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ABSTRACT

This study was conducted to assess the economic benefits of maize-legumes intercrops as influenced by
Rhizobium inoculation. To achieve this aim, field experiments were conducted at Selian Agricultural Research Institute
(SARI) farm in northern Tanzania for two cropping seasons. A randomized complete block design was used in a 3-factorial
arrangement with two levels of Rhizobium (with and without rhizobia), 2 legumes (Phaseolus vulgaris and Lablab
purpureus) and 5 cropping systems (sole maize or sole legumes, 1 row maize to 1 row legumes (1:1) i.e. 0 m or 0.45 m of
legume from maize row, 1 row maize to 2 rows of legumes (1:2) i.e. 0.1 m or 0.2 m of legumes from maize rows).
Economic analysis was done based on simple fiscal analysis. Land equivalent ratios (LERs) for maize-legumes intercrops
were greater than 1 in both cropping seasons indicating resource use efficiency in intercrops compared with sole crop. The
LERs in this study provided insight that, in order to produce the same yields of both legumes and maize in the separate,
more than 100% of land will be required. The results further showed that Rhizobium inoculation significantly (P < 0.001)
increased marginal net return (MNR) and marginal rate return (MRR) for both maize and legumes in the two cropping
seasons. The intercrop maize was most profitable than sole maize with an increase of more than 25% compared with sole
maize. In conclusion Rhizobium inoculation in the maize legumes intercrops resulted in superior and robust improvements
in crop yields and therefore economic benefits, relative to the uninoculated plots. These led to high net return per dollar of

investment and marginal returns in the intercropped plot followed by sole legumes.

Keywords: cropping systems, grain yield, land equivalent ratio, marginal net return, marginal rate return.

INTRODUCTION

Intercropping system is an income augmenting
measure from cereal-legumes field (Tsubo et al., 2005).
Farmers commonly intercrop to secure food production by
averting risk, and to maximize utilisation of land and
labour (Monicah et al., 2010). Although intercrops reduce
the yield of individual crop, the reduction is compensated
by the collective yield and further increased the net profit
to the farmer (Amanullah et al., 2007). The higher gross
return and dietary requirements have been achieved under
intercropping than sole cropping. Amanullah et al. (2007)
and Liu et al. (2006) reported that intercropping leads to
better use of physical resources (solar radiation, mineral
nutrients and water), provide high labour productivity than
sole cropping and reduces risk as compared with sole
cropping. In legume and non-legume association, the
nutrient use efficiency is greater because of the ability of
the legume to fix atmospheric N and made available later
to associated non-legume, thus resulting in higher yield of
non-legume than it is in sole crop yield (Ndakidemi, 2006;
Amanullah et al., 2007).

The long duration legumes such as pigeon pea
and dolichos lablab offered a scope for accommodating
intercrops in between rows, reduced the risk of
dependence on a single crop, provided early and additional
income and hence useful for small and subsistence farmers
(Saleem et al., 2015). The yield increase is not only due to
improved nitrogen nutrition of the non-legume component,

but also to other unknown causes (Takim, 2012).
Competition among mixtures is thought to be a major
aspect affecting yield as compared with sole cropping of
cereals (Ndakidemi, 2006), and a number of indices such
as land equivalent ratio and monetary advantages have
been used to describe competition between component
crops of intercropping systems (Takim, 2012). Land
Equivalent Ratio (LER) is the tool used to study and
evaluate intercropping systems. By using the LER
concept, one is able to compare the production of the
intercrop and express it relative to the yield from a sole
crop system (Beets, 1982). LER indicates the yield
advantage obtained by growing two or more crops as an
intercrop compared with growing the same crops
individually (Dariush, et al., 2006). A study by Dhima et
al. (2007) reported that the LER value of 1, indicates no
difference in yield between the intercrop and the collection
of monocultures while when LER is greater than 1, the
intercropping favours the yield and economic output of the
species. In contrast, when LER is lower than 1, the
intercropping negatively affects the yield and (economic
outputs) of plants grown in mixtures (Dhima et al., 2007).
Fiaban et al. (2008) reported that the LER verifies the
effectiveness of intercropping for using the resources of
the environment compared with sole cropping.

