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Abstract

As a result of declining farmland and increasing food security needs, intercropping is necessary for small-scale farmers in Ethiopia. An
enset-legume intercropping study was conducted for two consecutive cropping seasons during 2020-2021 in the Bensa district to investi-
gate the effect of enset leaf pruning on the growth and grain yield of legumes. The treatments in the experiment involved two levels of
enset leaf pruning (retaining eight and all leaves) with three legume crops (bush bean, climbing bean, and soybean). The sole leguminous
plants were also included, resulting in a factorial arrangement with 12 treatments laid out in a randomized complete block design with three
replications. The results of this study revealed that there were significant differences due to the main effects of legume cultivar on the
number of branches, the number of pod per plants, the biomass, and the grain yield with climbing beans during both seasons. On the one
hand, significant variances were observed due to the main effects of leaf pruning on the number of branches and grain yield during the first
season, while their interaction had no significant variations except for 50% of the days of flowering, in which the shortest day was obtained
from bush beans during both cropping cycles. Enset leaf pruning improved grain yield during the first cropping cycle. Significantly, the
highest legume yield was recorded for climbing beans during the short season due to the main effect of enset leaf pruning, which decreased
in the later growing season. In general, the trends in the data for almost all the parameters showed a drastic decline during the second
cropping season, particularly for bush beans and soybeans. These findings indicated that more enset leaf pruning is needed for bush beans,
particularly soybeans, in the later enset growth stage. Thus, it can be concluded that with wider spacing, climbing beans are promising
cultivars for obtaining a reasonable legume yield under enset intercropping. However, the performance of all the leguminous crops was
nevertheless impaired at the 1.5 x 1.5 m-spaced mature enset plant intercropping growth stage.
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1. Introduction

Enset [Ensete ventricosum (Welw.) Cheesman] is closely related to bananas and belongs to the order Zingiberales and the family Musaceae.
It is an important component of cropping systems and contributes to food security and livelihoods for more than 20 million people in the
highlands of southern and southwestern Ethiopia (Azerefegne et al., 2009). Enset-based agriculture is considered the most sustainable of
the indigenous farming systems in Ethiopia and is able to support dense populations in this country. Nevertheless, with increasing popula-
tion numbers and shrinking farm sizes, traditional farming practices are under pressure to maintain the same levels of productivity. In
addition, the abundance of topsoil in the region has deteriorated due to various factors, such as erosion and soil acidity, resulting in delayed
maturity (Tsegaye and Struik, 2002). In Ethiopia, various enset cropping systems exist (Abebe, 2005). For example, young enset plants are
often intercropped with annual crops, while mature enset is either grown solely or often intercropped with coffee and multipurpose trees
on smallholder farms. However, the use of mature enset intercropped with annual crops is rare, indicating that agronomic practices for
optimum growth and yield of enset and component crops are lacking.

Enset is a starchy staple crop that is high in carbohydrates but low in vitamins and protein, and it contains low levels of essential amino
acids such as methionine and isoleucine (Nurfeta et al., 2008a). Therefore, sustainable intensification and diversification efforts are needed
to improve farm productivity and dietary diversity in enset-based regions. As a result of declining farmland and increasing food security
needs, intercropping is necessary for the majority of small-scale farmers in Ethiopia. Due to the high population density, banana-legume
intercropping is widely practiced in eastern and central Africa (CIALCA, 2010). The land use efficiency of smallholder banana farms in
East and Central Africa can be enhanced through the incorporation of food and/or fodder legumes (Sileshi et al., 2007). Likewise, an
approach using shade-tolerant food legumes could be conceived for intercropping with mature enset plants. Enset intercropping, which
includes Gurage, Hadiya, and Wolaita, is widespread across the southwestern parts of Ethiopia (Belachew et al., 2017). However, only a
limited amount of data supporting best management practices for optimum yields of ensets and components are found in the literature.
Farmers acknowledge that intercropping prolongs the growth cycle of ensets. However, no research data are available to quantify the effects
of such cropping strategies on the performance of enset or other crops in the system (Brandt et al., 1997).

Crop production is primarily the conversion of solar energy to stored food energy (Pimentel and Pementel, 2008), and a reduction in
intercepted sunlight reduces crop production (Nyambo et al., 1982). Light competition is an important factor influencing the yield of
relatively small plants grown under partial shade in an intercropping system. It is clear that large plants such as ensets provide substantial
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levels of shade and influence the growth and yield of smaller intercrops (Davis et al., 1987). In Ethiopia, it is evident that enset leaf pruning
is practiced when plants are intercropped with annual crops. However, it varies between the southern and southwestern regions of Ethiopia.
In the study area, farmers plant enset with dense plantations, without a definite row of plants, and with rare pruning practices. As a result,
some plants may not develop fully and have a stunted appearance. Leaf pruning enhances light penetration to ground level and thus posi-
tively influences legume growth and yield through an increase in the interception of light (Ntawira et al., 2013). However, there are no
quantitative data available on the effect of enset leaf pruning during intercropping on the growth and yield of legumes. Therefore, the
objectives of the present study were to investigate the effect of enset leaf pruning on the growth and grain yield of legumes under inter-
cropping and to identify shade-tolerant legume varieties for intercropping with enset plants.

