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Summary

Introduction - Mature enset plants (i.e., plants
in the latter stage of their growth cycle) are mainly
grown in sole-cropping. In order to boost biomass
production per unit area, the integration of shade-tol-
erant or shade-loving plant species that provide food,
feed or biomass for mulch could be envisaged. Mate-
rials and methods - In this study, ten shade-tolerant
forage legumes were evaluated for their growth and
biomass production when grown under mature enset
plants in south-western Ethiopia. The forage legumes
were established as intercrops at the onset of the
rainy season (i.e., July) and planted in rows with en-
set, both on farm and on station, using 3 replications
per legume species. In addition, growth and biomass
yield of legumes were assessed when grown as sole
crops. The ability of intercropped legume species to
survive the long 6- to 7-month dry season was also as-
sessed. Although rainfall levels during the dry season
months do not suffice to sustain legume plant growth,
no irrigation took place at the various trial sites.
Results and discussion - Some forage legumes (Mac-
rotyloma axillare, Centrosema pubescens, Pueraria
phaseoloides, Lablab purpureus, Chamaecrista rotun-
difolia, Vicia villosa and Vigna unguiculata) produced
moderate to high amounts of above-ground biomass
yield under intercropping conditions, and this espe-
cially during the second/third consecutive legume
cropping seasons. For example, fresh legume biomass
yields of 11 to 15 t ha't were obtained at the Areka in-
tercropping trials during the second legume cropping
season. Fresh biomass yield of up to 22.9 t ha* was re-
corded for C. pubescens under enset during the third
consecutive cropping season at Areka. Some forage
legumes that were able to survive the prolonged dry
seasons (M. axillare, D. intortum, C. rotundifolia, C. pu-
bescens, D. uncinatum and P. phaseoloides) grew vig-
orously during the subsequent rainy seasons, due to
the established roots and lower stem sections which
survived the dry season. The forage legume M. axil-
lare is very promising as it not only grew vigorously
in both the sole-cropped and intercropped fields, but
it also survived the extended dry season and quickly
re-sprouted at the onset of the rains. Feedback from
farmers in the Lemo and Angacha districts, where
on-farm trials were conducted, indicated that some
forage legumes, e.g., M. axillare and D. intortum, could
be integrated into plots of mature enset plants, sug-
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K Significance of this study

What is already known on this subject?
» Mature enset plants (i.e., plants in the latter stage of
their growth cycle) are mainly grown in sole-cropping.

What are the new findings?

 Various shade-tolerant forage legumes (e.g., Macro-
tyloma axillare, Centrosema pubescens, Pueraria pha-
seoloides,...) grow well as intercrops in mature enset
fields, and contribute to whole farm biomass/feed
production.

What is the expected impact on horticulture?

» Enhanced livestock production through additional
sources of feed. Enhanced soil fertility through the
application of mulch and manure.

/

gesting that farmers’ selection criteria go beyond
biomass production level. Farmers also indicated that
various shade-tolerant weed species produce signifi-
cant amounts of biomass in mature enset fields, thus
providing additional options for biomass produc-
tion under shade. Way forward - Further multi-loca-
tion and multi-year on-farm evaluations of the most
promising forage legume species and surveys should
be carried out to determine edible and high-yield-
ing weed species currently growing in mature enset
fields.

Keywords

above-ground biomass, animal feeding, drought
tolerance, enset, Ethiopia, integrated crop management,
intercropping

Résumé

Intégration de légumineuses fourrageres tolé-
rantes a 'ombre sous culture d’enséte [Ensete
ventricosum (Welw.) Cheesman] dans le sud-
ouest de I'Ethiopie.