Rhizobium inoculation to legumes has been
reported to stimulate root nodulation and increase
biological nitrogen fixation eventually improving growth
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and yields of the legume crops (Dahmardeh et al., 2010;
Morad et al., 2013) and the benefits are shared to the
neighbouring crop through the improved soil N content
(Nursima, 2009). Tairo and Ndakidemi (2013) and
Mmbaga et al. (2015) reported that the use of beneficial
soil bacteria in legume plants significantly increase the
marginal rate of return and the grain yield of the
intercropped crops. The economic analysis of various
maize-legumes intercrops revealed that the performance of
legume as intercrop was the most profitable one (Segun-
Olasanmi and Bamire, 2010). The maximum economic
benefits or the highest net return were obtained when
cereal crops and legumes were planted at the same time
under intercrops system (Vijay et al., 2014).

Despite the lack of sufficient information about
LERs and monetary benefit and their influence on
component crops in intercropping, risk-averse smallholder
farmers unabatedly continue growing crops in a mixture,
which finally lowers the productivity of the system
(Lawson, 2013). These necessitate the study to evaluate
monetary advantages in the maize-legume intercropping
systems and it is in light of this background that the
present study called for in-depth look at LER and
economic benefits of rhizobium inoculation in the maize-
legume intercrop systems.

MATERIALS AND METHODS

Description of the research experimental site

Two field experiments were conducted at Selian
Agricultural Research Institute (SARI) farm in northern
part of Tanzania (April 2015 to September 2015 and
October 2015 to February 2016). SARI lies at Latitude
3°21°50.08” and Longitude 36°38°06.29”E at an elevation
of 1390masl with mean annual rainfall of 870mm. The
mean maximum temperature ranges from 22°C to 28°C
whiles the mean minimum temperature ranges from 12°C
to 15°C respectively.

Experimental design and planting

Land preparation involved clearing, ploughing,
layout and finally planting. The experimental design
followed a randomized complete block design (RCBD) in
a 3-factorial arrangement with 4 replications per treatment.
The experimental treatments consisted of 2 levels of
Rhizobium inoculation (with and without Rhizobium), 2
legumes (legume 1 being Phaseolus vulgaris and legume 2
being Lablab purpureus) and 5 cropping systems (sole
maize or sole legumes, 1 row maize to 1 row legumes
(1:1) i.e. 0 m or 0.45 m of legume from maize row, 1 row
maize to 2 rows of legumes (1:2) i.e. 0.1 m or 0.2 m of
legumes from maize rows). The field plots measured 4 m
x 4 m with 5 rows of maize spaced at (0.9 m x 0.5 m)
apart and 8 rows of legumes spaced at (0.5 m x 0.2 m).
The plots were interspaced by 1 m to allow management
of crops. The first season crops were planted on 5" April,
2015 while the second season crops were planted on 14%,
November, 2015. Prior to planting, phosphate fertilizer as
triple superphosphate was applied at the rates of 20 kg
P/ha to supply soil P for crops uptake. The fertilizer was

uniformly applied in to the holes and covered with little
soil before planting maize or legume seeds to avoid seeds
burning. The BIOFIX legume inoculants were obtained
from MEA Company Nairobi-Kenya, sold under license
from the University of Nairobi. Maize variety (SEEDCO
503) was obtained from SEEDCO Seed Company in
Arusha and Common bean seeds variety (Lyamungo 90)
and Dolichos lablab variety (Rongai) were obtained from
Selian Agricultural Research Institute-Arusha-Tanzania.
Before sowing, the legume seeds were thoroughly mixed
with Rhizobium inoculants to supply (109cells/gseed),
following procedures stipulated by products manufacturer.
To avoid contamination, the non-inoculated seeds were
planted first followed with the inoculated seeds. Three
seeds were planted and thinned to two plants after full
plant establishment. Interplant spacing was maintained at
0.5 m throughout for maize and 0.2 m for legumes. The
plant density was kept constant on a total plot area basis
set at the optimum for sole crops and kept the same in
intercrops. The plant population density of maize and
legumes were maintained at 44,000 and 200,000 plants per
hectare respectively. Weeding and other agronomic
practices were done manually using hand hoe at different
growth stages of the crop plant.

