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In the wet lowland hiliside« of Northern Honduras, thousands of small farmers have
been spontaneously developing and adopting throughout the past 20 years a no-tillage
cropping svstem, which consists of a rotation between a rainy-season. spontaneously
reseeding mucuna (Afwcuna spp.} and a dry-season maize (Zea mays). The present
study provides an exploratory analvsis of some of the major agroecological processes
which shape this svstem. including shor-term nitrogen ¢ycling and long-term trends in
soi} chemical and phvsical properties To this end, an agronomic monitonng was ¢on-
ducted in farmers’ fields during two consecutive cycles in four villages. in which maize
vields and vield components, mucuna biomass. soil properties and farmers practices
were recorded. Long-term trends were detected via a chronosequence scheme.

B\ the time a mucuna crop is slashed. it has typically accumulated 10 to 12 tha” of
dn-mat: - and 250 10 350 kg.ha' of nitrogen in its above-ground biomass. The mucuna
mulch decomposes rapidly after slashing. occasioning a marked peak of inorgamc mitro-
pen in the soil profile Farmers take advantage of this pattem by planting maize just
after slashing. The mucuna itself recvcles a significant share of the nitrogen it needs
Sustained maize yields of 3 10 4 t ha' (double those obtained without using mucuna) are
commoniy achieved. with hardlv any need for and response 10 nitrogen fertilizer

In 1he long-run. the mucuna system not only protects the soil from erosion. but also
contributes to a general improvement in soil fertility over time in most cases No soil
acidification or other forms of soil degradation take place Soil organic matter increases
markedly in the first five cm of the soil profile. Levels of exchangeable Ca or My have a
tendency to increase throughout the soil profile. whereas levels of available phosphorus
remain stable. Finally. steady-state infiltration and porosity also increase significantly
over time

In spite of its satisfactory agronomic performance, the future of the mucuna system
i$ uncerain. as the income-generation capacity of the rotation is relatively low. In-
creasing vields. making use of mucuna as forage or feed, and diversifving the production
at the farm level while maintaining the multiple benefits associated with the mucuna
system seem necessary 10 avoid its gradual abandonment More generally, the wider
diffusion of ecologically-sound slash-and-mulch systems, and also the understanding and
application of the kev principles of mulch farming to agroecological environments less
favorable than Northern Honduras are among the many challenges Iving ahead




DINAMICA DE NITROGENO Y CAMBIOS A LARGO PLAZO ,
EN LAS PROPIEDADES DEL SUELO BAJO LA ROTACION MUCUNA/MNALZ
EN LAS LADERAS DEL NORTE DE HONDURAS

Bemard Louis Tnomphe. Ph.D.
Comell University 1996

En las laderas humedas del norte de Honduras. miles de pequchios agncultores han ido
desarrollando v adoptando espontaneamente durante los ultimos veinte afos un sistema de
cultivos de fabranza zero. consistiendo en una rotacion de un cultivo de maiz (Zea mavs)
scmbrade durante la cstacién scea v un cultivo de mucuna (Mucuna spp ) en la estacion u-
viosa El presente estudio provee un analisis de algunos de los proccsos agroccologicos ac-
tuando en cste sistema. incluvendo ¢l reciclage de nitrogeno a lo largo del ciclo del maiz «
las tendencoas a largo plazo ¢n propicdades quimicas v fisicas del suclo  Para esie fin. se
{levo a cabo un monitoreo agronomico durante dos ciclos consccutivos ¢n parcelas duv agri-
cultores en cuatro comunidades. durante el cual s¢ midicron los rendimicntos de maiz v sus
componentes. la biomasa de mucuna. las propiedadces del suelo v las practicas du los agnicul-
torcs. Las tendencias a largo plazo se detcctaron mediante un ¢squema do cronosccuencias

Al momento de chapiarlo. ¢l culuvo de mucuna ha acumulado de 10 2 }2 tha' de matc-
na scca \ entre 230 v 330 kg ha'' dec nitrégeno en su biomasa acrca. Ef mantillo de mucuna
s¢ descompone rapidamente después de chapiar. inducicndo un marcado incremento en la
disponibilidad del nitrogeno mineral en ¢l perfil del suclo  Los agricultores aprovechan csta
situacion para sembrar maiz justo despucs de chapiar  La mucuna recicla gran parte del mi-
trogeno quc va acumulando  Rendimientos sostenidos de 3 a 4 tha' de maiz (¢l doble de los
obtenidos sin usar mucuna) son comunmente alecanzados. sin necesidad de aplicar fertulizante
mitrogenado  La respucsta al mismo ¢s mus débil aunque vanable entre parcclas v afos

A largo plazo. la rotacidon mucuna/maiz permite proteger ¢l suelo contra la crosion. a la
\ez que contnburc a mejorar la fertilidad del suelo a través de los anos ¢n la mazona de los
casos No s¢ obsena acidificacion del suclo o otras formas de degradacion del mismo  Los
niveles de matena orgamca aumentan marcadamente ¢n los pnmeros 5 em del perfil de
suclo. v los contemidos de Ca v Mg intercambiables ticnden a aumemtar ¢n todo of perfil El
fosforo dispomible s¢ manticne cstable  Finalmente. las wasas de infiltracion « la porosidad
del suclo tambsen aumentan a lo largo de los anos.

A pesar de sus bucnas caracteristicas agronomicas. ta permancncia do 1a rotacion ¢sta on
dudas. va quc los ingresos denyados de su uso son relativamente bajos  Para cuitar su aban-
dono gradual. parece necesano aumentar los rendimicntos. usar mucuna como fucnic de
forrage o diversificar la produccién a nivel de la finca, tratando sin vmbargo dv no porder los
beneficios muluples asociados con el uso de este sistema de culinos De forma mas general.
la difusion de sistemas ccologicamente viables basados en ¢l uso de coberturas vivas v man-
tillos. asi como ¢l entendimicnto v la aplicacion de Jos principios claves de los mismos ¢n
ambicntes agrovcologicos menos favorable que el titoral atlantico de Honduras. forman
parte de los muchos rctos que quedan por afrontar.
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Chapier 1
INTRODUCTION

Many small farmers throughout Latin America operate under dire socioeconomic condi-
tions (de Janvry, 1981) Several key interrelated structural constraints are usually rec-
ognized as contributing to this situation: (1) restricted access to tand, as a result of very
ureven land distnbution. (2) limited access to agricultural inputs and commodity mar-
kets, linked among other causes 10 inadequate communication infrastructure and lack of
disposable income. (3) high rates of population growth, spurring a growing pressure on
the natural resources, and (4) a rapid disappearance of remaining virgin forested land.
which up to now have provided a relative measure of alleviation for many households in
search of decent standards of living (Breslin, 1987).

In hillside or mountain environments, additional constraints must be included in the pre-
vious list. One of them is the high transaction costs associated with many economic
activities which take place in a context of broken topographv and geographical isolation
of manyv communities. This translates into lower or erratic fluxes of information. sen -
ices or goods being exchanged between households living in the hillsides and the socierv
at large Another one is the relative fragility of the physical environment. and in par-
ticular the high potential evels of erosion and other forms of degradation accompanying
the economic exploitation of natural resources via logging. agriculture or cattle nsing

Under such challenging conditions. it is hardly surprising that farmers have not been able
1o respond very successfully to the growing stresses imposed on rural societies (Collins.
1986) For the most pan. thev have had no choice but to continue extensive cropping
practices such as land fallowing or slash-and-burn agriculture. Whereas these practices
had long been adequate (Nye and Greenland, 1960), greatly shonened fallow periods and
low cash-income generation capacity nowadays threaten the survival of entire farming
communites

For those concerned with the conservation of natural resources and/or the well-being of
rural populations, a vital question is what can be done to alleviate some of the con-
straints mentioned above. and help households living from small-scale agriculture achieve
a more sustainable path (Peters and Neuenschwander, 1988, Wijewardene and Waidy-
anatha. 1989, Villachica er a/., 1990, Robison and McKean, 1992; Bandy er a/., 1993,
Garnty and Khan, 1994) Clearly, successful strategies will have 1o address in one way
or another the root of these problems, which lie largely outside agriculture sensu strictn
in that sense. it would be foolish to entertain the itlusion that there can be sustainable
agriculwral practices or systems without a sustainable society at large (Castallenet.
1994). Whatever the progress made on this latter level. a definite requirement from an
agricultural viewpoint 1s to at least devise durable means of exploiting the one resource




most easily degradec destroved or lost in the productive process. parucularly in a hill-
side environment. the soil itself.

1.1 INSEARCH OF ALTERNATIVES TO THE DILEMMA OF HILLSIDE
FARMING

On account of the intrinsic fragility of hillsides, many dispute the notion that they
should ever be farmed. The fact that this study focuses on a successful hillside cropping
system by no means constitutes an act of active advocacy for farming hilisides But as
hillside colonization is an inescapable reality, understanding how to minimize the re-
sulung damage is a legitimate concemn.

