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A B S T R A C T

Banana leaf pruning is a common practice to facilitate intercropping with legumes on farmers’ fields. It is
however not clear if this practice improves farmers land-use and economic efficiency, especially after full canopy
formation. To analyze pruning effects, three legumes viz. bush bean (Phaseolus vulgaris L), climbing bean
(Phaseolus vulgaris L) and soybean (Glycine max), were planted under three banana leaf pruning levels in which
four, seven and all fully grown leaves were retained. Sole banana or legume plots served as controls. Each
treatment combination was replicated three times. Banana growth and yield attributes were measured for the
plant and first ratoon crops while legume biomass and yields determined over five consecutive cropping seasons.
Significant (P < 0.001) reductions in banana growth and yield were associated with leaf pruning. Banana yield
reductions of 31% and 10% for the four- and seven-leaf retention treatments, respectively occurred. The vigorous
intercrops (climbing beans and soybeans) more often depressed the growth and yield of banana. Legume grain
and biomass yields increased with leaf pruning levels. Weed biomass and associated management costs increased
with decline in shade intensity. The land-use efficiency measured using the land equivalence ratio (LER) was far
lower in the treatment with four-leaves (1.10) compared to when all leaves were retained (1.4) but higher (1.54)
for the seven-leaf treatment. Severe banana leaf pruning could thus be detrimental to banana performance and
inefficient. Moderate banana leaf pruning could however be promoted were land is limiting and farmers want to
maximize diversity/nutrition. However, the highest values for gross revenue and benefit-cost ratio were realized
for sole banana-all-leaf retention treatment due to a higher labor productivity and lower input costs attributed to
the perennial nature of banana. The higher economic efficiency in sole banana plots suggests that reliance on
LER only may be insufficient for guiding intercropping decisions.

1. Introduction

Banana-legume intercropping is important in several countries of
the African Great Lakes region (AGLR) including Uganda, Rwanda,
Burundi, Democratic Republic of Congo (DR Congo) and north-western
Tanzania (Wortmann and Sengooba, 1993; Nzawele et al., 2009;
Ntamwira et al., 2013a, b; 2014). Banana-legume intercropping is

widely practiced due to high population pressure on the land. The re-
gion is characterized by high population densities estimated at between
300 and 350 inhabitants per km2 (DSRP, 2005; CIALCA, 2010), with
each household typically living on less than 0.5 ha of land. The in-
corporation of food and/or fodder legumes into banana cropping sys-
tems in AGLR could increase the use efficiency of land (Sileshi et al.,
2007) and other resources in smallholder banana farms (Ouma, 2009).
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It is aimed at maximizing productivity and minimizing risks related to,
for example, climate change, pests and diseases (Nyabyenda, 2006;
Dapaah et al., 2003; Zinsou et al., 2004) and helps in suppression of
weeds (Amanullah et al., 2007). Furthermore, intercropping with ni-
trogen-fixing legumes may also be a strategy to offset the depletion of
soil nitrogen (Chakeredza et al., 2007), thereby contributing to in-
creasing productivity of the system. For example, intercropping with
grain legumes (common beans, cowpea, groundnut, pigeon pea or
soybean) has been reported to increase productivity with land equiva-
lent ratios of 1.2–1.9 (Pypers et al., 2010).

Wortmann and Sengooba (1993) compared the performance of 16
non-climbing bean genotypes intercropped with East African highland
banana with that in their respective sole crop systems. Intercropping
reduced the bean yields to only 50% of the sole bean yields yet the
intercrop bean density was 68% of the sole crop. This incongruous re-
sponse to reduction in the bean density in the intercrop compared with
that in the sole crop suggests that the banana-bean intercrops were
affected by competition for light, water and nutrients, which if well
understood can guide the optimization of the system for productivity.
Below ground competition for moisture and nutrients in the banana-
bean intercrop probably limits bean productivity since both banana and
bean species are shallow-rooted (Wortmann and Sengooba, 1993) and
require large amounts of nitrogen (N), phosphorus (P) and potassium
(K) for growth and development (Maria et al., 2002; Ganeshamurthy
et al., 2011; Marschner, 2011; McGrath et al., 2013). Above ground
shading of the shorter legume plants by the banana canopy could re-
duce light interception, growth and yield of the legumes (Nyambo et al.,
1982; Davis et al., 1987). Consequently, farmers e.g. in eastern De-
mocratic Republic of Congo, often prune banana leaves to enhance
sunlight penetration to the understory component crop so as to improve
their growth and yield (Mirindi, 2011; Ntamwira et al., 2013a, b; 2014;
Ocimati et al., 2013; Blomme et al., 2017). However, leaf pruning
perpetuates the spread of the bacterial wilt disease of banana (Blomme
et al., 2017) and is potentially detrimental to the banana yield
(Robinson et al., 1992), hence the need to analyze the leaf pruning
effects in banana-legume intercrop systems.

Ntamwira et al. (2013a; 2014) observed no significant differences in
banana yield when leaves of fully-grown plants were reduced to seven
on farmers’ fields and five in controlled field experiments compared
with non-pruned controls over four annual cropping seasons. In these
experiments, leaves were only cut once when plants were at the flow-
ering stage. In contrast, significant declines in banana plant crop
growth and yield were observed when leaves were reduced to four or 7
leaves starting from the third month of planting in controlled field
experiments (Ntamwira et al., 2013b). The different legume species
(soybeans, bush and climbing beans) performed better when banana
leaves were pruned across the three experiments. The Ntamwira et al.
(2013b) study reported findings of two bean cropping seasons and the
banana plant crop (i.e. first crop established from plantlets or suckers)
planted at a spacing of 2m x 2m. Our work builds on Ntamwira et al.
(2013b) taking into account the significantly higher growth vigor and
canopy cover of the banana ratoon crops (new shoots in a banana stool
retained for the following crops) compared to those of the plant crop
(e.g. Robinson et al., 1993). This study analyzed the interaction of the
annual crops with the banana crop under different pruning levels over a
three years period (i.e. two banana cropping seasons). Higher shade and
competition levels were anticipated in additional season compared to
those observed by Ntamwira et al. (2013b).

The specific objective of this study was to determine the requisite
banana leaf pruning intensity to optimize productivity of the intercrops.
It was hypothesized that there is no effect of banana leaf pruning in-
tensity on the overall land use efficiency and net returns from banana-
legume intercropping regardless of banana crop cycle and component
legume species. The findings of this study could be relevant for guiding
farmers’ decisions on banana intercropping and leaf pruning practices.

