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Abstract: Common bean (Phaseolus vulgaris L.) is an important grain legume for food and cash of
the smallholder farmers worldwide. However, the total potential benefits to be derived from the
common bean as a source of food and income, its complementarities with non-legume food crops,
and significance to the environment are underexploited. Intensification of common bean could
provide approaches that offer new techniques to better manage and monitor globally complex systems
of sustainable food production. Therefore, this study tried to assess the productivity of common
bean bushy varieties when are involved as part of an intercrop with maize (Zea mays L.) in varying
agro-ecological zones. The factors evaluated were the cropping seasons/years (S) (2015 and 2016),
agro-ecological zones (A) above sea level (lower 843 m, middle 1051 m, upper 1743 m), and cropping
systems (C) (sole, intercrop). The data collected were the total biomass, number of pods per plant and
seeds per pod, 100-seed weight as yield components, and grain yield. Bean and maize grain yields
were used to calculate the partial (P) and total land equivalent ratio (LER). Results indicated that the
main effects of S, A, C, and the interaction effects of S × A, S × C, S × A × C were significant on bean
grain yields. Interactions of S × A × C were also significant on all measured variables. Results also
indicated that continuous intercropping of bean with maize over two cropping seasons resulted in the
increase of bean grain yields from 1.5 to 2.3 t ha−1 in the lower altitude, 2.0 to 2.3 t ha−1 in the middle
altitude, and 1.8 to 2.9 t ha−1 in the upper altitude. Land utilization advantage of intercrops over
monocultures yielded a total LER of 1.58, whereas the average partial land equivalent ratio (PLER) of
individual beans was 1.53.
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1. Introduction

Sustainable intensification of agricultural systems is important in the present and future world’s
food demand [1,2]. Intensification may increase food production, whereas sustainability ensures a
continuous supply of food [3]. The increase in the world’s population by 2050 is projected to be around
9.1 billion (34% higher than today), and food production will need to increase by 70% [2,4]. This
projection indicates that more food is to be produced using less land, while other resources, including
water and energy, will become the limiting factors [5]. There are still some promising advances in
agricultural science and technology that have contributed to remarkable increases in food production,
and the global agriculture growth is 2.5–3 times over the last 50 years [6,7]. Further, the methods
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of global food production must change to minimize the impact on the environment and support
the world’s capacity to produce food in the future, including contribution to climate change, soil
degradation, water scarcity, and destruction of biodiversity [8,9]. The impact of food production on
the environment defines the land, methods deployed, and availability of water and soil resources, but
there are trade-offs between environmental factors but without methods superior to others on ensuring
environmental sustainability [10].

An increase in food production and availability without much impact on the environment
is an important element of environmental sustainability [3,11,12]. The sustainable food system is
composed of the environment, the people, and processes by which agricultural and farmed products are
produced, processed, and brought to consumers without compromising the health of the ecosystems
and vital cultures that provide food [13]. Farming systems in densely populated areas are defined
by environments, altitude, precipitation during the crop growing season, latitude, and soil pH on
one side, and biological significance to the crop species on the other [14–18]. Keba [19] indicated that
environmental heterogeneity contributed much to the variations in crop performance and suggested a
need for diverse environments in the evaluation of various crop genotypes. According to Tittonell
et al. [20], the potential crop growth is site-specific, determined by variety and climate, but its actual
yields are influenced by the interactions of local growth-limiting and reducing factors. Apart from
other crops, grain legumes, such as common bean (Phaseolus vulgaris L.), peas (Pisum sativum L.), and
pigeon pea (Cajanus cajan (L.) Millsp.), are commonly grown worldwide [21,22]. Other important grain
legumes are groundnut (Arachis hypogaea L.), chickpea (Cicer arietinum L.), soybean (Glycine max L.),
and cowpea (Vigna unguiculata L.) [23]. Depending on the cropping systems, the average grain yields
of these crops are 0.5–1.5 t ha−1 [24–26] relative to the potential grain yield of 1.5–3.5 t ha−1 using
varieties improved for high yielding [18,26,27]. Common bean fetches 2 to 2.5 times higher prices, on a
weight basis than cereal crops like maize and, therefore, becomes an important component crop of
maize intercrop [28,29] or as an understory in banana-coffee-based farming systems [30].

