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ABSTRACT

To support a sustainable increase in agriculturabgiuctivity, the multipurpose
legumeCanavalia brasiliensig/ias integrated as forage and green manure into
the smallholder crop-livestock system of the Nigaen hillsides. Through on-
farm trials, surveys, and on-station experiments,investigated the biophysical
and socioeconomic trade-offs in balancing livestée&ding with soil fertility
management at farm level, including farmers’ petimgp Use as forage
increased milk yields while use as green manureeased nutrient cycling
efficiency. Short term net annual income decreageein used as green manure
and increased when used as forage. Managementngpt® handle trade-offs

and maximize legume benefits are discussed.

KEYWORDS
Biophysical and socio-economic trade-offs; Centhaherica; crop-livestock

systems; farmers’ perceptions; multipurpose legusod;fertility.
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INTRODUCTION

Smallholder mixed crop-livestock systems providero50% of the world’s supply of meat
and over 90% of its supply of milk. They are thesmanportant livestock systems in
developing countries (Herrero et al. 2010). In theal poor areas of the Central American
hillsides, population is expanding, increasing pues on arable land resources. For meeting
food demands, the expansion of cropland is posgiblepes are taken under plough and/or if
cultivation is intensified on existing cropland. Asallholders have no other choice than
sticking to continuous staple crop production aypslg lands that are prone to erosion, and
as they can hardly afford chemical fertilizers| mganic matter and soil nutrients are being
depleted, resulting in an overall soil fertilitydi@e and a decrease in soil water availability
(Johnson and Baltodano, 2004). Indeed, one of thie problems mentioned by farmers in
the region is that the solil is “getting tired”. $his their way of explaining soil degradation
through nutrient depletion (Schmidt and Orozco 30@&inly of nitrogen (N; Smyth et al.
2004, Pfister and Baccini 2005; Ayarza et al. 208 a consequence, the crop and pasture
productivity is decreasing, resulting in furthemparsion of cropland, which in turn further
accelerates nutrient depletion, leading to decceas®mme and higher food insecurity.

The most important current feed resources are itotest by naturalized pastures, i.e.,
Hyparrhenia rufaStapf cv. “Jaragua”, and to a lesser ex#amiropogon gayanukunth cv.
“Gamba” andPanicum maximundacq. cv. “Guinea”. During the dry season, pastuosvth
ceases under severe water deficit and the onlyadaifeed resources are dry vegetation and
maize residues of low forage quality (Bartle andpfénstein 1988). This feed shortage
results each year in severe bovine malnutrition§®RAC 2002) and in a strong decrease in

the production of livestock-source food.
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The one commonly promoted approach is the incotjgoraof multipurpose legumes on
cropland, which may function as an efficient inéed between crops, soils and livestock.
When used as green manure, legumes can providdstastial N input into the system
through symbiotic M fixation (Peoples et al. 1995) and build up sodamic matter stocks
(Vanlauwe et al. 1998), thus acting beneficiallyagsociated or subsequent crops. When used
as forage, legumes still provide N input to theteysthrough biological Nfixation, but gains
are reduced when legume biomass is grazed or dutamied for livestock consumption. On
the other hand, ruminant livestock excrete on ayeabout 80% of the N ingested (Rufino et
al. 2006) whereof a significant portion of N is meadily available feces N (Bosshard et al.,
2009, 2011), making efficient animal manure managem key issue for sustainable nutrient
management. In the case of a lack of forage ofcsefit quality, the legume-derived increase
in forage availability and nutritional quality ahé total diet leads to a net gain in milk and
meat production (Peters et al., 2001, 2003; Lepteal., 2010). Effects are more marked
during periods of feed shortage as it is the caBenwdrought tolerant legumes are grown
during the dry season. In smallholder systemsstoak often represents the most important
asset and means of accumulating capital, whichbmameadily converted into cash when
needed (Stir et al. 2002).

In order to identify a suitable legume for imprayithe production system of the Nicaraguan
hillsides, forage specialists and local extensisnisduced a farmer participatory screening
and evaluation of a number of potential legume am®i Among the legumes tested,
Canavalia brasiliensisMart. Ex. Benth(canavalia), also known as Brazilian jack bean,
attracted most attention from farmers mainly duégwigorous growth, good soil cover and
outstanding level of tolerance to drought manifgédby green forage yield during the dry

season (Peters et al. 2003; CIAT 2004).
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When using canavalia, farmers face two alternatiyay a short-term alternative, where
canavalia is grazed together with maize residu@sctease milk production and earn an extra
income during the dry season when milk prices aghdst; or (b) a medium-to-long-term
alternative, where canavalia is left in the fieddehhance soil fertility in order to improve crop
yields in subsequent years. One major drawbadkaisdne usage limits the other. To balance
these biophysical and socio-economic trade-offsesource allocation and use, a good
understanding of the effects of the legume on tidvidual components of the farming
system is needed (Tittonell et al. 2007).

