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The experiment was conducted to determine the best compatible soybean varieties in intercropping
systems and the most economically optimum integrated fertilizer rate. The factorial experiment
consisted of two soybean varieties (Didessa and Boshe) treated with eight levels of combined organic
and inorganic fertilizer applications in three replications. Both sole soybeans and maize under
recommended fertilizer recommendation were also included for comparison purposes. The result
indicated that there were significant differences in leaf area index, plant height and grain yield of maize
due to integrated fertilizer application, but not in harvest index. However, statistically significant
variations were observed on nodule number per plant, leaf area per plant and yield of intercropped
soybeans as a result of soybean varieties and the interaction of varieties with fertilizer application.
Higher nodules and leaf areas per plant were recorded in Didesa variety than Boshe. This could be due
to varietal difference, integrated fertilizer application and cropping systems as well. Yield advantage
obtained due to various combinations of fertilizer rates ranged from 6 to 28% over the yield of sole
maize. Monetary advantage (MA) obtained due to intercropping systems ranged from the lowest Birr
1927 ha™ to Birr 8446 ha™ under various proportions of fertilizer applications. Application of both
recommended NP and farmyard manure (FYM) resulted in the highest (Birr 8446 ha™) MA followed by
recommended NP (Birr 4583 ha™). However, an integrated use of 12 t ha™ FYM with 28/12N/P,0s saved
up to 75% cost of commercial fertilizer for both years and cost for application in the next year.
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INTRODUCTION

Sustainable agriculture is successful management of
resources to satisfy changing human needs while
conserving natural resources. However, area of cultivable
land per unit household is dwindling from time to time due
to population pressure. This leads to intensive crop
production per unit area of land. Intercropping is one of
the intensive cropping systems which ensure sustainable

utilization of limited land resources (Tesfa et al., 2001).
The extent and importance of intercropping increases as
farm size decreases and the smaller the farm size the
more complex the combinations. In tropics, cereal/legume
intercropping is commonly practiced because of yield
advantages, greater yield stability and lower risks of crop
failure, which are often associated with monoculture
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(Nielsen et al., 2001; Tusbio et al., 2005). In intercropping
systems, legumes can provide N for intercropped cereals
through N transfer (Rochester et al., 2001). The same
author indicated that soybean crop is capable of
supplying nitrogen for its growth and intercropped cereals
through symbiotic nitrogen fixation, and hence reduces
the need for expensive and environment polluting
nitrogen fertilizer. Maize is a staple food crop for
smallholder farmers in western Ethiopia which is suitable
for intercropping with legume crops. (Aschalew et al.,
1999). The same author indicated that maize is believed
to be the most dependable crop to bring about food self-
reliance and self-sufficiency, being the highest yielding
compared to all cereal crops grown in the country.

Declining soil fertility is fundamental impediment to
agricultural growth and a major reason for slow growth in
food production in sub-Saharan Africa. Low soil fertility
due to monoculture cereal production systems is
recognized as one of the major causes for declining per
capita food production. Therefore, soil fertility
replenishment is increasingly viewed as one of the critical
to the process of poverty alleviation (Asfaw et al., 1998).
This is generally true for Ethiopian agro-ecologies,
particularly for a dominant maize based mono cropping
system of western Oromiya. Sustainable crop production,
therefore, requires a careful management of all nutrient
sources available in a farm, particularly in maize based
cropping systems. These include inorganic fertilizers,
organic manures and integration of legume crops in
cereal based mono cropping (Wakene et al., 2007). The
objective of this study was therefore; to investigate the
effect of intercropping maize and soybean on nodulation
and yield traits of the companion crops under combined
application of FYM and NP fertilizer.