Common bean can improve soil fertility through the fixation of atmospheric nitrogen (N2) in
symbiosis with rhizobia [31,32] and decomposition of its residues [18,33]. Under optimal conditions,
common bean cultivation up to 72% of N derived from fixation has been obtained, and, in longer
growing seasons, these are up to 125 kg N ha−1 [31]. Nevertheless, farmers are aware of soil
fertility improvement through affordable options, such as improved fallow, agroforestry, crop rotation,
intercropping, and transfer of biomass [34,35]. Intercropping overcomes risks associated with the
complete failure of one of the component crops [18,36]. The farmers’ primary objective in maize and
common bean intercropping is to optimize the productivity of maize, while a secondary objective is to
produce good quality bean grain yields [37,38]. Intercropping aims to match efficient crop demands to
the available growth resources and return from labor [39]. The advantages derived from intercrops
arise from positive interactions in facilitation and complementarity as crops in mixtures differ in
requirements and acquisition of water, light, and nutrients [40,41]. Common bean is a short duration
crop (2.5–3 months), a characteristic that also permits its production during short rains [22,26]. Selection
of compatible crops to be cultivated in mixtures and consideration of their sowing densities, time of
introducing a legume crop in the system relative to the cereal crop, and demand for labor are important
management approaches [39]. Sustainable intensification of rotations of food, cash, and N2-fixing grain
legumes like a common bean with a non-N2-fixing staple and cash cereal crop like maize could provide
approaches that offer new techniques to better manage and monitor globally complex systems of
sustainable food production on smallholder farms. Therefore, this study summarized and interpreted
results for the intercropping system in three different altitudes, whereas the other article from Nassary
et al. [22] focused on describing the intercrop system and looking for the management options to
further improve the system.

Rotational cultivations of cereals with grain legumes and/or cereals with the intercrops of cereals
and grain legumes are important in contributing to the maintenance of soil health and N nutrition,
as well as breaking the cycles of reducing factors, including insect pests, weeds, and diseases [18].
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The same practice reduces the costs of crop production associated with the use of chemicals in controlling
these reducing factors. Crop rotation reduces costs of equipment and peak labor requirements for field
operations, increases interactions between the local community, and produces buffer market price
fluctuations as they give direct sales [30]. Cereals and grain legumes sown in mixtures (diversification)
and then rotated with pure cereals and/or grain legumes represent a sustainable intensification
technology of improving food security for smallholder farmers [30]. The potential niche of grain
legumes is wide due to their importance as a source of food and income, which is also displayed by
the range of varieties and differences in their growth characteristics. The yields of grain legumes are
often low, but their production is labor-intensive for sowing, plant management (fertilization, weeding,
spraying), harvesting, threshing, and storage [22,30]. In terms of yield productivity and return from
labor, farmers may find that rotation of grain legumes and cereals is not an attractive practice [18,30].
However, literature shows that the impact of grain legumes on the subsequent cereals is highly variable
due to the effects of agro-ecologies, the status of the soil fertility, type and variety of the crop, and plant
management options [18]. Therefore, assessing the benefits derived from rotations of different varieties
of grain legumes with cereals will provide more grounds for the intensification and adoption of grain
legumes than the continuous cultivation of cereals as an alternative technology for sustainable food
production of smallholder farmers.

2. Materials and Methods

2.1. Description of the Study

This study was conducted in the northern highlands of Tanzania, and the experimental site is
located between latitudes 02◦30′ and 03◦29′ and longitudes 30◦30′ and 37◦10′. The land-use types
are diverse, including agriculture (46%), grazing (27%), forest (14%), and mountain and snow land is
13% [42]. The larger (87%) population of the region constitutes smallholders in farming and livestock
husbandry (Figure 1). The climate is classified as Tropical Savannah, but it varies considerably because
of the influence of the highest peak (5895 m) Mt. Kilimanjaro. Rainfall is bimodal, including a long
rainy season, which starts in March and ends in June, and a short rainy season, which starts in October
and ends in December [16,22,43].

