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ABSTRACT

An experiment was carried out to evaluate influence of different crop combination ratios of corn and soybean in terms of
forage yield in corn-soybean intercropping. The experiment compared both corn and soybean as monocultures and in
different intercropping ratios from 25:75, 50:50 and 75:25 of corn to soybean. The crop combination ratio had significant
effects on physiological traits and dry matter yield of forage. The ratio of 75:25 and 50:50 recorded DM vyields similar to
those of monocropped corn (14.77 t/ha). Relative yield total (RYT) values of intercropping were higher than that of
monocrop corn and soybean. Mixtures with 50:50 combination ratio had higher mean total relative yield values (1.15) in
comparison with the other ratios. Land equivalent ratio (LER) increased with corn-soybean intercropping and the highest
total LER value was recorded with 50:50 ratio (1.13). The crop ratio of 50:50 gave the best combination based on DM
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yield, relative yield, LER of the combined forage.
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INTRODUCTION

With the rapid population increase, the demand for
food has been increasing while land availability has been
declining. Thus, the only way to increase agricultural
production is to increase yield per unit area (Hirpa, 2014).

In tropical regions, corn has been considered as the
best component in most of intercropping system (ljoyah,
2012). Intercropping is an effectual and the economical
production system not only increases the production per unit
area and time, but also increases the resource use efficiency
and economic stock of the growers (Bhatti et al., 2013).
Presently, intercropping is gaining acceptance among small
holder farmers as it provides a yield advantage compared to
sole cropping through yield stability and achieving
diversified domestic needs (Nazir et al., 2002; Bhatti et al.,
2006; Bhatti et al., 2013).

Intercropping practices have some benefits such as
improving yield (Esmaeili et al., 2011; Sadeghpour and
Jahanzad, 2012) and increasing biological activities in the
soil, and decreasing pests (Smith and McSorley, 2000). A
number of indices such as LER, crop combination ratio, real
yield loss, financial advantage, and intercropping benefits
have been proposed to describe competition within and
economic advantages of intercropping systems (Carr et al.,
2004; Banik et al., 2006; Agegnehu et al., 2006; Dhima et
al., 2007). Forage corn responds differently to crop

combination ratio under different environmental and cultural
factors, which influence corn forage yield and quality.

Different crop combination ratio for intercropping
of legumes and cereals have conflicting experimental results
on the potential productivity advantage of mixed cropping
over monoculture including cereal and legume mixtures.
Similarly, the yield advantage of intercropping has not been
so marked in several situations possibly due to the use of
supra-optimal plant population proportions and, in some
cases, to the use of sub-optimal population proportions for
component crops (Refay et al., 2013).

The effect of management, such as crop
combination of the intercrops used in the system has an effect
on yield and yield components, under various densities in
the intercropping system. Waktola (2014) reported that LER
was superior in all intercrops implying that the productivity
of corn-soybean intercropping has a higher RY advantage
over sole cropping under the additive intercropping system.
The RYT may be lower than one if one species or both are
more affected than might be expected when there is crowding
for the same space. RYT value of less than one is thus a
reflection of intense competition. Nassab et al. (2011)
reported an RYT value of less than one in corn/soybean
intercrops and attributed it to more competition between the
intercrop components. Productivity and long-term
maintenance of corn-soybean mixtures depend on the crop
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combination of intercropping systems. For this reason,
determining the ideal crop combination is a very important
research topic. The objective of the experiment therefore, is
to evaluate the effect of different crop combination ratio of
corn and soybean on yield of mix forage.

MATERIALSAND METHODS

An experiment was conducted at research field,
Universiti Putra Malaysia (UPM) (latitude 3: 02' N longitude
of 101: 42' E and altitude 31m above sea level). Total annual
rainfall in the year 2013 was approximately 1623.5 mm.
Mean monthly minimum and maximum temperatures ranged
from 24.1°C t0 26.1 °C and 31.7 °C to 34.6 °C respectively
(Figure 1), while the mean relative humidity was 78.9%.