2. Materials and methods

2.1. Description of the study site

The study was conducted in Bensa District, which is located in the Sidama National Regional State, for two consecutive cropping seasons
(short and long) during 2021. It is located at 38° 27°44”’E longitude and 06° 26°59”’, N latitude approximately 420 km from Addis Ababa.
The altitude of the experimental area is 1894 meters above sea level. The climate of the study area is subhumid with a bimodal rainfall
pattern characterized by a short rainy season and main rainy season. The short rainy season starts in February and ends in May. The main
rainy season starts in late June and extends to early October. The average annual rainfall in the area is 1208.5 mm, and the mean annual
temperature is 19°C. The potential crops grown in the area are enset, coffee, potatoes, cabbage, wheat, barley, maize, and grain legumes
such as Haricot beans for local consumption. The daily rainfall, minimum temperature, and maximum temperature during the legume
growing seasons are presented below (Figure 1).
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Fig. 1: Monthly Rainfall and Mean Minimum and Maximum Temperatures During the 2020-2021 Growing Season at the Bensa Site.
2.2. Experimental materials

The experiment was conducted using three legume cultivars, namely, Hawassa dume, Haramaya, and Awassa-95, and one enset clone
(Genticho) as the test plant. The local enset clone was obtained from Shanta Golba Kebele depending on the agro ecological conditions,
while leguminous cultivars were collected from the Hawassa Agricultural Research Center.

2.3. Treatments and experimental design

The treatments consisted of three legume cultivars, namely, bush bean (Hawassa dume), climbing bean (Haramaya variety), and soybean
(Awassa 95), and two levels of enset leaf pruning (without leaf pruning and with leaf pruning). The sole leguminous plants were also
included, resulting in a factorial arrangement with 12 treatments laid out in a randomized complete block design with three replications.

2.4. Experimental procedures and crop management

The experimental field was prepared manually. In accordance with the specifications of the design, a field layout was prepared. The size
of each experimental unit was 6 m x 6 m, accommodating 4 rows with 16 enset plants per plot. The main crop plant spacing between rows
and plants was 1.5 by 1.5 m, and the plants were 2 years old. The component crops were sown in rows after they had attained the desired
number of leaves, and the planting densities for the common bean and soybean varieties were 10 cm x 30 cm and 5 cm x 50 cm, respectively.
In the pruning treatments, the old enset plant was pruned to a maximum of eight leaves at a frequency of every three weeks, starting at the
sowing of the legumes. A distance of 1.5 m was left between both the plots and the blocks. The sole legumes were planted as controls at
40 cm x 10 cm, 40 cm x 10 cm, and 50 cm x 5 cm for bush bean, climbing bean, and soybean, respectively, for comparison with the
intercropping system. One hundred kg/ha NPS fertilizer was applied uniformly to the legumes just before sowing. One row was used for
destructive sampling from all plots for legumes. Agronomic management practices other than treatment variations will be uniformly applied
to all the experimental plots as recommended and adopted for the crop.

2.5. Data collection

In each plot with legume crops, 5 plants were collected from the center of a (1 m?) net plot for phenology, growth, yield components, and
yield parameters. The number of days to 50% flowering (DF) was recorded as the number of days from sowing to the time when 50% of
the plants in the net plot area showed their first flower. Similarly, the number of days to 90% physiological maturity was recorded for each
plot as the number of days from planting to when 90% of the plant leaves and pods started turning yellow in color. The number of total
nodule plant (NTNP) plants was recorded from the bulk of the roots of 5 randomly selected plants from the destructive rows in each plot
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after the plants were carefully exposed at 50% flowering and uprooted for the nodulation study. Plant height was recorded from 5 randomly
selected plants per plot before harvest, from the base of the plant to the tip of the main stem. The number of primary branches plant* was
counted by taking 5 plants randomly per net plot area at harvest. The number of pods per plant was counted by taking 5 plants randomly
per net plot area at harvest. The number of seeds per pod was counted by taking 10 randomly selected pods from each net plot area at
harvest. The aboveground dry biomass yield (kg ha) was measured at physiological maturity after 5 randomly sampled plants were cut at
ground level and sun-dried. The dry biomass per plant was multiplied by the number of plants in the net plot area to calculate the total dry
biomass yield, which was subsequently converted into kg ha. Grain yield (kg ha'*): This was recorded as the total seed weight obtained
from the net plot area adjusted to 10.5% moisture content at maturity and then converted to kg ha™.

2.6. Data analysis
All the data were subjected to analysis of variance (GLM procedure) using the SAS software program version 9.4 (SAS Institute, 2013).

The homogeneity of variance was evaluated using the F test as described by Gomez and Gomez (1984), and the Tukey range test was
subsequently used to determine significant differences at the 5% probability level.

3. Results and discussion

3.1. Before sowing soil sampling and analysis
The key soil properties analyses of the experimental area are summarized below (Table 1).

Table 1: Physio-Chemical Properties of the Soil

Physical properties Chemical properties

Particle distribution (%) Textural class PHOC (%) Total N (%) CEC(Meg/100 g)
Sand Silt Clay

24 29 54 Clay 5.02 2.93 0.23 32.59

3.2. Effect of enset leaf pruning on legume phenology and growth
3.2.1. Days to 50% flowering and 90% physiological maturity