The effects of canavalia used as green manureeilNitaraguan hillsides were already tested
through a series of experiments. The results theteaw that drought tolerance of canavalia
under low soil fertility conditions is associatedtiwdeep rooting ability and vigorous fine
root development to explore a greater volume of @lania et al. 2010). Above ground
biomass production varies strongly according tb depth, slope position, amount of clay and
stones in the whole profile, and soil organic carlamd N concentration. Canavalia cannot
fully express its potential as a drought toleraaguime on soils with low organic matter
content as well as on shallow and stony soilshivater the deep rooting ability of the legume
(Douxchamps et al. 2012). In addition, canavaladi significant amounts of N (between
64% and 74% of N in canavalia biomass is derivedhfthe atmosphere) and increases the
soil N budget in rotation with maize (Douxchampsaét 2010). Although canavalia is a
source of N for the subsequent crop, no effectsewaserved yet on the yield of the
following maize crop in on-station and on-farm esiments (Douxchamps et al. 2010, 2011).
While the effect as green manure had been docuchéhtg way, the use of canavalia as
forage still needed to be assessed. In additianatioption of a legume for one or the other
usage depends on how farmers themselves perce&eghme and their production system.

Studies have shown that system perception as weNads and definitions of agricultural



124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

terms differ between farmers and the scientific camity (Muller-Boker 1991; Blaikie et al.
1997; WinklerPrins 1999; Ericksen and Ardén 2008d& 2003: Schoell and Binder 2009).
These differences in perception need to be welktsidod in order to assess the real potential
of the legume for the production system considesied,to increase its chances of adoption.
Therefore, the objectives of this interdisciplinatydy were to address four key questions: (i)
what are the effects of canavalia as forage, (hptare the biophysical and socioeconomic
trade-offs in balancing livestock feeding with skittility management, with a focus on N as
a key nutrient in the system, (iii) how do farmeesceive these trade-offs, and (iv) what is

the best way to deal with these trade-offs at i flavel?

MATERIALS AND METHODS

Site characteristics

On-farm trials were established at a site repredset for the Nicaraguan hillsides: the Rio
Pire watershed (Department of Esteli, northwesioaragua), within a 2 km radius around

the community of Santa Teresa (13°18, 86°26 W, 600-900 m a.s.l.). Soils are classified

as Udic and Pachic Argiustolls. The climate is siféed as tropical savannah according to the
Kdppen-Geiger classification (Peel et al. 2007)né#ad mean rainfall (since 1977) is 825 mm
(INETER 2009), with a bimodal distribution from Jumo August and from September to
November. The dry season lasts from December to Ml strong winds and high
temperatures. Farmers in the region are traditionap-livestock smallholders, cultivating
maize and bean on about 2 ha of land and shariag @roductive pasture area of about 10

ha. Maize Zea may4..) is grown during the first rainy season, andhomon beanKFhaseolus
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vulgarisL.) on part of their land during the second raiegson. While maize residues are left
on the field, bean plants are entirely pulled duhavest and removed from the field, so that
no residues are incorporated into the soil.

Twelve farmers interested in integrating canavialitheir farms planted canavalia in rotation
with maize during two successive years (2007 an@BROAIl farmers participated in the
socio-economic surveys. Half of them tested camaad green manure, and the other half
tested it as forage. Details of the trials for asggreen manure are given in Douxchamps et al.
(2010; 2012), whereas the trial for use as foragkthe surveys are described below.
On-station experiments were established at two raxpatal stations of CIAT in Colombia:

at its headquarters in Palmira (03°05'N, 76°35'Wjdaa nearby location in Quilichao

(03°06’N, 76°31'W), where the necessary infrastuoetwas available.