Introduction - Les plantes matures (i.e., celles qui
se trouvent au dernier stade de leur cycle de crois-
sance) sont principalement cultivées en monoculture.
Afin de stimuler la production de biomasse par unité
de surface, il a été envisagé d’intégrer des especes
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végétales tolérantes a 'ombre ou aimant I'ombre
qui fournissent de la nourriture, des aliments pour
animaux ou de la biomasse pour le paillage. Matériel et
méthodes - Dans cette étude, dix légumineuses four-
rageéres tolérantes a 'ombre ont été évaluées pour
leur croissance et leur production de biomasse lors-
qu’elles sont cultivées sous culture d’ensetes matures
dans le sud-ouest de I'Ethiopie. Des légumineuses
fourrageres ont été établies comme cultures interca-
laires en début de saison des pluies (i.e., en juillet) et
ont été plantées en ligne avec I’enséte, a la ferme et en
station, en utilisant 3 répétitions par espéce de légu-
mineuse. La croissance et le rendement en biomasse
des légumineuses ont été évalués lorsqu’elles sont
cultivées en monoculture. La capacité des especes
de légumineuses intercalées a survivre pendant la
longue saison séche de 6 a 7 mois a également été
évaluée. Les niveaux de précipitations pendant les
mois de saison seche ne suffisent pas a soutenir la
croissance des légumineuses, mais aucune irrigation
n’a eu lieu sur les différents sites d’essais. Résultats
et discussion - Certaines légumineuses fourragéres
(Macrotyloma axillare, Centrosema pubescens, Puera-
ria phaseoloides, Lablab purpureus, Chamaecrista ro-
tundifolia, Vicia villosa et Vigna unguiculata) ont pro-
duit des quantités modérées a élevées de biomasse
aérienne dans des conditions de culture intercalaire,
en particulier pendant les deuxiéme et troisieme sai-
sons de culture de légumineuses consécutives. Par
exemple, des rendements de biomasse de 11 a 15
t hat de légumineuses fraiches ont été obtenus lors
des essais de culture intercalaire a Areka au cours de
la deuxiéme saison de culture de légumineuses. Une
production de biomasse fraiche allant jusqu’a 22,9
tha- a été enregistrée pour C. pubescens sous ensetes
au cours de la troisiéme saison de culture consécutive
a Areka. Certaines légumineuses fourrageres aptes a
survivre a des saisons seches prolongées (M. axillare,
D. intortum, C. rotundifolia, C. pubescens, D. uncinatum
et P. phaseoloides) se sont développées vigoureuse-
ment pendant les saisons des pluies suivantes, grace
a un systéme racinaire bien établi et des sections in-
férieures de tige qui ont survécu a la sécheresse. La
légumineuse fourragére M. axillare est trés promet-
teuse dans la mesure ou non seulement elle a poussé
vigoureusement dans les champs en culture unique
ou en culture associée, mais elle a également survécu
a la saison seche prolongée et a repoussé rapidement
au début des pluies. Conclusion - Dans leurs commen-
taires, les agriculteurs des districts de Lemo et d’An-
gacha, ou les essais a la ferme ont été menés, ont in-
diqué que certaines légumineuses fourrageres, telles
que M. axillare et D. intortum, pourraient étre inté-
grées dans des parcelles d’ensetes matures, suggé-
rant que les criteres de décision des agriculteurs vont
au-dela de la seule production de biomasse. Ils ont
aussi mentionné que diverses especes de mauvaises
herbes tolérantes a 'ombre produisaient des quan-
tités importantes de biomasse dans les champs d’en-
setes matures, offrant ainsi des options supplémen-
taires pour la production de biomasse a I'ombre. Des
évaluations supplémentaires des espéces de légumi-
neuses fourrageres les plus prometteuses devraient
étre menées en milieu paysan sur plusieurs sites et

sur plusieurs années, et des enquétes devraient
étre conduites pour déterminer les especes d’adven-
tices comestibles a haut rendement qui poussent ac-
tuellement dans des champs d’ensétes matures.

Mots-clés

alimentation animale, biomasse aérienne, culture
associée, ensete, Ethiopie, gestion intégrée des cultures,
tolérance a la sécheresse

Introduction

The total area covered by enset plants has more than
quadrupled over the last 50 years from around 65,000 ha
in the 1960’s (Stanley, 1966) to around 300,000 ha in 2010
(CSA, 2011). Various enset cropping systems exist (Brandt
et al, 1997; Abebe, 2005). For example, young enset plants
are often intercropped with annual crops (e.g., maize, potato,
vegetables and herbs). Mature enset (i.e., enset plants in the
final stages of their life cycle) is often intercropped with cof-
fee and multipurpose trees on smallholder farms. However,
intercropping mature enset with annual crops is rare.

Plots allotted to mature enset plants occupy on average
20-30% of the total enset plots in enset-based cropping sys-
tem (Zeberga et al., 2014). Due to the high shade levels pro-
vided by the enset leaf canopy, commonly grown annual food
and feed crops do not perform well when intercropped with
mature enset. Most farmers are unaware of other shade-tol-
erant feed or food crops that could potentially be introduced
and grown under shade.