The analysis of variance indicated that the number of days to 50% flowering and 90% physiological maturity in legume crops were signif-
icantly (P<0.05) influenced by the interaction effect of legume cultivar and enset leaf pruning during both cropping seasons (Table 2).
There was no significant variation in the number of days of 50% flowering on legume crops in either crop cycle except for bush bean, for
which the shortest day was obtained during the first cropping cycle. On the other hand, the days from planting to attaining 50% flowering
in the legumes intercropped with no leaf pruning were significantly different from those in the sole crop treatment during the first cropping
season, except for the climbing bean variety, which was significantly associated with parity with the sole crop during the first cropping
season. However, the two levels of pruning were significantly different from those of the monocropping crop during the second cropping
cycle. Hawassa Dume flowered significantly earlier during both seasons than did the other cultivars when they were grown under non enset
leaf pruning, while the longest days to reach 50% flowering were taken up by the soybeans when they were grown under mono crop
conditions (Table 2). Similarly, there were no significant differences observed on the day 90% physiological maturity was achieved for all
legumes grown under either of the two emset pruning types during the two consecutive cropping seasons. The earlier days to reach 90%
germination were observed for bush bean during the former and consecutive seasons, while the longest days were taken by soybean plants.
The duration of 50% flowering was significantly shorter in the intercropping without enset leaf pruning treatment than in the pruning
treatment for all the legume crops. However, there was a slight delay in the 50% flowering day under leaf pruning, except for climbing
beans. The reduced days to flowering and maturity of legume varieties under no pruning may be related to high competition for nutrients,
light, and moisture by the well-established enset plant, which results in forced flowering and maturity of legume crops. Similarly, Tamiru
(2014) reported a significant difference among intercropped soybean varieties in terms of days to flowering and maturity and attributed
this difference to resource competition and the inherent genetic character of the varieties. In contrast, Murthazar et al. (2020) reported that
flowering days in winged beans could be delayed by low light intensity.

Table 2: Interaction Effect of Cultivars and Enset Leaf Pruning on Legume Phenology and Growth

Legumes type Level of Pruning 245 . . DIPh| . .
Short rainSeason Long rain Season Short rain Season Long rain Season
Sole 48.0b 47.3c 89.3c 92.3c
Bush bean Pruning 47.0c 40.3d 79.7d 76.7d
No pruning 43.3d 39.3d 77.3d 73.0d
Sole 48.7c 48.3c 92.0c 93.0c
Climbing bean Pruning 48.5¢ 423 d 93.3c 83.0cd
No pruning 48.3c 41.7d 89.3c 81.3cd
Sole 87.1a 86.0a 153.3a 149.0a
Soybean Pruning 84.0ab 82.3b 136.7b 132.7b
No pruning 82.7b 80.0b 132.7b 131.3b
LSD (5%) 2.374 2.156 8.417 5.237
CV (%) 2322 4.6 4.2

The means in columns followed by the same letter (s) are not significantly different at the 5% level of significance; LSD= least significant difference; CV=
coefficient of variation; DF = days of flowering; and DPM =days of physiological maturity.

On the other hand, slightly delayed flowering (50%) and physiological maturity (90%) were recorded when the plants were grown under
enset leaf pruning. However, the effect was more marked for soybean plants than for the other crops, in which an approximately 4-day
delay with pruned leaves was observed in the former cropping season when the enset canopy was not covered. This 50% reduction in
flowering and 90% reduction in physiological maturity might also be due to the reduced incident PAR resulting from enset shading, which
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led to slowed leaf photosynthetic activity in intercropped legumes under nonpruning. These results are in agreement with the findings of
Ntamwira et al. (2014) who reported the least variation in the phonological data for bean crops intercropped with bananas. Similarly,
Shiferaw et al. (2013) reported that maize leaf shade forced common bean varieties to complete their life cycle earlier (mechanism of
escaping resource insufficiency) when they were intercropped with maize. In addition, Muhammad et al. (2019) reported that the defoliation
of maize leaves resulted in a later onset and termination of flowering in soybean plants than in intercropped plants without defoliation.

3.2.2. Plant height

The main effect of variety had a highly significant (P<0.01) effect on plant height, total nodule plant™* and the number of primary branches,
while the main effect of pruning had a significant (P<0.05) influence. However, the interaction effect was not significant (Table 3). The
highest plant height was recorded for climbing bean (Haramaya), and the lowest height was obtained for bush bean (Hawassa Dume) during
the two cropping seasons. The climbing bean plants significantly differed in height from the two remaining legume cultivars in both
growing cycles. This variation might be attributed to varietal differences and resource competition between legume crops, which determine
their growth and development. In agreement with this result, EI-Aref Kh (2019) reported an increase in the plant height of cowpea plants
compared with peanut plants under intercropping with sorghum due to the density of plants in a unit area, which led to elongation as a
result of shading thereafter decreasing with increasing growth period due to increased competitiveness of both plants.

Table 3: The Main Effects of Legume Cultivar and Enset Leaf Pruning on Legume Growth

— PH (cm) NTN NPB
Short rain Season Long rain Season Short rain Season Long rain Season Short rain Season Long rain Season

Bush bean 49.7b 34.4b 38.9b 27.6b 4.8a 3.0a
Climbing bean 121.2a 114.5a 50.9a 41.9a 4.1a 3.1a
Soybean 679b 43.7b 12.3c 7.9c 2.3b 1.4b
LSD (5%) 20.38 22.84 7.98 9.6 0.865 1.12
Pruning levels

Sole 63.2b 65.2a 43.2a 41.7a 5.1a 5.0a
Pruning 84.4ab 59.2a 32.6b 19.4b 3.6b 1.7b
No pruning 91.2a 70.3a 26.1b 16.2b 2.5¢c 0.8b
LSD (5%) 20.38 22.84 7.98 9.6 0.865 1.12
CV% 25.6 29.2 23.2 30.5 23.2 26.5

Means in columns followed by the same letter (s) are not significantly different at the 5% level of significance; LSD= least significant difference; CV=
coefficient of variation, PH =plant height, NTN = number of total nodules and NPB = number of primary branches.