Yield data collection

Grain yields were determined by harvesting a net
plot area of 16m? of each treatment. Then the cobs/pods
were threshed and the seed yield was determined by
drying the seeds from each yield sample to a constant
weight at 60°C in an oven, weighing the sample with an
electronic scale and then calculating grain yield in Kg/ha
at 14% Moisture content.

Assessment of the advantages of maize/legume
intercropping system

An assessment of land return was made from the
yield of pure stands and from each separate crop within
the mixture. The calculated figure is called the Land
Equivalent Ratio (LER), where intercrop yields are
divided by the pure stand yields for each crop in the
intercropping system and the two figures added together
(Sullivan, 2003).

LER = intercrop maize + intercrop legume
sole maize sole legume

The land equivalent ratio (LER) was used as the
first criterion for mixed stand advantage for both legumes
(common bean and dolichos lablab) and cereal (maize)
(Fiaban et al., 2008).

Economic analysis

Assessment of the profitability of tested
technologies in the production of maize-legumes was
based on simple fiscal analysis. To achieve this, marginal
net return (MNR) was calculated for every treatment using
the formula:

Profit (MNR) =Y x P - TVC
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Where Y is total yield of maize or legumes grain
(Kg/ha), P denote the selling price at farm gate (USD/kg)
and TVC is the total variable costs being the cost of all the
inputs involved in the experiment. It involves all costs
related to production including; labour, fertilizers, seeds
etc.

The selling price at farm gate was estimated to be
Tsh. 1, 900/= equivalent to US$0.86/kg, for common bean

variety Lyamungo 90, Tshs. 2,800/= equivalent to
USS$1.27/kg, for dolichos lablab variety Rongai and Tshs.
550/= equivalent to US$0.25/kg for maize. An exchange
rate of 2,200 Tanzania shillings to 1 USD (June 2016) was
used. Thus the marginal rate of return (MRR) was
computed using the formula:

MRR =MNR/TVC

Table-1. Input cost and labour charges for farming operation.

Input / Labour Unit &/ Amount Ii%li;:;t T(o%zlth(.J)St Total cost (USS)
Common bean seeds variety Lyamungo 90 15 kg 2,500 37,500 171
Dolichos lablab seeds variety Rongai 15 kg 3,000 45,000 20.4
Maize seeds variety SEEDCO 503 12 kg 5,500 66,000 30
Inoculants: BIOFIX legume inoculants 4 packets 2,500 10,000 4.56
Fertilizer (TSP) 1 bag 65,000 65,000 29.55
Land hiring 1 hectare 90,000 90,000 4091
Land preparation Tractor 65,000 65,000 29.55
Planting per hectare (sole+intercrop) 8 10,000 80,000 36.36
Weeding 3 rounds (sole+intercrop) 14 10,000 140,000 63.64
Crop harvesting per hectare (sole+intercrop) 10,000 100,000 45.45
Threshing and processing /100kg (sole+intercrop) 8 10,000 80,000 36.36
Fertilizer application:
Rhizobial inoculation 2 10,000 20,000 9.09
20kg P (sole+intercrop) 3 10,000 30,000 13.64
Total 828,500 376.61

Data analysis

A 3-way ANOVA was used to analyze the data
collected. The analysis was done using STATISTICA
software program 2010. Fisher’s least significant
difference was used to compare treatment means (Steel
and Torrie, 1980), at 5% level of probability.

RESULTS

Results indicate that the highest maize yield was
obtained from 0.45 m of legume from maize row
intercropping combinations while the lowest one was from
sole maize. The highest legume yield was from sole
planting and the lowest one was from 0.45 m of legume
from maize row intercropping combinations (Table-2).
Intercropping of maize with legumes at a mix-proportion
of 2 rows of legumes to 2 rows of maize (1:1) or 1 row of
legumes to 2 rows of maize (1:2) planting patterns gave
higher yield for both cropping seasons (Table-2). The
partial LERmaizc was lower in sole maize compared with
intercrops while partial LERjcgume Was higher in sole
legume compared with intercrops (Table-2). It is expected
that, partial LER of legumes decreased as the proportion
of maize increased in mix-proportions. The partial
LERmaize is higher than 1 in intercrops compared with sole
crop while the partial LERceume 1S lower than 1 but close to
1 in intercrops compared with sole crop (Table-2).

