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An experiment was carried out at the Bornova experimental fields of Field Crops Department of Agriculture
Faculty., Ege Univ., Turkey during 2004-2005 growing season in order to determine biomass yield and silage
quality of corn (Zea mays indendata) mixed with legumes such as various cowpea (Vigna ungiuculata) and
bean (Phaseolus vulgaris) cultivars monocropped or intercropped in same or alternate-rows. Results indicated
that intercropping system affected many characteristics such as plant height, fresh biomass and dry matter
(DM) yield, pH level and crude protein (CP) content and yield of silage material. Intercropped corn with
legumes were far more effective than monocrop corn to produce higher DM yield and roughage for silage with
better quality. Practicing alternate-row sowings and benefiting from climbing types of legumes as component
crop had better performances than same-row sowings and dwarf type legume.
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INTRODUCTION
Maize silage plays an important role as a winter feed in the
livestock industries of many countries. The main reasons for
the popularity of maize for silage are the high yield obtained in
a single harvest, the simplicity for ensilaging and its high
energy value as a feed. However, its major shortcoming is
undoubtedly its low crude protein content, which, on a dry
-1
matter basis, is usually around 70 to 80 g kg dry matter (DM)
(Carruthers et al., 2000).
Intercropping is being advocated as a new and improved
approach to farming. However, it has been avoided because
of the complications of planting and harvesting. Intercropping
involves competition for light, water and nutrients. However,
intercropping usually benefits from increased light interception, root contact with more soil, increased microbial activity
and can act as a deterrent to pests and weeds of the other
crop. There is also evidence that suggests intercropping may
benefit a non-legume which needs nitrogen if the other crop is
a legume, since legumes will fix nitrogen in the soil (Portes,
1984; Avcioglu et al., 2003).
Intercropping of corn with legumes is an alternative to
monocropping of corn and has a number of advantages such
as lower inputs, lower cost of production, and better silage
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quality than monocropping systems. Several studies found
that intercropping of soybean with corn resulted in increases
in biomass yield (20-40%) (Singh et al., 1986) and crude
protein (11-15%) (Putnam et al., 1986). Etebari and Tansi
(1994) reported that when intercropping is used, yield
parameters increased indicating that the current environmental conditions are used more efficiently. Altinok et al. (2005)
pointed out that the use of corn grown for ensilaging and the
seeding of soybean with corn in alternate-rows as 1 corn + 1
soybean or 1 corn + 2 soybeans highly increased the silage
quality and crude protein (CP) content. Smith (2000) informed
that the pole bean+corn mix provided more silage and protein
yield than the monocrop corn, and soybean+corn mix
generally yielded less dry matter and with significantly higher
protein rich silage but, the total protein yield was similar.
This study was conducted to evaluate some agronomical
properties and biomass yield and silage quality of corn mixed
with cowpea and bean cv’s, monocropped or intercropped in
same or alternate-rows under Mediterranean climate
conditions.
MATERIALS AND METHODS
The experiment was carried out during 2004 and 2005 growing season
(Table 1) on a silty-clay loam soil with 7.8 pH (Table 2) at Bornova
experimental area (38°27.236 N, 27°13.576 E) in Ege University, Izmir,
Turkey, at about 2 m a.s.l. with typical Mediterranean climate characteris-
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Table 1. Monthly average temperatures, total precipitations and average humidity recorded at Bornova-Turkey location during the
2004 and 2005 growing seasons.

Month
June
July
August
September
-Σ

2004
26.5
29.0
27.8
23.8
26.8

Temperature (ºC)
2005
1980- 2000
24.9
25.0
29.1
27.6
28.5
27.0
23.5
22.2
26.5
25.5

2004
1.6
1.8
3.4

Table 2. Soil characteristics of the experiment area.