2. Materials and methods

2.1. Study location description

This study was conducted at the Institut National d’Etudes et
Recherches Agronomiques (INERA), Mulungu research station in the
South Kivu Province in eastern Democratic Republic of Congo. Banana
is an important food and cash crop in eastern DR Congo, accounting for
70% of the total crop production landscape (Bakelana and Ndungo,
2004). In this region, the crop is predominantly cultivated on small-
holdings and in mixtures, with bush beans and taro as the predominant
intercrops. To integrate the shorter annual crops such as beans, dif-
ferent levels of leaf pruning (retaining 4 to 7 leaves) is a common
practice on farms in the wet seasons (J. Ntamwira personal commu-
nication, 2013). The experiments were located at 02°20.042′ S,
028°47.311′ E, and an altitude of 1,707m above sea level. The soils are
volcanic Andosols with: pH 8.5 (read from a 1:2.5 soil:water extract),
soil organic matter content 4.9%, N 0.25% (using salicylate method
(Kempers and Zweers, 1986)), P 126 ppm, exchangeable K 748.8 ppm,
exchangeable Ca 23.85 cmol(+)/kg and exchangeable Mg 1.41 cmol
(+)/kg. P, K, Ca and Mg were extracted using the Mehlich 3 extraction
method (Mehlich, 1984). The mean annual rainfall at the site is
1500mm distributed over two rainy seasons (February to May and
September to December). The experimental field had been under ba-
nana cultivation for three years. All banana mats were uprooted and
plant debris spread out as mulch across the field one week prior to
establishing the intercropping experiment.

2.2. Experimental design and management

The treatments consisted of combinations of three different banana
leaf pruning levels i.e. maintaining i) four, ii) seven and iii) all fully
expanded leaves per plant applied to banana monocrops and banana-
legume intercrops. On average, the ‘all leaves’ treatment had nine
leaves per plant, while four leaves represented the worst-case scenarios
often observed on farmers’ fields during intercrops. For the intercrops
three different legume species were used: bush bean (cv. MLB49),
climbing bean (Phaseolus vulgaris L, cv. AND10) and soybean (Glycine
max, cv. SB24). The monocrops of banana and the three legumes served
as controls. The banana plants of the East African highland cooking
cultivar ‘Barhabesha’ (genome AAA) were planted on the 13th
December 2009. The legume crops were planted among the banana
plants at 3 (8th March 2010), 9 (9th Sept. 2010), 15 (12th March 2011),
21 (12th Sept. 2011) and 27 (9th March 2012) months after banana
planting and data were collected during five consecutive legume
cropping seasons starting with the March-June 2010 season and ending
with the March-June 2012 season.

A total of 15 treatments were randomized within four blocks re-
sulting in a randomized complete block design with four replications
per treatment and a total of 60 plots. Each plot (120 m²) contained 30
banana mats, in five rows of six mats each, spaced at 2m×2m.
Legumes were planted in lines 50 cm apart, thus giving 20 lines of le-
gumes per plot. Each line of legumes was 12m long and the intra-line
spacing was 20 cm for bush bean, 25 cm for climbing bean and 10 cm
for soybean plants. Senesced banana leaves were removed regularly
from legume planting until legume harvest. No banana leaf cutting was
carried out during the dry seasons, to mimic farmers practice. Leaf
cutting is mainly done during the rainy season to allow for adequate
sunlight to reach the shorter crops planted within banana fields
(Ntamwira et al., 2012, 2013a, 2013b). Weeding was carried out
monthly, while de-suckering was done at the beginning of the annual
cropping season. Farmyard manure was only applied for banana in the
planting hole at planting. No additional fertilizer was applied.
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2.3. Data collection and measurements

Data were collected during two banana crop cycles, i.e. the plant
crop (first crop cycle or crop resulting from plantlets used to establish
plantation) and the first ratoon crop cycle (first suckers allowed to grow
to maturity), equivalent to 5 legume crop cycles. Banana and legume
data were collected in centrally-located net plots, which comprised 12
banana plants and a 6×4 m2 section of legume crop. Measurements on
banana plants for both the plant and first ratoon crop were conducted at
flowering and harvest. At flowering stage, data collected included
pseudostem circumference (PCSL) at soil level, number of hands and
fingers on the second lowest hand.

At banana bunch harvest, data were collected on the weight of the
second lowest hand (kg) of the bunch, the length of the middle finger of
the second lowest hand, time to harvest (days) and bunch weight (kg).
Bunches were harvested when the fruits were deep green, full and
rounded (Dadzie and Orchard, 1997). Yield (Mg/ha/year) was com-
puted from the bunch weight (kg) and time to harvest (days), using a
cropping density of 2500 banana plants per hectare (i.e. 2 m×2m
spacing). Time to harvest for the plant crop was considered as the time
from planting to harvest, whereas the time to harvest for the first ratoon
crop was calculated as the time from harvest of the plant crop bunch to
harvest of the first ratoon crop bunch. Bunch yield (Y; Mg/ha/year) was
determined using a modification of the formula described by
Gaidashova et al. (2008) as below:

= ∙ ∙ ∙Y W
T

D P c (1)

Where:
W=bunch weight (kg/plant);
T= time to harvest (days);
D=number of days in a year (365 days/year);
P= plant density (2500 plants per ha);
c= conversion factor from kg to Mg (1/1000).
Legume biomass yield was assessed when 50% of legumes had

formed pods, in a 1m×1m section located in a corner of each legume
net plot, while legume grain yield was assessed in the net plot of 23 m2.
Legume biomass was not returned to the plots to mimic the common
practices of the smallholder farmers in the study location.

Weed biomass was also assessed during the third (when banana
plants were 15 months old) and fourth legume cropping cycle (21st
month) under the different banana leaf pruning and legume treatments.
Weed biomass was assessed before legume planting (coinciding with
the time of land preparation) and at legume flowering in a 1m×1m
section located in a corner of each legume net plot. In the banana
monocrop plots, weed biomass was similarly assessed in a corner of the
banana net plot.

An ACCUPAR photometer probe (Model LP-80, Decagon Devices,
Pullman, WA, USA; Decagon Devices, 2004) was used to measure the
photosynthetically active radiation (PAR, μmol/m2/s) received by the
leguminous crops under the different treatments. The PAR measure-
ments were taken, from the second to the fifth legume cropping sea-
sons, on clear days between mid-day and 2 pm, when (i) 50% of le-
gumes had flowered, (ii) 50% of legumes had formed pods and (iii) 50%
of legumes had reached full maturity. Twelve light measurements were
taken below the banana canopy at 50 cm height in the legume net plot
for each legume treatment and at each of the three legume physiolo-
gical stages. The legume monocrop and intercrop plots were also vi-
sually monitored for the presence and severity of common diseases such
as leaf spots and viruses.