A composite soil sample was collected at random
in the entire plot before the experiment to determine the
physical and chemical characteristics. Soil texture was a
sandy loam type. Textural analysis showed that the soil
contains 18.77% clay, 18.41% silt and 62.61% sand with an
organic carbon 1.55%, sand pH of 6.18 at 0-30 cm depth.
Details of soil physical and chemical properties of the
experimental site are given in Table 1.

Table 1: Soil physical and chemical properties of the experimental
site (0-30 cm depth)

Soil characteristics Values
Organic carbon (%) 1.55
Clay (%) 18.77
Silt (%) 18.41
Sand (%) 62.61
Texture Sandy loam
pH 6.18
EC (ds/m) 3.16
K (ppm) 19.7

N (%) 0.11
P (ppm) 18.7
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The experiment was established in a RCBD with
four replications. Corn (variety 926) was intercropped with
soybean (Glycine max). The treatments consisted of five-
crop combination ratio of corn and soybean (100:0, 75:25,
50:50, 25:75, and 0:100). The size of each plot was 10.0 m
long and 5.0 m wide. A buffer zone of 2.0 m spacing was
provided between plots. The intercrop composition was
based on replacement design. Each experimental unit was
composed of eight crop rows, each 10 m long. Within rows,
spacing of corn was 20 cm while for legumes it was 10 cm
with inter row spacing of 60 cm. One plot comprised of corn
monocrop and one plot comprised of soybean monocrop.

The previous crop on this field was corn. The land
was ploughed once with mould board plough, harrowed and
rotovated twice to bring the soil to fine tilth. The seed
moisture and germination percentage were 15 and 95%,
respectively. Corn and soybean intercrops were planted at
the same time. The sowing date of the field experiment was
on 25 November 2013. Two seeds were hand planted per
point and plants were thinned to the target population just
prior to the six-leaf stage.

Based on soil analysis, the required levels of N, P
and K to support the yield goals were 130 kg ha* N, 130 kg
ha P and 80 kg ha® K in the form of urea, triple super
phosphate (TSP) and Muriate of potash (MOP). The whole
of phosphorus and potassium and one-third of N fertilizer
were applied at the sowing time. The rest of N fertilizer was
applied at 8-leaf stage of corn. Each plot was covered with
plastic sheet mulch in order to control the growth of weeds
within the plots. Irrigation water was adequately applied
using a sprinkler system. All agronomic practices except
those under study were kept uniform for all treatments.

Corn and soybean intercrops were harvested at the
same time. Corn was harvested when the kernel milk-line
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Fig 1: Mean Monthly Minimum and Maximum Temperature for Year 2013
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was between 50 and 75%. The soybean harvest time was at
seed fill stage. They were weighed fresh to determine fresh
forage yield. The sampled area was 5 m? for the monoculture
and intercropping treatments at the center of each plot and
fresh biomass weight was determined as g DM m2 and above
plant parts were harvested by hand cutting the plant 2 cm
above the soil surface. Samples were oven-dried at 70°C for
at least 72 hours. In addition, whole plant weight was
measured fresh and after oven drying. Forage DM yield was
calculated from the fresh and dry weights of respective
components listed above.

Plant heights of 10 plants from each treatment were
measured in each crop and mean values were calculated. A
carpenter’s tape was used for measuring the height from the
ground level to the top-most leaf. Prior to harvest,
measurements of parameters such as leaf area index (LAI)
and crop growth rate (CGR) were taken.

The LICOR LAI-2000 Plant Canopy Analyzer for
measurement of leaf area index consisted of a probe
connected to a meter. At the commencement of measurement,
the meter was put on with the probe held horizontally above
the plant. Thereafter the probe was placed in a parallel
manner around the plant to be measured in four locations,
readings were then taken.

Crop growth rate (CGR) was determined using equation 1
(Valadabadi and Farahani, 2010).