MATERIALS AND METHODS

The experiment was conducted for two consecutive years (2010-
2011) at Bako Agricultural Research center (BARC). The centre is
located in the Western part of Ethiopia which lies at a latitude of 9°
6 N; longitude of 37° 9 E and at an altitude of 1650 m above sea
level. It has a warm humid climate with annual mean minimum and
maximum air temperatures of 13.5 and 29.7°C, respectively. The
area receives average annual rainfall of 1237 mm with maximum
precipitation being received in the months of May to August. The
soil of the experimental site was reddish-brown, Nitosol, which is
acidic with a pH of 5.2-5.6. The experimental site was low in
available nitrogen and phosphorus contents which could be
because of mono-cropping history of the experimental site.
Soybean varieties and integrated organic and inorganic fertilizers
were the two main factors. Two soybean varieties (Didessa, and
Boshe) were used. Didessa is a medium maturity type (135-145
days to maturity) whereas Boshe is early maturity type. Both crops
are highly adaptable to areas of mid and low altitudes. Two
soybean varieties (Didessa and Boshe) were combined with eight
levels of combined inorganic and organic fertilizers (110/46+0,
0+16, 110/46+16, 110/46+ 4, 83/35+4, 55/23 + 8, 28/12+12 and
control, in kg ha® N/P,Os + t hal FYM, respectively) in
intercropping. In addition, sole maize with recommended N/P.Os
and FYM and sole soybean varieties with recommended N and

P,Os were included in the experiment. The levels of manure and
inorganic fertilizers (N and P,0s) were based on recommendation
for sole maize in the area, which are 110/46 N/ P,Os kg ha' and 16
t ha’ FYM for hybrid maize varieties. The experiment was a
randomized complete block design (RCBD) and replicated three
times.

Manure application

In year one (2010), decomposed and dried FYM (20% moisture
content) was applied per treatments and incorporated in to the soil
manually, three weeks before maize planting. The plot was retained
permanently to repeat the experiment in 2011 to evaluate the
residual nutrient availability of applied manure.

Inorganic fertilizer application

Both in 2010 and 2011 years, at planting of maize, half of the N and
full dose of phosphorus was uniformly drilled into the maize rows
and mixed with the soil to avoid contact of the seed with the
fertilizer. The remaining half of N was applied per treatment at knee
height growth stage of maize. For sole soybeans, 100 DAP kg ha™
was drilled into the furrows at the time of sowing.

Planting

A maize variety "BH-543" was sown on May 26, 2010 and June 3,
2011, respectively. The hybrid variety was released by BARC which
requires 1000-1200 mm annual rainfall having 148 days to
physiological maturity. The potential yield of the variety is 8.5to 11 t
ha' at research station and 4.7 to 6 t ha™ at on farm. The size of
each plot was 3.75 x 3.00 m. intercropped soybean and maize that
consisted of five maize rows of 75 cm inter row spacing 30 cm intra
row spacing. Three weeks after sowing of maize (in 2010), the two
soybean varieties were intercropped on 15 June, 2010 in between
two rows of maize. However, in second year, soybean was planted
on 28 June, 2011 after maize planting. Intercropped soybeans were
spaced at 75 cm with intra row spacing of 10 cm. For sole soybean
varieties, however, inter and intra row spacing was 40 x 10 cm,
respectively.

Data collection: Maize

Leaf area (LA) was measured at 50% days to tasseling (90 days
after planting). LA was taken from ten plants and three
representative active leaves per plant. Leaf length and maximum
width were measured. Area of each leaf was determined by
multiplying length by maximum width and constant factor as
described by Burren et al. (1974).

Biological and grain yield (t ha™)

All maize stocks from each harvestable plot were cut just at the
ground level and the aboveground biomass including the cobs was
measured. Grain yield from each net plot was also measured and
finally standard moisture contents, 12.5%. Similarly, yield of
soybean from each plot was measured and the moisture content of
the grain was determined using a moisture tester and adjusted to
standard moisture content (10%).

Harvest index (%)

It was determined as a ratio of economic yield to biological yield.
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Table 1. The effect of varieties and integrated fertilizer rate in leaf area index and plant height of maize component crop in crop mixture.