The area is categorized in agro-ecological zones (AEZs) based on the altitude and the cropping
patterns: (i) Higher zone lies between 1350–1800 m above sea level (a.s.l.) and receives annual rainfall
of 1750–2000 mm; (ii) Middle zone lies between 900–1350 m a.s.l. and receives an average annual
rainfall of 1250–1750 mm; (iii) Lower zone found below 900 m a.s.l. and receives an annual rainfall of
500–1250 mm [16]. In the area, the cropping systems and the AEZs still interact closely in terms of
nutrients movement and run-off, and the soils are generally poor in fertility [16,22].
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2.2. Experimental Design and Treatments

A randomized complete block design (RCBD) was used with fixed factors and treatments being:
(1) cropping seasons (2015 and 2016); (2) agro-ecological zones: (i) lower, (ii) middle, and (iii) upper;
cropping systems: (i) sole and (ii) intercropping. In each agro-ecological zone, there were five variants
replicated four times, including sole maize, sole local bean, sole improved bean, intercrop of a local
bean with maize, and intercrop of the improved bean with maize. The growing seasons were different
according to the altitude, and the consecutive field trials were performed in the same fields, and no
trial moved to a new field. Each plot was 5 m × 3.2 m in size, with a path between plots of 1 m. Hybrid
maize seed Dekalb brands (DK 8031, DKC8053, DKC9089) were used. The three different varieties of
maize used in the three regions are the brands marketed by agro-dealers as adapted to these particular
agro-ecological zones.

Two bushy bean varieties (improved and local) were used throughout the period of
experimentation. An intercrop was designed in such a way that it met various objectives: First, it should
provide sufficient maize population since maize is the main staple food crop of the smallholder farmers.
Second, it should allow sufficient opportunities for common bean to produce a reasonable yield to fix
atmospheric N at its capacity and to produce sufficient residues for soil fertility improvement.

2.3. Sowing, Spacing, and Harvesting

Sowing was simultaneously for both maize and beans, but depending on the onset of rains of the
cropping season in each agro-ecological zone AEZ. Likewise, harvesting of maize and beans differed
due to the maturity cycle and within an altitude. In the lower zone, sowing of both maize and bean was
at once on 29 March in 2015 and 6 April in 2016, whereas harvesting for bean was 2 July and 5 August
for maize in 2015. In the same zone, harvesting of beans was on 16 July and 11 August for maize in
2016. In the middle zone, sowing during the 2015 season was on 26 March, and harvesting of bean and
maize was on 18 June and 29 July, respectively. During the 2016 cropping season, in the same middle
zone, sowing was on 5 April, but the harvesting of bean and maize was on 10 July and 17 August,
respectively. In the upper zone, sowing during the 2015 season was on 3 September, and harvesting of
bean and maize was on 6 December and 5 January, respectively. During the 2016 cropping season,
in the same upper zone, sowing was on 1 September, and harvesting of bean and maize was on 10
December and 7 January, respectively. The overall mean monthly rainfall during the periods of plant
growth in three agro-ecological zones is presented in Figure 2.
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Figure 2. Mean monthly rainfall recorded on a daily basis (and averaged) during the periods of plant
growth in three agro-ecological zones. The small mean monthly rains recorded in the upper zone
(September to November) were expected since the sowing of crops in this zone is usually done during
short rains due to excessive rains during long seasons experienced in from March to June. Crops in the
upper zone benefit from residual moisture and spells of rains.
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Germination tests for both bean and maize seeds were above 98%; so, two seeds were sown per
hole and thinned to one seedling at 14 days after sowing, and the densities are as presented in Table 1.
Fertilizer dozes were applied such that at sowing, triple superphosphate (TSP, 46% P2O5) was applied
in each planting hole at a rate of 25 kg P ha−1 based on the initial soil tests [22]. Further, fertilizer urea
(46% N) was applied at a rate of 120 kg N ha−1 to each maize plant 21 days after sowing [22,43].