Banana and grain legume yields across all treatments were com-
pared using the land equivalent ratio (LER) (Willey, 1985), defined as
the amount of mono-cultured land needed to produce the same yield as
the specified intercrops. For each crop, the relative yield (RY) was
calculated to determine the partial LER for that crop and then the
partial LERs were summed to give the total LER for the intercrop

(Mazaheri et al., 2006).

= + = +LER RY RY I
M

I
M1 2

1

1

2

2 (2)

Where:
RY1 = partial LER of crop 1 (-);
RY2 = partial LER of crop 2 (-);
I1= Yield of crop 1 grown as intercrop (kg/ha/year);
M1= Yield of crop 1 grown as monocrop (kg/ha/year);
I2= Yield of crop 2 grown as intercrop (kg/ha/year);
M2= Yield of crop 2 grown as monocrop (kg/ha/year).
An LER value of 1.0 indicates no difference in relative yield between

the intercrop and the collection of monocultures. A total LER greater
than 1.0 indicates the presence of positive interactions among the
varieties or crops in the mixture and means that any negative interac-
tion that exists in the mixture is not as great as may occur in the
monocultures (Mazaheri et al., 2006).

Banana and bean net revenues, i.e. net present value (NPV, US$/ha)
were calculated as the difference between the revenues from legume
grain and banana bunch sales and the input costs (labor cost for field
preparation, digging planting holes, manure application, banana and
legume planting, weeding, banana leaf pruning, banana de-suckering,
cost of propping banana and staking climbing beans, and cost of har-
vesting and post-harvest handling) for the period of the study. Legume
gross revenues were estimated using the local market prices for grains
(i.e. 1.0 U$/kg while banana gross revenue was estimated using the
market price for cooking banana bunches at the closest market to
Mulungu research station i.e. 0.15 US$/kg. Revenues for the different
cropping cycles were adjusted upwards or downwards from the com-
puted annual yields/ha using the duration to harvest for the respective
treatments. High quality legume seeds and banana suckers were bought
at the INERA research station, respectively at 2.5 US$/ kg and 1 US$
per sucker. Land preparation or weeding was costed at a wage of 1.33
US$ per 100 m², while digging a banana planting hole of
60× 60×60 cm was costed at 0.11 US$. The stakes for propping
climbing beans were bought at 2.22 US$ per bundle of 100 sticks. A
benefit cost ratio (BCR) and the labor productivity for the cropping
options were also computed as indices of risk to investment and
guidelines for investment decisions. BCR is the ratio of the value of a
project to the money spent in undertaking it. BCR provides a value of
benefits and costs in actual dollars spent and gained and was computed
using the net present values (NPV) of the cropping options. The labor
productivity was computed as the ratio of the net present values (NPV)
to the cost (US$) of labor invested in a cropping option (US$).

2.4. Statistical analysis

The R statistical software (R Core Team, 2018) and lmer function
from the lme4 package (Winter, 2013; Bates et al., 2015) were used to
perform a linear mixed model analysis of the relationship between
banana/ legume growth and yield parameters and the management
options. The linear mixed model was used due to the presence of
random effects within the experimental treatments. The random effects
were attributed to the blocks (4 levels) and the banana crop cycles (2
levels). The differences between and within the blocks were pre-
dominantly significant (p < 0.05) following preliminary analysis of
variance using the GenStat v. 12 statistical software (VSN International
Ltd, 2009). In contrast, the crop cycles were set as random effects be-
cause of potential variations in the environment within the different
years of experimentation and influence from the remains of mother
plants and other attached shoots in the ratoon crop. The remains of the
banana mother plants in a mat following harvest have been reported to
support the growth and development of the ratoon crops (Walmsley and
Twyford, 1968), an effect lacking for the plant crop. The random effects
were entered as nested random effects with intercepts. The fixed effects
include banana leaf pruning (3 leaf pruning levels), intercrop options (4

W. Ocimati, et al. European Journal of Agronomy 110 (2019) 125923

3



treatment levels), and the interaction term between the two effects. The
above full model and its null and reduced forms were fit to the same
data using the maximum likelihood criterion and compared using
combinations of the model-fit statistics. The model fit by maximum
likelihood generates several model-fit statistics that include the
Akaike’s Information Criterion (AIC) (Sakamoto et al., 1986); Bayesian
Information Criterion (BIC) (Schwarz, 1978); the log-likelihood and
deviance of the parameter estimates; chi-square and p-values. The
model with smaller values of BIC, AIC and deviance are recommended.
For this study, models with the smallest BIC were selected for sub-
sequent analysis. Where two or more models had more or less the same
values of BIC, the AIC, deviance and p-values values were also con-
sidered. P values were considered significant when<0.05. The best
model was subsequently refit with the restricted maximum likelihood
criterion (REML) which is default for lmer (Bates, 2010) to determine
the random and fixed effects in the model. The lmerTest package was
used to give the lmer4 package an extended output of the summary
consisting of degrees of freedom using the Satterthwaite’s (Kenward-
Roger’s) approximations for the t-test and corresponding p-values
(Kuznetsova et al., 2017). These p-values jointly with the treatment
effects were used for comparison of the fixed effects.

For the legumes, the blocks had a zero variance and thus only the
seasons that accounted for a greater part of the variance were retained
as random effects. The banana canopy levels increased with subsequent
seasons and legume performance was thus expected to be affected by
this seasonal variation in canopy. Differences were also anticipated for
other environmental variables such as nutrient levels, moisture and
cloud cover of the different seasons. Only banana leaf pruning levels
were considered as the fixed effect. A comparison between the legumes
and legume interaction with the banana leaf pruning levels were not
considered relevant given the inherent differences between the legume
species. Further analysis was as for the banana crop above.

Data visualization was attained using the R statistical software (R
Core Team, 2018) and statistical packages devtools (Wickham and
Chang, 2018), ggplot2 (Wickham, 2016), ggpubr (Kassambara, 2018)
and patchwork (Pedersen, 2017) were used. The residual plots were
visually inspected for obvious deviations from linearity, homo-
scedasticity or normality, and when necessary log transformed. GenStat
v. 12 was also used to compute linear regressions with groupings (with
the bush bean as the reference level) between PAR and legume grain or
biomass yield.

3. Results

3.1. Banana plant characteristics at flowering and harvest

Table 1 shows that the reduced model was the best predictor for the
banana plant characteristics (i.e. the lowest value for BIC and p < 0.05
for significance of difference with the null model), and was thus used in
the subsequent determination of the fixed effects. The fixed effects did
not profoundly affect the time to harvest in banana plants (Table 1).
Despite this observation, a lower mean time to harvest was observed in
banana plants in which four leaves had been retained (Fig. 1a) while
the banana monocrop relative to the intercrop treatments had a lower
median and mean score (Fig. 1b).