Sand (%)
Clay (%)
Silt (%)
CaCO3 (%)
Salt (%)

Soil (20-40 cm)
32.7
pH
30.6
OM (%)
36.7
N (%)
18.6
P (ppm)
0.07
K (ppm)

7.8
1.1
0.1
0.4
400

Precipitation (mm)
2005
1980- 2000
40.0
8.2
0.3
3.6
0.5
2.1
5.5
17.0
46.3
30.9

Relative Humidity (%)
2004
2005
1980-2000
40.4
45.1
50.0
37.3
45.1
47.0
45.6
45.6
50.0
49.0
50.9
56.0
44.3
45.5
50.8

(227.3 cm) (Table 4), whereas plant height was lowest in
the mixture with dwarf bean (215.1 cm). There was also
significant difference between sowing treatments, samerow sowings having highest average plant height (222.7
cm). Year effect was also significant and average corn
height of second year (222.2 cm) was found higher than
the first year (218.0 cm) (Table 4).
Fresh biomass

tics. The experiment was carried out with a randomized complete block
design with three replicates. Five large-seeded legumes (3 cowpea cv’s
[Karagoz, Akkiz and Endase], 1 pole bean cv [Alman Ayse] and 1 dwarf
bean cv [Magnum]) were seeded as monocrop or intercropped with corn
cv [Dracma] in same or alternate-rows (Table 3). The soil was harrowed
10 days before planting, after which 100 kg ha-1 of N, P and K, respectively,

were broadcast and disked to produce a smooth seed bed. After 2 weeks of
corn seeding, corn monocropping plots received an extra 100 kg N ha-1 by
hand-broadcasting to give a total of 200 kg ha-1 in each plot. Corn and
legumes were simultaneously seeded in June 27, 2004 and June 28, 2005,
respectively into a field which had previously been cropped with Lolium
perenne. Each plot was 7 m long in which corn was planted by hand in four
rows with 70 cm row spacing (95238 corn ha-1). Legumes were also sown by
hand between each corn rows or on the corn rows in intercropped plots
(285714 legumes+95238 corn ha-1). None of the legume seeds were
inoculated with Rhizobium. Neither herbicides nor insecticides were used.
Hand weeding by hoe was done once when the corn was app. 20 cm in
height. Plots were harvested at the doughy stage of corn, cutting mid-rows of
plots in order to avoid border effects, by removing at 4-5 cm height on 9 Sept.,
2004 and 12 Sept., 2005, respectively. Corn was harvested from the middle 5
m of the two centre rows, and the legumes from the middle 5 m of the three
centre rows in intercrop plots. Harvested materials were counted, separated,
weighed and dried to a constant weight at 80ºC during 48 h. In each plot 5-6
kg of fresh mixture samples were taken at this stage and were chopped
mechanically then wilted for appr. 24 h. The samples without additives were
pressed using a special apparatus (Petterson, 1988) into glass jars of 3 litres
capacity. The jars were then tightly sealed and kept in storage without light for
appr. 70 days for fermentation. Matured silage samples of each component
were dried at 80ºC for 48 h and ground in a mill and passed through a 2 mm
screen for protein analysis using the Kjeldahl method. pH value of silage
samples was also determined (Alcicek and Ozkan, 1996). All data were
statistically analyzed using analysis of variance (ANOVA) with the Statistical
Analysis System (SAS 1990). Probabilities equal to or less than 0.05 were

considered significant. If ANOVA indicated differences between treatment
means a LSD test was performed to separate them.

RESULTS
Plant height
Corn plant height increased in the mixture with legumes
and the corn mixed with cowpea had the highest value

Total fresh biomass yields increased in mixtures with
legumes and corn mixed with cowpea and climbing bean had
-1
highest fresh biomass yields (94248 - 93193 kg ha ).
Corn+dwarf bean mixture, however, yielded slightly limited
-1
biomass (91493 kg ha ). Least fresh biomass yield was
-1
obtained from monocropped corn (89210 kg ha ). Sowing
techniques, also significantly affected biomass production and
-1
alternate-row sowings (95085 kg ha ) yielded better than
-1
same-row sowings (90201 kg ha ). There were also
significant differences between the years in terms of fresh
biomass yield and the average yield of second year (93580
-1
-1
kg ha ) was better than previous year (91709 kg ha ) (Table
4).
Dry matter (DM) yield
Any significant difference was not observed among the DM
yields of tested mixtures and monocropped corn. On the
contrary, difference between sowing techniques was signify-1
cant and alternate-rows (25052 kg ha ) yielded better than
-1
the same-row sowings (23131 kg ha ). Effect of years on DM
yields were also significant. Second year average (24569 kg
-1
-1
ha ) was found higher than first year (23614 kg ha ) (Table
4).
Silage pH
The mixtures tested were highly effective on silage pH
compared to monocropped corn and most favourable pH
level was provided by monocropped corn (3.22). Sowing
techniques were also effective on silage pH and same-rows
(3.50) had more favourable pH levels than alternate-row sowings (3.74). Significant effect of years on the silage pH were
also recorded and average silage pH in first year was better
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Table 3. Treatments of cropping systems and descriptions.