Maximum and minimum LERs of 2.119 and 2.063 for
season 1 and 2.115 and 2.058 for season 2 were attained
when 0.2 m of legume from maize row and 0 m of legume
from maize row intercropping combinations were used,
respectively (Table-2).

Rhizobium inoculation, legumes and
intercropping systems resulted into increased marginal net
of return (MNR) and marginal rate of return (MRR) in
maize crop for both season except for sole maize crop in
cropping season 1 as indicated in Table-3. The results
show that Rhizobium inoculation result to an increase of
27.8% and 17.3% MNR, 28.6% and 17% MRR of maize
relative to un-inoculated treatments for cropping season 1
and 2, respectively. Dolichos lablab-maize intercrop
increased the maize MNR by 29.5% and 18.4%, MRR by
28.6% and 20.4% compared with common bean in
cropping season 1 and 2, respectively. Intercropping
systems increased the maize MNR by 110.1% and 70.5%,
MRR by 191.2% and 73.3% compared with sole maize in
cropping season 1 and 2, respectively.

Rhizobium inoculation increased marginal net of
return (MNR) and marginal rate of return (MRR) of
legumes for both cropping seasons (Table-4). The MNR
increased by 14.4% and 15.8% while MRR increased by
10.9% and 12.4% relative to un-inoculated treatments for
cropping season 1 and 2, respectively. Common bean had
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the highest MNR of 19% and 25%, MRR of 20% and
25.7% than Dolichos lablab in cropping season 1 and 2,
respectively. Sole legumes had the MNR of 16.9% and
17.2%, MRR of 16.7% and 17.5% higher than all
intercropping systems for season 1 and 2 respectively.

The results indicated significant (P<0.001)
interactive effect between Rhizobium inoculation and
legumes; legumes and cropping systems on legumes
marginal net return and marginal rate return for both
cropping seasons (Figures 1-4).

Generally, the total labour cost was very little affected by
the cropping systems but labour requirements for the
different operations differed. Sole cropping required about
30% less labour for planting and 20% more labour for
weeding (data not shown). In both cropping seasons, the
cropping systems with the common bean was highly
profitable than those with dolichos lablab because of high
yields and high price in the market.

Table-2. Grains yield (Kg/ha) and land equivalent ratios of maize and legume in sole crops and intercrop systems for two
cropping seasons.

Cropping season 1 Cropping season 2
Yields (Kg/ha) Partial LERs Total Yields (Kg/ha) Partial LERs Total
Treatments
Maize | Legume | Maize | Legume LERs Maize | Legume | Maize | Legume LERs
Sole maize 812.25 1.0 1.0 973.64 1.0 1.0
Sole legume 1288.88 1.0 1.0 1283.90 1.0 1.0
0.1 mof
legume from 997.06 1107.5 1.228 0.859 2.086 1195.18 | 1117.27 1.228 0.870 2.098
maize row
0.2 mof
legume from 1017.13 | 1118.38 | 1.252 0.868 2.119 1219.23 | 1108.02 1.252 0.863 2.115
maize row
0.45 m of
legume from 1022.00 | 1100.94 | 1.258 0.854 2.112 1225.07 | 1096.12 1.258 0.854 2.112
maize row
0 m of legume
from maize 970.94 | 1118.63 | 1.212 0.868 2.063 1163.86 | 1106.97 1.195 0.862 2.058
row
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Table-3. Effects of Rhizobium inoculation, legumes and cropping systems on profitability and marginal rate of return
(MRR) of maize for two cropping seasons.