Trials for the utility of canavalia as forage

Trial 1

On six farms in Santa Teresa, the maize-bean aadnthize-canavalia rotations were
established on two plots of 0.35 ha, to comparetihitional grazing of maize-bean plots
with grazing of maize-canavalia plots. Planting signof canavalia was similar to that of
beans, 70 cm between rows (in between the maizeB@rcm between plants. The currently
recommended canavalia accession CIAT 17009 wasingbd trials. At the beginning of the
dry season, three to five lactating cows per fantered the fields and first grazed the maize-
bean plots (covered with maize stover only as heants were entirely removed at harvest),
followed by the maize-canavalia plots (covered witlaize stover and canavalia). Each

treatment lasted for 10 days, with 5 days for aatapt and 5 days for data and sample
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collection. Due to accidental entering of cattletiie fields before the data collection, data

were collected on only three of the six farms.

Trial 2

To assess its forage quality, canavalia was plaatefields of the experimental station of
Palmira in four replicate plots of 5 m by 3 m inp&smber 2007 and evaluated after 16 weeks
of growth, which corresponds to the stage for grgqan-farm, where the whole plant was
harvested at about 10 cm above ground.

Trial 3

In 2008, a grazing trial was performed at Quiliclexperimental station with three treatments
in a replicated 3 x 3 Latin Square design: 1) makwever alone, 2) maize stover from
cultivation where canavalia had been intercropf@dnaize stover from cultivations where
Vigna unguiculatgcowpea, know forage of good quality) had beearerbpped. Maize was
sown at a seeding rate of 40 kg'h&anavalia was sown between the maize rows ondg M
27 May and 10 June with 20 kg hseeding rate. Three groups of two lactating Haistei
Zebu crossbred cows, initially weighing 424 kg @) @nd lactating since 153 days (£ 52)
subsequently grazed each of the three differenéraxental treatment plots. Fields of 1 ha
size had been subdivided into six plots to prowdeugh feed for an adaptation period of 5
days and a measurement period of 5 days for eactheofthree groups. Measurements

included total available biomass, milk yields anitkrfat content.

Samples analyses
In canavalia samples, crude protein (CP) was détednaccording to Temminghoff (2010)
and expressed as N x 6.25. Neutral detergent (B#F) was determined according to Van

Soest et al. (1991)n vitro dry matter (DM) digestibility (IVDMD) according tdilley and
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Terry (1963), and total tannins given as tannid agjuivalents according to Makkar (2003a;

b). Milk fat was analyzed by the Babcock methoddAymous 1894).

Assessment of biophysical trade-offs

The biophysical trade-offs in using canavalia abgveund biomass for soil fertility or for
livestock feeding were assessed by comparing thgchihg efficiencies for the green manure
and for the forage management options. Nitrogelovid different pathways from canavalia
to the subsequent maize, going through differempartments according to the management
options. With the green manure option, N goesglitarom the biomass to the soil; with the
forage option, it goes first through the animal dinel manure before going back to the sail,
assuming that manure is deposited directly to thle without previous storage. Urine N was
not included. The N cycling efficiencies (NCE, %¢n& defined for each compartments as the
ratio of effective or useful output to input ingstem component provided that the output can
be reused within the system (Rufino et al. 200&). the soil compartment, NCE varies
according to the material considered. NCE weremedtd as follows: NCE cow, Rufino et al.
(2006); NCE cow manure, Brouwer and Powell (1998)E soil and maize, Douxchamps et
al. (2011). Overall NCE is the product of the NGEction of each compartment. For each
pathway, the product of the NCE of each compartnaemt of the quantity of legume N
initially available gives an estimation of the ambof N derived from the legume (Ndff) in
the subsequent maize. It was calculated from cdiaazbove ground biomass compartment
size, which is 23 kg N Rafor the £' growth cycle (Douxchamps et al. 2010) and 10 Kol

for the regrowth, estimated from Herridge et a(@).
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Estimation of economic trade-offs

The short term economic benefits of the introducted canavalia into the crop-livestock
system were estimated through a survey carriedvdhbtthe farmers involved in the on-farm
trials. During the survey information on land us@jmal inventory, use of fertilizers and
pesticides, family and contracted labor, and hurf@yd consumption was collected to
estimate animal and crop production costs, andniecérom the sale of milk, meat, maize,
and beans. The effects of the introduction of cahawn farmers’ net income were calculated
by subtracting the production costs from the incerfe three scenarios: traditional maize
system, canavalia used as green manure, and cenasald as forage. Net income was
calculated for a typical farm with 2 ha of maizehd of bean, 1 ha of canavalia and 3 dairy
cows, over one year following the implementation cainavalia. The data on livestock
productivity used was taken from the results of thefarm trials. The data on crop
productivity used was that of the trials for greeanure use carried on in the same farms
(Douxchamps et al. 2010, 2012), except for beansvfoch grain yields were exceptionally
low mainly due to diseases during the two yearsieHéhe average bean yields for the
Nicaraguan hillsides were used (1092 kg',hfrom local experts). For the extrapolation of
milk yield over the whole dry season, we assumed thha of canavalia produces feed for
three dairy cows over 20 weeks. This assumptitvased on a canavalia DM yield of 2.2t ha