CGR=[(W,-W))/(T,-T)] x 1/ GAx 100 (Equation 1)

Where:

W, =Total dry matter of plant at time t,
W, = Total dry matter of plantat time t,
T, = Time of first observation

T, = Time of second observation

GA = Ground area

Land Equivalent Ratio (LER): The ratio of area needed
under sole cropping to that of intercropping at the same
management level to produce an equivalent yield, according
to Mead and Willey (1980). It was calculated as follows:

LER = (Yab/Yaa) + (Yba/Ybb)

Where, Yaa and Ybb are the sole crop yields of crops a and
b, respectively, Yab is the intercrop yield of crop a, and Yba
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is the intercrop yield of crop b.

Relative yield (RY) and relative yield total (RYT) were
calculated according to the following equations:

RY= RYab =DMYab/DMYaa,

RYba = DMYba/DMYbb

RYT =DMYab/DMYaa + DMYbha/DMYbb (Ghosh et al., 2006)

In the above equations, the following definitions
apply, ab refers to performance of corn (a) mixed with
soybean (b), ba is the performance of soybean (b) mixed
with corn (a), aa is the performance of corn in monoculture
and bb is the performance of soybean as a monoculture.

All data were analyzed with the analysis of variance
(ANOVA). The Least Significant Difference (LSD) was used
to compare treatment means at the 0.01 and 0.05%
probability levels. The Mixed Linear Model in SAS
Statistical Software Package (Version 9.1) was used to
perform an analysis of variance appropriate for a RCBD.

RESULTS AND DISCUSSION

Results showed crop combination ratio significantly
affected the total DM yield and RY of corn-soybean forage
(Table 2). Among the corn and soybean monocrop and corn-
soybean intercropping, the total DM yield of corn monocrop
(14.77 t hat), 75:25 (14.68 t ha') and 50:50 (14.59 t ha?)
corn-soybean combination ratio were not significantly
different, but they were significantly greater than total DM
yield of 25:75 (12.38 t ha) ratio and soybean sole crop
(10.44 t hal) (Table 3).

Mixtures with 50:50 corn-soybean combination
ratio had a higher relative yield total (1.15) compared to
75:25 and 25:75 corn-soybean ratios (1.08 and 1.07,
respectively). There was no significant difference between
75:25 and 25:75 corn-soybean ratios.

Graphs of the mean RY of corn and soybean against
their crop combination are shown in Figure 2. The figure
shows that corn and soybean had higher relative yield when
grown in intercrop than when grown as a sole crop and the
best relative yield total was at the 50:50 ratio of corn and
soybean.

Combination ratio had a significant effect on plant
height of corn and soybean (Table 4). Corn plant height was

Table 2: Mean Squares from analysis of variance dry matter (DM) vyield and relative yield (RY) of corn, soybean and total under

different crop combination ratios in corn-soybean intercrops

S.0.vV df Corn Dry  Soybean Dry  Total Dry Relative Relative Relative
Matter Yield Matter Yield Matter Yield Yield Yield yield
(tha?) (tha?) (tha?) (corn) (soybean) total
Block 3 0.02 2.68 0.02 0.0001 0.0001 0.0001
Crop combination ratio 4 87.06** 28.78** 15.28** 0.32** 0.23** 0.0008**
Error 12 0.01 2.74 0.02 0.0001 0.0001 0.0001
cv 1.10 29.67 1.06 0.39 1.01 0.46

* ** significant at P<0.05, 0.01, respectively
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Fig 2: Graph of relative yield of corn-soybean combination ratio

Table 3: Dry matter yield and relative yield (RY) of sole and intercropped corn and soybean as influenced by crop combination ratio

Treatment Corn Dry Soybean DryTotal Relative Yield Relative Relative
Matter Yield Matter Yield Dry Matter (corn) Yield yield
(tha?) (tha?) Yield(t ha?) (soybean) total
100:0 14.77a - 14.77a - - -
75:25 11.68b 3.00d 14.68a 0.79a 0.29¢ 1.08b
50 : 50 8.83c 5.76¢ 14.59a 0.60b 0.55b 1.15a
25:75 4.24d 8.14ab 12.38b 0.29¢ 0.78a 1.07b
0:100 - 10.44a 10.44c - - -
LSD(0.05) 0.15 2.59 0.22 0.004 0.01 0.01
P value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

Mean values followed by the same letter in the same column are not significantly different at P<0.05, based on least significant difference test (LSD).