Similarly, compared with mono-cropping, enset leaf pruning significantly influenced the height of legume crops. In this regard, the tallest
height was recorded from nonenset leaf pruning in both legume cropping seasons, but it was greater during the first than during the second
season due to partial leaf canopy cover. However, enset leaf pruning and nonpruning had statistically similar effects on the first growing
cycle, whereas in the second cropping cycle, the two pruning levels were significantly similar to those of monocropping. This increase in
plant height in the absence of leaf pruning might be due to competition for light resources when the enset canopy is not fully covered
ground. In line with this result, Nyombi et al. (2009) reported that 55% of the solar radiation is intercepted when the banana LAI is 1.1.
This agrees with the significant decrease in light resources, but even so had slight consequences for the legumes during the first season.
Similarly, Undies et al. (2012) reported that soybean plant height increased above that of its sole crop under different intercrop row ar-
rangements. In contrast to the present findings, Zama and Malik (2000) and Getahun and Abady (2016) reported that the height of rice
bean plants intercropped with maize was significantly lower than that of plants monocropped with maize.

3.2.3. Number of total nodules per plant

The analysis of variance indicated that the number of total nodules plant™ in legume crops was strongly significantly (P<0.01) influenced
by the main effect of variety and pruning level in the first cropping cycle, where both variables highly significantly influenced the number
of total nodules in the second season, while their interaction had no significant effect (Table 3). The three leguminous crop species signif-
icantly differed due to cultivar differences in both cropping cycles. . Accordingly, climbing bean (haramaya) was the most common nodule
bearing legume among the two remaining legumes, while the lowest nodule number was recorded for soybean during the two seasons. This
variation may be due to the genetic makeup of the legume cultivars. In agreement with these findings, Guy (2022) reported that mucuna
produced the lowest number of nodules among the three legumes in banana-based intercropping systems during both the dry and wet
seasons. On the other hand, there were no significant differences in the numbers of total nodules due to enset leaf pruning or non-pruning
during the two growing cycles. However, significantly greater numbers of total nodules were obtained from legume mono cropping than
from the two pruning levels. The number of effective root nodules formed in legumes strongly correlates with the effect of shading. In this
regard, compared with those of non-pruning plants, more nodules were observed when the enset leaf was pruned when the photosynthetic
active radiation reached the legume plants through the opened enset canopy. This difference may be due to the shading effect of enset
plants under corresponding nitrogen fixation conditions. These findings are in agreement with the findings of Ntamwira et al. (2021),
Yemataw et al. (2018) and Lemlem (2013), who also reported a decreased number of nodules that formed in legumes due to an increase in
the shading effects of banana and maize under intercropping compared to mono-cropping. In addition, Guy (2022) reported an increase in
the average number of nodules plant with increased PAR. In contrast to these findings, Mandal et al. (2014) reported that nodule formation
in soybean plants was unaffected by intercropping with maize.

3.2.4. Number of primary branches plant-1

The main effects of pruning highly significantly (P<0.01) influenced the number of primary branches plant during both cropping seasons,
and the main effects of variety were highly significantly influenced during the first cropping cycle but significantly influenced during the
second cropping cycle. However, the interaction effect was not significant during either consecutive season (Table 3). A significantly lower
number of primary branches was observed for soybean than for the other two legume cultivars, which were significantly different during
both seasons. Among the three legumes, the number of primary branches was greater for the Bush bean than for the other plants, but only
during the first growing season did it decrease below the climbing bean in the second season with increased enset leaf shading. The differ-
ences in the number of primary branches between legume cultivars might be due to the genetic makeup of the crops used to withstand
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shading effects. Inconformity, Adem (2006) reported the presence of a significant difference in cowpea branch number in sorghum-cowpea
intercropping due to interspecific competition between the components. Similarly, enset leaf pruning had significant effects on the number
of primary branches plant? during the first growing cycle, but leaf pruning and no pruning did not significantly differ during the second
cropping season (Table 3). A significantly large number of branches were produced when legumes were grown alone or on pruned leaves.
Notably, in the field, reducing the number of enset leaves to eight enhanced the branching ability of the legumes, while nonleaf pruning
reduced the number of branches by 44% and 88% during the first and second seasons, respectively, compared to pruning. The increased
number of branches when the enset canopy is opened through pruning could be due to enhanced resource availability conditions for legume
plants to grow vigorously. These findings agreed with those of Morgado and Willey (2003), who reported that the number of branches and
dry matter plant* of beans decreased significantly as the bean population increased in combination with maize due to shading. In addition,
Wondimkun and Nibret (2021) obtained the highest and lowest numbers of branches from sole and intercropped common bean, respec-
tively.

3.3. Effect of enset leaf pruning on the yield component and yield of legume crops

3.3.1. Number of pods plant-1

Analysis of variance revealed a highly significant (P<0.01) main effect of legume cultivar on the number of pods plant™ and the main
effect of pruning was significant (P<0.05) during the first cropping season, while the main effect of pruning was highly significant (P<0.01)
on the number of pod plant? plants, and the main effect of legume cultivar was significant (P<0.05) during the second cropping cycle
(Table 4). However, their interaction was not significant. Climbing bean produced a significantly greater number of pod plant? than the
two other legume species during both cropping cycles. The results revealed that soybean was the lowest pod producer among the legume
species, although the difference was statistically significant. The difference might be due to genetic differences associated with the for-
mation of a number of branches and other sinks that determine the yield of a variety. In agreement with this result, Zewde (2016) obtained
a greater mean number of pods per plant for the ‘Hawassa Dume’ variety than for the Red Wolaita and ‘Omo-95 varieties when intercropped
with defoliated maize and maize leaves. In addition, Muhammad et al. (2019) reported that maize leaf defoliation increased flower produc-
tion in soybean plants, resulting in a greater number of pods.