No.
1
2
3
4
5
6

on the same-rows
C:
Corn monocrop (control)
C+Kr: Corn + cowpea (Karagoz cv)
C+Ak: Corn + cowpea (Akkiz cv)
C+End: Corn + cowpea (Endase cv)
C+Alm: Corn + bean (Alman Ayse cv)
C+Mg: Corn + dwarf bean (Magnum cv)

On the alternate-rows
Corn monocrop (control)
Corn + cowpea (Karagoz cv)
Corn + cowpea (Akkiz cv)
Corn + cowpea (Endase cv)
Corn + bean (Alman Ayse cv)
Corn + dwarf bean (Magnum cv)

Table 4. Corn plant height, fresh biomass, DM yield, pH level, CP concentration and yield of silage material as affected by
mixtures and sowing systems at Bornova.

Corn plant
height (cm)

Mixtures
C
208.0
C+Kr
227.3
C+Ak
224.9
C+End
224.8
C+Alm
220.5
C+Mag
215.1
LSD
4.9
F-test
**
Sowing techniques
Same-rows
222.7
Alternate-ro
217.5
LSD
2.9
F-test
**
Year
2004
218.0
2005
222.2
LSD
2.8
F-test
**

Fresh biomass
-1
(kg ha )

Silage
pH
3.22
3.71
3.75
3.70
3.82
3.56
0.17
**

Silage crude
-1
protein (g kg )

Silage protein
-1
yield (kg ha )

89210
94248
93193
94215
93500
91493
1250
*

Dry matter yield
-1
(kg ha )
23778
24664
24216
24157
23947
23787
ns
ns

84
111
108
110
100
95
4.7
**

1974
2721
2606
2629
2386
2246
186
*

90201
95085
720
*

23131
25052
426
**

3.50
3.74
0.11
**

99
103
2.8
**

2285
2573
165
*

91709
93580
721
*

23614
24569
425
**

3.55
3.70
0.10
**

100
103
ns
ns

2340
2516
167
*

*Significant at P 0.05; **significant at P 0.01; ns = non-significant.

than the average of succeeding year (Table 4).
Silage crude protein (CP) content and yield
CP content and yields of silage increased noticeably in
mixtures. Corn mixed with cowpea cultivars possessed better
-1
silage CP rates (108-111 g kg ) and CP yields (2246-2721 kg
-1
ha ) than the other treatments. Sowing techniques were also
significantly effective on average CP rate and yield. Alternate-1
-1
row provided better rate (103 g kg ) and yield (2573 kg ha )
-1
-1
than same-row sowing (99 g kg and 2285 kg ha ),
respectively. CP rates were not significantly different between
the years, whereas average CP yield of second year (2516
-1
kg ha ) was significantly higher than the first year.
DISCUSSION
Mixed grown cereal and legumes have many advantages in