Table 4: Mean Squares from analysis of variance growth parameters and land equivalent ratio (LER) of corn and soybean under
different crop combination ratios in corn-soybean intercrops

S.0.v df Corn Soybean LER LER LER
Plant Leaf Crop Plant Leaf Crop corn  Soybean total
Height Area  growth rate Height Area  growth
(cm) Index (g m2day?) (cm) Index
rate(g m? day?)
Block 3 3.27 0.004 0.46 3.40** 0.01**  0.14** 0.0001 0.0001 0.0001
Crop Combination ratio 4 17.30** 0.001 0.11 59.33** 0.01**  0.15** 0.27** 0.25**  0.0004**
Error 12 2.60 0.004 0.53 0.53 0.001 0.1 0.0001 0.0001 0.0001
cv 0.82 2.53 2.34 0.64 0.75 1.26 0.43 1.04 0.41

* ** significant at P<0.05, 0.01, respectively

similar for sole crop corn (200 cm) up to 50:50 corn-soybean
combinations. Soybean plant height was similar for sole
soybean (118.50 cm) up to 25:75 corn-soybean combination
but at higher ratios of corn, soybean height was significantly
lower (Table 5).

Different corn-soybean combination ratios did
not significantly affect corn LAI, which ranged from 2.61 to

2.65 and corn CGR, which ranged from 30.92 to 31.27 gm
day™.

In contrast, significant differences were observed
in LAl and CGR of soybean plants among crop combination
ratios. Soybean LAI was similar for sole soybean (3.27) up
to 25:75 corn-soybean combination ratio but further increase
in the ratio of corn reduced the LAI significantly. Similarly,
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CGR of soybean sole crop (9.28 g m2 day?) and 25:75 ratio
(9.23 g m2day?) were significantly higher than those with
higher ratios of corn.

Results indicated that LER was higher than one in
all of the mixtures indicating a yield advantage over sole
crops. Among intercropping treatments, significantly higher
total LER value was recorded with 50:50 corn-soybean ratio
(1.13) followed by 1.07 and 1.04 for 75:25 and 25:75 corn-
soybean combination ratio, respectively (Table 5).

The mixed corn-soybean gave similar DM yield as
monocrop corn but increasing soybean more than 50%
resulted in lower dry matter yield. This implies that to get
good quality silage without a reduction in yield the soybean
component should not exceed 50% of the combination. These
results were in an agreement with Hulet et al. (1986) who
recommended that farmer could increase the ratio of the
legume in the mixture to 50% without decreasing millet
yields. In addition, Dhima et al. (2014) reported that oat-
fababean intercrops provided lower than or similar to total
DM vyields of oat as a sole crop up to 25:75 ratio.