Table 1. An indication of the sowing density of maize and common bean seeds.

Crop Cropping Sowing
Space (cm) Plants/Hole Plants/Row No.

Rows/Plot Plants/Plot Plants/ha
equiv.

Maize Sole 80 × 30 1 17 5 85 41,666
Maize Intercrop 80 × 30 1 17 5 85 41,666
Bean Sole 40 × 10 1 51 9 459 286,875
Bean Intercrop 80 × 10 1 51 4 204 127,500

2.4. Data Collection

Plants of the inner rows in each plot were identified and tagged with blue-colored strings for the
measurements. In sole bean, only plants in the inner seven rows (total of 35 plants) were randomly
selected, and the measurements were taken. In bean intercropped with maize, plants from two
innermost rows (total of 15 plants) were randomly selected for the measurements. In maize, eleven
plants from the inner three rows were identified and used for the study of dried grain yield and in the
calculation of land equivalent ratio (LER) with the bean. Only results of the cropping systems (sole
and intercrops) in each agro-ecological zone were involved in the determination of LER as the pooled
means of the two cropping seasons (2015 and 2016). At harvest of the bean, plants were harvested
by cutting at the ground level and weighed for the total weight determination, then threshed, and
grains were weighed for dry grain yield determination. Of the harvested plants, ten plants (among the
same used for other measurements) were randomly selected, and counting of pods was done in each
plant before threshing for determination of the number of seeds. Data collection in maize at harvest
followed the same procedures as for common bean with few modifications.

2.5. Statistical Analysis

The fixed main effects were the cropping seasons, agro-ecological zones, and cropping systems,
whereas replicate blocks were treated as the random effect. The interactions of these factors were also
tested. The effects of significant treatments were isolated by a posthoc Tukey’s-HSD test at a threshold
of 5%. The land utilization advantages of common bean in maize mixtures were compared by the land
equivalent ratios (LERs), with PLER being the partial LERs of maize or common [44]:

LER = PLERmaize + PLERcommon bean (1)

where,

PLERmaize =
Yield of maize in intercrop

Yield of maize in monoculture
(2)

PLERcommon bean =
Yield of common bean in intercrop

Yield of common bean in monoculture
(3)

3. Results

3.1. Effects of Cropping Seasons, Agro-Ecological Zones, and Cropping Systems on Bean Performance

The main effects of the cropping seasons and variations of agro-ecological zones were only
significant on the number of pods per bean plant but not on other measured variables. On the other
hand, the main effect of cropping systems was significant on the measured bean grain yield and
the attributes of yield. The significantly larger bean grain yields (2.9 to 3.0 t ha−1) were obtained in
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monoculture bean compared with grain yields (1.9 to 2.1 t ha−1) obtained in beans intercropped with
maize. Results also indicated that total biomass followed a similar trend of grain yield where the
significantly larger biomass yield (5.5 to 7.4 t ha−1) was obtained in monoculture beans relative to the
biomass yield (4.3 to 5.0 t ha−1) obtained in beans intercropped with maize (Table 2).

The main interaction effects between cropping seasons and agro-ecological zones, cropping
seasons and cropping systems, and the interactions among cropping seasons, agro-ecologies, and
cropping systems were significant on bean grain yield. Results showed that continuous intercropping
of a local bean with maize over two cropping seasons (2015 and 2016) resulted in the increase of bean
grain yields by 53% (1.5 to 2.3 t ha−1) in the lower altitude, 15% (2.0 to 2.3 t ha−1) in the middle altitude,
and 61% (1.8 to 2.9 t ha−1) in the upper altitude. Also, intercrops of the improved bean with maize had
grain yield advantage of 162% and 52% in the lower and upper altitudes but with a yield drop by 86%
in the middle altitude (Figure 3). The interactions of cropping seasons and agro-ecological zones were
also significant on other measured variables except for the number of seeds recorded in a pod. Further,
the interaction effects between cropping seasons and cropping systems on one side and between
agro-ecological zones and cropping systems on the other were significant on the number of pods per
bean plant and 100-seed weight. Also, results indicated that the interactions of cropping seasons,
agro-ecological zones, and cropping systems were significant on all measured variables (Table 2).
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Table 2. Grain yields, total biomass, number of pods per bean plant, number of seeds per pod, and weight of 100-seeds of the common bean as affected by the cropping
seasons, agro-ecological zones, cropping systems, and their interactions.