LAI at tasseling

Pooled means

Plant height (cm)

Pooled mean

Treatment 2010 2011 2010 2011

Soybean varieties

Didessa 3.69 3.4 3.6 238.3 221 230
Boshe 4.07 34 3.7 245.1 222 233
LSD (P<0.05) 0.22 NS NS 5.2 NS NS
NP.Os kg ha' + FYM t ha™

110/46 +0 4.43 3.59 4.01 245.8 223 234.5
0 +16 3.49 3.16 3.32 234.4 218 226.2
110/46 +16 4.03 4.0 4.39 247.2 219 232.9
110/46 + 4 4.27 3.64 4.04 248.9 224 236.2
83/35+4 3.95 3.59 3.77 241.7 217 229.4
55/23 +8 3.99 3.30 3.65 247.8 229 238.4
28/12 +12 3.73 3.47 3.60 241.9 223 2324
control 3.11 2.46 2.78 225.7 218 222.3
LSD(P<0.05) 0.43 0.69 0.79 10.3 NS 13.1
CV (%) 9.5 17 13 3.6 5.9 6.9
Intercropped vs. sole crop

Inter crop maize 3.87 3.4 3.64 241.7 221 231.6
Sole maize ( NP) 3.47 3.1 3.26 232.2 221 226.7
Sole maize( FYM) 3.35 2.7 3.32 235.6 218 227
LSD(P < 0.05) NS NS NS NS NS NS
CV (%) 14 20 16.7 4.8 5.6 5.1

LSD = Least significant difference (P< 0.05); CV = coefficient of variation; NS =not significant; sole M with NP= sole maize sown by
recommended NP fertilizer; sole M with FYM= sole maize sown by recommended farm yard manure.

Soybean
Leaf area index and nodule number

Leaf area (LA) of soybeans was measured at the time of flower
initiation by using leaf area meter. Nodules were collected at the
time of 50% flower initiation by digging from five plants in each plot.
Effective nodules from sampled plants were counted based on their
colour (pink colour) and the mean value of five plants was recorded.

RESULTS AND DISCUSSION
Maize
Leaf area index and plant height

There was significant (P<0.01) differences across the
years in LAl due to the effect of integrated fertilizer
applications of the maize intercrop at time of tasseling,
but there was no significant difference due to interaction
effect of varieties by fertilizer application (Table 1). The
result of pooled means indicated that the highest LAI was
recorded when consecutive recommended 110/46 kg ha™
and 16 t ha™ FYM (in 2010) was applied to the system.

This result with the support of other findings indicated
that there was positive effect of residual nutrients on
growth parameters of the following crops (Ayoola and
Makinde, 2008). However, there was a decreasing trend
from year one to year two, which might be due to
decreasing nitrogen availability from applied FYM. The
lowest LAl was recorded at zero fertilizer application in
each year, which is in agreement with findings of
Faisalabad et al. (2010).

A significant variation was observed in year one due to
varieties and integrated fertilizer application while it was
significantly unaffected in year two. But the pooled mean
result indicated that the highest plant height was
recorded when successive application of 83/35 N/P,Os kg
ha® with 4 t ha™ in year 2010 were applied to the
permanent plot while the lowest was obtained from
unfertilized plot (Table 1). Associated soybean varieties
did not significantly affect leaf area index and plant height
of the maize in contrast with its sole crops both under
recommended organic and inorganic fertilizer rates.
However, higher leaf area index was attained in
intercropped maize than the soles, indicating that the
soybean varieties might have contributed available
nitrogen through biological nitrogen fixation (Tamado and
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Table 2. The effect of varieties and integrated fertilizer application on biomass, grain and harvest index of associated maize in intercropping

system.

Treatment Biomass (t ha™) Pooled Grain yield (t ha™) Pooled Harvest index (%)  Pooled
2010 2011 mean 2010 2011 mean 2010 2011 mean