Table 4: The Main Effects of Legume and Enset Leaf Pruning on Yield Components and Yield

NPP NSPP BY GY
Varieties Short rain Long rain Short rain Long rain Short rain Long rain Short rain Long rain
Season Season Season Season Season Season Season Season
Bush bean 29.7b 14.8b 5.7a 3.7a 3607.3a 1075.2b 2196.6a 632.9b
bce';rr']‘b'”g 39.3a 21.8a 5.1a 4.1a 4065.4a 2774.3a 2482.2a 1041.2a
Soybean 236D 9.9b 2.2b 1.7b 1022.4b 825.1b 935.6b 437.6b
LSD (5%) 5.121 5.7 0.593 855.2 512.3 479.2 298.7
Pruning
levels
Sole 36.0a 35.4a 4.7a 4.2a 3561.3a 3137.0a 2148.3a 1999.6a
Pruning 30.7ab 6.0b 4.5ab 2.9b 2673.3b 966.7b 2042.8a 243.0b
No pruning  25.9a 50b 3.9b 2.3b 2460.5b 571.0b 1423.3b 169.1b
LSD (5%) 5.121 5.7 0.60 0.99 855.2 512.3 479.23 298.7
CV% 16.6 30.0 3.7 25.9 24.3 27.0 21.1 34.8

Means in columns followed by the same letter (s) are not significantly different at the 5% level of Significance: LSD= least significant difference; CV=
coefficient of variation; NPP = number of pods per plant; NSPP = number of seeds per pod; BY = biomass yield; and GY = grain yield.

With regard to leaf pruning levels, there were no significant differences between enset leaf pruned and not pruned leaf numbers plant?
during either season. However, legume mono cropping resulted in significantly greater pod numbers than did the two pruning methods
during the second cropping season. The average number of pods plant™ increased with decreasing enset leaf canopy length and increasing
PAR in both sowing seasons on all three legume crops. The progress in the decrease in the number of pod plant™** might be due to the
competition and shading effect of enset plants. In line with these findings, Stephen (2012) reported that the shade of legume crops inter-
cropped with coffee significantly decreased the number of pods plant* in butter bean and soybean food legumes.

3.3.2. Number of seeds per pod

Analysis of variance revealed a highly significant (P<0.01) effect of legume cultivar on the number of seeds per pod: while the main effect
of pruning was a significant (P<0.05) effect on the number of seeds per pod during the two sowing seasons. However, their interaction
effect was not significant. There was a significant difference among the legume crops in terms of the number of seed per pods. Accordingly,
soybean produced significantly lower numbers of seed pod plants during the two planting seasons, while bush bean produced greater
numbers of seed pod plants in the first growing season and thereafter decreased during the consecutive season with an increased enset
leaf canopy. However, no significant difference was detected in the number of seed pod-*¢ produced by bushes or climbing beans between
the two seasons.

These results agree with those of Demissie et al. (2018) and Saban (2007), who reported that delaying the introduction of legumes to
already established maize stands resulted in a decrease in the number of seeds per pod. In other words, the number of seed pods did not
differ significantly between the pruned and non-pruned plants. However, the number of seed pod-'® increased as the canopy in the inter-
cropping system opened by reducing the number of enset leaves to eight. During the supervision, when the canopy of the enset fully covered
the ground, unfilled and empty seeds were observed in the field, especially on the soybean plants. This difference might be because plants
under partial shading experienced less competition for light than plants under full shading and thus exhibited greater growth, which con-
tributed to a greater number of seed pod-%. In accordance with the present results, Stephen (2012) reported the absence of significant effects
on the number of seeds pod due to coffee shade under intercropping with legumes in Kenya. In addition, Eskandarnejada et al. (2013)
reported that inter row spacing of 30 cm of maize intercropped with soybean produced more kernels per ear than did 20 cm of plant spacing.
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3.3.3. Biomass yield (kg ha-1)

Analysis of variance revealed a highly significant (P<0.01) effect of variety on biomass yield, while the main effect of pruning was signif-
icant (P<0.05) during the first sowing season, while the two main effects were highly significantly influenced during the second season.
However, their interaction was not significant in both cycles. The legume species exhibited variation in biomass yield between the two
cropping seasons. The highest biomass yield was obtained from climbing bean, while the lowest was obtained from soybean (Table 4).
However, the climbing bean production was not significantly different from the bush bean production during the first legume species
cropping season. The differences in biomass yield accumulation among legumes may be attributed mainly to variations in the amount and
duration of PAR intercepted by legumes and in the crops that grew quickly and those that had spreading growth habits, such as climbing
and bush bean, which attained fast ground cover and hence high PAR interception. This difference could also be attributed to the differences
in the performance genotypes of the different legume species. In line with these findings, Stephen (2012) and Birteeb et al. [33, 37] reported
significant differences among legume species intercropped with cereal crops. With regard to leaf pruning levels, legume biomass was
greater under mono cropping than under intercropping during both legume growing seasons. Similarly, compared with the sole crop, the
no pruned leaf reduced the legume biomass yield by 8.6% and 69.1% during the first and consecutive seasons, respectively. However,
there were no significant differences between enset leaf pruned and no pruned plants during either cropping season. This difference could
be due to reduced incident PAR resulting from enset shading, which led to slowed leaf photosynthetic activity in intercropped legumes
with no leaf pruning and hence decreased biomass accumulation in these legumes compared to that in sole legumes. In agreement with this
result, Stephen (2012) reported that intercropping reduced the dry matter accumulated by Vicia and Neontonia by 83% and 78%, respec-
tively. On the other hand, keeping enset leaves to eight increased the biomass yield of legumes, although the difference was statistically at
par with that of nonpruning plants. This increase in biomass yield with enset leaf pruning might be due to the adequate supply of light
possibly increasing the number of branches plant* and leaf area, which in turn increased the photosynthetic area and number of pods per
plant, thereby increasing biomass accumulation. In agreement with these findings, Ocimatia et al. (2019) reported that the increase in
legume biomass yield was associated with leaf pruning levels and the amount of PAR received by legume crops.