terms of growth and some other agronomical properties
(Singh et al., 1986; Putnam et al., 1986). There are also
significant handicaps of mixed grown component crops such
as root competition for water and nutrients and competition
for light (Ofori and Stern, 1987; Portes, 1984). In the study,
although the light and nutrient competition created obstacles
for corn and legumes in mixed vegetation, increases in corn
heights can be attributed to the nitrogen provided by
component legumes. Herbert et al. (1984) stated that the
legume component of mixture fixing N from the atmosphere
increased CP content and total yield and also enhanced the
height and yield of the component crops. In this respect,
cowpea cultivars were found to be more effective than
beans due to their larger habitus. Similar observations were
reported by Etebari and Tansi (1994). Average plant heights
of crops sown in same-rows were higher than the crops in
alternate-rows suggested that, N flow from legumes was
also highly and positively effective on corn crops in same-
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rows. In a previous study, Singh et al. (1986) reported that
legumes have a significant role on enrichment of soil nitrogen
and N uptake of accompanying corn crop. It was also
observed that year effect on plant height was significant and
second year average was higher than the first year, most
probably due to the average monthly temperatures in the
study site was consistent with the 20-year average,
providing better humidity and precipitation for the maturation
of crops in 2005 compared to 2004 (Table 1).
Fresh biomass production of mixtures was higher than
monocrop corn due to the contributions by legumes in the
mixtures. Some researchers reported that, legume contribution to corn in mixtures was significant and increased the total
biomass yields of mixtures (Martin et al., 1998; Smith, 2000).
There were also significant differences in total biomass yields
of different legumes mixed with corn. Cowpeas and climbing
bean performed better than dwarf bean. It may also be
suggested that climbing type of legumes with their higher
biomass production contributed better than dwarf type to total
yield of mixtures. Our results were in accordance with the
indications of Smith (2000) who reported that climbing type of
legumes as companion crop were superior than dwarf type
legumes in mixtures with corn. Overall fresh biomass yields of
surveyed crops indicated that total yield of mixtures sown in
same-rows were limited compared to alternate-rows. It may
be concluded that competition for water and plant nutrients in
the soil decreased the yield of component crops densely
populated in the same-rows compared to alternate-rows. In a
previous study, Putnam et al. (1986) pointed out that the
density of mixed crops per unit area was the factor most
closely correlated with total yield of mixture and hence the
factor was most affected by competition. Fresh biomass yield
in second year was also higher than first year, most probably
due to the favourable summer conditions including relatively
high humidity in 2005.
DM yield characteristic is a very dependable parameter in
agronomical studies (Herbert et al., 1984; Martin et al., 1990).
Although the DM yields of mixtures were highly different,
results in the experiment indicated that these variations were
not significant statistically. Average DM yields of sowing
techniques imposed in the study displayed a significant
difference between alternate and same-row sowing. Former
had better yield than other treatment. It may be concluded
that this result may be due to reason of the negative effect of
competition in same-row sowing. Our findings are in
accordiance with Avcioglu et al. (2007) results. They also
stated that preferring crops with similar growth rhytmes in
mixtures and sowing alternate-rows had better yield
performances than same-row treatments. On the contrary,
Essah and Stoskopf (2002) pointed out the superiority of
same-row mixtures over alternate-row treatments. Average
DM yield in second year was higher than the yields of the first
year, probably because of the favourable climatic conditions
of second year as discussed in biomass yield.
Corn or corn+legume mixtures are widely practiced and are
important source of silage material in livestock husbandry (Smith,
2000). And also silage quality is many times more significant
property than quantity. According to McDonald et al. (1991),
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in many cases silage pH and CP contents are most
dependable parameters of silage material. Silage pH levels of
mixtures were higher than corn silage which had favourable
pH level. Although higher pH levels in silage are not preferred
in feeding, these pH levels of samples in the experiment were
also within acceptable limits (Petterson, 1988; Alcicek and
Ozkan, 1996). It may be concluded that legumes in mixtures
increased pH values of silage material and decreased the
silage quality relatively. These results may also be attributed
to the total yield increases in mixtures and higher CP
contributions of legume components which are poor in terms
of carbohydrate contents. Many researchers confirmed our
findings reporting that legumes had limited advantages in
ensilaging (Carter et al., 1991; Carruthers et al., 2000).
Some researchers also pointed out the significance of CP
content in addition to the CP yield of silage in livestock
farming (Ofori and Stern, 1987; McDonald et al., 1991;
Avcioglu et al., 2003). Silage CP contents and yields of differrent mixtures and monocrop corn in the experiment were
significantly different. Mixtures possessed higher CP contents
and yields. These results suggested that the contributions
provided by legume components in the mixtures increased
the CP contents and yields of silages. Alternate-row sowing
resulted in higher silage CP content and yield compared to
the same-row treatment, resembling the results of other
parameters tested in the experiment. It was concluded that
higher average biomass and DM yields of alternate-row
treatments resulted in higher CP yield. Some previous studies
on soya beans and other legumes intercropped with corn also
showed that sowing techniques are highly effective on silage
CP content and yield which is closely related to biomass and
DM yields of mixtures (Carruthers et al., 2000; Altinok et al.,
2005).
As conclusion, intercropped corn with legumes are far more
effective than monocrop corn to produce higher DM yield and
silage material with better quality. Practicing alternate-rows
and benefiting from climbing type of legumes as component
have better performances than same-row sowings and dwarf
type legumes.
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