! (i.e. average vield from the on-farm trials) andsély supply of 5 kg canavalia DM céw

Definition and analysis of farmers’ perceptions

The Structural Mental Model Approach (SMMA; Bindand Schoell 2010; Schoell and
Binder 2009) was applied in order to compare fagnand experts’ perception of the

introduction of canavalia into the mixed crop-litask system.The approach consisted of
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three steps: (i) definition and weighting of thé&etent livelihood capitals (physical, natural,
human, financial); (ii)) analysis of livelihood dym&s, and (iii) definition of the social
capital. The methodology provides an understandinfarmers’ risks and priorities as seen
by experts and farmers themselves, and gives insmjb the origins of the differences
between experts’ and farmers’ risk perception (8thand Binder 2009). The method was
applied to define and analyze farmers’ perceptibrthe impact of the introduction of
canavalia on their livelihood, the impact of thadst on farmers’ human capital, and of the
study experts on farmers’ social capital. Fourtegperts were interviewed, as well as 20
farmers, 10 of whom were participating in the stadg 10 were representing a control group.
The experts can be divided in two groups. The §reup consisted of scientists and technical
assistance people involved in the study (from ETHAT and INTA). They had specific
expertise in agronomy or related fields. The seamodp included people who were not at all
involved in the study. They were selected to regmesypes of capital (see Binder and
Schoell, 2010; Schoell, and Binder 2009) and inetlydeachers, priest, a representative of the
local government and representatives of the loealth institution.

The analysis was performed in two steps. In a $itp the differences between the cumulated
experts mental model and the farmers’ mental mogele analyzed according to Binder and
Schoell (2010). In a second step the differencéwd®n the mental models of the farmers

participating in the study and the control groupevanalyzed.

Statistical analysis

Statistical analyses were performed using the prag8AS 9.2 for LINUX (SAS Institute

Inc., Cary, NC, USA). For the grazing trials an lgsis of variance between the different

11
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grazing regimes was performed using the Ryon-E@altriel Welsch multiple range test for
detecting statistical differences (P<0.05) in thiedorrected milk yield. For the on-farm trials
in Santa Teresa, statistical analyses were domg &PSS 9.0 for Windows, option General
Linear Model (Analysis of Variance).

For the SMMA, the mean distance and standard dewmiatf the actors to the farmer were

calculated (see Binder and Schoell, 2010 for cetailthe methodology).

RESULTS AND DISCUSSION

Forage quality of canavalia

The nutritional composition of canavalia pure stéhdal 2) after 16 weeks of growth was,
per kg DM, 89 g CP, 620 g NDF and 645 g IVDMD. Whetercropped with maize (Trial 3),
canavalia had a CP concentration of 160§ Réyl and an IVDMD of 700 g kg DM after 14
weeks growth. The NDF concentration was 500 § R§1. Total tannins given as tannic acid
equivalents were < 10 g RgDM. Basically, this indicates that important pdtalty
antinutritional factors were present only at lowdks in canavalia, which is further
demonstrated by its positive effects on milk yiédde next section). Canavalia also proved to
be a good source of CP. In comparison to low quédieds like straw and nutrient poor grass
species (such drachiaria humidicolaformerly calledBrachiaria dictyoneuraTiemann et
al. 2008), digestibility and estimated energy caoricgion of canavalia were higher than in
these low quality feeds though maybe not as highatsof other herbaceous tropical legumes

like Arachis pintoi(Hess et al. 2002) and cowpea (Heinritz et al220lemann et al. 2008).