There have been a great many successful expenences, most centuries or even miltennia
old, about conserving soil in hillside environments, including engineenng approaches (e.¢
terracing) and agronomic approaches (e.g. agroforestry or rotations with cover crops)
(Siebert and Lassoie, 1991). The former were commonly practiced in Europe or Asia for
example centuries ago. but their high initial and maintenance cost and high requirement in
terms of social control make them hardly appropriate for most present-day situations
Agroforestny systems proposed by present-dav scientists (Nair. 1989. Fernandes ef /.
1993), even though they appear attractive theoretically, have been very sparingly
adopted up to now outside areas where similar or related practices were already in use
(Budowski. 1985 Garnty, 1993). This lack of adoption can be explained at [east panly
because of the high labor requirements of these systems, and the delayed or mininial
impact they have on productivity or income generation

On the other hand. no-till slash-and-mulch systems (systems in which a natural or in-
troduced vegetation is slashed and used as a mulch for the following crop) have been
adopted 1n several regions throughout the tropics (Thurston, 1994). They do not re-
quire heavv initial investments and can produce tangible benefits in the short-term. in-
cluding erosion and pest control, improved nutnent cychng and water use. and reduced
labor use (Lal, 1975: Monegat, 1991). Of special interest are svstems including legumes
as the mulched species, because the nitrogen released by the legume upon decomposition
helps boost non-legume crop yields significantly Thus farmers depend less. or not at
all, on applications of costlv nitrogen fertilizer, an advantage shared by rotations in-
cluding green manures (de Somneyv, 1916; Pieters, 1927. Yost er ar/, 1985, Lathwell, 1990,
Buresh and de Datta, 1991). These rotations seem parucularly suited to the humid
tropics (Buckles and Barreto, 1995), as production of biomass which will be left in place
competes little with the production of economically more valuable biomass such as
grain, forage or fuel In spite of their many qualities, legume-based slash-and-mulch svs-
tems are still very poorly documented in the scientific literature (Sanchez. 1994). even
though related agroecosystems have been studied extensively (Huntington ez o/ . 1983,
Ladd and Amato, 1985. Yoster al., 1985, Glover and Beer. 1986, Pichot er a/ . 1987,
IRR]. 1988, Yost and Evans, 1988, Sanchez er a/., 1989: van der Heide and Hainah.
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1989 Palm and Sanchez, 1990; Sarrantonio. 1991; Smyth ez a/.. 1991. Kang and Mulon-
goy. 1992, Mulongoy and Akobundu, 1992, Haggar and Beer, 1993, Thurston, 1994)

1.2 TAPPING FARMERS’ KNOWLEDGE AND EXPERIENCES

While science-based agricultural research is to be credited for huge successes in raising
agricultural output, many scientists fail to realize that small, uneducated farmers also
successfully experiment and innovate on their own initiative (Johnson, 1972; Brammer,
1980, Richards, 1985). By definition, farmers’ mode of experimentation is not equiva-
lent to scientific inquiry, as it relies heavily on empirical. locally validated expenence
Hence it may not generate knowledge in a form easily accessible 1o outsiders or ex-
trapolable to other regions/farmers. Nevertheless, many insights were gained in the past
and many more that could stitl be gained from assessing what farmers did or do to ad-
dress kev 1ssues related to crop or environmental management. For example. farmers’
in-depth understanding of numerous wild plants and their relationships to the environ-
ment might provide invaluable guidelines for developing sustainable farming practices
(Richards, 1985, Sinclair es al | 1993).

An imponant task for researchers then is to devise efficient wavs of tapping this
knowledge. An added challenge is 1o contribute simultaneously to the strengthening of
farmers’ capacity to generate new ideas and practices (empowerment may be the ke -
word Bunch, 1982), given that traditional mechanisms of knowledge generation are fast
eroding. in the wake of the crisis affecting rural societies.

Documentation of farmers’ knowledge and practices, a needed first step in this process.
can take several forms: from mainly journalistic accounts of what is being done (e g
(Flores. 1987) 10 in-depth diagnostic studies trying to identify constraints. benefits or
farmers’ concepiual frameworks (Richards. 1985 Bentley, 1989: Beliows. 1992 Sinclair
eral . 1993, Solomon and Flores. 1994) In all cases. it is important to get away from
gratuitous opinion and propaganda-loaded accounts about indigenous svstems and
knowledge bases and towards a rigorous understanding of the principles they relyv on.
their shortcomings and potential for extrapolability outside of their original context

1.3 WHY STUDY THE MUCUNA SYSTEM? RESEARCH OBJECTIVES

Given the above context. the very existence of the mucuna/maize rotation practiced by
thousands of farmers throughout the humid tropics of Meso America (Buckles. 1995).
and parucularly in the hillsides of Northern Honduras, seemed to provide a good oppor-
tunity to document in sifu the agronomic performance and conceptual underpinnings of
an indigenous slash-and-mulch cropping system reportedly successful in terms of pro-
ductivity, sustainabilitv and adoptability.

Briefly. the mucuna’maize rotation is a yearly rotation/intercrop between a rainy season
mucuna (A fucuna spp.y grown as a cover crop and a drv season maize (Zea mienys)




planted in the slashed mucuna mulch The mucuna volunteers in the maize crop from
seeds left unharvested in the muich. This rotation has been adopted massively among
hillside farmers of Northern Honduras (Flores, 1987, Avila Najera and Lopez P.. 1990.
Buckles er al., 1992). The fact that adoption had taken place spomancoushy and on a
regional scale indicated that the system was apparently providing satisfactory answers
to important macro- and micro-Jevel constraints. Unlike many innovations conceived by
agricultural scientists, [:iorally anybody seemed to be able to adopt the mucuna system.
without the need for costly capital investments, incentive packages or formal training
sessions. Also, the mucuna system seemed ‘sustainable’ (a fashionable though poorly
defined notion) as some farmers were said to have been using the rotation for 15 to 20
years without running into any noticeable agronomic problem. Furthermore, the system
seemed reasonably productive with reported maize yields (based on farmers’ inerview s)
ranging from 2 to 3 tha’', which is about double the Honduran average maize yield of ! 4
tha' (CINDMYT, 1994).

The partterns of adoption made the mucuna system well-suited to a long-term analvsis
the rotation had been introduced long enough to allow a reasonable assessment of what
changes had taken place’ Swift et al (1991) consider one decade as the minimum relevant
scale for long-term studies It also took place recently enough in the region so that farm-
ers still remember fairly precisety in which year they started using it.

Also, there are many organizations (particularly NGOs) which. lured perhaps by the
success of the mucuna/maize rotation. have developed active programs of diffusion of
mucuna seed and mucuna-based systems all over Mexico. Central Amenica and in Africa
{Bunch. 1990, CIDICCO, 1991, Buckles, 1993, Versteeg ef al . 1993, Arellanes. 1994,
Loaiza. 1994) Yet these groups for the most part did not appear to possess a strong
technical basis for recommending mucuna, and in particular did not relyv on solid quanu-
tative agronomic evidence about how these systems work (not even maize vields or mu-
cuna biomass had been measired in farmers’ fields under the mucuna system in the At-
lantic littoral of Honduras by the time this study was initiated)

Under the circumstances, it seemed both desirable and necessan to document and quan-
tifv the behavior and j-2rformance of the mucuna system. and in particular to detect anv
problems associated with 1ts use before it was transferred indiscriminatelv as a new
miracle technology. In-depth documentation of an actual cropping svstem also seemed
to provide an opporunity to learn useful conceptual and practical lessons about the
functioning of genenc slash-and-mulch cropping systems

A short-term study could not comprehensively cover the broad spectrum of issues as-
sociated with the mucuna system. Hence, a number of choices had to be made to restrict
the scope of the research. Specifically, our research objectives included the following

(1) document the overall features of the mucuna system (practices, productivity. €t¢ ).
{2) detect long-term trends in soil fertility under continuous use of this rotation.
and (3) analyze some of the key components of the nitrogen cycle




1.4 KEY METHODOLOGICAL CHOICES

1.4.1 On-farm research

Several reasons dictated our decision to conduct the study on-farm  First, working on-
station was not even an option, as no experiment station had been established in the
hillsides of the Atlantic lintoral, and because it seemed hardly possible to reproduce the
mucuna sysiem on-station in its various dimensions. On the other hand. we were inter-
ested in sampling the diverse agroecological conditions existing on a regional level Also.
it appeared necessary to explore the mucuna system in a broad fashion, with the objec-
tive of identifying the actual influence on the performance of the mucuna system of as
many factors and conditions as possible (Sébillotte, 1987). In addition. we wanted to
tackle management of the rotation by the farmers as a central 1ssue. in a bortom-up
rather than 1op-down manner (Rhoades and Booth. 1982, Chambers ¢/ a/ . 1990, Legal.
1995) Overall. our approach was very similar in essence to conducting an agronomi<
diagnosis of the mucuna system (Byerlee e a/ . 1991). with the belief that this was a
necessarv step before being able to choose relevant issues for more in-depth disciplinary
research

1.4.2 Chronosequence approaches

Detecting long-term trends was one of our declared objectives. Because many effecis
induced by the continuous use of a crop rotatic - are cumulative over time. and hardly
detectable in the shon-term. it was felt that short-term experiments would not vield the
tvpe of empincal evidence we were hoping to document In particular. we were inter-
esied in detecting any potennal neganve frend induced by the use of the mucuna rota-
tion. such as soil acidification or the building-up of pests or diseases On the other
hand. the absence of any downward trend or a positive trend in soil properties would be
a proof of the agronomic sustainability of the mucuna system

Given that Jong-term experiments or histoncal databases on the mucuna svstem did not
exist. the only practical alternative was to adopt an mdirect approach. namely a chro-
noseguence or space-for-time substituiion scheme (Picketw. 1988) In such an approach.
trends over time are inferred from an instantaneous comparison of fiel: . with different
cropping history, which in the case of the mucuna rotation corresponded to varying
number of vears of continuous use of the rotation

From the beginning. it was clear that this approach had intrinsic weaknesses, as risks of
confusion were potentially Jarge and independent testing of the conclusions were not
possible within the study. On the other hand. the potential vahdity of the conclusions
appeared enhanced by the possibility of using a relatively Jarge sampling base (a conse-
quence of the wide adoption of the mucuna rotation). something rarely encountered in
long-term studies  Also. it seemed worthwhile to evaluate in a case studv fashion the
potential usefulness and limitations of chronosequence approaches. as they may be one




of the few 100ls available 10 evaluate long-term impacts without having to wait many
vears for obtaining an answer, and without needing the resources and instntutional com-
mitment required by long-term expeniments (Pieri, 1989; Johnston and Powlson, 1994.
Steiner, 1995).