The fixed effects (i.e. banana leaf pruning levels and intercrop op-
tions) generally had profound effects on banana pseudostem cir-
cumference at soil level, the number of hands on bunch and the number
of fingers on the second lowest hand (Table 2). Banana leaf pruning
significantly (p < 0.001) reduced all the above parameters measured
at flowering, with higher effects realized for the severe banana leaf
pruning (i.e. to four leaves) treatment (Table 2, Fig. 2a-c). For example,
the intercepts of pseudostem circumference were 3.2 and 8.8 cm
smaller in the seven and four-leaf treatments, respectively, compared to
the situation without banana leaf pruning (Table 2). Bush and climbing
bean intercrops resulted in larger pseudostems compared to the banana

monocrop whereas soybean intercrop depressed the size of the pseu-
dostem (Table 2, Fig. 2b). However, the effect of climbing beans and
soybean did not result in pseudostem circumferences that were sig-
nificantly (P > 0.05) different from that of the banana monocrop. The
intercrops negatively affected the number of hands, though this was
only significant (P=0.0235) for the climbing beans. Similarly, the
number of fingers on the second lowest hand of the bunch were de-
pressed by all intercrops, though only significantly in the bush
(P= 0.0010) and climbing beans (P= 0.0134) (Table 2).

Leaf pruning and the legume intercrops also affected the finger
length, bunch weight and overall banana yield measured at harvest
(Table 3, Fig. 3a, c, e). Finger length, bunch weight and yield sig-
nificantly decreased (P < 0.01) with the increasing level of leaf
pruning (Table 3, Fig. 3a, c and e). For example, the finger length in-
tercepts for the seven and four-leaf treatments dropped by 0.56 and
2.93 cm, respectively, from an intercept of 20.68 cm in the all leaf
treatment.

The intercrops, except for the bush bean crop that resulted in in-
creased finger length (P= 0.0005), generally depressed finger length,
bunch weight and banana yield (Table 3, Fig. 3b, d, e). Significant
negative effects were however only caused by the climbing bean in-
tercrop on bunch weight (P=0.0038) and banana yield (P < 0.0001)
and by soybean on banana yield (P < 0.0001) (Table 3).

3.2. Light interception, weed biomass, legume grain and biomass yields

Retaining a larger number of banana leaves adversely affected light
transmission to the underlying legumes in the intercrop systems. The
amount of PAR intercepted at 1m height significantly increased with
the level of leaf pruning (Fig. 4a). However, PAR under the four-leaf
treatment was significantly (P < 0.001) lower than that above the sole
legume crop (Fig. 4a).

The effect of PAR was clearly visible on the growth of weeds. Weed
biomass yields were significantly higher (P < 0.05) in the legume
monocrop fields compared with the fields that had banana, irrespective
of the intercrop legume component crop or the number of leaves re-
tained on the banana plants (Fig. 4b). For fields with banana, weed
biomass significantly (P < 0.05) increased with a decline in the
number of leaves retained on the banana plants (Fig. 4b).

The cycle (seasonal) effects accounted for 52–55% of the variance in
the random effects on the legume biomass and grain yield while the
blocks accounted for 0% of the variance. Leaf pruning significantly
(P < 0.01) affected legume biomass and grain yields. Consistently the

Table 1
The Bayesian Information Criterion (BIC) for null, reduced and full linear mixed
models fit on the same banana growth and yield data. The model fixed effects
include three levels of banana leaf pruning and four banana-legume intercrop
treatments while the random effects are the blocks and banana crop cycles. For
a given dependent variable, the best fit model is the one with the lowest BIC
value.

Dependent variable Null model Reduced
model

Full model

Pseudostem circumference at soil
level

6763.1 6456.0 6476.9

Number of hands on bunch 2565.8 2448.5 2469.1
Fingers on second hand 2150.6 2089.1 2091.5
Time to harvest 10089.0 10104.0 10133.0
Finger length 4507.1 4282.9 4310.9
Bunch weight 5445.1 5069.2 5092.6
Yield −492.6 −682.1 −673.6

Null model: y ˜ 1 + (1|block/cycle); reduced model: y ˜ x1 + x2 + (1|block/
cycle); and full model: y ˜ x1 * x2 + (1|block/cycle). ‘y’ is the dependent
variable (i.e. measured parameter), ‘x1’ and ‘x2’ respectively, the de-leafing
treatments and the intercrop option that are the fixed effects. Block (treatment
blocks) and cycle (crop cycles) are the random effects of the model.
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legume biomass and grain yields were significantly lower in the ba-
nana-legume intercrop fields compared with the legume monocrops,
and increased with increasing leaf pruning levels (Table 4, Fig. 5). The
leaf pruning effects on legume biomass and grain yield did not however
profoundly differ between the 7-leaf and the all-leaf treatments. Re-
gression analysis showed that the PAR accounted for about 72% and
78% of the observed variation in biomass and grain yields, respectively.

Septoria brown spot caused by the fungus Septoria glycines and an-
gular leaf spot caused by Phaeoisariopsis griseola were observed on
soybean and bush/climbing beans, respectively. The severity of these
two diseases was higher in the legume monocrop plots, while in the
intercropped plots, legume disease severity increased with increasing
level of leaf pruning.

3.3. The land equivalent ration (LER), income and risk of investment
analysis

Agronomic yield advantage measured in terms of LER (i.e.
LER > 1), was observed for all the banana-legume intercrops
(Table 5). LER values varied between 1.54 in the banana-seven-leaf

soybean intercrop and 1.10 in the banana with four leaves intercropped
with climbing bean. In all cases, a higher LER value was obtained in the
seven-leaf treatment when compared with the treatment in which all
banana leaves were retained. In contrast, the four-leaf treatments
under-performed in comparison to the all-leaf treatment (Table 5).