Varieties
Didessa 22.41 20 21.2 9.11 9.1 9.1 41 46 43
Boshe 22.80 19.4 21.1 9.57 9.0 9.3 42 47 44
LSD (P<0.05) NS NS NS NS NS NS NS NS NS
NP2 Os kg ha™ + FYM t ha™
110/46 +0 22.52 20.2 21.3 9.52 9.6 9.6 43 47 45
0 +16 24.20 19.5 21.9 10.0 8.7 9.4 42 44 43
110/46 + 16 25.80 20.9 23.4 10.5 9.9 10.2 42 48 45
110/46 + 4 22.45 18.7 20.6 9.47 9.3 9.4 42 50 46
83/35+4 22.21 21.4 21.8 8.97 9.3 9.1 40 44 42
55/23 +8 23.13 19.4 21.3 9.74 9.3 9.5 42 49 45
28/12 + 12 23.85 20.5 22.2 9.86 9.3 9.6 42 45 43
Control 16.69 17.2 16.9 6.88 7.2 7.0 40 43 41
LSD(P<0.05) 1.26 NS 1.92 1.14 NS 2.1 NS NS NS
CV (%) 9.6 12.5 11.1 10.4 17.7 14.1 11.1 16.5 13
Intercropped vs. Sole crop
Intercrop M 22.6 19.74 21.2 9.5 9.1 9.21 41.5 44 44
SM ( NP) 21 19.4 20.2 9.4 9.1 9.23 447 46 46
SM( FYM) 23.7 18.6 21.2 10.4 8.33 9.36 44.3 47 44
LSD(P < 0.05) NS NS NS NS NS NS 2.7 NS NS
CV (%) 9.1 13 14 13.4 18 16.1 5.4 17 12

SM = Sole maize; IM = intercrop maize; LSD = least significant difference (P< 0.05); CV = coefficient of Variation; NS = Not significant; sole M with NP
= sole maize sown by recommended NP fertilizer; sole M with FYM= sole maize sown by recommended farm yard manure.

Eshetu, 2000). Similar to leaf area index, plant height of
intercropped maize was not significantly affected by
cropping system.

Biological and economic yield

The result also revealed that both biomass and grain
yield of maize were significantly varied in 2010 as the
result of integrated fertilizer application. In year 2011,
however, it showed no significant different was observed
across fertilizer treatments (Table 2). This similarly
confirmed with other authors that the residual nutrient
availability from the preceding FYM application which
ranged from 4-16 t ha™ of the recommended manure
might significantly increase both biomass and grain yield
(Getachew, 2009). The residual nutrient definitely save
up to 100% cost of inorganic fertilizer in both years and
cost of manure application in second year (2011), as
observed from sole application of FYM. The pooled mean
also indicated that both biological and economic yield
obtained from permanent plots, which were applied by 4-
16 tha™ FYM in 2010 with consecutive application of

28/12-110/46 kg ha™ in each year, were not statistically
different except in unfertilized plot (Table 2). This
response indicated that repeated application rates of
organic manure in every year did not significantly
increase yield and yield components of the main crops
though there is a gradual increase in nutrient availability
from organic manure that would ensure supply of the
crop requirements (Achieng et al., 2010). The lowest
grain yield, however, was recorded from untreated plot.
Moreover associated soybeans did not significantly
increase yield of maize.

Harvest index

The result also indicated that harvest indices (HI) did not
considerably vary across the treatments in each year
(Table 2). However, there was an increasing trend across
fertilizer treatment from year one to year two. This
indicated that there is lower translocation of the nutrient
to economic yield under sufficient nutrient availability than
biological yield. In other words, higher nutrient availability
might enhance the vegetative growth of the crops that
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Figure 1. The effect of varieties and integrated fertilizer application on leaf area per plant (pooled mean)
of associated soybean in intercropping (LSD at P<0.05=226).

may reduce the economic yield. Associated soybean
varieties did not considerably affect the harvest index of
the main crop.

Means of two year data revealed that the effect of
cropping systems due to associated soybean varieties
did not significantly vary on yield and yield traits (biomass
yield, grain yield and harvest index) of the intercropped
maize as compared with soles, which was treated under
recommended organic and inorganic fertilizer application
(Table 2). This result may indicate that maize is the main
dominant crops that significantly compete with the
associated soybean varieties. However, significant
reduction in harvest index for intercropped maize was
recorded as compared to the sole crops.