Season 1 Season 2
Treatments (l?g/‘ﬁa) TVC (US$/ha) (ll}gg/l;a) MNR (US$/ha) | TVC (US$/ha) | MRR (USS/ha)
Rhizobium
R 38.55+4.31b 195.00+1.17a 0.20+0.02b 84.95+4.98b 195.00+1.17a 0.44+0.02b
R* 53.39+6.63a 195.00+1.17a 0.28+0.03a 102.744+6.55a 195.00+1.17a 0.53+0.04a
Legumes
1 38.03+4.55b 195.00+1.17a 0.20+0.02b 84.33+5.26b 195.00£1.17a 0.43+0.03b
2 53.91+5.41a 195.00+1.17a 0.28+0.03a 103.37+£6.29a 195.00+1.17a 0.54+0.03a
Cropping
systems
1 1.81+0.86¢ 201.26+0.0a 0.01£0.02¢ 42.16+1.03¢c 201.26+0.0 a 0.21+0.01¢c
2 57.91+4.99ab 191.36+0.0b 0.30+0.03ab 107.43+5.98ab 191.36+0.0b 0.56+0.03ab
3 62.92+4.86a 191.36+0.0b 0.33+0.03a 113.454+5.83a 191.36+0.0b 0.59+0.03a
4 64.14+4.66a 191.36+0.0b 0.34+0.02a 114.914£5.59a 191.36+0.0b 0.60+0.03a
5 51.37+6.19b 191.36+0.0b 0.27+0.03b 99.61+7.42b 191.36+0.0b 0.52+0.04b
3-Way ANOVA (F-statistic)
Rhiz 17.88%%* 0.0ns 17.89%** 17.88%%* 0.0ns 17.89%**
Leg 20.50%** 0.0ns 20.26%** 20.50%** 0.0ns 20.26%**
Cr syst 57.54%** 0.0%*** 56.61%** 52.52%** 0.0%** 56.61%**
Rhiz*Leg 0.55ns 0.0ns 0.55ns 0.55ns 0.0ns 0.56ns
Rhiz*Cr syst 1.29ns 0.0ns 1.29ns 1.29ns 0.0ns 1.29ns
Leg* Cr syst 0.57ns 0.0ns 0.61ns 0.57ns 0.0ns 0.61ns
Rhiz;;ig*cr 0.05ns 0.0ns 0.05ns 0.05ns 0.0ns 0.05ns

R°; Without Rhizobium, R*; With Rhizobium, Legume 1: Phaseolus vulgaris; Legume 2: Lablab purpureus; Cropping
System 1, 2, 3, 4 and 5 are sole maize, 0.1 m, 0.2 m, 0.45 m and 0 m spacing of legumes from maize row, respectively;
Rhiz; Rhizobium, Leg; Legume, Cr Syst; Cropping Systems. Values presented are means = SE, n=4. *** = significant at
p<0.001 respectively, ns = not significant, SE = standard error. Means followed by dissimilar letter(s) in a column are
significantly different from each other at p=0.05 according to Fischer least significance difference (LSD)
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Table-4. Effects of Rhizobium inoculation and cropping systems on profitability and marginal rate of return (MRR) of
legumes (Phaseolus vulgaris and Lablab purpureus) for two cropping seasons.

Season 1 Season 2
Treatments MRR
MNR (US$/ha) | TVC (US$/ha) (US$/ha) MNR (US$/ha) | TVC (US$/ha) | MRR (US$/ha)
Rhizobium
R 773.31£19.59b 314.21+0.26b 2.46+0.06b 756.90+20.44b | 314.21+0.26b 2.41£0.07b
R* 903.75+23.63a 327.86+0.26a 2.76+0.07a 899.34+27.96a 327.86+0.26a 2.75+0.09a
Legumes
1 926.354+26.59a 319.39+1.09a 2.90+0.08a 946.55+26.04a 319.39+1.09a 2.96+0.08a
2 750.72+7.60b 322.69+1.09a 2.32+40.02b 709.70+£7.91b 322.69+1.09a 2.2040.02b
Cropping systems
1 960.78+59.74a 321.04+1.81 a 2.99+0.19a 952.48+63.10a | 321.04+1.81a 2.97+0.20a
2 805.26+24.84b 321.04+1.81a 2.51+0.07b 806.94+33.25b 321.04+1.81a 2.5140.10b
3 813.94+24.71b 321.04+1.81a 2.53+0.07b 797.97+£29.90b 321.04+1.81a 2.48+0.09b
4 798.77+21.96b 321.04+1.81a 2.4940.06b 788.58+26.11b 321.04+1.81a 2.4540.08b
5 813.93+31.71b 321.04+1.81a 2.53£0.09b 794.68+39.08b 321.04+1.81a 2.47+0.12b
3-Way ANOVA (F-statistic)