1.5 OUTLINE OF THE VARIOUS CHAPTERS

Materials and methods common to all chapters are presented in chapter two, including
an overview of the main agroecological and socioeconomic features of Northern Hondu-
ras. Chapter three offers a general overview of the mucuna system, from a brief history
of the mucuna system in Northern Honduras to an examination of its management by
farmers. as well as a summary of the main constraints and benefits assoctated to its use.
Chapter four analyses the seasonal dynamics of the mucuna system dunng the maize
cycle season, and particularly aspects pertaining to mucuna biomass accumulation and
decomposition as well as nitrogen cycling Chapter five examines the long-term changes
over time in soil chemical and physical properties induced by the continuous use of the
mucuna/maize rotation, as well as the consequences of these changes on crop productiv-
ity A general discussion of major agronomic and socioeconomic issues pertaining to the
performance. future and extrapolabihity of the mucuna system is presented in chapter six
alongside an evaluation of several methodological issues Finally, chapter seven summa-
nzes the main findings of the thesis.




Chaprer 2

MATERIALS AND METHODS

This chapter presents an overview of the regional context and the methodological
framework adopted in this study. This includes a conceptual anaiysis of chronose-
quence approaches, the critena for the selection of our various research sites, their main
characteristics and a description of the key features of the agronomic survey conducted
in farmers’ fields A brief overview of the measurements related to nitrogen cvcling and
long-term evaluation of the soil fertility is also given, although most of the details are
presented within the respective chapters devoted 1o these issues (Chapters 4 and §)

2,1 THE HILLSIDES OF THE ATLANTIC LITTORAL OF HONDURAS

Major characternistics of the environment (national, local) in which farmers using the
mucuna/maize rotation operate are briefly described in this secuon, as they contribute 10
a better understanding of some of the peculiarities of this cropping system

2.1.1 Smallholder agriculture in Honduras

Like most of Central America. Honduras is a country dominated by rolling to steep hill-
sides It is also one of the poorest countries in Latin America, with a GDP per capita of
less than 3600 in 1991 (World Bank, 1993). The Honduran economy is heavily depend-
ent on traditional agriculrural expons such as coffee and bananas, and shnmp more re-
cently Land distribution in the country is very uneven. a situation typical of Central
and Latin America as a whole (de Janvry, 1981, de Janvry and Garcia. 1992). As much
as 90°. of the arable land is owned by 10% of the farming population (Secplan. 1989 in
Buckles and Sain. 1995) The better lands (flatter. easily accessible) have been monopo-
lized by the wealthiest landowners (most of them engaged in extensive livestock produc-
non). as well as by a number of multinational companies (such as United Fruit or Stan-
dard Fruit) growing banana and other export-oriented crops on large industrial
plantations since the turn of the century. Small farmers mainly dedicated to hiliside
maize and bean production constitute the vast majority of the farming population in
1987. 70 to 80% of the Honduran maize and/or bean producers had farms smaller than
five hectares (Curry Zavalo, 1993) In spite of low productivity levels (1 4 1ha-1 on
average for maize CIMMYT, 1994), their contribution to the national grain cutput is
significant. reaching about 40% of the maize and 60% of the beans produced in Hondu-
ras (Lindarte and Benito, 1991)

Given the poor economy and restricted access to land. standards of living for most rural
households are very low' malnutriton is common among children, infant mortality rates
are high. and actual access to education or other services is minimal (Humphnies. 1994)




This situation has motivated manv families to migrate out of their home regions in the
hope of improving their lot, or simply surviving. In addition to rural-to-urban migra-
uons (Tegucigalpa and San Pedro Sula receiving the bulk of these migrants), there is also
a steady flow of migrants who opt to try farming in the Northern Coast (Breslin, 1987,
Szaraz and Irias. 1993, Humphries, 1994), where land is still available, and where rainfall
is abundant, unlike much of Honduras (Zudliga A., 1990).

2.1.2 The socioeconomic environment in the Atlantic littoral region

The discussion will now focus on the part of the North Coast known as the Atlantic
littoral of Honduras (Figure 2 1) The terms Northern Honduras. North Coast or Atlan-
tic littoral will be used interchangeably to refer to a relatively narrow strip running ap-
proximately West to East for about 200 km, from Tela to Tocoa (Figure 2 1) Adminis-
tratively speaking, this area includes the Departments of Atlantida and the Western pan
of the Department of Colon.

Historically. the Atlantic littoral has been notonous for its large export-onented indus-
trial plantations located on the flat lowlands, alongside extensive ranching concentrated
in the hands of a few. Most of the hillsides and the whole mountain range remained
scarcely populated until at least the 50s, and primarily under virgin moist tropical forest
(Szaraz and Inias, 1993 Buckles and Sain, 1995). Since the earlv 1960s, the Atlantic
littoral has become an active agricultural fronter, receiving scores of poor. spontaneous
migrants from other regions of Honduras who senled for the most pant in the hillsides
(Breshin, 1987, Szaraz and lInias, 1993). In parallel to hillside colonization. there has
been in recent years a marked expansion of extensive livestock operations in manv flat
areas and in moderately-sloped hillsides as well. 1t was estimated that fifty-five percent
of the total land area in the Atlantic littoral was under pastures in 1988, vs only 15%
under annual cropping (Buckles and Sain, 1995). Livestock expansion may not be the
direct cause for the accelerated deforestation (Nicholson er a/.. 1995). however it 15 con-
tributing to pushing the poorest farmers ever higher in the mountain (Humphries. 1994)
As land availabilitv decreases and land prices increase. landless newcomers or yvoung
households have no choice but 10 settle in the steeper hillsides of the “Nombre de Dios”
mountain range, which they cannot do without clearing the primary forest sull found at
higher elevations (Szaraz and Irias, 1993, Humphnes, 1995).
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Figure 2.1 Location of the Atlantic litoral in Honduras and Central America




Public or private investments for the benefit of rural communities have been very lim-
ited The onty large-scale development project operating in the region, the Provecto de
Desarollo del Bosque Latifoliado (P.D B.L. or Broadleaf Forest Development Project.
co-financed by CIDA-Canada), has been in operation since the late 1980s. but has
reached relatively few people and communities. Indeed. churches of varied denomina-
tions are in many cases the only institutions reaching the general population. Year-
round accessible roads are rare in the hillsides and public transportation on the existing
ones very limited. Very few communities have access to electricity or pnmary health
care centers. Services such as rural credit or extension are non-existent or inaccessible
for most farmers (Giasson er a/, 1990; PDBL, 1991; PDBL., 1994). Finally. the average
levels of formal education and training remain very low, and many farmers are function-
ally ithiterate (Humphries, 1954)

2.1.3 Agroecological environment in the Atlantic Coast of Honduras

2.1.3.1 Topography

The Atlantic littoral is made up of three contrasting natural regions the mountain range
"Nombre de Dios”, culminating at almost 2500 m above sea level, the narrow (less than
30 km wide) fertile littoral plain bordering the Canibbean sea and running parallel 1o the
mountain. and an intermediate hillside area constituting a buffer zone between the plain
and the mountain proper (PDBL. 1991).

Whereas the plain is very fiat, dissected onlv by rivers originating in the mountain. the
Sierra has extremely steep slopes, as it rises abruptly above the plain  In the hillsides.
topography is mixed but largely dominated by irregular rolling fandforms with slopes
ranging typically between 20% and 100% (PDBL, 1991). Another imporntant feature of
the landscape is that many of the slopes are precarniously stabilized. making massive or
localized landslides relatively common during the penods of intense rainfall

2.7.3.2 Climoue

Excluding the higher mountain range, the climate in the Atlantic huoral is tvpical of the
humid lowland tropics (van Wambeke. 1992). Rainfall is abundant and reaches 2500 o
3000 mm.year' on average. It has a tendency to increase with elevation. :n resnonse to
orographic factors (the mountain Nombre de Dios is the first obstac'e o - oumicred by
the moisture-laden winds from the Canbbean- Zufiga A., 1990). There are also local
“dry spots” where rainfall drops 1+ 'ess than 2000 mm.year ', such as the Jutiapa area

10
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Distribution of the rain throughout the year is roughly bimodal (Figure 2.2). There is
typically a Jong rainy season from May to January, peaking at 300 to 500 mm month’
towards the end of the year, and a shon, drier season (known as summer or “verano ')
between February and May (50 to 150 mm month") (Hargreaves, 1980) Daily rainfall
in excess of 100 to 200 mm is not uncommon between September and December, leading
1o monthly 1otals of 1000 mm or more (Figure 2.3) Occasionally. the dry season ex-
tends over 4 10 S months, although isolated rains fall irregularly here and there even
during the drier summers. Also, because the soil profile contains usually berween 200
and 300 mm of stored water at the onset of the dry season from the heavy rainfall re-
ceived by the end of the rainy, many crops or natural vegetation can resist drought pen-
ods 4 to 6 weeks long with little negative consequences.

Average annual temperature is about 26°C at sea level, with litde vanation vear-round:
the coolest month being January (24°C), and the hottest May (28°C) (Figure 2.2).
Similarly . average diurnal vanations are limited 10 about 10-12°C even in January. aver-
age minimum temperatures do not drop below 1510 17 °C, while in May. average maxi-
mum temperatures do not exceed 30 10 32°C (Figure 2 2). Average temperatures get
lower as elevation increases however.