Relative yield total above one suggests partial or
no competition among species in the mixtures, probably
made possible by the contribution of the legume to the
environment of the corn via nitrogen fixation (Tessema and
Baar, 2006). Relative yield total of less than one connotes a
situation where one species is or both are more affected than
might be expected when there is crowding for the same space.
Mean relative yield total values of all mixture treatments
were greater than one, which indicates the advantages of
mixtures. The results were in agreement with observations
made by Tessema and Baar (2006) who reported that relative
yield total of mixtures were greater than one in grass-legume
intercropping. Additionally, Arlauskiené et al. (2011)
indicated that the relative yield total (RYT) was > 1.0 with a
relative proportion of grain legume and spring cereal seeds
(50:50).
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The LER values were greater than one in all
intercropping with different crop combination ratio, which
indicated a yield advantage of intercropping over
monocropping of corn. The highest LER index was observed
with a 50:50 combination ratio, indicating strong evidence
that corn and bean crops can provide much higher income
when intercropped together rather than when planted as sole
crop (Ciftci etal., 2006). These results were in an agreement
with (Bildirici et al., 2009) who reported that LER index
increased as the percentage of soybean increased in the
mixture up to a 50:50 corn-soybean seeding ratio. Similarly
higher LER than one was recorded in 50:50 combination
ratio in corn-bean (Koocheki et al., 2010) and corn-cowpea
(Takim, 2012) intercropping. Higher LER in intercropping
than monocropping has been reported in corn-legume
intercropping by Dhima et al. (2006), Yilmaz et al. (2007),
corn-soybean intercropping (Raji, 2007; Ullah et al., 2007;
Addo-Quaye et al., 2011; Kebebew, 2014), corn-mungbean
and cowpea (Eskandari, 2012), corn-bean (Mutungamiri et
al., 2001; Tsubo et al., 2003) and sweet corn-mungbean
(Sarlak et al., 2008).

CONCLUSION

Total forage dry matter yield from intercrop
treatments from 100% corn, 75:25 corn-soybean and 50:50
corn-soybean were not significantly different but further
increase in soybean components progressively reduced total
forage yield. Corn-soybean intercrops provided LER’s
greater than one, leading to the conclusion that these
intercrops were productive systems than corn monocrop.
Intercropping systems enhanced land use efficiency and
cropping intensity over sole cropping systems. Among all
the combination ratios, the 50:50 corn-soybean ratio was
the optimum combination giving highest forage yield.
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Table 5: Growth parameters and land equivalent ratio (LER) of sole and intercropped corn and soybean as influenced by crop combination

ratio
Treatment Corn Soybean LER LER LER
Plant Leaf Crop Plant Leaf Crop corn Soybean total
Height Area Growth rate Height Area growth rate
(cm) Index (g m?day?) (cm) Index (g m? day?)
100:0 200.00a 2.65 31.09 - - - - - -
75:25 199.00a 2.64 31.27 110.50c 3.17b 8.87b 0.79a 0.28¢c 1.07b
50 : 50 198.50a 2.61 30.92 113.25b 3.18b 9.03b 0.56b 0.57b 1.13a
25:75 195.5b 2.63 30.93 117.75a 3.25a 9.23a 0.26¢ 0.78a 1.04c
0:100 - - - 118.50a 3.27a 9.28a - - -
LSD(0.05) 2.48 ns ns 1.12 0.04 0.18 0.003 0.01 0.01
P value 0.0046 0.8999 0.9442 <.0001 <.0001 0.0005 <.0001 <.0001 <.0001

Mean values followed by the same letter in the same column are not significantly different at P<0.05, based on least significant difference test

(LSD).



Volume 39 Issue 4 (2016) 563

REFERENCES

American Psychological Association (1972). Ethical Standards of Psychologists. Washington DC: American Psychological
Association.

Addo-Quaye, A. A., Darkwa, A. A. and Ocloo, G. K. (2011). Yield and productivity of component crops in a maize-
soybean intercropping system as affected by time of planting and spatial arrangement. ARPN Journal of
Agricultural and Biological Science, 6: 50-57.

Agegnehu, G., Ghizaw, A. and Sinebo, W. (2006). Yield performance and land-use efficiency of barley and faba bean
mixed cropping in Ethiopian highlands. European Journal of Agronomy, 25: 202-207.

Arlauskieng, A., Maikgténieng, S., Parfinaité, L., Kadpiulieng, S., Deveikyté, I., Sékaité, V. and Eesnulevigiené, R.
(2011). Competitiveness and productivity of organically grown pea and spring cereal intercrops. Semdirbysté
Agriculture, 98: 339-348.