The gross revenue calculations revealed a high gap between the
four, seven and all-leaf treatments across the banana monocrop and the
banana-legume intercrops. For a given legume intercrop, gross revenues
consistently declined with increasing level of leaf pruning. The banana
monocrop average gross revenue varied between 8,788 and 11,429 US
$/ha for the period of study (i.e. 30 months) in the sole banana four-leaf
and all-leaf treatments respectively, while it varied between 9,212 and
13,042 US$/ha/annum in the banana-legume intercrop treatments
(Table 5). The gross revenues from the sole banana and banana-inter-
crops were far higher than those from the sole legume crops
(2,907–4,615 US$/ha) due to the higher production per ha and
monetary value of banana in the market. However, input and the labor
costs where higher for the banana-legume intercrops compared to the
sole banana crop resulting in lower net revenues for the banana-legume
intercrops. The net revenue for the sole banana crop varied between

Fig. 1. Mean time to harvest banana bunches under different
leaf pruning levels (a) and intercrop options (b). “4”, “7” and
“All”, respectively, denote four, seven and all fully open leaves
retained on the banana plants. The horizontal line within each
box is the median while the red diamond shape is the mean.
The lower and upper boundaries of the boxes are respectively,
the 25th and 75th percentile; the bars/whiskers below and
above the box the 10th and 90th percentile and points beyond
10th and 90th percentiles are outliers (For interpretation of
the references to colour in this figure legend, the reader is
referred to the web version of this article.).

Table 2
Experiment to understand the effect of banana leaf pruning to integrate legumes on the performance of the component crops. Fixed effects of three banana leaf
pruning levels (i.e. retaining 4, 7 and all fully open leaves) and intercrops of bush bean (cv. MLB49), climbing bean (cv. AND10) and soybeans on pseudostem
circumference at soil level (cm), number of hands on bunch and fingers on second lowest hand. The experiment was established under controlled conditions at the
Institut National d’Etudes et Recherches Agronomiques, Mulungu research station in eastern Democratic Republic of Congo.

Banana parameter Effects Estimate S. E t value Pr(> |t|)

Pseudostem circumference at soil level (Intercept) 80.83 1.17 68.80 1.5E-13
7 leaves −3.22 0.45 −7.13 1.9E-12
4 leaves −8.81 0.45 −19.53 < 2.0E-16
Banana-climbing bean intercrop 0.75 0.52 1.45 0.1483
Banana-bush bean intercrop 1.19 0.51 2.33 0.0203
Banana-soybean intercrop −0.96 0.51 −1.87 0.0622

Number of hands on bunch (Intercept) 7.80 0.09 83.96 3.5E-13
7 leaves −0.12 0.06 −1.90 0.0582
4 leaves −0.75 0.06 −11.66 < 2.0E-16
Banana-climbing bean intercrop −0.17 0.07 −2.27 0.0235
Banana-bush bean intercrop −0.10 0.07 −1.40 0.1610
Banana-soybean intercrop −0.08 0.07 −1.09 0.2753

Number of fingers on the second lowest hand (Intercept) 7.94 0.08 103.18 < 2.0E-16
7 leaves −0.11 0.05 −2.04 0.0415
4 leaves −0.47 0.05 −8.90 < 2.0E-16
Banana-climbing bean intercrop −0.15 0.06 −2.48 0.0134
Banana-bush bean intercrop −0.20 0.06 −3.31 0.0010
Banana-soybean intercrop −0.09 0.06 −1.41 0.1585
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5,432 US$/ha for the four-leaf and 8,103 US$/ha for all-leaf treatments
over a 30 months period compared with 3,504 and 7,366 US$/ha for
the four-leaf and all-leaf banana-climbing bean and banana-bush bean
intercrops, respectively (Table 5). For the intercrop treatments, the
banana-bush bean intercrop was more profitable than the banana-soy-
bean and -climbing bean intercrops (Table 5). A benefit cost ratio (BCR)
revealed a higher return for every unit cost invested in the banana
monocrop plots (1.6–2.4) compared with the intercrops (0.6–1.4)
(Table 5). Higher returns were also realized for the all-leaf treatments
(1.2–1.4) compared with 1.0–2.2 for the seven-leaf and 0.6–1.6 for the
four-leaf treatments. A higher return for labor (i.e. 9.8–15.4 US$/ unit

labor cost) was also observed for the banana monocrop fields compared
to the sole legume (0.3-0.9) and legume-banana intercrop (1.6–3.6)
fields (Table 5).

4. Discussion

Intercropping of bananas in East Africa has increased due to the
currently increasing land pressure (Bekunda and Woomer, 1996;
Bekunda, 1999; Ntamwira et al., 2013b; Ocimati et al., 2013; Tittonell
and Giller, 2013). To intercrop shorter crops such as the legume crops
within banana fields, pruning banana leaves is one of the intensification

Fig. 2. Banana pseudostem circumference at soil level,
number of hands on the bunch and number of fingers on the
second lowest hand of bunch for different leaf pruning levels
and intercrop options. “4”, “7” and “All”, respectively, denote
four, seven and all fully open leaves retained on the banana
plants. The horizontal line within each box is the median
while the red diamond shape is the mean. The lower and upper
boundaries of the boxes are respectively, the 25th and 75th
percentile; the bars/whiskers below and above the box the
10th and 90th percentile and points beyond 10th and 90th
percentiles are outliers (For interpretation of the references to
colour in this figure legend, the reader is referred to the web
version of this article.).

Table 3
Experiment to understand the effect of banana leaf pruning to integrate legumes on the performance of the component crops. Fixed effects of three levels of banana
leaf pruning (i.e. retaining 4, 7 and all leaves) and legume intercrops (i.e. bush bean (cv. MLB49), climbing bean (cv. AND10) and soybean) on finger length, bunch
weight and yield of banana. The experiment was established under controlled conditions at the Institut National d’Etudes et Recherches Agronomiques, Mulungu
research station in eastern Democratic Republic of Congo.

Banana parameter Effect Estimate S. E. t value Pr(> |t|)

Finger length (Intercept) 20.68 0.31 66.10 < 2.0e-16
7 leaves −0.56 0.19 −2.97 0.0031
4 leaves −2.93 0.19 −15.52 < 2e-16
Banana-climbing bean intercrop −0.12 0.22 −0.56 0.5781
Banana-bush bean intercrop 0.75 0.21 3.52 0.0005
Banana-soybean intercrop −0.31 0.22 −1.44 0.1504

Bunch weight (Intercept) 18.23 0.70 25.88 < 0.0001
7 leaves −1.37 0.27 −5.00 6.8E-07
4 leaves −5.87 0.27 −21.48 < 2.0E-16
Banana-climbing bean intercrop −0.91 0.31 −2.90 0.0038
Banana-bush bean intercrop −0.14 0.31 −0.44 0.6575
Banana-soybean intercrop −0.58 0.32 −1.83 0.0675

log10 (Yield) (Intercept) 1.626 0.08 21.61 6.4E-08
7 leaves −0.048 0.01 −3.66 0.0003
4 leaves −0.190 0.01 −14.51 < 2.0e-16
Banana-climbing bean intercrop −0.063 0.01 −4.26 2.3E-05
Banana-bush bean intercrop −0.022 0.01 −1.49 0.1374
Banana-soybean intercrop −0.058 0.01 −3.94 9.0E-05
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practices applied by smallholder farmers, mainly to meet their house-
hold food security and nutritional needs. This practice is aimed at in-
creasing the efficiency of using the limited area of available land. De-
spite its role in the spread of the Xanthomonas wilt (XW) disease of
banana (Blomme et al., 2017) it persists, especially in the eastern part
of DR Congo. This study explored the effect of this practice on the
performance of the component crops and overall productivity and
profitability of the system.