Evapotranspiration as calculated by Hargreaves (1980) (Figure 2.2) remains moderate
during the rainy season (about 3 to 4 mm .dav"'), it increases however during the dry
season (reaching about 5 mm day "' between March and May).

Excluding occasional hurricanes and other tropical storms (fairly common in the Carib-
bean). winds remain moderate on average. although they can occasionallyv become st:ng
enouizh dunng the dry season 10 pro\ oke damage to agncultural crops

2.1.3.3 Soils

Soils in the hintoral plain. mainly Tropic Fluvaquents and associated alluvial sotls (van Es
et al . 1992), are very fertile and among the most coveted in the region. Similarhv. even
though their overall ferility is inferior to what is found in the plain, soils in the hillsides
present fairly favorable properties for agriculture if it were not for their steepness and
susceptibility to erosion The most common are Ultic Hapludalfs, Typic Dystropepts
and Typic Hapludults. Tropohumults and Tropohudults (Bryant, pers.com , Rosales S.
and Sanchez A, 1990). They typically developed from an igneous metamorphic. mafic
parent rock material (Simmons. 1969 ; Brvant, pers com.) Most of these soils are rela-
tively deep (> 60-80 c¢cm in most cases). present mildly acidic pHs (around 6) and have
good levels of exchangeable bases to a depth of 60 cm or more. usually fror: 10 to more
than 20 cmoles(- ) kg' (Table 2.1).




Table 2.1 Tyvpical ranges for selected soil properties in four sites
in the hillsides of Northern Honduras

Property Dept SnFco  Mangas Cuero Piedras
h
Organic C (%) 0-10 : 2.1-2.7 2.4-32 24-32 26-34
Organic N (%) 0-10 1 0.20-0.28 024-032 025-033 027-035
pH water 0-10 | 57-63 6068  56-64 5865
30-60 0 56-60  6.0-68 5389 526
Exch.Ca-Mg 010 | 818 20-30 6-14 10-18
(emol(~) kg ) 30-60 1 1022 20-30 3-8 7-17
Avail P (Morgan) (ppm) | 0-10 |  0-4 4-10 0-3 0-3
Sand % 0-10 | 40-55  30-50 40-60 »
Clay %o 0-10 | 1530  20-3% 15-25 ”
Clay % 30-60 0 20440 25-40 20-30 ”
Typical soil depth ' . - [>80cm >80 cm  60cm  60-80cm

" no obstacle (ph sical or chemical) o oot colonization up (o this depth

2.1.4 Implications for hillside farming

Perhaps the most obvious conclusion of this brnief overview is that the hillsides of the
Atlantic littoral are well-endowed with at least three of the major ingredients of a poten-
tially successful smallscale agncuiture, namely available land (even if only by renting i1).
relatively good soils and favorable climate. The rainfall panern allows the completion of
two rainfed cropping cycles annually: the first (called summer or pnmavera) coincides
with the steady return of rains in June-July whereas the second (called winter or pos-
trera) starts anywhere between November and January and coincides with the last pan
of the rainy season and the bulk of the dry season

The very possibility of planting a winter cycle puts the farmers of Northern Honduras
in the position to exploit an advantageous market niche for their winter maize harvests
In effect, because most of Honduras and Central America only produces summer maize.
there is a strong seasonality of maize prices on the market, which reach their peak
around Mav-June of each year (Buckles er a/.. 1992, Buckles and Sain, 1993) Farmers
of the North Coast are thus able to capture a price 50% to 100% higher for their winter
maize compared to the price farmers producing summer maize can fetch
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Beside annual crops, a vanety of perennials can also be successfully planted. such as
cocoa, coffee, African palm, citrus, and a large range of fruit trees (PDBL, 1991). Also,
it 1s usually possible to maintain pastures green and growing year-round. The risk of
total crop failure due to lack of rainfall is relatively small even during the winter cycle, a
situation in sharp contrast to other much drier regions of Honduras. Indeed, excess rain-
fall may be more of a problem, as it can cause significant yield losses during the pn-
mavera cycle by favoring fungal diseases of maize such as Stenocarpella mayais, S. mac-
rospora and Fusarium moniliforme (de! Rio and Castafio-Zapata, 1993, cited in Buckles
and Sain, 1995). Overall however, agricultural risk whatever its causes is fairly limited.
asked about the frequency of “bad™ years, farmers estimated it at less than 2 years out
of 10. and many actually disputed the very idea that there were bad years at all,

On the other hand. the high risk of erosion created by steep slopes and high rainfall
erosivity (Mikhailova. 1995) coupled with the poor economic infrastructure and great
poverty of most rural households qualify the hillsides of the Adantic littoral as marginal
environments vis-a-vis agricultural production and economic development.

Approximatel 30% of hillside households have comfornable revenues linked to their
better access 1.. land (Buckles and Sain, 1995). Lacking expenience. access to markets
and capital to deal with other alternatives or to purchase inputs, the remaining 70% of
hillside farmers. like most other Honduran farmers (Lindarte and Benito, 199); Curry
Zavalo, 1993) grow small quantities (1 to 3 hectares per household) of maize, beans and
sometime rice both for home consumption and as cash crops. Even in the smallest
farms. it is frequent 1o sell more than 50% of the winter maize production, whereas
summer maize is more likely to be kept for home consumption (Humphries, 1994,
Buckies and Sain. 1995) Other agricultural activities contnbute 10 income generation
For example, manv farmers cultivate small quantities of cocoa or coffee. usually as pant
of their home pardens Small-scale pig or chicken nsing is also frequent, although peri-
odic epidemics make it a nsky enterprise. About 15% of all households, usually those
who can afford 1o have pasture land close to the existing roads. exploit small herds of
dual-purpose cows, usualty less than 10-20 heads In some communities. logging of the
primary forest still provides significant revenues, although the long-term sustatnability
of this activity on a regional scale remains problematic (Szaraz and Irias. 1993; Hum-
phries. 1995) Finally, many individuals, particularly in the poorest households, engape
in occasional or seasonal off-farm activities to complement their revenues, from wage
labor to petty trading and craft work (Buckles and Sain, 1995).

2.1.5 Importance of the mucuns/maize rotation in Northern Honduras

In the early 90s, the mucuna/maize rotation was being used by approximately two thirds
of the small hillside farmers of the Atlantic littora) of Honduras (or 10.000 farmers). up
from less than 10% just a decade earlier (Buckles eral, 1992) As it was becoming a
major avenue for producing maize in the region, the mucuna system has significantly
displaced other alternatives. in particular the traditonal fallow/summer maize rotation
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(Sain and Matute, 1993) However, even farmers having adopted the mucuna/maize
rotation keep growing maize under alternatives systems, if only as back-up options.
making the mucuna system only one among several maize-based cropping systems.

In the traditional fallow/maize rotation, once the imtial clearing of the forest bas taken
place, a field is typically left in fallow for several years (usually at least three) after
every phase of cultivation. and the corresponding vegetation is slashed and bumnt at the
end of the dry season (April-May). After one or two consecutive maize cycles, the field
is reverted to fallow because soil fentility has declined markedly while weed control has
become arduous. In this system, yields are typically modest (1 to 2 tha” for maize, |
t.ha’ or less for beans) A significant proportion of farmers also plant maize in the pos-
rrera (winter) cycle in a slash-and-mulch system (the fallow vegetation is slashed but
not burnt” Humphries, 1994). Another common alternative consists oi planting maize
as a wayv of introducing or renovating a pasture: the maize cycle follows a degraded pas-
ture (invaded by bushes and unpa.atable annuals) or a woody fallow and allows a nen
pasture to be established. taking advantage of the favorable growing conditions crealed
for the maize crop Even though many farmers do not possess pastures themselves.
they may be in a situation 1o use this system by borrowing land from a wealthier farmer
eager to improve his pastures

2.2 CHRONOSEQUENCE SCHEMES

Because chronosequence schemes are both rare in cropping system studies and rnten-
nally ambiguous, the following paragraphs detail the considerations to keep in mind
when constructing a chronosequence

2.2.1 Prerequisites

To conduct a chronosequence approach. a number of prerequisites must be met

(1) a clear definition of the object (system) undergoing long-term transformations must
be adopted. both in terms of its constituents (elements of the system) and its geographi-
cal extension (boundaries). This task is made difficult by the fact that, unlike what is
the case in experimental long-term studies, a chronosequence cannot be isolated from the
real world, but onlv observed in its natural environment.

(2) a sizable spatial variability with respect to the history of the potential individual
components of the chronosequence must exist in the area selected for the study. The
variability should allow the adoption of as fine a time step as possible (Pickett. 1988)

(3) a “reasonable” way of dating the individual components of the chronosequence
should exist The more precise the dating, the better the resolution of the study

(4) the selection of fields to be included in the chronosequence should be made from
among as large a pool of potential candidates as possible. in order to screen out those
presenting factors or conditions which would tend to confound the historical analysis
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2.2.2 Steps

If the above requirements are met, the conduction of the acrual chronosequence is rela-
tively straightforward. It involves 3 main steps.