Banik, P., Midya, A., Sarkar, B. K. and Ghose, S. S. (2006). Wheat and chickpea intercropping systems in an additive
series experiment: Advantages and weed smothering. European Journal of Agronomy, 24: 325-332.

Bhatti, I. H., Ahmad, R. I. A. Z., Jabbar, A. B. D. U. L., Nazir, M. S. and Mahmood, T. (2006). Competitive behaviour of
component crops in different sesame-legume intercropping systems. International Journal of Agriculture and
Biology, 8: 165-167.

Bhatti, I. H., Ahmad, R., Jabbar, A., Nadeem, M., Khan, M. M. and Vains, S. N. (2013). Agronomic performance of mash
bean as an intercrop in sesame under different planting patterns. Emirates Journal of Food and Agriculture,
25: 52-57.

Bildirici, N., Aldemir, R., Karsli, M. A. and Dogan, Y. (2009). Potential Benefits of Intercropping Corn with Runner
Bean for Small-sized Farming System. Asian-Australasian Journal of Animal Sciences, 22: 836-842.

Carr, P. M., Horsley, R. D. and Poland, W. W. (2004). Barley, oat, and cereal-pea mixtures as dryland forages in the
northern great plains. Agronomy Journal, 96: 677-684.

Ciftci, V., Togay, N., Togay, Y. and Dogan, Y. (2006). The effects of intercropping sowing systems with dry bean and
maize on yield and some yield components. Journal of Agronomy, 5: 53-56.

Dhima, K. V., Lithourgidis, A. S., Vasilakoglou, 1. B. and Dordas, C. A. (2007). Competition indices of common vetch
and cereal intercrops in two seeding ratio. Field Crops Research, 100: 249-256.

Dhima, K. V., Vasilakoglou, 1. B., Eleftherohorinos, I. G. and Lithourgidis, A. S. (2006). Allelopathic potential of winter
cereals and their cover crop mulch effect on grass weed suppression and corn development. Crop Science,
46: 345-352.

Dhima, K. V., Vasilakoglou, I. B., Keco, R. X., Dima, A. K., Paschalidis, K. A. and Gatsis, T. D. (2014). Forage yield and
competition indices of faba bean intercropped with oat. Grass and Forage Science, 69: 376-383.

Eskandari, H. (2012). Yield and Quality of forage produced in intercropping of maize (Zea mays L.) with cowpea
(Vignasinensis L.) and Mungbean (Vigna radiate L.) as double cropped. Journal of Basic and Applied Scientific
Research, 2: 93-97.

Esmaeili, A., Sadeghpour, A., Hosseini, S. M. B., Jahanzad, E., Chaichi, M. R. and Hashemi, M. (2011). Evaluation of
seed yield and competition indices for intercropped barley (Hordeum vulgare) and annual medic (Medicago
scutellata). International Journal of Plant Production, 5: 395-404.

Ghosh, P. K., Manna, M. C., Bandyopadhyay, K. K., Tripathi, A. K., Wanjari, R. H., Hati, K. M., Misra, A. K., Acharaya,
C. L. and Subba Rao, A. (2006). Interspecific interaction and nutrient use in soybean/sorghum intercropping
system. Agronomy Journal, 98: 1097-1108.

Hirpa, T. (2014). Response of maize crop to spatial arrangement and staggered interseeding of haricot bean. International
Journal of Environment, 3: 126-138.

Hulet, H., Gosseye, P. and ILCA, B. (1986). Effect of intercropping cowpea on dry-matter and grain yield of millet in the
semi-arid zone of Mali. In Proc. workshop on potentials of forage legumes in farming systems of sub-Saharan
Africa. International Livestock Centre for Africa, Addis Ababa (pp. 379-396).

ljoyah, M. O. (2012). Review of intercropping research: Studies on cereal-vegetable based cropping system. Scientific
Journal of Crop Science, 1: 55-62.