Factors Sub-Factors Measured Variables in Common Bean

Grain Yield (t ha−1) Biomass (t ha−1) Pods per plant Seeds per pod 100-seed wt (g)

Seasons/years (S) 2015 2.45 5.52 12a 3 37.31
2016 2.54 5.63 9b 2 33.28

Agro-ecological zones (A) Lower agro-zone 2.22 4.82 6b 3ab 33.01
Middle agro-zone 2.64 6.27 7b 3ab 37.78
Upper agro-zone 2.63 5.63 12a 2b 35.09

Cropping systems (C) Monoculture local bean 2.97a 7.44a 13a 3a 25.83c
Monoculture improved bean 2.94a 5.54ab 5c 2b 49.66a

Intercropped local bean 2.13b 4.98b 10b 3a 23.52c
Intercropped improved bean 1.94b 4.34b 5c 2b 42.16b

3-WAY ANOVA (F-stat.)
S 0.16 (P = 0.717) 0.04 (P = 0.858) 126.14 (P = 0.002) 0.001 (P = 0.976) 7.65 (P = 0.070)
A 1.73 (P = 0.219) 1.00 (P = 0.395) 22.75 (P < 001) 3.90 (P = 0.050) 2.45 (P = 0.128)
C 12.19 (P < 001) 5.77 (P = 0.002) 31.23 (P < 001) 5.00 (P = 0.004) 70.14 (P < 001)

S×A 11.12 (P = 0.002) 10.97 (P = 0.002) 37.15 (P < 001) 0.87 (P = 0.443) 6.96 (P = 0.010)
S×C 3.64 (P = 0.018) 1.80 (P = 0.159) 6.02 (P = 0.001) 0.96 (P = 0.417) 3.17 (P = 0.031)
A×C 1.33 (P = 0.261) 0.93 (P = 0.481) 3.97 (P = 0.002) 1.91 (P = 0.095) 2.98 (P = 0.014)

S×A×C 4.11 (P = 0.002) 2.58 (P = 0.028) 5.51 (P = 0.002) 2.49 (P = 0.034) 3.61 (P = 0.004)

Means in a column for each of the measured variables bearing different letter(s) differ significantly.
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In the lower zone, a significant relationship in improved bean variety when intercropped with
maize was between the number of pods per bean plant and the total biomass (r = 0.71; P = 0.0485).
In the middle zone, the significant relationships were between total biomass and 100-seed weight
(r = 0.78; P = 0.0212) and with the number of pods per plant (r = 0.83; P = 0.0131) in improved bean
when intercropped with maize. Improved bean intercropped with maize in the upper zone recorded
a significant relationship between bean grain yield and total biomass (r = 0.80; P = 0.0166). On the
other hand, the local bean variety, when intercropped with maize in the middle zone, had significant
relationships between bean grain yield and the number of pods per bean plant (r = 0.78; P = 0.0223). In
the upper zone, the local bean intercropped with maize indicated a significant relationship between
total biomass and bean grain yield (r = 0.75; P = 0.0300) and the number of pods per bean plant
(r = 0.81; P = 0.0155).
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3.2. Land Utilization Advantages of Intercropping Common Bean with Maize