There is a high demand for animal feed as most enset
smallholder farms have at least one cow and/or bull. Crop
residues (e.g., maize) and weeds which grow in mature en-
set fields and other locations on the farmland are fed to the
animals during the rainy seasons (Brandt et al, 1997). In
addition to its use as a source of carbohydrate-rich human
food, enset is also utilized as animal feed. Fresh enset leaves
contribute to livestock diets in all regions where enset is
grown (Tolera, 1990; Fekadu, 1996), mainly during the dry
season Le., for a 7 to 8-month period (Yilma, 2001), or even
throughout the whole year (Karin and Alemu, 1995) in some
agro-ecological areas, such as the highlands of Sidama and
Gedeo. Occasionally, the whole enset plant is chopped up and
fed to livestock during the dry seasons (Tolera, 1990; Fekadu,
1996; Desta and Oba, 2004). Enset corms and pseudostems
were found to be poor with respect to crude protein intake as
well as N retention when fed as sole diets (Fekadu and Ledin,
1997; Nurfeta et al., 2008a). There is, hence, a need to sup-
plement a corm and pseudostem diet with protein-rich feeds,
such as hay from forage legumes or enset leaves (Nurfeta et
al., 2008b).

Due to the high population density (estimated at 300-350
inhabitants km-2) and related high land pressure (less than
0.5 hectare per household), banana-legume intercropping
is widely practiced in east and central Africa (DSRP, 2005;
CIALCA, 2010). 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). These legumes contribute to weed suppression,
maximizing field/plot productivity and minimizing risks re-
lated, e.g., to climate change (Nyabyenda, 2006; Dapaah et al,
2003; Zinsou et al,, 2004; Amanullah et al,, 2007). In addi-
tion, intercropping with nitrogen-fixing legumes contributes
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to increasing soil fertility levels (Chakeredza et al., 2007).

A similar approach using shade-tolerant forage legumes
could be envisaged for intercropping/integration under ma-
ture enset plants. In this study, 10 promising forage legume
species which have been extensively reported in literature to
be shade tolerant and often also drought tolerant were se-
lected for evaluation in mature enset plots.

Centrosema pubescens has been adopted as a green ma-
nure and ground cover in plantation crops in Java, Sumatra,
peninsular Malaysia and Sri Lanka (Teitzel and Chen Chin
Peng, 2016). Since the 1950’s, C. pubescens has also been
widely used as a plantation cover and pasture legume in the
Pacific Islands, the wet tropics of Australia and indeed much
of the humid tropics worldwide (Plucknett, 1979; Pushpa-
rajah, 1982; Schultze-Kraft and Clements, 1990; Ng, 1990).
C. pubescens is drought-tolerant because of its deep root
system, making it capable of using groundwater if no other
water is available (Parbery, 1967; Skerman et al., 1988; FAO,
2013a). Centrosema pubescens can survive a dry season of
3-4 months (Teitzel and Chen Chin Peng, 2016). However,
during prolonged drought, the plant adapts by dropping its
leaves (Heuzé and Tran, 2016). Centrosema pubescens is also
capable of enduring shade, and was reported to still persist
under 80% shade (Heuzé and Tran, 2016). Seedling growth
is slow under shady conditions, but mature plants tolerate
shade (FAO, 2013a). Schultze-Kraft and Clements (1990) re-
ported that C. pubescens is only moderately shade-tolerant
as the species behaves as a sun species and exhibits a linear
decrease in growth with increase in shade. Similarly, Wong
(1990), Wong et al. (1985) and Manidol (1984) reported that
C. pubescens is moderately shade-tolerant.

Desmodium intortum (greenleaf) has good shade toler-
ance (Shelton and Stiir, 1991; Cook et al., 2005; Hacker, 1992;
Skerman et al., 1988; ILRI, 2013b; Cook, 1984; Eriksen and
Whitney, 1982; Whiteman et al., 1974). Eriksen and Whit-
ney (1982) reported that D. intortum and C. pubescens had
intermediate reductions in dry matter yield (t ha! year?)
when grown at 70 and 45% of full sunlight. For example, D.
intortum’s proportional biomass yields at 70% and 45% of
full sunlight were 93 and 75%, respectively. Significant re-
ductions in biomass yield of D. intortum and C. pubescens
were observed when grown at 27% of full sunlight, produc-
ing respectively 46% and 44% of full sunlight biomass yields.
Desmodium intortum has a poor tolerance to drought (FAO,
2013b; Baijukya, 2004), and is susceptible to extended dry
spells. It carries little foliage in the dry season, when most of
the leaves drop and form a mulch (Horrell, 1958). However,
D. intortum wilts less fast compared to Desmodium uncina-
tum (Ostrowski, 1966).

Desmodium uncinatum (silver leaf) needs rainfall exceed-
ing 1,000 mm with good distribution throughout the year.
Although not productive during the dry season, it persists
in regions with dry seasons of 3 months (Cook et al, 2005;
Hacker, 1992). Desmodium uncinatum is less drought resis-
tant compared to D. intortum (FAO, 1979). It is tolerant to
shade (ILRI, 2013c), more so than D. intortum (FAO, 2013c).