In the current study, with exception of the time to harvest, negative
effects on banana growth and yield attributes occurred with increasing
levels of banana leaves pruned. The time to harvest was not sig-
nificantly (P > 0.05) affected by both the banana leaf pruning treat-
ments and the intercrops. This is consistent with finding by Ntamwira
et al. (2013a, 2013b) for banana-legume intercrops in which banana
leaves were reduced to 5 and 7. The reduced performance of the banana
crop attributes with the subsequent reduction in number of functional

Fig. 3. Banana finger length, bunch weight and yield for dif-
ferent leaf pruning levels and intercrop options. “4”, “7” and
“all”, respectively, denote four, seven and all fully open leaves
retained on the banana plants. The horizontal line within each
box is the median while the red diamond shape is the mean.
The lower and upper boundaries of the boxes are respectively,
the 25th and 75th percentile; the bars/whiskers below and
above the box the 10th and 90th percentile and points beyond
10th and 90th percentiles are outliers (For interpretation of
the references to colour in this figure legend, the reader is
referred to the web version of this article.).

Fig. 4. Photosynthetically active radiation (PAR) (a) and weed
biomass (b) above/in legume monocrop field (i.e. 0 leaves)
and under banana at three leaf pruning levels. “4 leaves”, “7
leaves” and “All leaves”, respectively, denote four, seven and
all fully open leaves retained on the banana plants. The hor-
izontal line within each box is the median while the red dia-
mond shape is the mean. The lower and upper boundaries of
the boxes are respectively, the 25th and 75th percentile; the
bars/whiskers below and above the box, the 10th and 90th
percentile and points beyond 10th and 90th percentiles are
outliers (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this
article.).
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leaves could be primarily due to the reduced photosynthetic capacity
and production of assimilates for growth and partitioning into the
storage organs, and increase in evapotranspiration with declining ca-
nopy cover. Leaf area is often used to estimate the photosynthetic ca-
pacity and to predict the performance of a banana crop (Stover and
Simmonds, 1987; Echeverry, 2001). A strong positive relationship be-
tween leaf area and bunch weight has been reported for east African
Musa spp. genotypes (Mukasa et al., 2005). Leaf pruning could have
also led to a reduced root mass, leading to a lower supply of water and
nutrients for photosynthesis, growth and development. A significant
reduction in root system and above ground plant growth following leaf
pruning in banana has been reported (Blomme et al., 2001). In this
study, the retention of four leaves on banana plants mimicked the worst
case scenario observed commonly on some farms in the annual crop-
ping season. This practice severely depressed bunch weights, yields and
the overall performance of plants (cf. Fig. 3c, f and Table 3). In contrast,
the performance of the banana plants with seven leaves were pro-
foundly different from those with all leaves. Robinson et al. (1992)
reported a 35% increase in CO2 uptake and a greater photosynthetic
efficiency in retained leaves after pruning banana leaves of cv. Wil-
liams. This could explain the lower yield depression in the banana
plants when mildly pruned (e.g. to seven leaves). Krishnamoorthy et al.
(2004) reported seven to eight functional leaves as a requirement for
optimal bunch formation and fruit filling at flowering. In contrast,

Balbín and Zapata (2001) also reported five healthy leaves at flowering
to be sufficient for bunch development. Retention of five and seven
leaves were also confirmed not to significantly depress the yield of
banana by Ntamwira et al. (2013a, b and 2014).

The banana yields obtained in this study (32–46Mg/ha/year) were
comparable to yields reported for banana-legume intercrops on farmers’
fields (31–42Mg/ha/year) in this region by Ntamwira et al. (2014) but
higher than those on farmers’ fields (6–42Mg/ha/year) in other regions
in the AGLR (e.g. Okumu et al., 2011; Ndabamenye et al., 2013; van
Asten et al., 2011). This performance is however still lower than the
achievable yields of 60–70Mg/ha/year under recommended practices
(Tushemereirwe et al., 2001; Smithson et al., 2001). The relatively good
performance of banana plants even when leaves had been pruned in the
current study despite not adhering to recommended soil input levels
can be attributed to the high fertility level at the site. Different re-
sponses could potentially have been obtained for these treatments
under varying soil fertility conditions. For example, in Rwanda,
Ndabamenye et al. (2013) observed Ca, Mg and K to limit plant density
at Rubona that had a lower soil fertility while increasing plant density
did not always result in nutrient imbalance at Ruhengeri that had a high
soil fertility level.

In general, the intercrops reduced the performance of banana,
though often non-significantly at P= 0.05. The bush beans (cv. MLB49)
that have a smaller stature and biomass had the least effect on bunch
weight and yields, suggesting a potential effect of competition for the
below ground resources from the more robust climbing beans (cv.
AND10) and soybeans. Similar observations were reported by McIntyre
et al. (2001) and Ntamwira et al. (2012; 2013a, 2013b, 2014) for ba-
nana-legume intercrops.

Nitrogen is one of the key yield-limiting nutrients for banana
(Nyombi et al., 2010; Taulya, 2013) and the integration of legumes that
biologically fix N into the soil has often been recommended as a
strategy for offsetting soil N balance and improving yields of other
component crops. However, the heavy shading under the all- and seven-
leaf treatments do not seem to offer conducive conditions for N fixation
by the legumes, as such this benefit may not be fully harnessed and
needs to be further explored. Shading has been reported to cause a
marked loss of roots and nodules, and subsequently biological nitrogen
fixation by different legume species (Butler et al., 1959; Fujita et al.,
1992). Dry matter (DM) allocation plasticity suggests that more DM
gets allocated to the shoots when light or carbondioxide is limiting and
to the roots when water or nutrients are limiting (Bloom et al., 1985;
McCarthy and Enquist, 2007). In the current situation, more DM in the

Table 4
Experiment to understand the effect of banana leaf pruning to integrate legumes
on the performance of the component crops. Fixed effects of three levels of
banana leaf pruning (i.e. retaining 4, 7 and all leaves) and a control of legume
monocrops on legume biomass and grain yield. The experiment was established
under controlled conditions at the Institut National d’Etudes et Recherches
Agronomiques, Mulungu research station in eastern Democratic Republic of
Congo.