Partial and total land equivalent ratios (LER) were used to assess the land utilization advantages
as one of the benefits derived using intercrops of bushy varieties of common bean with maize on
smallholder farms based on the varying agro-ecological zones. The partial land equivalent ratio of
beans (PLER-bean) was significantly affected by the variation in agro-ecological zones (P = 0.040)
and by the differences in common bean varieties used (P = 0.039) when were intercropped with
maize. There was no significant interaction effect of agro-ecological zones and common bean varieties
on the PLER-bean (Table 3). The partial land equivalent ratio of maize (PLER-maize) and the total
LER of intercropped bean and maize were not significantly affected by the agro-ecological zones,
common bean varieties, and/or their interactions. Intercrops of the local bean with maize produced
larger total LER (1.57) than the intercrops of improved bean with maize (1.48), which averaged to a
PLER of 1.53 (Table 3). Table 4 presents grain yields of maize as affected by agro-ecological zones,
seasons of cropping in years, systems of cropping with the bean, and the interactions of these factors.
The cropping systems-related yield data was used in the calculation of the LER.
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Table 3. Partial and total land equivalent ratios (PLER and LER) of maize and two varieties of common
bean measured in different agro-ecological zones.

Factors Treatments Measured Variables in Common Bean

PLER-bean PLER-m LER-Total

Agro-ecological zones (A) Lower zone 0.67a 0.72a 1.38a
Middle zone 0.80ab 0.78a 1.58a
Upper zone 0.84b 0.76a 1.61a

S.E.D. 0.054 0.09 0.12
p-value 0.040 0.793 0.21
CV (%) 9.9 17.4 11.1

Bean varieties (V) Improved bean 0.73a 0.75a 1.48a
Local bean 0.81b 0.76a 1.57a

S.E.D. 0.0368 0.08 0.08
p-value 0.039 0.998 0.297
CV (%) 5.6 14.5 5.8

2 -WAY ANOVA (F-stat.)
A 5.77* 0.24ns 2.05ns
V 5.86* 0.001ns 1.23ns

A×V 0.44ns 2.05ns 2.6ns

Key: LER is the land equivalent ratio, and PLER-bean and PLER-m are partial LER of beans and maize, respectively;
S.E.D. = standard errors of differences of means; CV = coefficient of variation. Means in a column for each measured
LER bearing different letter(s) for each assessed treatment in a specific category of factors differ significantly; * and
ns are < 0.05 and not significant, respectively.

Table 4. Maize grain yields (in t ha−1) recorded over two cropping seasons (2015 and 2016) as affected
by the agro-ecological zones, cropping seasons (in years), cropping systems with beans, and the
interactions of these factors.

Factors Treatments and Yield Values Statistical Parameters

A: Lower Middle Upper S.E.D. F. Stat. p-value

1.4c 1.8b 2.5a 0.11 54.63 *** < 0.001
S:

2015 2016 S.E.D. F. Stat. p-value

2.1 1.8 0.13 3.77ns 0.084
C:

m + L90 m + Lb Sole S.E.D. F. Stat. p-value

1.7 1.9 2.2 0.21 2.57ns 0.09
A × S:

Lower Middle Upper S.E.D. F. Stat. p-value

2015 1.4b 2.4a 2.3a 0.19 13.06** 0.002
2016 1.4b 1.2b 2.7a

A × C:
Lower Middle Upper S.E.D. F. Stat. p-value

Sole 1.6bc 2.1a-c 2.9a 0.32 0.42ns 0.793
m + Lb 1.6bc 1.7bc 2.3ab
m + L90 1.1c 1.7bc 2.4ab
S × C:

Sole m+Lb m + L90 S.E.D. F. Stat. p-value

2015 2.1ab 2.0ab 2.1ab 0.2747 2.51ns 0.095
2016 2.3a 1.7ab 1.4b

A × S × C:

Zone 2015 2016

m + L90 m + Lb Sole m + L90 m + Lb Sole
Lower 1.1c 1.6bc 1.6bc 1.1c 1.6bc 1.6bc
Middle 2.4a-c 2.3a-c 2.6a-c 1.0c 1.2bc 1.5bc
Upper 2.8ab 2.1a-c 2.1a-c 2.0bc 2.5a-c 3.7a