3.3.4. Grain yield (kg ha-1)

Analysis of variance revealed a highly significant (P<0.01) effect of legume cultivar on grain yield, while the main effect of pruning was
significant (P<0.05) during the first legume cropping season, while the main effect of pruning highly significantly influenced grain yield,
and the main effect of cultivar was significantly influenced during the second legume cropping season. However, their interaction was not
significant in both seasons. The grain yield significantly varied among legume cultivars. A greater grain yield was obtained from climbing
bean during the former and consecutive seasons, although not significantly different from that of bush bean during the former legume
cropping seasons; however, the lowest yield was recorded from the soybean cultivar, although it was not significantly different from that
of bush bean in the second cropping season (Table 4). In general, the yields of all legume species drastically decreased during the second
cropping season. However, the effect on climbing bean yield was greater than that on bush and soybean bean yields. In contrast, for bush
bean and particularly for soybean, more intense enset leaf pruning with wider spacing is required to obtain a reasonable legume grain yield.
The differences in grain yield among the legume cultivars might be related to the genotypic differences in shade tolerance among the
cultivars. This result was similar to that of CILCA (2007), who reported that the overall grain yields of different legume species evaluated
in monocultures were greater than those of local cultivars. The legume grain yield was greater under mono cropping than under intercrop-
ping during both legume cropping seasons. However, the grain yield obtained from the mono crop was not significantly different from that
obtained from the pruned during the first cropping cycle. On the other hand, no leaf pruning significantly decreased the grain yield during
both cropping seasons, although the difference was not significant compared with that of pruned plants during the second growing cycle.
This study revealed that enset leaf pruning enhanced grain yields, although the yields in the eight leaf pruning treatments were not signifi-
cantly greater than those in the mono cultured crop. However, enset leaf shading resulted in drastic decreases in the grain yields of legumes,
particularly during the second cropping season. The differences in grain yield among leaf pruning levels might be due to improved light
availability. In accordance with these results, Demissie et al. (2018) and Ocimatia et al. (2019) obtained significantly lower legume grain
yields in delayed common bean intercrops than in legume monocrops and increased yields with simultaneous maize and common bean
planting and with leaf pruning than with nonpruning. In addition, Muhammad et al. (2019) reported that, compared with single-crop re-
moval, maize leaf removal increased the grain yield of soybean plants.

4. Conclusion

Enset leaf pruning improved grain yield, especially during the first legume cropping season. Among the legume species, the climbing bean
cultivar was superior to the other cultivar when intercropped with pruned ense leaf in terms of the number of pod per plant, biomass and
grain yield. However, almost all legume crop parameters exhibited drastic decreases, particularly during the second cropping season, es-
pecially for bush bean and soybean both in the pruned and non-pruned treatments. Legume yields were lower under intercropping with
enset than under mono cropping during the two cropping seasons. However, the yield obtained from mono cropped legumes did not sig-
nificantly differ from that of enset leaves pruned during the first cropping cycle, but during the second legume cropping season, pruned
leaves did not result in a yield advantage compared to no pruned leaves. This result revealed that more enset leaf pruning is needed for
bush bean plants, particularly for soybean plants, in the later enset growth stage. Thus, it can be concluded that growing climbing bean
under the eight retained enset leaves is promising for obtaining a reasonable yield to meet food security and nutritional needs for up to
eight to nine months of enset plant establishment after two fertile soil cycles. However, the performance of all the leguminous crops was
nevertheless embarrassed by the 1.5 x 1.5 m spaced enset plants intercropped during the mature growth stage, signifying that more benefits
from the legumes will be achieved only for wider spaced mature enset plants. Hence, wider spacing and genotypes of ensets with erect
leaves and greater soil fertility status need to be included.

Conflicts of interest

The authors declare that they have no competing interests.



SPC Journal of Agricultural Sciences 7

Acknowledgments

We are thankful to Hawassa University for providing all the necessary logistics during the research work for improving agriculture-based
livelihoods through sustainably increased system productivity to enhance income and food security.

References

[1] Abebe, T. 2005. Diversity in home garden agroforestry systems of Southern Ethiopia, PhD thesis. Wageningen, the Netherlands: Wageningen Uni-
versity.

[2] Adem M, 2006. Effects of component density of striga-resistant sorghum and cowpea and N application rates on the productivity of an intercropping
system in North Wollo, Ethiopia. MSc. Thesis, Alemaya University. pp: 91.