(1) Selection of the individual components of the chronosequenc ¢

In this step, the cropping history and main characteristics of potential individual com-
ponents are recorded and scrutinized. Much of the work consists in identifying factors
that would violate the basic assumptions of the chronosequence (see further). The end
product is a sample of components which, pulled together on 2 unified time axis, make
up a discrete, instantaneous representation of the cropping system under study at
different moments of its historical evolution

(2) Selection of variables w hich v ill document the assumed changes over tme

Given the nature ¢. the cropping system represented in the chronosequence, a se1 of
variables must be selected that will provide information on either the mechanism(s} of
differentiation of this system over time or at feast its effects, and also on the main fac-
tors and conditions which would tend to interfere with the above mechanism and create
background noise Whenever possible, variables allowing the testing of the assumpuons
associated with the use of a chronosequence approach should be included as well

(3) Dara collection over an adequate time frame

The only remaining task at this point is to engage in the data collection tself. taking care
that the proper ume frame is adopted. A major concern should be that specific condi-
tions dunng the period of daa collection do not interfere with the detection of long-term
trends this may 1ake place when the amplitude of the seasonal or year to year variations
in measured parameters is similar to or even larger than the variation associated with the
long-term evolution itself

2.2.3 Major assumptions

Clearly, the construction process described earlier relies on several assumptions First
and foremost, singleness of cause must be assumed 10 explain the evolution each com-
ponent of the chronosequence has been subjected to. In other words, one has to assume
that the alleged mechanism of differentiation over time was identical, or at least similar
enough among the various fields to have induced similar effects in every case.

A corollary is that the effects associated with this mechanism are assumed to be distin-
guishable from (1) effects produced by other mechanisms likely 1o affect simultane-
ously the selected fields over the same time penod, or from (2) differences in initial con-
ditions of the fields prior to the introduction of the rotation under study.

A third assumption involves the positioning of the individual fields on the time
axis. for which 11 must be assumed that a standard, unambiguous vardsiick for measur-
ing time can be found which will be applicable to all fields
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2.2.4 Limitations of chronosequence approaches

a) Hypoihesis-generation vs. hypothesis-testing

The assumptions listed above are difficult to test without having at hand independent
historical evidence about both the process being studied and about the vanous fields
which make up the chronosequence, the lack of which is precisely one of the main justi-
fications for using such an approach in the first place. Hence, trends detected via a
chronosequence approach should be considered mainly as a quick way of generating
educated hypotheses about the behavior of a system over time (Pickett, 1988) No
validation of theses hypotheses is possible without their independent testing. a task
which requires alternate approaches (such as long-term experiments or perhaps simula-
tion modeling).

b} The inescapable variabiliny associated with on-farm observational studies

Chronosequence schemes are subjected to the same general constraints found in all ob-
servational studies: risk of confusion of effects created by external sources of interfer-
ence, high intrinsic variability of the data, etc. Hence a cautious attitude should be
adopted when interpreting or extrapolating the results Also, the predictive power
which can be derived from chronosequence approaches is limited (at best. very large
predictive intervals would be obtained)

2.3 SITE SELECTION

Our objective was to understand the mucuna/maize rotation both with respect to its
overall agronomic characteristics and to its long-term behavior We also wanted to ex-
plore the role of geographic factors in inducing a sizable varnability in environmental
conditions and farmers’ practices, given that the adoption of the mucuna 'maize rotation
had taken place over a fairly extended region (Figure 2 4) It was therefore necessary to
select farming communities (sites) possessing as long a historv of adoption of the rota-
tion as possible on one hand, but yet typical if not representative of the region. A fur-
ther requirement i$ that we wanted to construct complete chronosequences of the mu-
cuna rotauon within each sife, in an attempt to maximize the intra-site comparability of
fields of vanous ages. Also, it appeared desirable to gather detailed information on rela-
tively few sites and fields, rather than proceed to a more superficial coverage of many
fields. in-depth coverage would facilitate the exploration of the mechanisms at work in
the mucuna system. Finally, the sampling scheme had to integrate the constraints re-
lated 1o site and field accessibility, rather significant ones in a hillside environment.
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Figure 2.4° Location of the various sites selected for the study of the mucuna/maize

rotation in the Atlantic littoral of Honduras




Our solution 10 the above dilemma was to choose a main research sire. on which much
of the time- and equipment-intensive data collection was conducted (Table 2 2). and
three secondary sires, used 1o evaluate the regional validity of the main findings about
biomass production, maize vields and long-term trends Together, these four sites
(Figure 2.4) covered the main apparent factors of differentiation among communities in
terms of rainfall, soil fertiliry. patterns of migration, and distance from a paved road, this
last factor being de facto a good proxy for many socioeconomic factors. such as intensity
of deforestation, market-orientation of the agricultural production, etc (Table 2.3).

Table 2.2° Studies conducted in San Francisco de Saco

Study or component 92/93 93/94 Methodology
Chronosequence 35 fields 12 fields see texy and Table 2 .
Agronomic monitoring 20 fields 1S fields seetext :d Table 2 §
Mucuna biomass dynamics - Oct-May penodic sampling. quadrats

Inorganic nitrogen dvnamics Dec-Apr  Oct-Jun  penodic sampling. KCl extracts

Fertilizer experiments 3fields 12 fields 2°RCB design. N and P
Within-field vanability in soil - 4 fields  sampling of shoulder.
chem properties and yields backslopes and footslopes
Infiltration & macroporosity - 7 fields  infiltrometers, undisturbed

cores. sand table

Water & temperature moni- - 3 fields TDR. tensiometers.
toring ' thermistors
Varability of field-level vields 30 fields farmers’ intenviews

" Results not reponed in thus disseration

San Francisco de Saco (SFS). our main research site. lies towards the Western tip of the
Adtlantic hittoral, 17 km South-East of Tela (Figure 2 4) Conveniently located less than
one kilometer from the main road Tela-La Ceiba, this community was chosen because it
had been one of the first t0 adopt the mucuna rotation on a large scale, some 20 years
agu Many mucuna fields of all ages were clusiered close to each other less than 40 min-
utes by foot from the village center. Also, contact with farmers had already been estab-
lished by the Agricultural Research Division of the Ministry of Agriculture. which had
initiated on-farm trials in the community
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Table 2.3 Selected charactenistics of the four research sites selected

in the Atlantic littoral of Northern Honduras

lrem San Francisco Las Rio Piedras
de Saco Mangas Cuero Amarillas
m;%pprox location 17km SE of 15km SWof 10kmSouth 15kmSE
(cf Figure 2.4) Tela Tocoa of La Masica of Jutiapa
Accessibility ' 1 km. very 9 km; difficult 8 km: fairto 12 km. easy
easy 1o very dif. difficult to fair
Elevation (fields)® | 50-200 mast ~ 300-400 masl  300-400 masl ~ 200-350 masl
Rainfall mm 2500-3000 2000-2500 2500-3000 <2000
Soil feruhny fair 10 good very good fair fair
Virgin forest left < 10%; area > 70% area > 70% area little?
Immigration * : low (10 US) active very active moderate”
Standards of living * i regular-good low low low-regular
Mucuna use (92) © i evervbody > 50% () = 60% < 50%(?)
- oldest fields. > 15 years 10 years 6 years 12 years
- typical range. 6-8 years 3-S years 1-3 years 3.5 years

" distance (rom a pax¢d soad & relative difficuln of reaching the v illage center. * for ficlds sclected in the
study . arnval of people from other communitics (in SFS. males 1end 10 ermugrate wemporanh 10 the
LSy "qualiy of housing. nutntion. et¢..  first line' diffusion of mucuna in the communin (approx e of

farmers using i)

The other three sites were selected among the ten watersheds chosen by a Canado-
Honduran Forestrv development project, the P.D.B L. (Proyecto de Desarollo del
Bosque Latifoliado) to promote the sustainable use of forest resources (Szaraz and Iras.
1993) Las Mangas (MG). 20 km South-West of Tocoa (Figure 2. 4), was our second
most studied site again, adoption of the mucuna rotation was relatively ancient in the
community (12 years). Tt was also famous for its very rich soils and good vield poten-
tial. Access 1o the community was difficult however, as it was located one hour away
from a dirt road, by a treacherous mule path crossing a capricious river. Piedras Amar-
illas (PIE). in the heart of the drier Jutiapa area, located 12 km away from the paved
road. had a 12-vear history of mucuna adoption. Rio Cuero (CUE). 8 km South of La
Masica by a 1ough dirt road was a watershed with a2 more recent histony of mucuna use
(7 vears onl\ in 1993). and was undergoing a rapid process of colonization‘deforestation
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(Humphries, 1994. PDBL. 1994). In each of these sites, collaboration with farmers was
secured via the resident exiension agent assigned to the area by the PD B L

2.4 GENERAL AGRONOMIC SURVEY

Agronomic surveys focusing on the maize cycle were conducted during two consecutive
years (year |, winter 92/93, and year 2, winter 93/94) in the four villages described
above to document the main features of the mucuna/maize cropping system with respect
to farmers’ practices, maize yield levels and relationships berween yields and soil
chemical properties. Limited data collection was extended over the 94/95 cycle in SFS
and CU thanks to a collaboration with the CIAT-Hillside project.

Between 10 and 20 farmers’ fields were selected in each village (35 in San Francisco de
Saco). These fields were not selected randomly, as the major criteria for selection was
time spent in the mucuna/maize rotation. Other restrictions were placed on field selec-
tion as well to make vanability more manageable. For example, only a narrow altitudinal
strata (approximately 100 to 150 m wide) was explored within each village. so as to
avoid potential rainfall and temperature gradients (Figure 2.5.a) Also. fields with either
too moderate (< 25-30%) or too steep slopes (> 70%) were discarded from the selec-
tion. Neighboring fields (Iccated on the same landform) were selected whenever possible
to maximize similanties in geomorphological background (Figure 2.5.a)

To facilitate the comparison among fields, measurements were made on smatl (10 m x 10
m) observation plots systematically located on linear backslopes positions within each
field (Figure 2.5.¢). thus avotding the vanability usually associated with topographic
position in hillside environments (Ruhe. 1960 in Hall and Olson, 1991). as well as the
typical within-field heterogeneity induced by farmer’s management (1972, Milleville.
1976) These plots. not the fields, represented the basic observation units on which all
data analvsis was made, unless otherwise specified. Wrnhin-field heterogeneiny was
explored by selecting two backsiope positions in each field. distant from one another by
100 10 200 m on average (Figure 2 S b) Representativeness of backslope positions was
analyzed by quanufying the differcnces in soil properties between backslopes. shoul-
ders and footslopes in four fields in San Francisco de Saco (Appendix B).