Pueraria phaseoloides, native to tropical Asia, grows
well under direct sunlight, and is moderately shade toler-
ant (Watson, 1963; Wong et al., 1985). It is often grown as a
cover crop in tree plantations in Southeast Asia (Blair et al.,
1986). Pueraria phaseoloides is not drought tolerant. Howev-
er, it was reported that P phaseoloides can survive short dry
periods (Kannegieter, 1967). This drought susceptibility is a
problem when grown under a tropical savanna climate with
wet and dry seasons.
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Chamaecrista rotundifolia, a short-lived perennial or
self-regenerating annual herb, is reasonably drought toler-
ant (FAO, 2013e; Pengelly et al., 1997). It requires full sun-
light to moderate shade (Cook et al, 2005).

Vicia villosa grows in areas with average annual rainfall
of 350-1,000 mm. It is intolerant to drought at early stages of
establishment but has a medium tolerance thereafter (FAO,
2013d). Vicia villosa has a poor to moderate shade tolerance
(FAO, 2013d).

Vigna unguiculata is moderately adapted to shade, but in
agroforestry or orchard applications shade should not be too
heavy (Sheahan, 2012). Vigna unguiculata is well adapted to
a wide precipitation range (650-2,000 mm), and is moder-
ately tolerant to drought (Clark, 2007; Sheahan, 2012).

Arachis pintoi shows some drought-resistance once es-
tablished (Fisher and Cruz, 1994). This species will survive
in areas with an annual rainfall of 1,000 mm or less, but
grows best with over 1,500 mm year-1. Arachis pintoi survives
dry seasons of up to 4 months. It is highly tolerant to shade,
where it often appears more vigorous than in full sunlight
(Fisher and Cruz, 1994; Cook et al,, 2005).

Heavy shade does not favour the initial growth of Lab-
lab purpureus, but once established this species can contin-
ue to grow in shady conditions (Cook et al, 2005; Sheahan,
2012). Lablab purpureus is drought tolerant once established
(Luck, 1965), and will grow where rainfall is <500 mm, but
loses leaves during prolonged dry periods. Lablab pupureus
is more drought tolerant than other similar legumes, like
common beans (Phaseolus vulgaris) and cowpea (Maass et
al., 2010), and can access soil water due to its deep taproot,
even in heavy textured soils.

Macrotyloma axillare was reported as having an aver-
age to good drought tolerance (ILRI, 2013a; Baijukya, 2004;
Morris, 2008; Mansfeld and Biittner, 2001), while having a
moderate shade tolerance, making it an ideal cover crop for
agroforestry systems under tree canopies (do Carmo Aratjo
etal,2017).

The current study was carried out to assess growth and
yield traits of these ten selected forage legumes when grown
intercropped with mature enset plants, to improve produc-
tivity per unit area and enhance biomass production and
feed availability.

Materials and methods

Experimental sites

The performance of forage legumes integrated in mature
enset fields and under sole-cropping was assessed at the
Areka Research Centre of the Southern Agricultural Research
Institute (SARI-Areka) during the period 2014 to 2016. The
research centre is located at 7°09’N latitude and 37°47’E lon-
gitude, with an elevation range of 1,750 to 1,800 m above
sea level (m a.s.l.) (Ethiopian Mapping Authority, 1988). The
soil is of the silty loam type with a pH range of 4.8 to 5.6 and
low to medium organic matter content (2.6-5.6%) (Abayneh,
2003). The average annual rainfall for the study period
(2014-2016) was 1,539 mm, while minimum and maximum
mean temperatures were 14.5 °C and 25.8 °C, respectively.
Thus, weather conditions were favourable for vigorous/opti-
mum growth and development of the enset crop.

The performance (growth and yield) of shade-tolerant
forage legumes was also assessed in farmers’ fields, using
plots with 4-5 year old vigorously growing enset plants in
the Lemo and Angacha districts of southern Ethiopia in 2015.
No irrigation took place at the various trial sites. Manure and
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5x20cm
5x20cm
5x20cm
5x20cm

July 2015
July 2015
July 2015
July 2015

2015
2015
2015

2015

2015
2015, 2016

2015
2015, 2016
2015

Moderate to good
Average to good
Moderate
Intolerant at early growth stage, but

Moderate to excellent
Moderate
Moderate

Poor to moderate

roundleaf cassia
Pinto peanut
Perennial horse gram
Cowpea

Macrotyloma axillare
Vigna unguiculata

Arachis pintoi
Vicia villosa

Journal

2015

2015

2015

Vetch

moderate tolerance thereafter

#: information mainly taken from FAO and ILRI forage legume factsheets, and Wikipedia.