Maize grain yields were significantly affected by the variation in agro-ecological zones and the interactions of
agro-ecological zones and the cropping seasons. Key: m + L90 = maize intercropped with the improved bean
variety Lyamungu 90; m + Lb = maize intercropped with the local bean variety Mkanamna; S.E.D. = standard errors of
the differences of means; A = agro-ecological zones; S = seasons of cropping (2015 and 2016); C = cropping systems
(monoculture or intercropping); ns = not significant. ** means 0.00 < p ≤ 0.01; *** means p < 0.001.
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4. Discussion

4.1. Performance of Common Bean

The present study provided a better insight that seasons of the year, altitudes, and cropping
systems were the important elements in improving the productivity of common bean in intercrops
with maize on smallholder farms with land shortages. This was supported by the main effects of the
cropping seasons and agro-ecological zones on the production of many pods per bean plant as this had
an implication on the seeds formed and the resultant grain yield. The main effects of cropping systems
were realized on all measured variables related to yield and grain yield itself. The significantly larger
bean grain yields (2.9–3.0 t ha−1) obtained in monoculture beans relative to grain yields (1.9–2.1 t ha−1)
obtained in beans intercropped with maize signified the importance of cropping systems on the overall
productivity of common bean.

Interactions of the cropping seasons with the agro-ecological zones and cropping systems were
significant on bean grain yield. Exceptions of the interaction effects on bean grain yields were observed
between agro-ecological zones and cropping systems, probably due to the lack of the element of
cropping seasons. The increase in bean grain yields in intercrops with maize over two cropping
seasons (2015 and 2016) suggested yield advantage derived from these intercrops, which could be
attributed to the complementarities of growth resources between the bean and maize plants. It was
also likely that there were additional nutrients and improvement of soil quality between the two
cropping seasons during off-seasons. This finding showed the implication of cropping systems on
the productivity of common bean when intercropped with maize [22]. Intercropping common bean
with maize could also be a useful tool in breeding improvement for environmental adaptability due to
associated competitions on one side and niche complementarity on the other [45].

The low bean grain yields obtained in intercrops in the lower and upper zones could be attributed,
probably, to the stiff competition encountered by bean plants from maize plants. Also, rainfall in the
lower zone was little and poorly distributed due to the short cycle, hence induced higher inter-specific
competitions between crops in mixtures. The upper zone is relatively cool due to higher altitude
with closer proximity to the forest belt, which probably retarded bean plants in intercrops with maize.
These arguments were similar to the findings of a study conducted by Matusso et al. [46], who showed
that crops with C4 photosynthetic characteristics, like maize, were competitively dominant in the
system when intercropped with C3 species, like the common bean. Low performance of common
bean in intercrop with maize could also be associated with the short root system of beans and their
shallow distributions, which probably reduced competitive advantage for the growth factors, such
as light, nutrients, water, and space [47,48]. According to Mekbib [49], common bean production is
determined by the interactions of environments and the cropping systems employed. The number
of pods produced by individual bean plant has implications on the grains formed and yield, and the
cropping systems should be a critical factor to consider in each agro-ecological zone. It is also likely
that common bean in an intercrop with maize creates good niche complementarity between each other
for water, light, and nutrients, such as N-fixed, phytoavailability of P from phosphatases, and solubility
of micronutrients, including iron (Fe), zinc (Zn), manganese (Mn), and copper (Cu) [50,51].

The performance of common bean is not significantly influenced by the cropping seasons ×
agro-ecologies × cropping systems interactions, deviating from Keba [19], which might be explained
by the differences in these factors [26]. According to Atuahene-Amankwa et al. [52], evidence of
bean varieties and cropping system interactions indicates the advantages of interactions by selecting
compatible intercrops. Consistent with the findings of the present study, Mebrahtu et al. [53] found that
bean genotypes and management interactions were significant on grain yields of legumes. The inherent
soil properties, agronomic practices, decisions of farmers to allocate resources or combinations of these
have been among the drivers of the variability of crop performance [26].
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4.2. Land Utilization Advantage of Common Bean Intercrop with Maize

There is variability in relationships of the critical variables considered in identifying the
productivity of bean and maize intercrops in each agro-ecological zone. Comparing three agro-ecological
zones, an intercrop of common bean with maize is best suited in the lower and middle zones, and this
could be explained by the growth and branching habit, as well as the nature of canopy architecture
of the studied bush beans [22]. Studies conducted by Atuahene-Amankwa et al. [52] and Woolley
and Rodriguez [54] indicated that positive relationships between common bean grain yields sown in
intercrop with cereals could predict the performance of the bean crop and the overall system productivity.