12
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Effect of feeding canavalia on milk yields

In the experimental swards, the total availableviziss was 3766, 5334 and 3075 kg Bav

for maize stover alone, maize stover plus canavaha maize stover plus cowpea,
respectively (Trial 3). The fat-corrected milk yelas 7.5 kg coW day’ in the swardwith
canavalia (~14 weeks old) and 8.2 kg doslay’ in the sward with cowpea-12 weeks old;
not significantly different from the canavalia treent) and these values were significantly
higher compared to the 6.1 kg coway® achieved with maize stover only. Milk fat contents
was 4.2%, 4.5% and 4.1% with maize stover alonazemstover plus canavalia and maize
stover plus cowpea, respectively.These values aigignificantly differ among each other.
The effects of the canavalia diet on milk yieldsl amilk fat contents were confirmed in the
on-farm trials performed in Santa Teresa (Trialduting two consecutive years (Table 1).
The integration of canavalia increased DM availgbftom an average value of 4000 kg'ha
by 2000 kg ha, and resulted in a significant increase in milklgiof 1 kg coW day* (P

<0.01) (Table 1). There were no significant effemdat content.

Biophysical trade-offs

The N pathways and the NCE for the different otidor use of canavalia above ground
biomass are presented in Figure 1. These diffengindns are not equivalent in terms of NCE,
which is reflected in the N availability for thelmequent maize crop. This approach shows
that the use of canavalia as green manure proved@sore substantial N input to the

subsequent maize than the use of animal manuhsuglh both amounts are small compared

13
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to maize total N needs. From the workshops orgdnizging the course of the study and the
observations in the field, it is clear that farmere rather motivated to use canavalia as
forage. This use entails a risk of soil N depletipnto 41 kg N ha, which could be mitigated

by returning animal manure to the soil (Douxcharepsl., 2010). During grazing part of
animal’s excreta is deposited on the field butisgribution is uneven. The manure produced
in corrals is usually collected, but its recyclitagthe field is generally inefficient, especially
when it comes to the urine which contains N witghhplant availability. Unless manure is
properly stored and managed, its quality is oftengoor to be an effective source of nutrients
(Rufino et al. 2006). After it has been grazed,avafhia usually regrows during the dry
season. Although this regrowth represents less d@smt can again be used as forage or as
green manure. On the long term, the use of carsavadjrowth as green manure represents a
more interesting option for crop production thaa tise of animal manure.

What is not apparent from the NCE approach is hawmsoil N stocks are built up in each
option. Douxchamps et al. (2011a) showed that theddvery in soil is higher from canavalia
residues than from animal manure, which speaksaworfof the regrowth-for-soil option.
Additional “losses” from the direct N pathways withe forage option do not necessarily
imply a loss to the farmers as this leads to high#k and meat production. Also, we have
not studied the belowground N input by canavalta the soil. Legume belowground N can
be as high as above ground N (Wichern et al. 20818}, can result in a residual N value to

subsequent crops (Mayer et al. 2003).

Economic trade-offs

14
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Farmers’ net income and its components for theeteenarios is presented in Table 2. The
introduction of canavalia increased the annual nieedlabor by 19 man days per farm

compared to the traditional system. This additidabbr has to be provided by hired workers
or by the family. When canavalia was used as fqrdmgeeconomic net annual return per farm
increased by 8% with respect to the traditionatesys mainly due to a 12% increase in milk
production and to an 18% increase in milk pricesnduthe dry season compared to the rainy
season (Table 2). When used as green manure, @aneal income decrease of 12% was
observed compared to the traditional system, wigah be explained by the fact that no
significant increase in maize yield was observednduthe two first years of canavalia

cultivation (Douxchamps et al. 2010).

Farmers’ perception

From the analysis of farmers’ perception, no tresmwdards one or the other use of canavalia
can be deducted. The perception of experts andefardiffered in some specific issues. The
most important difference was that farmers did sex any impact of crop harvests on their
financial capital. The SMMA also showed that farmattributed changes observed in their
natural capital to their participation in the caalgv trials. Farmers’ stated that, due to the
cultivation of canavalia, they observed an increasmaize and milk yields. However, one
has to consider that six out of ten farmers did recbgnize canavalia on a photograph and
four out of ten did not understand why canavalieusth affect soil fertility.