[3] Azerefegne F, Addis T, Alemu T, Lemawork S, Tadesse E, Gemu M, Blomme G.2009. An IPM guide for enset root mealybug (Cataenococcus ensete)
in enset production. Biodiversity International, Uganda and France offices, p. 18.

[4] Belachew Garedew, Aklilu Ayiza, Bewuketu Haile, and Habtamu Kasaye. 2017. The indigenous knowledge of enset (Ensete ventricosum (Welw.)
Cheesman) cultivation and management practice by the Shekicho people, southwest Ethiopia. Journal of Plant Sciences, vol. 5, pp. 6-18. View at:
Google Scholar

[5] Birteeb P T, W Addah, Naandam Jakper and A Addo-Kwafo. Effects of cereal-legume intercropping on biomass and grain yield in the savanna zone

[6] Brandt, S. A., Spring, A., Hiebsch, C., McCabe, J. T., Tabogie, E., Wolde- Michael, G. Tesfaye, S. 1997. The “Tree against Hunger”: Enset based
agricultural system in Ethiopia. American Association for the Advancement of Science, 56. http://users.clas.ufl.edu/aspri ng/publi catio ns/enset.pdf

[7] CIALCA. 2007. Progress report November 2006 - December 2007, Consortium for improving Agriculture- based livelihoods in central Africa. 175.

[8] CIALCA.2010. CIALCA Baseline survey Report. Consortiumfor improving Agricultural base lifelihoods in central Africa. P.6. www .ard-europe.org

[9] Davis. JHC, Smithson. JB, Anegoses. O, Maria. LM. 1987. Principes dela culture du haricot en association avec d’autre especes.CIAT.Series. 04-
FB-1205. 42.

[10] Demissie Alemayehu, Deresa Shumi and Tekalign Afeta. 2018. Effect of Variety and Time of Intercropping of Common Bean (Phaseolus vulgaris
L.) with Maize (Zea mays L.) on Yield Components and Yields of Associated Crops and Productivity of the System at Mid-Land of Guji, Southern
Ethiopia. Advanced Crop Science Technology, 6(1). https://doi.org/10.4172/2329-8863.1000324.

[11] El-Aref Kh. A. O., Ahmed H. A. and Abd-El-Hameed W. M.2019. Study on intercropping peanut and cowpea on grain sorghum. Minia Journal of
Agricultural Research and Development, 1(39): 175-189. https://doi.org/10.21608/mjard.2019.226586.

[12] Eskandarnejada, S., S. Khorasani, S. Bakhtiaric, A. R. Heidarian, 2013. Effect of row spacing and plant density on yield and yield components of
sweet corn (Zea mays L.). Journal of Crop Science, I3 (1): 81-88.

[13] Getahun Addisu and Abady Seltene. 2016. Effect of Maize (Zea may L.) on Bean (Phaseolus vulgaris L.) yield and its components in Maize-Bean
intercropping. International Journal of Science and Research 5: 126-133. https://doi.org/10.21275/v5i2.020131678.

[14] Gomez, K. and Gomez, A. 1984. Statistical procedures for agricultural research, 2nd ed., John Wiley and Sons Inc., Toronto.

[15] Guy Blomme, Jules Ntamwira and Walter Ocimati. 2022. Mucuna pruriens, Crotalaria juncea, and chickpea (Cicerarietinum) have the potential for
improving productivity of banana-based systems in Eastern Democratic Republic of Congo. https://doi.org/10.1002/leg3.145.

[16] Lemlem Abraha. 2013. The effect of intercropping maize with cowpea and lablabon crop yield. Herald. Journal of Agricultural Food Science Re-
search, 2(5):156-170.

[17] Mandal M K , Banerjee M, Alipatraa and Malik, G C. 2014. Productivity of maize (Zea Mays) based intercropping system during Kharif season
under red 292 and lateritic tract of west Bengal’. . https://doi.org/10.3329/sja.v12i1.21118.

[18] Morgado and Willey.2008. ‘Optimum plant population for maize-bean intercropping system in the Brazilian semiarid region’ Science Agriculture,
65(5). https://doi.org/10.1590/S0103-90162008000500005.

[19] Muhammad Ali Raza, Ling Yang Feng, Wopke van der Werf , Nasir Igball, Muhammad Hayder Bin Khalid, Yuan Kai Chen, Allah Wasaya, Shoaib
Ahmed, Atta Mohi Ud Din, Ahsin Khan, Saeed Ahmed, Feng Yang & Wenyu Yang. 2019. Maize leaf-removal: A new agronomic approach to
increase dry matter, flower number and seed yield of soybean in maize soybean relay intercropping system.

[20] Murthazar Naim Raai, Nurul Amalina Mohd Zain, Normaniza Osman, Nur Ardiyana Rejab, Nurul Amylia Sahruzaini and Acga Cheng. 2020. Effects
of shading on the growth, development and yield of winged bean (Psophocarpus tetragonolobus), 2(50). https://doi.org/10.1590/0103-
8478cr20190570.

[21] Ntamwira J., Pypers P., Asten P.J.A. van, Vanlauwe B., Ruhigwa B., Lepoint P.and Blomme G.2014. Effect of Banana Leaf Pruning on Banana and
Bean Yield in an Intercropping System in Eastern Democratic Republic of Congo.The African Journal of plant science and Biotechnology 7(2):Pp.32-
35.

[22] Ntamwira, J.; Ocimati, W.;Kearsley, E.; Safari, N.; Bahati, L.; Amini, D.; Lubobo, A.K.;Waswa, B.; Blomme, G. 2021.The Integration of Shade-
Sensitive Annual Crops in Musa spp. Plantations in South Kivu,Democratic Republic of Congo. https://doi.org/10.3390/agronomy11020368.