Rhiz 108.52%** 2.03*** 56.19%** 207.64%** 2.03%** 121.42%%*
Leg 196.74%*** 9.18ns 208.98*** 601.76*** 9.18ns 126.67*%*

Cr syst 24.04%%* 5.36ns 23.74%%%* 41.85%%* 5.36ns 41.34%%*

Rhiz*Leg 14.74%** 0.0ns 12.41%** 34.12%** 0.0ns 28.13***

Rhiz*Cr syst 0.65ns 0.0ns 0.69ns 2.21ns 0.0ns 2.16ns
Leg* Cr syst 23.81%** 0.0ns 23.45%%%* 31.78%** 0.0ns 31.37%**
Rhiz” Leg*Cr 0.80ns 0.0ns 0.76ns 1.19ns 0.0ns 1.04ns

Syst

R; Without Rhizobium, R*; With Rhizobium, Legume 1: Phaseolus. vulgaris; Legume 2: Lablab purpureus; Cropping
System 1, 2, 3, 4 and 5 are sole maize, 0.1 m, 0.2 m, 0.45 m and 0 m spacing of legumes from maize row, respectively;
Rhiz; Rhizobium, Leg; Legume, Cr Syst; Cropping Systems. Values presented are means = SE, n=4. *** = gignificant at
p=<0.001 respectively, ns = not significant, SE = standard error. Means followed by dissimilar letter(s) in a column are
significantly different from each other at p=0.05 according to Fischer least significance difference (LSD)
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Figure-1. Interactive effects between Rhizobium inoculation and legumes on Marginal Net Return (MNR)
for two cropping seasons (R: Without Rhizobium, R*: With Rhizobium, C. Bean: Common bean,
D. lablab: Dolichos lablab).
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Figure-2. Interactive effects between Rhizobium inoculation and legumes on Marginal Rate Return (MRR)
for two cropping seasons (R: Without Rhizobium, R*: With Rhizobium, C. Bean: Common bean,
D. lablab: Dolichos lablab).
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Figure-3. Interactive effects between legumes and cropping systems on Marginal Net Return (MNR) for two cropping
seasons (CP1: Cropping system 1, CP2: Intercropping system 2, CP3: Intercropping system 3, CP4: Intercropping
system 4, CP5: Intercropping system 5, C. Bean: Common bean, D. lablab: Dolichos lablab).
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Figure-4. Interactive effects between legumes and cropping systems on Marginal Rate Return (MRR) for two cropping
seasons (CP1: Cropping system 1, CP2: Intercropping system 2, CP3: Intercropping system 3, CP4: Intercropping
system 4, CP5: Intercropping system 5, C. Bean: Common bean, D. lablab: Dolichos lablab).

DISCUSSIONS

The results from this study showed that maize
intercropped with legumes yielded higher than sole
cropping maize. The reason for increased yield in
intercropped maize may be attributed to nitrogen fixing
ability of legumes (Chen et al., 2004), as opposed to sole
maize where no N fertilizer was applied. The partial LERs
for maize intercrops were greater than one while the
legumes had less than one. This indicate that maize
compete more than legumes in the intercrops for growth
resources than when is grown in the sole systems (Sharma
and Behera, 2009). However the higher maize partial
LERs would also have been attributed by legumes