Table 2.4 presents the data collection protocol common to all four villages, which in-
cluded data on farmers’ practices. mucuna biomass (year 2 only for all sites except SFS).
vield and yield components, and soil chemical properties. Farmers’ practices (dates of
main operations, quantities and type of inputs used, rating of the success of the opera-
tion) were established at the field level by interview with the field owners In addition. a
recapitulative survey of field past cropping history, farmers’ experiences with and ra-
tionale in using and managing the mucuna/maize rotation was conducted at the end of the
second vear. To this effect. individual and collective interviews were conducted using a
mixture of closed and open-ended questions (see survey instruments in Appendix A)




a. Village-wide sampling scheme

Altitudinal
strata
sampled

> m ow e m e wm aw

—e maize

slope
Live
{fence

pu— - conino —— ..*_
: ~ g E Xy * —e— rows
R JREND S [P (P —
! Toox oxo XD o
i - e WL
: Obs. Plot # 1 --..100
L % = soil sampling poinis o .. - 777 e— mucuna
k 300 m tiomass g

vy

Field limits 5b§. P]ot-# é

c. Topographic positions
shoulder 1 (excluded)

........................

.........................

.........................

Backsiope position 2

...................

footsiope 2 (exciuded)

Figure 2.5 Sampling scheme for field and plot selection (a) field selection within a site.
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Table 2 4 Data collection common 10 all sites selected in Northern Honduras
(chronosequence and general agronomic study)

Item Type' Scale? Methodology

Plant data:

- mucuna biomass Q. A  Plot quadrats, dry matter, nutrient content

- maize yields Q Plo: 3 10-meter rows, shelling. moisture
Environmental data

- rainfall Q Village daily rainfall (village fevel)

Soil data

- chemical properties A Plot 0-10, 10-30, 30-60 cm: composite sample

Farmers' practices

- mucuna management |

- dates of practices I Field  ]1-2 interviews with field owner during
-input & labor use 1 Field

- cropping history I F.V

Field individual & collective intenviews

t or at end of maize cycle
J (see format in Appendix A)

' A anah tical. Q quantitaune. V visual estmate. | ineniew. ~ F ficld. V uillage

2.5 AGRONOMIC MONITORING

In two villages (San Francisco de Saco and Las Mangas). the plots were further sub-
jected to an agronomic monitonng conducted during two consecutive vears in SFS (20
fields in year 1, 15 1n year 2). and duning 93/94 only in MG (15 fields)

Briefly, agronomic monitoring consists of muluple visits made at kev moments of the
cropping cycle at the level of the observation plots selected in each field (Marichon and
Sébillotte. 1973, Jouve, 1985, Byerlee ez al, 1991) Agronomic monitonng s a flexible
tool easilv adaptable 1o the actual objectives of the studv and to the resources available
to the researcher. It allows a meaningful analysis of vield-limiting factors by taking ad-
vantage of within-field variabilitv to explore a range of agronomic situations (Crozat ¢/
al . 1986) in a quasi-experimental fashion (Gras, 1981)




In this study, visits 100k place at the time of mucuna slashing. at 15 and 30 days after
maize planting. at flowering and at maize harvest Dunng each visit, measurements were
made on a combination factors and conditions likely to influence maize yield elaboration
(Fleury er al., 1982; Fleury, 1991) These included farmers’ practices, environmental
factors (rainfall, incidence of weed, pests and diseases, soil ferulity), and maize response
1o these factors and conditions (plant growth. mineral nutrition, yield and yield compo-
nents) (Table 2 5) A special effont was made to pinpoint the dates of the practices at
the plot level, which included direct observations and a semi-successful attempt at hav-
ing farmers record their practices on specially-designed journals

Table 2 5: Data collection for agronomic monitoring conducted
in San Francisco de Saco and Las Mangas

ltem Freq' Tvpe’ Methodology

Plani data

- mi.una biomass ) Q. A quadrats, dry matter, nutnent content

- maize vield ) Q 4 central rows, shelling

- plant height M Q extended leaves then panicle leaf height

- develop stage M Q number of leaves or % silking

- nutritional status S A ear leaf analvsis at flowering

- min. deficiencies M \ % plants affected by specific svmptoms
- rooling patterns S \ profile observation (selected fields)
Environmental data

- Pests and diseases M AY % plants affected by specific sympioms
- weed pressure i M \ relative cover 0-10 scale + main weeds

- rainfall ‘M Q daily rainfall (village level)

Soil data

- chemical prop S A 0-10, 10-30. 30-60 cm. composite sample
Farmers’ practices.

- dates of practices M Vi direct observation + periodic interview.

- input use A 1 with field manager ( plot and field level)

' Frequeney of visits M multple, S once during the season. * A anals tical. Q quantnating. V visual
estumatc. | interview. 4# daia collected ot the level of observanun plois unlvss otheri e specified




2.6 YIELD AND YIELD COMPONENTS

Maize yields were measured in each observation plot by harvesting three 10-meter rous
(general survey) or the four central rows (agronomic monitonng plots). or more rarely a
fixed area of 30 m?in case planting had not been done in rows. Total number of plants.
number of harvested ears, proportion of damaged ears as well as ear fresh weight (to the
nearest 100 g) were determined in the field. A random sub-sample of approximately 20
10 25 ears was taken in each plot, and analyzed for grain moisture content (Farmex Por-
able Grain moisture sampler) and shelling coefficient. Specific kernel weight was evalu-
ated by counting and weighing duplicate 100-grain samples.

Maize yield for each observation plot was expressed as the product of the following
series of yield componenis (Navarro Garza, 1984; Fleury, 1991)

Yield = NP * NE * NK * WIK (N

in which vield represents measured maize yield in kg ha'. NP Number of harvested
maize plants per umt area, NE the number of harvested ears per plant, NK the number
of kernels per ear, and W1K the average weight of each kemel. Each factor in the equa-
tion was measured independently. except NK, which was calculated based on other
components and equation (1)

2.7 MUCUNA BIOMASS

Measurements were made just pnor to slashing time (December of each vear precise
date for each field as a function of individual farmers” management) In 1992, 40 obser-
vation plots (2 plots per field) were sampled (SFS only). 100 plots in 1993 (4 villages).
and an additional 35 in 1994 (SFS and CU: CIAT. 1995). In each village. the above-
ground total biomass was determined by harvesting 2 10 4 quadrats (2 25 m™ each) per
observation plot Total biomass was separated into easily distinguishable fractions.
green mucuna, live weed matenal, and litter (this latter being simply all dead organic mat-
ter, whatever its stage of decomposition). Further sub-categones were made in Decem-
ber 93 and 94, for pods and vines, respectively A composite sub-sample was taken
from each fraction in every observatuon plot for dry-matter and nutrient determination

2.8 NITROGEN CYCLING

Nitrogen cycling was studied in San Francisco de Saco only. Soil inorganic nitrogen con-
tent was measured up to a depth of 60 cm berween December and April in year ). and
between October and June in year 2 Mucuna biomass was measured monthl\v in vear 2
by quanufving monthly biomass accumulation between October to December and its
apparent decomposition was followed between December and May. Maize mineral
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status was estimated from ear leaf total nutrient content at flowering. and grain total N
and P content was determined at harvest in a limited number of fields

A factonal nitrogen x phosphorus fertilizer experiment was established in farmers’ fields
in SFS and MG (year 2 only for MG) to evaluate the possibilitv that nitrogen (or phos-
phorus) limited maize yields in well-established mucuna fields. The design consisted of
a 2° RCB factonal, with 2 levels of N: 0 (mucuna mulch only) and 50 kg ha" of N-urea.
applied 40 davs after planting. and 2 levels of P. 0 (mucuna mulch only) and 60 kg ha’
of P as triple superphosphate, applied at planting Other details are given in chapter 4

2.9 SOIL FERTILITY MEASUREMENTS

Composite soil samples (12 10 15 sub-samples) were taken in every observation plot
with a 2-¢m drameter tube auger in March 1993 from 3 depths: 0-10 cm. 10-30 cm and
30-60 cm. air-dned and sieved at 2 mm  All the above samples (sampling A) were ana-
lyzed for pH (1 2 water). P and exchangeable bases (extracted with a Morgan solution).
Al and exchangeable acidity and micronutrients in the Cornell Nutrient Analvtcal Labo-
ratony A separate sample (sampling B) was collected in March 1994 in 17 fields in San
Francisco de Saco from the 2.5-5 ¢m depth. and analyvzed for pH. P (Olsen Dabin 111).
exchangeable bases and total CEC at the soil natural pH (cobaltihexammine method
Fallavier ez a/.. 1985) in CIRAD analvtical laboratory in Montpellier (France)

Soil organic maner (C. N and natura! abundance of C13 and N15) was measured for the
top horizon of the A samples by mass spectrometry Organic carbon distribution in the
soil profile (Walkev and Black. Nelson and Sommers. 1982) was determined by collect-
ing composite samples by 2 § ¢cm increments, from 0 to 15 ¢cm depth (as part of sam-
phng B) A limied number of these samples was further subjected to both a chemical
(Egoumenides. 1989) and a phvsical fractionation scheme (Feller. 1994) in an attempt to
evajuate the dynamics of specific fractions of soil organic matier over ime

Texture (Bouyoucos methoa Gee and Bauder, 1986) was analvzed for all A samples

In SFS. non-ponding infiltration rates were determined for a subsample of 7 fields. using
portable rainfall simulators/infiltrometers (Ogden er a/., 1996) Macroporosity
(measured on the same fields and positions for which infiltration measurements w¢ 2
made) was determined on undisturbed soil cores collected at two depths: 1-8.5 cm and
11-18.5 cm using a suction table (suctions applied vanied from 0 to -10 kPa) (Topp e/
al . 1993) Onher details about soil fertility measurements can be found in chapter 5.