Soybeans
Leaf area per plant

The result of analysis of variance revealed that significant
variations were observed across the years due to the
effect of varieties and integrated fertilizer application
(Figure 1). The two ways interaction of varieties by
fertilizer application was also significantly affected in leaf
area per plant of the companion crops. A significant
higher leaf area per plant was recorded in 2010 year as
compared to the second year. This variation was
probably caused by variation imposed by time of planting
of the companion crops after maize planting. Didessa
variety generally produced higher leaf area than Boshe
one across various fertilizer rates. This result is in
agreement with other finding (Maheshbabu et al., 2008)
that the higher leaf area was observed when higher

proportions of inorganic fertilizer rates were applied to the
treatment, which might be because of higher availability
of nitrogen. Untreated plots showed the lowest leaf area
for both Didessa and Boshe varieties. The effect of
cropping systems due to associated main crops was
significantly reduced in leaf area per plant of the
companion crops (Figure 2). The significant variations
across the years were also observed, which might be the
result of variation in cropping season. The mean of two
years indicated that about 83 and 68% reduction in leaf
area per plant of Didessa and Boshe varieties were
recorded when compared with their respective sole crops
(Figure 2). This reduction might be due to the maize
shading effect which adversely affected light interception
that result in reduced growth and expansion of
associated soybean in intercropping and the same result
was also reported by Demisew (2002). A part from this,
sole Didessa variety had significantly higher leaf area per
plant as compared to the sole Boshe (Figure 2).

Effective nodule number per plant

Nodule number per plant was significantly affected by
both varieties and integrated fertilizer application across
the years (Figure 3). Higher number of nodules was
recorded in 2011 than in the first year. This higher
number of nodules might be because of improved soil
chemical properties caused by the residual effects of
applied organic manure (Marschner, 1995). Didessa
variety had significantly higher number of nodules when
compared with Boshe. The difference in nodulation might
be probably due to differential compatibility with effective
indigenous rhizobium in the soil of the experimental field.
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Figure 2. The effect of cropping systems on leaf area per plant of associated soybean varieties. Sole D= sole
Didessa;Inter D= intercropped Didessa;Sol B= sole Boshe;inter B= intercropped Boshe.
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(LSD at P<0.05=12.4).

The highest nodule number 52 and 49 were recorded in
2010 from unfertilized plot and recommended application
of FYM (2010), respectively (Figure 3).

Cropping systems caused a significant (P<0.05)
reduction of nodule number when compared with the
respective sole crops (Figure 4). A reduction in 39% for
intercropped Didessa vareity and 22% for Boshe vareity
were attained as compared with their respective sole
crops (Figure 4). This result in agreement with other
finding might possibly be the shading effects of maize
that significantly reduced light interception potential of the
associated soybeans and reduced the photosynthetic
assimilate (Ghosh et al., 2006). Reduced assimilate
might be resulted in limited food supply for associated
rhizobium bacteria, and consequently their atmospheric
fixation capacity were diminished (Tisdale et al., 1999).
Moreover, Sole Didessa variety produced significantly

higher number of nodules per plant as compared to sole
Boshe variety (Figure 4).

Grain yield

The result of analysis revealed that significant higher
grain yield per hectare was obtained from each variety in
year one as compared to year two for both associated
companion crops (Figure 5). This might be caused by the
variation in time of planting after maize planting, 20 days
and 25 days after maize planting in 2010 and 2011,
respectively (Addo-Quaye et al., 2011). Associated
Didessa variety significantly produced higher grain yield
than Boshe variety (Figure 5). This result with other
finding might indicate that medium or late maturity types
of soybeans considerably compete on common resources
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Figure 5. The effect of varieties and integrated fertilizer application on grain year of soybean intercrops (LSD at

P<0.05=0.043).

or it might have escaped the period of more competition
exerted, as the maize crop was approaching to maturity
than the early types (Otieno et al., 2009). The highest
grain yield was recorded for both associated crops when
recommended NP,Os (110/46 kg ha™) and FYM (16 t ha’
) were applied while the lowest was obtained from
untreated plot (Figure 5). However, a significant more
grain yield of Didessa variety was obtained from
unfertilized plot as compared to Boshe. Similar results
with this finding indicated that the fixation capacity of the
associated soybean under limited nutrient might be
enhanced and utilized by the legumes so that the
competitive ability of intercropped Didessa variety is very

high than Boshe even though maize is also competing for
the same common resources (Muoneke et al., 2007).