Farmers claimed an overall improvement of the syst@though no significant increase in
maize yields was measured after two years of cdmavaltivation in their fields

(Douxchamps et al. 2010). On one hand, farmersepard a positive effect of canavalia on

15
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both milk and maize yields; on the other hand tt&lynot yet associate this increase with
extra income. However, the economic evaluation gltbthat the use as forage provides an
immediate net income, while the use as green mamurédes no economic benefit in the
short term. These discrepancies between farmedseaperts’ perception of the system have
been already reported with the SMMA, and were atgwrted by other studies (Fischer and
Vasseur 2002; Ericksen and Arddon 2003). Farmers sanehtists have different reference
frameworks: while farmers tend to use their farrd anmediate surroundings as the reference
framework for observations, scientists mostly usiersally accepted reference frameworks,
measurement units and classifications (Van Astemal.ef009). In additionfarmers may
intentionally or unintentionally bend the truth pyoviding ‘desired’ information, either to
attract a project and achieve short-term benefigs (Asten et al. 2009; Van der Hoek 2009),
or because of a temporary enthusiasm or discouragiemaking them looking at their system

with optimistic or pessimistic lenses.

Use of canavalia on-farm

Based on the on-farm experience in Nicaragua, aflon-farm N flow scheme for the

smallholder system was developed (Figure 2). Ihlights the changes in N flows generated
by the introduction of canavalia into the systemn fbe proposed management option:
canavalia grazed, animal manure back to the pkdrowth used as green manure. As
canavalia above ground biomass production is sklyoaffected by the position in the

landscape (Douxchamps et al., 2012), the intemradf canavalia in farms located on slopes
could be ideally complemented by soil conservatiechnologies such as live barriers to

avoid that the N gained is subsequently eroded Holwihe system would benefit from
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small changes in management like increase in claptipg density and timing of mineral
fertilizer application. Indeed, maize productivitpyay be limited by poor agronomic
management and therefore not fully benefit from khsupplied by canavalia. Increased use
of improved pastures likBrachiaria spp. grasses and/or forage conservation practioeslw
diversify dry season feeding strategies and wolllmvalivestock to be less dependent on
canavalia amended crop residues. Better N distobwvould be achieved through rotations
between pasture area and cropland.

This shows that canavalia has to be seen as onpocmmt of a management strategy,
possibly comprising also other legumes and aimtrigaeasing the production of the system
and its resilience, based on the progressive @starof degraded soils and on optimal N

flows.

Potential of canavalia to improve the system

Canavalia has the potential to improve the mixemp-divestock system of the Nicaraguan
hillsides. It increases livestock production thrbugcreased animal feed availability and
guality. The combination of both factors leadsipd higher production per animal and (2) an
increased carrying capacity (number of animals gren), resulting in an increase in milk
production during the dry season. Net income fréva tise of canavalia as forage may
increase over time as costs arising from suppleangifiéeding and pasture leasing decrease.
These trends need to be confirmed for the long-&ffects. Although an income decrease has
been observed with the green manure usage, caadvalnass production increases soil
fertility with time and it is expected that prodiect costs of maize would decrease due to

lower fertilizer application, and that income wowddbsequently increase due to maize yield
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increase. The time period until an effect on maizeductivity can be perceived depends on
the biophysical limitations of each site and thenagement options chosen by the farmers. It
is assumed that canavalia yield is stable duririgest for the two initial years. Still, yields of
newly introduced legume species may decreaseafew years of cultivation due to a build-
up of populations of new pests and diseases, abdwsreported in other studies (Binemann
et al. 2004). However, this has not been observea i6-year old on-station canavalia
experiment carried out at San Dionisio, Nicaragu@netheless, comprehensive evaluation of
the maize-canavalia rotation sequence needs on-fasting over a longer period. More
complex rotations combining different legumes walifferent purposes, like intercropping
cowpea with maize during the first rainy season gralving canavalia or bean during the
second rainy season, were found to be promisingstaten (A. Schmidt, personal
communication) and would need to be further testedarm. Indeed, the use of various
legumes for various purposes on the same farmnsistent with the general trend for high
diversity on smallholder farms and has been a sstakstrategy elsewhere (Stir et al. 2002).
There is a need to define the longer-term econdhrigshold of productivity at the whole
farm level for farmers to adopt canavalia as a egption, as on more degraded soils,
canavalia needs to be combined with mineral feerliand other soil fertility management
practices during the early part of its integration.

In addition to the CIAT 17009 germplasm accessiseduin this study, a range of other
accessions dfanavalia brasiliensigire available for testing. Some are being screenbdth
Colombia and Nicaragua to identify possibly optidmsving properties superior to the
accession tested here. Researched traits includmaygic performance (cover, biomass
production) during the dry season, fertilizer vahred nutritional forage characteristics. An
on-farm trial with 12 accessions was establishedndutwo growing seasons (2009/2010,

2010/2011) in San Dionisio (Nicaragua). Some adorsgespeciallyfCanavalia brasiliensis
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CIAT 7972, 19038, 17462) showed higher soil coved @roduced up to twice as much

biomass than the currently recommended accesslé, T7009 (CIAT 2010).