2.10 DATA ANALYSIS
A variety of techniques was used (o analyze the data collected in this study Simple

two or three-wav contingency tables. 1-tests of the significance of differences among
sample means. or one-way or two-way ANOVAs were routinelyv used to analyvze the
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results. For the analysis of the fertilizer experiments, GLM procedures which allowed
for the analysis of unbalanced designs (use of Type 11l sums of squares: Littel e7 a/..
1991 - were used due to small differences in experimental design among fields and 10 the
presence of missing data In a few cases, envelope curve techniques (Siband and Wev.
1994) were used to identify the likelihood that a given factor had been limiting the lew el
of a response variable.

Most [ong-term trends were detected via qualitative graphical analysis (with time as the
X coordinate). in keeping with the high variability of the data and the relatively small
sample sizes involved (Federer, pers com.) Whenever possible, the graphical analysis
was however formalized by fitting simple or multiple regressions in which time
(measured in years of use of the mucuna rotation) was the or one of the independent
predictors of the specific response variable being described (see details in chapter 5).
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Chapier 3

AN OVERVIEW OF THE MUCUNA/MAILZE CROPPING SYSTEM

Slash-and-mulch systems (Thurston er al., 1994) combine no-tillage practices with the
use of consequent mulches of natural fallow vegetation or of planted legumes created for
the benefit of a succeeding crop Were they better documented, and their underlying
principles clanified, it would become possible 1o improve them and also to extrapolate
them outside the environments where they have been found 1o perform especiallv well.
1. mostiv the humid tropics (Buckles and Barreto, 1995)

A first step is to document farmers’ present management strategies of slash-and-mulch
svstems Understanding farmers’ practices is pivotal because these latter integrate at
the field level both the environmental and socioeconomic constraints affecting these sys-
tems and because anv artempt at modifying their performance will necessarily involve
modifving the way they are managea {Sébillotte, 1982; Sebillotte. 1987, Legal. 1995).

Such an analvsis is provided in this chapter After briefly summarizing mucuna biology.
farmers” practices are examined. along with maize yields This description of the rota-
tion will serve as an introduction to and reference for subsequent chapters

3.1 THE MUCUNA MAIZE CROPPING SYSTEM

3.1.1 Biology of mucuna

Mucuna. sometimes still referred 1o as Stizolobnmr in the literature, is the generic name
gmven 1o a number of closelv related species from the genus AMucina, including AL deer-
mgrana. M. unlis, M. pruriens and M. aterrima among others (Duke. 1981) In addition
10 an apparent confusion in the taxonomy, precise identification at the species level has
not always been conducted. As this is indeed the situation for the mucuna grown in
Northern Honduras, it appears preferable to use the generic name Mucuna spp rather
than to arbitranly refer to a specific species Furthermore, farmers actually distinguish
several sub-classes of mucuna, on the basis of seed color (from shiny black to creamy
white to mottled, this latter being by far dominant) and growth habit, the blach-seeded
mucuna being apparently slightly more precocious than the others This differentiation
does not however lead farmers 1o exploit the differences between sub-types, as all mu-
cuna types are harvested in bulk respective of their type and replanted together.

In all cases. the mucuna grown in Northern Honduras is an aggressive. vigorously
chimbing. nitrogen-fixing annual legume producing lengthy vines {several meiers long) and

29




abundant foliage. A typical canopy may stand as tall as 1 m above the soil surface, and
typical levels of above-ground biomass range from S to more than 12 tha’ on a drv-
matter basis. Mucuna sheds significant quantitics of leaves before reaching matunty:
they decay gradually in a litter layer which they form below the actively growing mu-
cuna. Most mucuna roots are very superficial, and only a few roots tapping deep hori-
2ons can be found per square meter (Hairiah, 1992, personal observations).

The mucuna cycle can fast from 100 to 300 days, depending on the elevation and plant-
ing date. As all mucuna fields observed in Northern Honduras initiate flowenng around
the same time in early to mid-October irrespective of their planting date, it would ap-
pear that mucuna is photoperiodic, responding to shorter daylengths. Mucuna dies
naturally after having produced seed, approximately 45 to 60 days after flowering. Pod
production is variable depending on the environmental conditions but can easily reach
more than 2 t ha” especially if mucuna can find its way up trees, stalks or similar oppor-
tunities to climb.

Mucuna is well-known for its nematicide effects when used in rotation with a number of
commercial crops {Acosta eral., 1991, Kloepper er a/ . 1991, Marban-Mendoza er «/ .
1992) although it is not itself immune to a number of nematode species (Duke. 1981)

In addition, it also seems 1o possess a notable allelopathic activity which may help it
suppress competing plants (Aguilar, 1984). Mucuna seeds contain levadopa. a toxic
chemical for insects and humans alike if ingested in high doses (Duke, 1981, Ravindran
and Ravindran, 1988), which makes it necessary to process the seed adequately if mu-
cuna seed 15 to be used in human nutrition (CIDICCO. 1993; Osei-Bonsu er a/., 1993)
This chemical toxicity may also explain why mucuna has few problems with insect

pests (Duke, 1981])

As a general statement. this legume is well adapted to the humid tropical lowlands. with
a maximum elevation around 1500 m.a.s! Ittolerates fairly well a number of abiotic
stresses. from drought 1o low soil fertility, including soil acidity (Hairiah. 1992)

3.1.2 Origin of the rotation

The details of how mucuna seed was introduced in Northern Honduras were described in
Ruckles (1995). What follows is an overview of this account.

Mucuna seed was originally introduced in Central America in the 1920s from the south-
eastern US (where it had been massively grown as a feed/green manure since the late
1800s) by the United Fruit company who used it to feed the mules working in the ba-
nana plantations From there, it was introduced in the Polochic valley, Guatemala in the
1930s, as a soil-improving and forage crop. Small-scale farmers in the valley started
adopting it in the 50s, on account of its effects on weed control and labor use. Mucuna
seed then diffused into Western Honduras, and was most probably introduced in the
North Coast in the early 70s by migrant farmers originating from these regions.
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Once in the Atlantic littoral region. the mucuna system diffused slowly first (decade of
the 70s and early 80s) while during the 80s, the rate of adoption increased to reach 5%
annually (Buckles era/.. 1992) The system was diffused by word of mouth and seed
circulation from farmer to farmer without any institutional support. Vigorous migraton
movements in the region probably contributed greatly to the rapid spread of the system.
Conversely, certain communities have remained impervious 10 the system, which may
result from lower-than-average rates of immigration (Humphries, 1994).

History of mucuna management is much more uncertain than history of the seed itself
According to our own surveys conducted in San Francisco de Saco, one of the first
communities to adopt the mucuna/maize rotation, the seed was introduced in the early
to mid-70s. but it is not until several years later that a few farmers started planting it in
their maize fields, afier having observed the effects that an unmanaged, spontaneously
reseeding mucuna was having on maize and other vegetation grown near by. Farmers’
claim that management guidelines did not come along with the seed is striking' appropri-
ate practices seemed to have evolved locally from a careful observation of mucuna ecol-
ogv. and a fast, lucky trial-and- error process which taught farmers what were the most
successful management options

In terms of the reasons behind the adoption, one key informant explained it by the need
to find alternatives for maize production in the hillsides as farmers were gradually
pushed uphili by the expansion of large-scale livestock operations. and avwav from the
more fertile lowlands they used to have access to in the past. Also. the strong seasonal-
ity in maize market prices may have acted as a powerful incentive (Buckles e7 a/., 1992)
Both these mechanism would constitute excellent ;iustrations of the theory of induced
innovations (Hayami and Rurtan. 198%).

3.1.3 Typical management of the mucuna system

In this section. we describe the most typical practices adopted by farmers in the Atlan-
tic littoral 10 manage the mucuna/maize rotation Indicauons will be given whenever
significant deviations from this norm exist locally or regionally Also. the rationale for
the vanous practices is given both in terms of farmers’ own explanations and in terms of
the probable agroecological processes involved.

3.2.3.1 General calendar

The mucuna system is an annual rotation (or perhaps more precisely a case of relay
intercropping” Vandermeer, 1989) berween a “dry-season” maize grown berween De-
cember and May. and a wet-season mucuna crop grown from February to December
(Flores. 1987) The dying mucuna is slashed in December (Figure 3.1) and used thereaf-
ter as a mulch for the succeeding maize crop, planted through the mulch immediately
after siashing. Mucuna reseeds itself spontaneocusly during the maize cvcle from Febru-
arv onward via seeds lefi unharvested i the mulch. and aggressivelyv takes control over
the maize field around harvest time (April to June). using maize statks as suppon
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From that moment up to the next slashing in December, the field can be considered to be
under a shon-term mucuna fatlow, as no other operations are performed. Figure 3 !}
summarizes the calendar, whereas Figure 3.2 offers a photographic illustration of some
of the matn phases of the mucuna rotation.

sep dec jan apr jul
_magize ower wri

e emergence owering maturity

pyele , - o

PLANTING WEEDING HARVEST

i a—————

cycle SLASHING (reseeding)(pruning)

flowerino maturiry emerg. slow growth rapid grth
s b e - o =i}

................. - 400

rainfall (mm) 300

I “dry season” 200
100

B s s nt f 0

ep oct' nov dec' jan feb' mar apr may jun' jul aug

Figure 3.1 Calendar of the maize/mucuna rotation Arrows indicate periods dunng which
most farmers do a given practice.