The effect of cropping systems considerably influenced
grain yield of intercropped soybean varieties when
compared with their respective sole crops (Figure 6). A
significant reduction in grain yield was observed as
compared with the sole ones although population
variations are another factor. The reduction of LAl,
nodule number and other parameters caused by shading
effect might contribute to reduction in grain yield (Figures
2 and 4). The study indicated that shading effect of the
maize drastically reduced the light transmission that may
significantly reduce photosynthetic assimilates (Ghosh et
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Table 3. Yield and Monetary advantage over sole maize monoculture as affected by integrated fertilizer

application.
Total land equivalent ratio Monetary advantage (Eth birr ha™)

Treatments

2010 2011 Mean 2010 2011 Mean
Fertilizers
110/46 +0 1.32 1.18 1.15 4419 4746 4583
0+16 1.17 1.04 1.10 5435 1148 3292
110/46 +16 1.25 1.32 1.28 7579 9314 8446
110/46 + 4 1.13 1.08 1.10 4467 2418 3442
83/35+4 1.02 1.10 1.06 687 3188 1937
55/23+8 1.12 1.08 1.10 3559 2418 2988
28/12 + 12 1.12 1.08 1.10 3906 2529 3218
Control 0.87 0.85 0.86 -3785 -4760 -4272

al., 2004).

Land equivalent ratio and monetary advantage

The result of pooled means evidently signified that yield
advantage obtained due to various combinations of
fertilizer rates ranged from 6 to 28% over the yield of sole
maize obtained under recommended inorganic fertilizer.
Mean of two years indicated that the highest LER (1.28)
followed by 1.15 were recorded when 16 t ha™ FYM in
2010 and consecutive application of 110/46 N/P,Os kg
ha® in both years were applied to the systems,
respectively meaning that 28 and 15% greater area
would be required under sole maize to produce the same
yield as that of combined yield under intercropping
system. The result with support of other finding
(Demisew, 2002; Tolera et al., 2005), however, revealed
the lowest LER (0.86) was without fertilizer uses to
intercrops, validating that limited soil fertility significantly

reduces the productivity of intercropping systems (Table
3). This result indicates that about 14% more area of land
was required to produce the same amount of yield
obtained from maize monoculture sown with the
recommended NP rate.

The result of pooled means also indicated MA of
intercropping ranged from the lowest Birr 1927 ha™ to Birr
8446 ha' under various proportions of fertilizer
applications. Application of both recommended 110/46
N/P,Os kg ha™ and 16 t ha™ FYM resulted in the highest
(Birr 8446 ha™) MA followed by recommended NP (Birr
4583 ha™). This attribute indicates that integrated fertilizer
application with various proportions of NP with FYM
significantly increased MA over the control. However,
there was no gain in monetary advantage without
fertilizer application. It was noted that due to total LER
was less than one, negative value of MA was obtained in
case of unfertilized intercrops. The negative value
indicates a loss of Birr 4272 ha™ from unfertilized
intercrops as compared to the gross benefit obtained



from maize monoculture sown with recommended NP.

Conclusion

Higher plant height and leaf area index was recorded
under different rate of integrated fertilizer application
when compared with the control. The result also revealed
that higher leaf area index was attained in intercropped
maize than the soles though not significant from each
other. Similar to leaf area index, plant height of
intercropped maize was not significantly affected by
cropping system. Significant variation was also observed
on yield of maize due to fertilizer rates. Application of
recommended manure resulted in maximum number of
effective nodules which did not significantly vary with the
control. The effect of cropping system was significantly
reduced in leaf area per plant of the companion crops
(Figure 2). Significant variations across the years were
also observed. The mean of two years indicated that
about 83 and 68% reduction in leaf area per plant of
Didessa and Boshe varieties were recorded when
compared with their respective sole crops. From
economic point of view, intercropping of maize with
Didessa variety under application of 16 tha™ organic
manure resulted in the highest monetary advantage.
However, an integrated use of 12 t ha™ FYM with 28/12
NP,Os kg ha’ saved up to 75% cost of commercial
fertilizer and even cost of manure application for following
years. Alternatively, integrated use of 55/23 N/P,Os kg
ha™ with 8 t ha® FYM also revealed better economic
advantage with some additional yield from soybean
(Didessa variety) without affecting yield of the maize.
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