biological nitrogen fixation and soil moisture conservation
in the intercrops that were availed to maize crop compared
with sole maize crop (Ashish et al., 2015). The land
equivalent ratio indices were the greatest in maize
component of the intercropping systems. The total LER
values were higher than one showing the advantage of
intercropping over sole cropping in regard to the use of
environmental resources for plant growth (Chen et al.,
2004). Prasad and Brook (2005) and Takim (2012)
reported LERs of intercrops of greater than unity (1.30 to
1.45), indicating higher efficiency of intercropping
compared with intercrops. In both cropping seasons, the
agronomic advantage of maize and legumes measured in
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terms of LER for grain yield of all intercropping
treatments was greater than unity, indicating higher land
use efficiency of intercrops compared with the sole crops.
Overall, the LERs of all treatments for grain production
were slightly higher in the season 1 than in the season 2
with values for grain ranging from 2.063 to 2.119 in
season 1 and 2.058 to 2.115 in season 2. These indicated
that any combination of legumes with maize increased
land use efficiency by more than 100%. Chen et al. (2004)
and Hauggaard-Nielsen et al. (2001) reported the similar
results on pea-barley, maize-faba bean and bean-wheat
intercrops. The land equivalent ratio indices were the
greatest in maize legumes at all the mix-proportion,
indicating that for the same amount of grain yield more
land area would be required for sole cropping system
compared with intercropping. Searle et al. (1981) reported
that yield levels of intercropped cereals were similar to the
sole crop, indicating little competition from legumes, and
therefore the potential for additional productivity from the
legume component in intercropping systems.

The economic analysis of this study indicated that
Rhizobium inoculated plots significantly (P < 0.001)
increased the marginal net return (net profit) and marginal
rate of return over un-inoculated treatments. A study by
Santalla et al. (2001) indicated more net income in the
maize-legumes intercrop compared with sole cropping of
maize. Higher grain yield and net income under planting
pattern with changing mix-proportions may be explained
in higher total productivity under intercropping with
relatively less input investment (Banik et al., 2006). When
maize crop was intercropped with dolichos lablab gave the
highest marginal net return and marginal rate return than
common bean. This was because dolichos lablab had
broad leaves which conserved more soil moisture (from
field observation), high ability to fix more nitrogen and
being late maturity than common bean. Lawson (2013)
reported that as legumes maturity are delayed, the maize
developed competitive potential which out-competed the
legumes for space and light leading to more returns of
intercropped  maize. This study suggests that
intercropping maize with Rhizobium inoculated legumes
generated greater economic returns than pure-stand maize
in both cropping seasons. Legumes were the most
promising pure-stand and were economically superior to
the one in the intercrops. An overall, net benefit of
intercropped  Rhizobium inoculated legumes with
supplement of maize was economically more profitable for
both pure-stand maize and maize intercrops. The
intercropped maize gave the highest net benefits while the
sole maize gave the lowest net benefits. These were
opposite in the intercropped legumes where the net
benefits were from intercrops and the lowest benefits were
from sole legumes. Highest net return and marginal rate of
return were obtained from maize-legumes intercrops. The
intercrop system was economically feasible relative to sole
crop maize and sole legumes as reported from different
intercrop studies including Segun-Olasanmi and Bamire
(2010); Ndakidemi and Dakora (2007) (maize-cowpea),
Addo-Quaye et al. (2011) (maize-soybean), and Abera et
al. (2016) (maize-common bean). However, the monetary

advantage from the intercrop system decreased as labor
cost to legume grain price ratio increased. Interaction
between Rhizobium and legumes occurred when rhizobial
strains form effective symbioses as they interact with their
own specific host legumes (Denison and Kiers, 2004).
This contributes to maximum nitrogen fixation which led
to more marginal rate and net returns as observed in the
present study. Although legumes had lower yield in the
mixture but are more expensive in markets, sole planting
of them would not reach the profitable level gained with
maize and legumes. The LER significantly affect the
efficiency of intercropping as confirmed by the economic
and land use efficiency values.

The results indicated significant interactive effect
between Rhizobium and legumes; legumes and cropping
systems on MNR and MRR for both cropping seasons
(Figures 1-4). This means that using rhizobial inoculants
in intercropping legumes with maize consistently resulted
in higher net benefits, marginal rate of returns and returns
per $US investment than sole cropping.

CONCLUSIONS

We conclude that intercropping of maize with
Rhizobium inoculated common bean or dolichos lablab in
different planting patterns may affect grain yield,
competition between the crops (maize and legumes), and
economics returns as compared with sole cropping of the
same crops. Regardless of planting patterns, maize-
legumes intercropping had the highest yield advantages
with optimum exploitation of the land and environmental
resources. These led to higher profitability, suggesting
potential increase in household incomes.
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