[23] Nurfeta, Ajebu., Tolera, Adugna, Eik, L.O., and Sundstgl, F. 2008b. Feeding value of enset (Ensete ventricosum), Desmodium intortum hay and
untreated or urea and calcium oxide treated wheat straw for sheep. Journal of Animal Physiology and Animal Nutrition, 93, 94-104.
https://doi.org/10.1111/j.1439-0396.2007.00784.x.

[24] Nyambo. DB, Matimati. T, Komba. AL, Jna. RK. 1982. Influence of plant combinations and planting configurations on three cereals (Maize, sorghum,
millet) intercropping with two legumes (soybean, green-gram). In. Keswani CL, Ndunguru BJ (eds) Proceedings of the second Symposium on Inter-
cropping in Semi-Arid Areaas, held at Morogoro, Tanzania, 4-7 August, 1980. Pp 56-62.

[25] Nyombi, K., van Asten, P.J.A., Leffelaar, P.A., Corbeels, M., Kaizzi, C.K. and Giller, K.E. (2009) Allometric growth relationships of East Africa
highland bananas (Musa AAA-EAHB) cv. Kisansa and Mbwazirume. Annals of Applied Biology 155, 403-418. https://doi.org/10.1111/j.1744-
7348.2009.00353.x.

[26] Ocimatia W., Ntamwira J., Groot J.C.J., Taulya GTittonella. P., Dheda B., van Asten P., Vanlauwe B.,Ruhigwa B. and Blomme G. 2019. Banana
leaf pruning to facilitate annual legume intercropping as an intensification strategy in the East African highlands, European Journal of Agronomy,
https://doi.org/10.1016/j.eja.2019.125923.

[27] Pinementel. D and Pinemintel. M. 2008. Food, Energy and society (3rd edn), CRC Press, Baton Rouge, Florida, USA. P. 380.

[28] Saban Y, Mehmt A, and Mustafa E .2007. Identification of advantages of maize legume intercropping over solitary cropping through competition
indices in the east mediterranean region. Turk Journal of Agriculture, 32: 111-119.

[29] SAS (Statistical Analysis System) Institute, 2013. SAS/STAT user’s guide. Proprietary

[30] Software version 9.00. SAS Institute, Inc., Cary, NC, USA.

[31] Shiferaw Tadesse, Setegn Gebeyehu and Nigussie Dechassa. 2013. System Productivity and Yield of Component Crops as Affected by Intercropping
Maize and Common Bean Varieties with Distinct Morphological Characteristics.

[32] Sileshi G, Akinneifesi, FK, Ajayi OC, Chakeredza S, Koanga, M, Matakala PW. 2007. Contribution of agroforestry to ecosystem services in the
Miombo eco-region of eastern and southern Africa. Africa Journal of environmental science Technology, 1: 68-89.

[33] Stephen Muia kiseve. 2012. Evaluation of legume cover crops intercropped with coffee, MSc thesis, University of Nairobi. Kenya.

[34] Tamiru Hirpa. 2014. Effect of intercrop row arrangement on maize and haricot bean productivity and the residual soil. World Science Research
Journal 2: 69-77.

[35] Tsegaye, Admasu and Struik, P.C. 2002. Influence of repetitive transplanting and leaf pruning on dry matter and food production.



https://doi.org/10.4172/2329-8863.1000324
https://doi.org/10.21608/mjard.2019.226586
https://doi.org/10.21275/v5i2.020131678
https://doi.org/10.1002/leg3.145
https://doi.org/10.3329/sja.v12i1.21118
https://doi.org/10.1590/S0103-90162008000500005
https://doi.org/10.1590/0103-8478cr20190570
https://doi.org/10.1590/0103-8478cr20190570
https://doi.org/10.3390/agronomy11020368
https://doi.org/10.1111/j.1439-0396.2007.00784.x
https://doi.org/10.1111/j.1744-7348.2009.00353.x
https://doi.org/10.1111/j.1744-7348.2009.00353.x
https://doi.org/10.1016/j.eja.2019.125923

SPC Journal of Agricultural Sciences

[36] Undies UL, Uwah DF, Attoe EE. 2012. Effect of Intercropping and crop arrangement on yield and productivity of late season maize/soybean
mixtures in the humid environment of southern Nigeria. Journal of Agricultural Science, 4(4): 37-50. https://doi.org/10.5539/jas.v4n4p37.

[37] Wondimkun Dikr and Nibret Tadesse .2021. Intercropping of Newly Released Common Bean Varieties with Maize at Jejebicho Research
Station in Sankura Wereda Silte Zone of Southern Ethiopia. International Journal of Agriculture and Bioscience, 10(3): 170-179.

[38] Yemataw Z. Yemataw, K. Tawle, M. Bolton, R. Kebede and G. Blomme. 2018. Integration of shade-tolerant forage legumes under enset plants
in southwestern Ethiopia

[39] Zama Q, Malik MA. 2000. Ricebean (Vignaumbellata) productivity under various maizericebean intercropping systems. International Journal
of Agriculture and Biology, 2(3): 255-257.

[40] Zewde Paulos. 2016. Effect of phosphorous rates on yield and yield related traits of common bean Varieties on Nitisols at Wolaita Sodo, southern
Ethiopia. A Thesis Submitted to the School of Plant Sciences, Haramaya University, Ethiopia.



https://doi.org/10.5539/jas.v4n4p37