Kebebew, S. (2014). Intercropping Soybean (Glycine max L. Merr.) at Different Population Densities with Maize (Zea
mays L.) on Yield Component, Yield and System Productivity at Mizan Teferi, Ethiopia. Journal of Agricultural
Economics, Extension and Rural Development, 1: 121-127.

Mead, R. and Willey, R. W. (1980). The concept of a ‘land equivalent ratio’and advantages in yields from intercropping.
Experimental Agriculture, 16: 217-228.



564 LEGUME RESEARCH - An International Journal

Mutungamiri, A., Mariga, I. K. and Chivinge, O. A. (2001). Evaluation of maize (Zea mays L.) cultivars and density for
dryland maize-bean intercropping. Tropical agriculture, 78: 8-12.

Nassab, A. D.M., Amon, T. and Kaul, H. P. (2011). Competition and yield in intercrops of maize and sun flower for biogas.
Industial Crops and Products, 34: 1203-1211.

Nazir, M. S., Jabbar, A. B. D. U. L., Ahmad, I. M. T. . A. Z., Nawaz, S. H. A. H. and Bhatti, I. H. (2002). Production
potential and economics of intercropping in autumnplanted sugarcane. International Journal of Agriculture and
Biology, 4: 140-142.

Raji, J. A. (2007). Intercropping Soybean and Maize in a Derived Savanna Ecology. African Journal of Biotechnology,
6: 1885-1887.

Refay, Y. A., Alderfasi, A. A., Selim, M. M. and Awad, K. (2013). Evaluation of Variety, Cropping Pattern and Plant
Density on Growth and Yield Production of Grain Sorghum -Cowpea under Limited Water Supply Condition
Growth, yield and yield component characters of Sorghum. IOSR Journal of Agriculture and Veterinary Science,
2: 24-29.

Sadeghpour, A. and Jahanzad, E. (2012). Seed yield and yield components of intercropped barley (Hordeum vulgare L.)
and annual medic (Medicago scutellata L.). Australian Journal of Agricultural Engineering, 3: 47-50.

Sarlak, S., Aghaalikhani, M. and Zand, B. (2008). Effect of plant density and mixing ratio on crop yield in sweet corn/
mungbean intercropping. Pakistan Journal of Biological Sciences, 11: 2128-2133.

Smith, H. A. and McSorley, R. (2000). Intercropping and pest management: a review of major concepts. American
Entomologist, 46: 154-161.

Takim, F. O. (2012). Advantages of maize-cowpea intercropping over sole cropping through competition indices. Journal
of Agriculture and Biodiversity Research, 1: 53-59.

Tessema, Z. and Baar, R. M. T. (2006). Chemical composition, drymatter production and yield dynamics of tropical
grasses mixed with peerenial forage legumes. Tropical Grasslands, 40:150-156.

Tsubo, M., Mukhala, E., Ogindo, H. O. and Walker, S. (2003). Productivity of maize-bean intercropping in a semi-arid
region of South Africa. Water SA, 29: 381-388.

Ullah, A., Bhatti, M. A., Gurmani, Z. A. and Imran, M. (2007). Studies on planting patterns of maize (Zea mays L.)
facilitating legumes intercropping. Journal of Agricultural Research, 45: 113-118.

Valadabadi, S. A. and Farahani, H. A. (2010). Effects of Planting Density and Pattern on Physiological Growth Indices in
Maize (Zea Mays L.) under Nitrogenous Fertilizer Application. Journal of Agricultural Extension and Rural
Development, 2: 040-047.

Waktola, S. K. (2014). Intercropping Soybean (Glycine max L. Merr.) at Different Population Densities with Maize (Zea
mays L.) on Yield Component, Yield and System Productivity at Mizan Teferi, Ethiopia. Journal of Agricultural
Economics, Extension and Rural Development, 1: 121-127.

Yilmaz, S., Gozubenli, H., Kruskan, O. and Atis, I. (2007). Genotype and plant density effect on corn (Zea mays L.) forage
yield. Asian Journal of Plant Science, 6: 538-541.