* Average plant density at physiological maturity stage and after thinning which was carried out at one month after seed germination.

inorganic fertilizer were applied, respectively twice
and once per year, during the rainy season months,
at the Areka on-station trials. Dried-up enset leaves
were used year-round as mulch at both the Areka
and on-farm sites, while manure was applied year-
round in farmers’ fields.

Trial designs and data collection methods

In July 2014, a first set of 4 forage legumes
(C. pubescens, D. intortum, D. uncinatum and
P. phaseoloides) were planted intercropped with
vigorously growing enset at the Areka Research
Centre. The enset plant spacing between rows and
plants was 1.5 by 1.5 meter and plants were 3 years
old. At the time of first planting of forage legumes,
the height of enset plants ranged from 0.5 to 2.5
meter, and overall shade level was 25-40%. Old
dried-up enset leaves were regularly trimmed. The
legumes were planted in 3 replicates, with a plot
size of 4 m2 for each legume species. The legumes
were planted in rows, and planting density was 5 by
20 cm (Table 1). The legume fresh and dry above-
ground biomass yield was assessed for 5 plants
per legume species. The plants were assessed/col-
lected at the centre of each plot, at the end of the
rainy season (i.e., in November) in 2015 and 2016.
The forage legumes were not harvested and above-
ground biomass, including grain, was left in place
as mulch. Regrowth of all the four forage legumes
was observed in two subsequent rainy seasons, and
no replanting was carried out. This also provided
information about the legume plant’s ability to tol-
erate drought during a 7-month dry season.

In addition, and due to promising initial ob-
servations made on the first set of forage legumes
planted in 2014, a second set of 7 forage legumes
(D. intortum, L. purpureus, C. rotundifolia, A. pintoi,
M. axillare, V. unguiculata and V. villosa) was plant-
ed under vigorously growing enset at Areka in July
2015. The enset plants were spaced at 1.5 by 1.5
meter and were 4 years old. Enset plant height
ranged from 1 to 3 m, and overall shade level was
30-45%. 01d dried-up enset leaves were regularly
trimmed. The legumes were planted in 3 replicates,
with each plot having an area of 4 m2 (2 x2 m). The
legumes were planted in rows, and planting density
of the legumes was 5 x 20 cm (Table 1).

The same 7 forage legumes (set 2) were also
planted in July 2015 under sole-cropping at the Are-
ka research station. Each legume sole-cropped plot
measured 2.5x30 m. Detailed legume growth and
yield traits in the July 2015 planted intercropped
and sole-cropped fields were assessed in November
2015. The following legume plant growth/develop-
ment parameters were assessed in a net plot (1 m?)
atthe centre of each legume plot: planting date, ger-
mination date, germination rate (calculated as the
number of plants germinated over the total num-
ber of seeds planted), flowering date (when 50% of
plants in the net plot had flowered), pod formation
date (when 50% of pods for plants in the net plot
had been formed), and physiological maturity date
(when 50% of plants in the net plots had pods that
turned yellow).

For above-ground biomass and root nodule

of Tropical and Subtropical Horticulture
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TABLE 2. Mean above-ground fresh and dry biomass weight of several forage legume species intercropped with mature enset
plants at Areka in 2014, and assessed in November 2015 and 2016.

2015 2016

accelediiieee Fresh biomass weight Dry biomass weight Fresh biomass weight Dry biomass weight

@ (tha-) (C) (tha-) €) (tha) @ (tha)
Centrosema pubescens 77c 153 ¢ 37¢c [E5IC 14c 229¢ 56 ¢ 1M.2c
Desmodium intortum 41a 8.1a 19a 38a 61a 122a 29a 57a
Desmodium uncinatum 53 b 10.7b 26b 51b 80 b 16.0 b 39b 7.7b
Pueraria phaseoloides 57b 11.5b 31b 6.2b 86 b 1720 47b 9.3b
LSD 6.5 1.3 5.9 1.2 9.9 1.99 8.9 1.78
P <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001

Means in a column followed by the same letter are not significantly different from each other at 5% least significant difference (LSD).

assessment, 5 plants per legume species were assessed at
flowering stage, in the centre of each legume plot, for the
2015 intercropped and sole-cropped trials at Areka. Roots
were cut off from the above ground tissue, and fresh and dry
weight of the above ground plant biomass were measured.
The number of nodules on the roots, and functional (brown-
red in colour)/non-functional (white/green in colour) nod-
ules were assessed in order to get an idea of atmospheric
nitrogen fixation levels.