Legume parameters/ Effects Estimate S. E. t value Pr(> |t|)

Legume biomass yield (kg/ha)
(Intercept) 2252.5 443.6 5.08 0.0057
4 leaves −957.0 144.8 −6.61 2.6E-10
7leaves −1226.7 144.8 −8.47 2.8E-15
All leaves −1410.0 144.8 −9.74 < 2.0E-16
Legume grain yield (kg/ha)
(Intercept) 748.4 120.6 6.20 0.0024
4 leaves −332.0 44.3 −7.50 1.4E-12
7leaves −452.2 44.1 −10.26 < 2.0E-16
All leaves −500.8 44.1 −11.36 < 2.0E-16

Fig. 5. Legume biomass (a) and grain yield (b) in a legume
monocrop (i.e. 0 leaves) and under three banana leaf pruning
levels (i.e. 4, 7 and All leaves). “4 leaves”, “7 leaves” and “all
leaves”, respectively, denote four, seven and all fully open
leaves retained on banana plants. The horizontal line within
each box is the median while the red diamond shape is the
mean. The lower and upper boundaries of the boxes are re-
spectively, the 25th and 75th percentile; the bars/whiskers
below and above the box, the 10th and 90th percentile and
points beyond 10th and 90th percentiles are outliers (For in-
terpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.).
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legumes under the heavily shaded plots would be allocated to the
shoots resulting into poorly developed and less competitive legume-root
systems and thus a depression in the activity of the symbiotic bacteria
(Bloom et al., 1985). Similar situations of dry matter plasticity have
been reported in vines (Grechi et al., 2007), Cryptomeria japonica
(McCarthy and Enquist, 2007) and Lindera melissifolia seedlings
(Lockhart et al., 2012). Grechi et al. (2007) observed that vine leaves
under shade had an increased specific leaf area (i.e. thinner leaves); a
significantly reduced dry weight and a low root to shoot biomass ratio.
In the above situation, the banana plants with four-leaves would pos-
sibly not also benefit from the increased N fixation arising from the
increased light penetration and improved legume root development due
to a poorly developed root system and reduced photosynthetic capacity.
Apart from N fixation, plants also compete for water and other essential
minerals such as potassium and phosphorus. Integration of legumes
would thus be effective when these other resources are not limiting in
the system.

Legume grain and biomass yields as expected increased with leaf
pruning levels and amount of PAR received by the legume crops, PAR
accounting to over 70% of the observed variation in legume yield. The
PAR values declined by approximately 36% in the four leaf treatments
and 74% in the all leaf treatments compared to the legume monocrops.
Akyeampong et al. (1999) showed a 27% decrease in PAR not to affect
bean yields in a banana-tree-bean experiment, although a further de-
crease to 42% of total PAR decreased dry bean grain yield by 27%
compared with the control. The current decline in PAR values are above
the 27% in Akyeampong et al. (1999) and result in yield declines
varying between 56 and 86% in the four and all-leaf treatments, re-
spectively. In contrast, increasing the amount of light penetration to the
annual crops under the banana canopy, led to increased weed growth
and frequency of weeding and thus raising the labor costs for weed
management. Weeds also increase competition for water and nutrients.

Higher severities of septoria brown spot and angular leaf spot were
observed in the legume monocrop plots, and to increase with increasing
levels of leaf pruning in the banana-legume intercrop plots. This sug-
gests a positive effect of the banana canopy on reducing their spread.
The role of crop or cultivar mixtures in disease and pest suppression has
been reported in several studies (Boudreau, 2013; Vidal et al., 2017; Li
et al., 2018; Mulumba et al., 2012; Ocimati et al., 2018). The me-
chanisms for disease suppression in mixtures include: a change in the
microclimate, vector population and behavior; pathogen dispersal rate;
host alteration; dilution effect due to decrease in the susceptible host;
and pathogen inhibition (Boudreau, 2013; Vidal et al., 2017). Septoria

brown spot and angular leaf spot are mainly favored by presence of
infested plant debris, volunteer crops and infected seed (Celetti et al.,
2006; Allen et al., 2017). Rainfall events help to splash their spores
from plant debris into the plant canopies, leading to infection (Celetti
et al., 2006; Allen et al., 2017). The observed trend in the severity of
these two diseases in the current study could be attributed to the in-
creasing impact of rain drops with declining leaf canopy levels. Un-
derstanding the potential influence of banana-legume intercropping on
the prevalence of pests and diseases in a system is thus also important.

The agronomic advantage for banana-legume intercrop combina-
tions measured as LER, was greater than one across all leaf pruning
treatments but highest for intercrops in which seven leaves had been
retained. This suggests a higher land use efficiency in intercrops com-
pared with sole crops (Prasad and Brook, 2005). The LER values suggest
that area planted to monocultures would need to be larger than the
current area planted to the intercrops by 10 to 54% to produce the same
value as realized from the intercrops. The observed LER values agree
with values (1.2–1.9) reported by Pypers et al. (2010) for banana-grain
legume intercrops. LER in banana-based systems may thus be increased
by incorporating food and/or fodder legumes within the banana fields.
High LER values of 1.5 and 2.5 reported for banana intercrops with
Robusta and Arabica, respectively (van Asten et al., 2011) also offer a
good case for improving the productivity of banana systems through
intercropping of banana with other species. In all cases in the current
study, a higher LER value was obtained in the seven-leaf treatment
when compared with the treatment in which all banana leaves were
retained. In contrast, the four-leaf treatment was less efficient com-
pared to the all-leaf treatment. This practice also increased weed
growth and labor costs needed for weeding. Extreme cutting of leaves
also negatively affected the quality of the banana bunch and fruits as
shown by the reduced number of hands, fingers and finger length (cf.
Tables 2 and 3), and this could potentially lead to lower prices in the
markets. The observed potential negative effect of severe leaf pruning
(e.g. to four) on the agronomic efficiency of the system offers a good
basis for discouraging this practice that currently also plays a big role in
the spread of the XW disease of banana in the study region.

Despite a higher LER for the intercrops, higher profit, benefit cost
ratio and labor productivity were realized for the sole banana and all
leaf treatments compared with the sole annual crops and banana-le-
gume intercrops. This can be attributed to the high market value of
banana fruits compared with that for the grain legumes. Labor costs for
banana production are also only high at establishment. Given its per-
ennial nature plantations are not frequently re-established, with

Table 5
Land Equivalent Ratio (LER) and revenue analysis (labor and input costs; gross revenue and net present value (NPV); benefit cost ratio (BCR) and labor productivity
(LP)) for banana-legume intercropping/ monocropping options and different banana leaf pruning treatments over a period of 30 months. Data was collected over two
banana cropping cycles (plant crop and first ratoon cycle) and five legume cropping cycles. NA denotes not applicable. The mean number of leaves for the treatments
with all leaves was nine.