Adoption potential

Adoption of legumes by smallholder farmers is gatigbelow its potential (Sumberg 2002;
Shelton et al. 2005). Reasons identified for patopéion include lack of perceived economic
benefit (Ali 1999), lack of extension informatiolmnited seed availability, labor shortage,
inappropriate land tenure and land scarcity (Elbagt al. 1999). Other factors are
unfavorable policy environment (giving preferenoeeixternal inputs like concentrates and
fertilizer), a lack of farmers’ participation ingtdevelopment of forage germplasm and a lack
of coordination between different research disngsi (Horne et al. 2000; Peters and Lascano
2003). Particularly in Nicaragua, failure to takéoi account local reality and perspectives has
been reported as a main factor for non-adoptiosodfconservation practices (Shriar 2007).
The use of participatory approaches and the evatuaif the whole system into which
legumes are to be integrated are indispensableddoess both the obstacles preventing
farmers’ adoption and the complexity of legume-eligpstock cropping systems (Cherr et al.
2006; Mugwe et al. 2009; Van der Hoek 2009).

In the present study, farmers were involved from $tart. On-farm trials and workshops
allowed checking for the adequacy of the proposetrtology to the local cropping system.
The ex-ante socioeconomic survey allowed identffyisome important factors to be
considered for sustainable adoption of canavakea,the need for perceived economic benefit
and the need for availability of labor. Most farsevho tried to grow canavalia want to

continue planting it on their plots. Farmers peredi also an increase in maize and milk
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yields due to the cultivation and use of canavaiil, there is room for improvements in the
communication between legume specialists and fanserthat the knowledge of the farmers
on their own production system further increasdss Would help guaranteeing a sustainable
adoption of canavalia. Indeed, the SMMA analysianfb that, to achieve a sustainable
adoption, the human capital of farmers should hbgetad. This could be attained by
providing farm management courses, further intgsifthe involvement of the farmers and
handing over key responsibilities in the future @ioann 2009). In particular, an in depth
understanding of nutrient dynamics should be aimedwhereby one should focus on
departing from farmers understanding and compleimgnheir knowledge specifically using
their own experience and observations.

To facilitate adoption, information materials ore thse of canavalia designed for the farmers
(user guide, brochure) have been elaborated ialmmation with extension specialists from
INTA, Nicaragua and CIAT headquarters, Colombia {kdhamps et al. 2011b). Seed
production plots have been implemented, and theialffcultivar release by the local
authorities is in process. Moreover, government atiter local institutions have already
expressed repeatedly their interest in integratmegnew technology in forage production and

soil fertility enhancement programs.

PERSPECTIVES AND CONCLUSIONS

Although a decisive push is still needed for widegd adoption, some farmers are currently
growing canavalia, seed is being produced by al ldbaO, and national research and
extension programs and development organizationg B#arted initiatives to scaling this

technology through Farmer Field Schools. Therestitegaps in the understanding of the
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trade-offs between the alternative uses of carmvatiainly of the biophysical and
socioeconomic effects on the long-term and at fizral, with different rotational sequences.
For example, the water dynamics and the weed ssgiprein the system have not yet been
studied. Risks associated with continuous use ypears (nutrient mining if used as forage or
pest/development as invasive weed if used as gnegire) are still poorly defined.

Under the current high input (N fertilizer and centrates) prices and growing consciousness
of soil fertility decline, smallholder crop-livestk farmers show increasing interest in trying
to integrate legumes for sustainable intensificatimf their production systems. While
proposing and testing multipurpose legumes to sustap and livestock production and to
reduce land degradation, researchers and techsicstwould monitor closely farmers’
perception and implementation of the new technel®do make adjustments when needed
and insure that the introduced technology is ecocaliy and ecologically sustainable.
Multipurpose legume options should be combined vather agricultural intensification
technologies or diverse crop rotations. Variousralitives for integration of legumes could
be developed for a sustainable management of argasources that maximize nutrient use

efficiency and reduce soil degradation in smallkolctop-livestock systems in the tropics.
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TABLESAND FIGURE CAPTIONS