After plant growth and yield assessments, the remain-
ing forage legume plants were not harvested and above-
ground biomass including grain was left in place as mulch.
Vigorous regrowth of 3 out of the 7 forage legumes (M. ax-
illare, D. intortum and C. rotundifolia) was observed during
the subsequent rainy season in 2016 in both the inter- and
sole-cropped trials at Areka, while no replanting was carried
out. Arachis pintoi showed limited regrowth with low levels
of above-ground biomass production and was no longer as-
sessed in 2016. Only above-ground fresh and dry biomass
weight was assessed in November 2016 in the inter- and
sole-cropped fields at Areka.

An additional forage legume assessment was carried out
in 2015 in farmers’ mature enset fields (using the same 7
forage legume species) in the Lemo and Angacha districts.
In Lemo, trials were established in July 2015 on 10 farms in
2 areas (“Kebeles”) with 5 farms in each Kebele, while in An-
gacha, trials were established in July 2015 on 3 farms in one

FIGURE 1. Vigorously growing Silverleaf desmodium (Des-
modium uncinatum) under enset shade at the Areka research
station in the 2015 rainy season. Silverleaf (planted in 2014)
grew vigorously during the 2015 rainy season due to the es-
tablished roots and lower stem sections, which survived the
prolonged dry season (Source: Guy Blomme).
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Kebele. Each farm served as a replication. Enset plants were
on average 4 to 5 years old, were spaced 2x 2 m, and were on
average 2-4 meter high. The overall shade level ranged from
45-60%. Old dried-up enset leaves were regularly trimmed
by the farmers. The same legume planting arrangements
were applied as for the Areka-based trials. Legume growth
and yield data was collected in November 2015, and data col-
lection methods were the same as for the Areka-based inter-
cropped and sole-cropped trials.

Statistical analysis

Analysis of variance (ANOVA), separation of means at
5% least significant difference and correlation analysis were
carried out using the GenStat V. 12 statistical software (VSN
International Ltd., 2009).

Results and discussion

For the intercropping trial planted in 2014, C. pubescens
had the highest above-ground biomass production in both
assessment years (2015 and 2016), while D. intortum had
the lowest value (Table 2). Pueraria phaseoloides had the
second-best above-ground biomass values. Although near-
ly all above-ground plant biomass dried up, all 4 forage le-
gume species survived the 2 extended dry periods (i.e., from
November 2014 till May 2015, and from November 2015
till May 2016), re-sprouted and grew vigorously during the
subsequent cropping seasons (starting in June 2015 and
June 2016, respectively) (Figure 1). Higher biomass values
were recorded in 2016 (Table 2), and this could be due to an
expanding set of established roots and lower stem sections
(that did not dry up) which survived the dry season.

Macrotyloma axillare produced the highest biomass yield
inthe 2015 established Areka intercropped and sole-cropped
trials (Table 3). In the on-farm intercropping trials, it had the
second highest biomass production after L. purpureus. Ara-
chis pintoi (Figure 2) and D. intortum consistently produced
the lowest amount of above-ground biomass across the 3
trials. Chamaecrista rotundifolia produced average levels of
above-ground biomass across the 3 trials, while V. villosa and
V. unguiculata produced average to above average levels of
biomass (Table 3).

Five out of the 7 forage legumes (set 2) assessed at Areka
in 2015 produced higher fresh biomass weight values in the
intercropped fields compared to the sole-cropped field. This
could be explained by the limited shade levels (30-45%) pro-
vided by the enset leaf canopy and a possible positive effect
of limited shade on legume plant growth. This is in line with,
for example, Fisher and Cruz (1994) and Cook et al. (2005)
who reported that A. pintoi is highly tolerant to shade, where
it often appears more vigorous than in full sunlight.
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1 \ ; i~ 15 p M 3 “
FIGURE 2. The forage legume Arachis pintoi performed very
poorly under shade (Source: Guy Blomme).

The percentage legume fresh biomass weight in inter-
cropped farmers’ fields compared to Areka sole-cropped val-
ues (Table 3) was lower compared to the percentage of fresh
above-ground biomass weight in Areka intercropped fields
compared to sole-cropped fields. This might be linked to the
larger enset plants in farmers’ fields and associated higher
shade levels.

In general, the number of nodules per plant decreased
with increasing shade levels (Table 3). The highest number
of nodules was observed in the sole-cropped field at Areka
(overall average of 15 nodules per plant) (Table 3). The low-
est number of nodules was observed in the on-farm inter-
cropped trials, which had the highest shade levels (45-60%
shade) (overall average of 11 nodules per plant). As for the
Areka intercropped fields (30-45% shade), an overall aver-
age of 12 nodules per plant was observed.