Treatment Retained banana
leaves

LER Mean Labor cost
(US$)

Mean cost of other
inputs (US$)

Mean gross revenue
(US$/ ha)

Mean net revenue
(NPV) (US$/ha)

BCR LP (US$/
ha)

Soybean (cv. SB24) monocrop NA NA 1774 357 3653 1522 0.7 0.9
Climbing bean (cv. AND10)

monocrop
NA NA 1774 1013 4615 1828 0.7 1.0

Bush bean (cv. MLB49) monocrop NA NA 1774 532 2907 601 0.3 0.3
Banana monocrop 4 NA 556 2800 8788 5432 1.6 9.8

7 NA 546 2800 10,809 7463 2.2 13.7
All NA 526 2800 11,429 8103 2.4 15.4

Banana-soybean (cv. SB24)
intercrop

4 1.22 2127 3157 9612 4328 0.8 2.0
7 1.54 2102 3157 12,003 6744 1.3 3.2
All 1.41 2052 3157 12,403 7194 1.4 3.5

Banana-climbing bean (cv.
AND10) intercrop

4 1.10 2127 3813 9444 3504 0.6 1.6
7 1.46 2102 3813 11,733 5818 1.0 2.8
All 1.45 2052 3813 13,042 7177 1.2 3.5

Banana-bush bean (cv. MLB49)
intercrop

4 1.26 2127 3332 9212 3753 0.7 1.8
7 1.52 2102 3332 12,339 6905 1.3 3.3
All 1.40 2052 3332 12,750 7366 1.4 3.6
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plantations in areas with low disease and pest pressure lasting even for
decades. For example, plantations that are over 30 years old are
common in East Africa (Bekunda, 1999). The investments are often low
in the first and subsequent ratoon crops compared with the plant crop
because of lower input costs, lack of costs associated with banana seed
purchase, land preparation and weeding. The large canopy after full
establishment suppresses weed growth and labor associated with weed
management is therefore reduced. This can be shown by the higher
weed biomass in the monocrop plots especially at the start of the season
(cf. Fig. 4b). In contrast, for the intercrops, costs associated with the
intercrops such as land preparation, weeding, staking, de-leafing are
incurred seasonally. Of the intercrops, the banana-bush bean intercrops
were more profitable than other legumes across all leaf pruning treat-
ments. This could be because they offered less competition compared
with soybean and climbing beans. Ntamwira et al. (2012) also reported
a banana-bush bean intercrop as giving a larger net revenue compared
to banana-climbing bean intercrop. Careful selection of intercrops will
also be helpful for realizing optimal benefits from banana-legume/an-
nual crop intercrops.

Despite the higher benefits from banana monocrops, few farmers
cultivate these monocrops due to a very high population pressure on the
land (estimated at 300–350 inhabitants per km2) given the small land
holdings (less than 0.5 ha per household) in the study region. Most
production is thus focused on ensuring diversity for nutrition and in-
surance of food security against production risks. The observed trends
could also be due to farmers’ lack of knowledge of the performance of
the monocrops in comparison to the intercrops. Armed with knowledge
on the performance of the monocrops in comparison with the inter-
crops, farmers’ choice to intercrop and/or prune would need to be
consciously balanced out with farmers’ production objectives and ac-
cess to land. Possible objectives could include maximization of income;
farm/crop diversity and nutrition; and soil fertility improvement.
Farmers aiming at maximizing profits could allot all or a large portion
of their land to banana monocrop and lesser to annual crops, whereas
those aiming at nutritional security could differently apportion their
land to other crops/intercrops. Farmers with large parcels of land in
contrast can afford to grow banana or legumes as monocrops on large
areas without affecting their nutritional and food security needs.
Model-based approaches that integrate biophysical and socio-economic
aspects of production are recommended for tailoring such management
decisions to farm types, production goals and resource endowments.

This study was however, conducted over a short period of time i.e.
two production cycles (i.e. 4 years) and at a single experimental site
with a single replication in time. Longer term environmental effects
such as changes in soil fertility, buildup of pests and diseases and
changes in the weather and climate conditions on banana leaf pruning
and intercrops could thus not be ascertained. Interactions of the treat-
ments with site conditions (e.g. different soils, environmental and
management and biotic scenarios) could not be assessed, whereas could
have varied with site conditions. Thus, the application of the study
findings in other context needs to be done with caution.

5. Conclusions

Banana leaf pruning despite its current role in the spread of XW
disease of banana, is a common practice to allow for banana-legume
intercropping and mainly driven by the small land/farm sizes. Leaf
pruning improved light penetration to legumes and their yield while it
negatively affected the growth and yield of the banana crop. More se-
vere yield reductions occurred when only four leaves were retained, a
practice that also resulted in the least land use efficiency compared to
when all leaves are retained. Moderate leaf pruning (7 leaves) however,
did not in most cases significantly depress yields and resulted in a
higher land use efficiency than the banana monocrop all-leaf treatment.
However, higher net revenues and labor productivity realized for sole
banana and all leaf retention treatments suggests that growing banana

as a sole crop is more profitable and moderate leaf- pruning, preferably
bending the older leaves to avoid spread of XW could promoted when
intercropping is necessary. Intensification decisions should thus go
beyond the assessment of the land use efficiency of the systems to de-
termining economic value (net revenues) of the systems. Depending on
farmers’ production objectives they can decide whether to diversify
their farms or target higher incomes. Given the findings of this study, it
is recommended for a farmer interested in fostering food security, di-
versity and nutrition to go for moderate leaf pruning (7 leaves), pre-
ferably through manually bending leaves. In contrast, a farmer inter-
ested in improving immediate incomes could go for a sole banana crop.
Intensification decisions (e.g. pruning banana leaves to integrate le-
gumes) should also look at a broader range of production constraints.
For example, where land is not limiting, it is recommended to cultivate
the banana and the legumes as sole crops. Where land is limiting,
minimal pruning to e.g. seven leaves can be applied with minimal da-
mage. In the current study, annual crops were labor intensive compared
to the banana crop, and as such a farmer constrained by labor could go
for the sole banana crop. Taking such intensification decision is
knowledge intensive, thus rigorous/regular knowledge extension to
farmers will be crucial. Bio-economic models (e.g. FarmDESIGN, Groot
et al., 2009) that address multiple constraints, decision variables and
objectives would be handy in guiding farmers’ decision with respect to
such intensification options.
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