17 127.25
T6 68.43 163.63 116.03
Mean 54.60 119,97
SE. for weeding tre +4.11
atment -
SE. for weeding tre
atment at the same +96.20

plant arrangement

'SE ; Standard error.
2 See Fig. 1.

T4, T5 and T 6 produced significantly higher
dry matter over sole soybean because of high
planting density,
Weed dry matter

At the early growth stages of no weeding treat-
ment, weed growth could not be suppressed by

kept weed free was significantly different among
plant arrangements, T4, T5 and T 6 gave sig-
nificantly less weeds over the sole crop (Fig. 2).
Average weed dry weights recorded were 6, 05,
54,73, 9. 53 and 107, 93 g nf in 20, 40, 60 and 80
days after planting, respectively,

soybean in this intercropping systems, Crop vield
ppIng sy
At the harvest, weed dry weight in the plots In unweeded plots, maize and soybean were
600
5 SE fi Mai
5 500 maize 2 e
(=}
(=]
& 400
h= 300
~ SE for
b 200 I soybean
soyhean
1001 4
= 0 . > & af N
2 v B &4 &
=1 o weed
£ 100 5 ISE for
g > weeds
= 200 T ! T T Y T
T1 T2 T3 T4 Th Té

Plant arrangements (Treatments)

Fig. 2. Maize and soybean yields and weed dry matter at the time of harvest. T 1. sole cropmaize .
T 2 sole crop soybean ; T 3 alternative rows with the same plant spacing as solecrops: T4
three soybean rows in betwsen two coupled maize rows ; T b soybean alternative rows with half
of the plant spacing as sole crop ; T 6 two soybean rows with the same plant spacing as the sole

crop.
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severely suppressed by the huge weed growth re-
sulting in no yield. On the other hand, in weed
free plots both sole erops show the highest weed
dry matter produetion, while showing very low
weed dry matter production in all intercropping
situations (Fig, 2), There were 36, 6%, 49, 99%,

49, 66% and 66, 16% of weed dry matter reduction
by T3, T4, TH and T 6 treatments, respec-
tively,

T 4 showed a 20% yield increment over sole
crop of maize, but no significant fresh seed yield
differences were observed, Yield increments of
soybean compared to scle crop were observed.
But T 4, which consisied of three soybean rows
in between two coupled maize rows, gave a good
soybean yield similar to sole soybean (T 2)
and same maize yield as sole crop of maize (T
1) with low weed dry weight,

Discussion

All the mixtures used were additive type mix-
tures, Maize grain yield in all systems were not
different from sole crop situation, In sole crop
situation, high amount of weed was recorded
and these weeds seemed to utilize the growth
resources available for maize plants, In the
mixtures, soybean could be utilized the same or
less growth resources to produce the same yield
as in sole crop, Even if soybean has been uti-
lized much resources than weeds did it in sole
crop situation, it is believed that as a legume,
soybean may contribute for some growth fac-
tors to be favorable for the maize growth by the
ability of microbial association, In complete weed
interference condition, the yield was almost
zero without considering plant arrangement,
The initial slow growth of soybean and maize
could not smother weeds. Okibo (1979) reported
that the extent of weed infestation was related to
the amount of soil cover and crop canopy devel-
opment, Ayeni et al. (1984) also reportéd the
same type of relationship under maize and cow-
pea (Vigna unguiculata L. Walp) intercrop-

ping system, There is crop-weed competition till
the crop canopy cover the soil surface, In con-
trast, the population of common lambsguater

(Chenopodium album L. ) could be suppressed
by maize-soybean intercrop (Moss and Hartwig
1980),

The seed yield of soybean was significantly
depressed in all arrangements except T 4 owing
to the effect of the shade by maize and possibly
other interspecific competition. T 4, which
consisted of three soybean rows in between two
coupled maize rows, gave a similar yield to sole
soybean, In this arrangement, soybean could
get enough light with low interspecific competi-
tion and also by high planting density. The weed
biomass also significantly lower in T 4 arrange-
ment, Therefore, T 4 plant arrangement gave
not only higher yield advantages but also greater
suppression of weed growth. A similar study
was conducted by Moody and Shetty (1981).
They reported that weed suppression was great-
est when the density of the intercrop was higher
than that of the sole crop,

This experiment probably reflects that there is
a possibility of cccupying weed's niche by an-
other crop to increase crop produciion, when
crops are arranged in proper way to uiilize the
growth resources efficiently and with only initial

weed control,
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