The number of nodules was negatively correlated with
time to flowering, time to pod formation and time to phys-
iological maturity (Table 4). However, no clear links were
observed between number of nodules and above-ground
biomass weight. Brown-red functional nodules were the
dominant nodule type across all trials (Table 3). However,
some white and white/green non-functional nodules were
also observed in the on-farm intercropped and Areka inter-
cropped trials, respectively. Shelton and Stiir (1991) report-
ed that nodulation in shaded legumes was adversely affected

and nodule numbers declined with increasing shade intensi-
ty, which would confirm the field observations made in this
study. It is unlikely that a higher organic matter content of
the soil (due to, e.g., enset leaf/debris mulch at the intercrop-
ping trials at Areka and on-farm; and farmyard manure at
the on-farm intercropping trials) in the intercropped trials
negatively affected nodule development. Nodule number and
above-ground biomass weight of legumes seem to increase
with increasing levels of organic matter. For example, Mase-
field (1965) assessed the effect of incorporation of organic
matter on legume nodulation (number and weight) in pot
trials. The addition of farmyard manure increased the num-
ber of nodules for peas (Pisum sativum), field beans (Vicia
faba) and French beans (Phaseolus vulgaris). As the data on
nodulation from this study are based on one cropping sea-
son, further multi-year and multi-location research on forage
legume nodulation would be needed to confirm the current
observations.

Similar correlation values between various plant de-
velopment and yield traits were obtained for both the in-
tercropped and sole-cropped trials (Table 4). There was a
negative correlation between days to germination and ger-
mination percentage (Table 4), indicating that the legume
species that germinated earlier had the highest germination
percentage. In addition, there was a negative correlation be-
tween germination percentage on one hand and days to flow-
ering, pod formation and physiological maturity on the other
hand, indicating that poorly germinating species took longer
to mature. For example, A. pintoi had a poor germination
percentage in the intercropped trials and hence took long to
mature (Table 3). High positive correlations were observed
between days to flowering, days to pod formation and days to
physiological maturity. Fresh and dry above-ground biomass
weight were also highly correlated.

Only 3 forage legumes of the trials planted in 2015 (set 2)
(M. axillare, D. intortum and C. rotundifolia) survived the ex-
tended dry season (November 2015 till May 2016) and grew
vigorously during the 2016 rainy season (ie., June till Oc-
tober) (Table 5). It was observed that, although the above-
ground biomass gradually decreases during the extended
dry season, roots and lower stem sections of these 3 legumes
re-sprouted at the onset of the rains in both the sole- and
intercropped fields at Areka. The forage legume M. axillare
is very promising, as it not only grew vigorously in both the
sole-cropped and intercropped fields, but it also survived the
extended dry season and quickly re-sprouted at the onset

TABLE 4. Correlations between time to germination, germination percentage, plant development traits, fresh and dry above-
ground biomass yield and nodule number per plant for the intercropping trials at the Areka research farm and in farmer’s
fields (below the diagonal) and for the sole-cropped trial at Areka (above the diagonal). Development and biomass traits (v):

See Table 3.
az‘r’::;zr?r:'l‘tgf”d DTG GP DTF DPF DPM FBW DBW NN
DTG 1 -0.89* 0.44 0.45 0.43 -0.10 -0.07 -0.29
GP -0.71* 1 -0.78 -0.79 -0.78 0.37 0.34 0.54
DTF 0.46** -0.61* 1 1.00%** 1.00%** -0.34 -0.32 -0.54
DPF 0.45* -0.59* 0.99* 1 0.99*** -0.39 -0.36 -0.51
DPM 0.46* -0.60** 0.99* 0.99* 1 -0.37 -0.35 -0.60
FBW 0.13 -0.29 0.03 0.00 0.01 1 1.00*** 0.62
DBW 0.17 -0.31 0.12 0.09 0.11 0.91* 1 0.63
NN -0.21 0.12 -0.29* -0.24* -0.32* 0.23 0.12 1
% and * were significant at P<0.001, P<0.01 and P<0.05, respectively.
&
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TABLE 5. Mean above-ground fresh and dry biomass weight for several forage legume species grown at Areka under
mature enset and as a sole-crop. The forage legumes were planted in 2015 and fields were assessed in 2016. Five plants (in
1 replication) per legume species were assessed at flowering stage in the sole-cropped plots at Areka, while five plants (in
3 replications) per legume type were assessed in the intercropped plots at Areka.