The variation in agro-ecological zones and differences in common bean varieties used as component
crops to maize were significant on the PLER of bean with the larger PLER-bean recorded in the middle
and upper agro-ecological zones but not in the lower zone. This finding could be attributed to the
increase in organic matter and nutrients pool in the middle and upper zones compared with the
lower zone where livestock grazing is by nomadic pastoralist [16,42]. Further, the larger total LER
(1.58) was obtained in the middle zone, indicating better land utilization advantage over other zones.
The significant PLER of beans as the main effect of the variation in bean varieties could be attributed to
the differences in grain yields between these varieties. The two bean varieties used in the present study
also substantiated the significance of this finding as their individual total LERs ranged from 1.48 to 1.57.
Also, the land utilization advantage derived from intercrops of these bean varieties with maize could
be attributed to their competitive advantages over the effects associated with a component maize crop
for light, nutrients, and water [22,26,55]. These beans also add more residues and nutrients in the soil
after decomposition as they shed most of their leaves on the ground at senescence. The LER obtained in
the present study involving intercrops with common bean and maize was greater than 1.36 obtained by
Alemayehu et al. [56] in simultaneously sown intercrops of maize and common bean. Saban et al. [57]
also reported LER greater than 1 with intercrops of bean and maize. Alemayehu et al. [56] found that
the interaction of cropping and different varieties of common bean had no significant effect on LER,
similar to the findings of the present study. The LERs greater than 1 in all intercrops show advantages
derived from land utilization efficiency of intercropping common bean with maize over sole cropping
of each crop. These findings suggested that more lands would be required in the monoculture of either
of the component crops to produce the same yield obtained from their intercropping [44]. The higher
planting density of ~42,000 plants/ha adopted in the present study was similar to what farmers use
when growing maize in these areas. However, farmers often sow two plants per hole at a spacing
of 60 cm in a row and 80 cm between rows instead of a single plant spaced 30 cm from another in a
row. This causes competition between the maize plants, and the same plants might have competition
from the companion bean plant. Similar competitions due to planting densities might have affected
the yields of both maize and bean crops that might lessen the impact of intercropping. Also, this
may render farmers not to use intercropping due to reduction in maize yields (a prioritized staple
and revenue crop), and the practice increases labor demands for planting and harvesting of crops in
intercrops [18]. Based on the findings of a review synthesized by Nassary et al. [18], the findings of the
present study would also be translated to other (similar) regions. However, the overall increase in total
yield and the return from labor due to field operations under similar settings remain to be an area of
further investigation.

5. Conclusions

In the present article, we summarized the results of two years of field experiments at sites
differing in altitude and, therefore, in soils, rainfall amount and distribution, temperature, and other
environmental effects. The growth of three maize varieties, two bean varieties, and intercrop systems
with maize and bean were tested for yield and yield components. The productivity of a common bean
was importantly determined by the main effects of cropping seasons, agro-ecological zones, and well
designed bean-maize mixtures relative to bean monoculture. The performance of the beans with maize
intercrop was very good, probably, taking into consideration that the number of bean plants was only
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50% compared to the bean field plus maize, where there is some competition from the maize plants.
This study showed high variability of yields between years plus the almost total failure of the beans
in intercrop systems in 2015 in the lower zone and 2016 in the middle zone. The strong variability
in yields between years is a more important focus concerning the reliable food supply and income
of smallholder farms. However, in order to be able to recommend an intercrop system for a certain
altitude, some more trials and more years of experience would be very valuable.
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