FIGURE 1 N pathways in maize-canavalia rotation for différeses of canavalia biomass.
Dashed arrows indicate the N pathways through uaricompartments according to the
various management options for canavalia. NCE =ridhit cycling efficiency,ratio of

effective or useful output to input in the systeomponent

FIGURE 2 N flows on a smallholder crop-livestock farm inetiNicaraguan hillsides.
Proposed changes to the traditional system areateti in bold: (1) introduction of canavalia,
with above ground biomass of first growth used@sade and the rest as green manure; (2)
return of animal manure to the solil; (3) soil cama&on techniques like live barriers or stone
rows to reduce erosion; (4) improved maize managengd) return of bean roots, usually

pulled out at harvest, to the soil; and (6) intrctthin of improved pastures
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TABLE 1 Influence of management options on biomass avhilgland milk yield and milk

fat content, Santa Teresa, 2007 and 2008

TABLE 2 Composition of the net annual income for three mgangent options, for a typical

smallholder farm, (i.e. 2 ha of maize, 1 ha of hesaven heads of cattle from which three are

dairy cows and 1 ha of canavalia when applicable)
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ths" I cow” day" % % % %

2007 200¢ 2007 200¢ 2007 200¢ 2007 200¢ 2007 200¢ 2007 200¢
Maize residues + weeds (control) 31 48 2¢ 3.¢ 5.1 4.C 3.2 3.2 4.8 4.8 8.7 8.8
Maize residues + weeds + canavalia 4.0 81 34 3.8 5.2 4.c 3.2 3.1 4.8 4.7 8. 8.5

Means carrying no equal superscript within the seatemns are significantly different at P<0.05, 842007) and n=11 (2008).
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TABLE 2 Composition of the net annual income for three mgangent options, for a typical
smallholder farm, (i.e. 2 ha of maize, 1 ha of hesaven heads of cattle from which three are

dairy cows and 1 ha of canavalia when applicable).

Traditional systentCanavalia used ¢ Canavalia used ¢
green manure forage

(US$ year) (US$ year) (US$ year)

Income

Income from 2 ha of mai® 895 895 895
Income from 1 ha of bear” o574 574 574
Income due to mil° 507 507 641
Income due to meé 360 360 360

Production costs

Production costs maize (2 t° 334 334 334
Production costs bean (1 I° 96 96 96
Production costs canavalia (1 ° 163 85
Production costs lvesto’ 480 480 423
Net income (US$ year™) 1426 1263 1533

® Calculated with a sale price to producer of US&ZIZ(h productivity of 2.2 t/ha per year, and an
auto-consumption of 1 t/farm.year.

® Calculated with a sale price to producer of US#&660productivity of 1.1 t/ha per year, and

an auto-consumption of 222 kg/farm.year.

® Calculated with a sale price to producer of USB@.8uring the rainy season and US$0.32/It during
the dry season, and for 3 milking cows. Milk protoe is 4.1 l/cow/day during the rainy season and
2.1 l/cow/day during the dry season. With canay&ieage scenario), milk production increases

to 3.1 /cow/day during 20 weeks for the 3 cowst@aonsumption is 1789 l/farm.year.

‘ Sale price to producer is US$1.2/kg, and 452 kgyfgear are sold.

®Include fertilizers and pesticides when applicalaled preparation, seeds for canavalia and laBbur
arate of 2.7 US$/man.day.

"Include pasture leasing during the dry seasori, ferads of cattle during 5 months at an average
of US$3.85/head per month. With canavalia, leasliagreases to 4 heads of cattle during 5 months.
Family labour contributes for 128 man.days at a odt2.7 US$/man.day.
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FIGURE 1 N pathways in maize-canavalia rotation for difféareses of canavalia biomass. Dashed arrows indibatdl
pathways through various compartments accordinijgwarious management options for canavalia. NQ&itrient cycling
efficiency, ratio of effective or useful outputitgout in the system component.
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FIGURE 2 N flows on a smallholder crop-livestock farm in thearaguan hillsides.
Proposed changes to the traditional system areateti in bold: (1) introduction of
canavalia, with above ground biomass of first giroused as forage and the rest as green
manure; (2) return of animal manure to the sojl;s@l conservation techniques like live
barriers or stone rows to reduce erosion; (4) imgdomaize management; (5) return of
bean roots, usually pulled out at harvest, to thle &nd (6) introduction of improved

pastures
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