Areka intercropped field

Areka sole-cropped field Fresh biomass

Forage legume species Fresh biomass weight ~ Dry biomass weight ~ Fresh biomass weight  Dry biomass weight weightx
(@  (tha) (9  (tha) ()  (tha) (@) (tha") ()

Macrotyloma axillare 71b 14.13 b 34b 6.77b 140.5 28.10 317 6.33 51

Desmodium intortum 55a 11.00a 25a 5.05a 76.0 15.20 23.8 4.76 72

Chamaecrista rotundifolia 51 a 10.13 a 23a 456a 30.2 6.03 11.5 2.29 169

LSD 14.60 2.92 5.50 1.11 - -

P 0.034 0.034 0.006 0.006 - -

x: Percentage of fresh biomass weight (in g) in intercropped field compared to sole-cropped field.

TABLE 6. Above-ground legume dry matter expressed as a percentage of that produced under full sunlight (control). Source:

Congdon and Addison (2003).

Legume species C°”“9' Shade

(full sunlight) 63% 76% 84%
Desmodium uncinatum 100 62.3 35.2 235
Centrosema pubescens 100 43.8 31.8 19.0
Pueraria phaseoloides 100 441 323 16.2
Desmodium intortum 100 46.9 18.7 141
Macrotyloma axillare 100 53.0 21 15
Chamaecrista rotundifolia 100 37.8 28.6 2.2
Arachis pintoi 100 32.5 20.9 23.3

Vigorously growing Macrotyloma axillare under
sole-cropping at the Areka research station during the 2015
(above) and 2016 (below) rainy seasons (Source: Guy Blom-
me).

FIGURE 3.

of the rains (Figure 3; Tables 3 and 5). In line with the cur-
rent study, M. axillare was reported as having an average to
good drought tolerance (ILRI, 2013a; Baijukya, 2004; Morris,
2008; Mansfeld and Biittner, 2001), while having a moderate
shade-tolerance, making it an ideal cover crop for agrofor-
estry systems under tree canopies (do Carmo Araujo et al,
2017).

Although C. rotundifolia produced the lowest fresh bio-
mass weight values in both the Areka intercropped and
sole-cropped fields in 2016, plant growth was observed to
be better under moderate shade levels in the intercropped
fields compared to sole-cropped conditions (Table 5). The 3
legume species that re-sprouted and grew vigorously during
the 2016 cropping season (Table 5) in the Areka inter-
cropped and sole-cropped fields had far higher biomass val-
ues compared to the previous year (Table 3), and this could
be due to the established roots and lower stem sections
which survived the dry season. It would hence be advisable
for enset farmers to not uproot the forage legumes during
the dry season to ascertain enhanced biomass production in
the subsequent year.

Congdon and Addison (2003) assessed the production
of above-ground dry matter for 35 legume species, under
4 shade levels. The 6 forage legumes that survived the dry
season through root and lower stem sections in the current
study were reported by Congdon and Addison (2003) as
having an above-ground biomass production of at least 44%
under 63% shade compared to that produced under full sun-
light (Table 6). The lower biomass values reported by Cong-
don and Addison (2003) for C. rotundifolia and A. pintoi also
seem in line with observations made in the current study.

Generally, in this on-station and on-farm research, some
forage legumes (M. axillare, C. pubescens, P. phaseoloides,
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L. purpureus, C. rotundifolia, V. villosa and V. unguiculata)
produced moderate to high amounts of above-ground bio-
mass under intercropping conditions. Some other forage le-
gumes (M. axillare, D. intortum, C. rotundifolia, C. pubescens,
D. uncinatum and P. phaseoloides) were able to survive the
prolonged dry season and grew vigorously during the sub-
sequent rainy season due to the established roots and lower
stem sections which survived the dry season. As forage le-
gume biomass yields gradually increased during consecu-
tive growing seasons, it is advised not to uproot the legume
plants at the end of the rainy season in case biomass is har-
vested for fodder or mulch.

Feedback received from farmers in the Lemo and Anga-
cha districts indicated that M. axillare (highest recorded bio-
mass yield) and D. intortum (lowest biomass yield) could be
integrated into mature enset plots. This would suggest that
farmer criteria for selecting forage legume species goes be-
yond biomass production level. While discussing trial results
with farmers, they also indicated that various shade-tolerant
weed species produce significant amounts of biomass in ma-
ture enset fields, biomass that is often used as fodder.

Way forward

Further multi-location and multi-year on farm evalua-
tions of the most promising forage legume species and sur-
veys to determine edible weed species currently growing
in mature enset fields should be carried out. Additional re-
search on promising edible weed species regarding above-
ground biomass production under shade and feed quality is
also needed.
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