3.1.3.2 Mucuna establishment and reseeding

31321 Ininal establishment

Most farmers will introduce mucuna in a field during the course of a winter maize cycle
Mucuna seed usually consists of 2 mixture of seed types (see 3.1.1). and is dibble-
sticked 40 to 60 days after maize planting in the maize interow, 2 10 3 seeds per hole, in
holes | 10 2 meters apart. The quantity of seed needed per ha varies from farmer to
farmer but ranges from 1010 15 kg ha'. In the absence of a seed market, farmers use
seed collected from established mucuna fields or obtained from a neighbor.




Figure 3.2.a: Photographic illustration of the mucuna/maize rotation:
(a) mucuna stand in November, (b) mucuna flower (c) young mucuna pods
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Figure 3.2.b: Photographic illustration of the mucuna/maize rotation: (a) maize growing
in mucuna mulch, (b) maize 50 d.a.p., (¢) mucuna growing on dry maize
stalks around harvest time
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Variations to this scheme include farmers broadcasting mucuna seed in their maize fields
(apparently as a means of saving on labor: but success rate seems markedly infenor to
the planted method). and farmers establishing mucuna directly after a fallow (veny rare)

According to most farmers, it usually takes one to two years after the first planting for
mucuna to become fully established in a given field, and it is not rare that farmers will

repeat the planting the second year in spots where mucuna did not establish properly
the first time

3.1.3.2.2 Annual re-establishment

The vast majority of farmers take advantage of the ability of mucuna to reseed 1tself
naturally. a mechanism similar to what Myers and Wagger described for Crimson Clover
for example (1991) Reseeding succeeds provided farmers don’t slash mucuna before
enough viable pods are produced The pods lefi unharvested at slashing time eventually
mature in the mulch. Upon desiccation, they burst open, projecting seeds around. which
ensures their fair distnbution in the field A few farmers also spread pods around at
slashing Frequently, thev also let small quantities dry on rocks or trees whenever they
plan to need seed for replanting or establishing a new “abonera”™ Farmers have observed
thal mucuna produces much more seed whenever it has managed to climb on trees or
rocks conversely, dense mucuna stands seem to yield only moderate amounts of pods
and seeds. probably as a result of insufficient light penetration in the canopv

Farmers often complement natural reseeding by replanting mucuna in spots where it
didn’1 reestablish itsetf. Conversely. mucuna reseeds itself so successfully certain vears
and starts 1o grow vigorously so early in the season that farmers will thin the emerging
mucuna plants and slightly “prune” them, in order to delay their re-establishment. thus
avoiding the taking over of the field by mucuna before harvest ime

On average. the resilience of mucuna is trulv remarkable: in 14 vears of relving on natu-
ral reseeding. farmers of SFS have never been obliged 10 replant their mucuna fields from
new seed Only in the improbable case of a complete failure of the mucuna cvcle (i e
hardlv anv viable seed produced), coupled with extremely unfavorable conditions for
seed germination would farmers consider replanting the whole field. Such a situation
happened during the winter 93/94 in SFS, buit seed production from the sparse mucuna
stand reaching maturity in December 94 was so plentiful that most farmers didn't need
10 replant after all

Interestinglv. the success of natural reseeding seems to have implications on the long-
term puritv of the mucuna stand. When farmers don’t help mucuna reestablish itself.
spots devord of mucuna start appearing in the field, which are promptly colonized by
aggressive weeds which compete fiercely with mucuna. Such seems to have been at least
partiallv the case with Rotrhocllia cochinchinensis. presently a major pest in cenain ar-
eas of Northern Honduras (Sharma and Zelaya, 1986, Munguia. 1992),




3.1.3.3 Slashing

Farmers' major action vis-a-vis the mucuna crop consists of slashing it manually when it
reaches maturity and stans to die naturally. Slashing invotves cutting loosely the soft
mucuna cover with a machete, with the help of a wooden hook used to pull up mucuna
from the ground or rocks. Interestingly, farmers do not try to cut mucuna very finely,
probably because that would tend to induce high rates of destruction of pods. and be-
cause this would increase labor costs. However, some farmers indicate the importance
of spreading the slashed mucuna material evenly on the field surface, to ensure adequate
soil cover and uniform maize growth. Slashing of mucuna requires far less labor than
slashing of an arbustive fallow' about 10 days per hectare vs, about 18, respectively

If the year has been favorable to rat proliferation (a cyclical pest, apparently not re-
stricted 1o mucuna fields), farmers will tend to work in teams of 3-5 people. slashing the
mucuna in such a way that rats are gradually pushed tnto hiding in an increasingly
smaller, carefully isolated “island”, from which it is easy (and fun) to kill whole scores
of them by obliging them to run away into the open, where watchful machete holders are
awaiting them An efficient rat control during slashing will usually translate into toler-
able losses of maize seed or seedlings later on, and vice versa

There is quite a range of slashing dates within a given community or even within a given
field. but all farmers are careful to slash mucuna only after it has produced viable pods
The other end of the spectrum is determined by farmers’ perception of how late thev
can afford to plant a winter maize cycle without running too great a risk of exposure to
drought later in the season. Obviously, all factors influencing access to labor. be it from
the household or hired. will necessanly impinge on the actual slashing dates

3.1.3.4 Maize planting

Most farmers prefer to plant maize as soon as possible after they have slashed mucuna.
thus avoiding some of the competition provided by actively growing weeds In pracuce.
the interval slashing-planting ranges from a few days to a few weeks. reflecting once
more the farmer’s ability 1o mobilize labor. Interestingly, many farmers will proceed
with planting as they advance in their slashing: one or two days of slashing. followed by
planting the corresponding area. before continuing the slashing further

Planting is achieved by dibble-sticking the maize seeds through the mulch and into the
soil. Planting densities and seed type vary among farmers the most common strategy
involves planting 34 seeds per hole, in rows 80-100 ¢m apant, with an intra-row spacing
of 50-80 cm  Seeds are frequently treated against a variety of insect predators
(paniicularly ants), using an array of home recipes, or pesticides such as Malathion.
Sometimes farmers use pregerminated seed, to hasten emergence and provide young
maize seedlings with a competitive edge vis-a-vis weeds. Local genotypes (Olotillo.
Tuza morada. Raque) reproduced on the farm are usually preferred: these are tall mateni-
als (more than 3 m final height in many cases), producing abundant leaves (23-25 in to-
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tal) and green biomass, having a good husk cover, maturing in approximately 120 days
(65 to 75 days to silking). and with a yield potential of 4-5 tons ha' (as determined from
the best yields recorded) Introgression of improved germplasm into the local genotvpes
15 probable. as farmers sometimes plant commercial culiivars side-by-side. The open-
pollinated variety Honduras Planta Baja is the major commercial cultivar that farmers
have had access 10. it is of a shorter stature (2 to 2.5 m) and higher yield potential (5-6
t.ha') than local genotypes, but provides poor husk pr~:ection, a reason for which some
farmers do not like it, as its conservation during long-term storage is uncertain. Up to
now, hybnds are practically unknown in hillside maize production.

3.1.3.5 Weeding

Weeding is a hev practice for determining the fate of both maize and mucuna. It keeps
weeds from divening nutrients and light from the growing maize crop. and 1t creates the
window necessary for the successful natural reseeding of mucuna in a relatively weed-
free environment Farmers usually perform one to two weedings at 20-30 days after
planting for the first one, and at 3040 d.a.p. for the second.

There are marked differences across villages in terms of weeding strategies In Las Man-
gas for example, farmers weed their plots entirelv manually with a long hoe (“azadon™)
and only once during the maize cycle. In San Francisco de Saco or Rio Cuero on the
other hand. most farmers weed their maize twice or even 3 times, using a combination of
hand weeding with a short hooked machete (“pando™) and chemical control (Paraguat for
the most part. applied via back spravers) Those keen on chemical control are careful
not to apply 2-4D, or apply it very cautiously, as it can easily kill the emerging mucuna
Chemical control allows big savings in labor use 1-2 man-days vs. 8-10 for a manual
control  However. 11s effectiveness vanies widely. depending on doses and product
used. and on development stage of the weed population at the time of control From a
nutnent-cycling perspective. both manual and chemical weed control have fairly similar
effects. as weeds are left 10 drv on the surface in both cases (see chapter 4)

Many of the observed differences across sites reflect differences in farmers’ place of
ongin (use of culturally specific tools Pando vs Azadon for example). access to com-
mercial inputs (SFS is located on the edge of a paved road, whereas MG is relativelv
isolated) and more importantly perhaps, the nawre of the weed population farmers are
facing. For example, the heavy investment consented by farmers in SFS 1s intended to
keep itcherass (Rotboelia cochinchinensis) under control at least unti} around maize
flowenng. lichgrass (appropriately called “Invasor” or "Walking weed ™ locally) is a
notoriousty noxious grass weed (Holm eral., 1977; Fisher es a/., 1985; Briduemohan and
Brathwaite, 1989) which has spread widely in the community since the early to mid-
80s. Although it constitutes an increasingly serious problem throughout Northern and
Central Honduras (Sharma and Zelaya, 1986). Ronboelia is not vet ubiquitous in the
hillsides of the Atlantic littoral (Munguia, 1992).
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Even with the advent of Romhoellia . manual weed control in mucuna plots requires sig-
nificantly less labor than in non-mucuna plots (from 25% to more than 50%¢ less ac-
cording to farmers” vstimates). for a number of reasons. First, mucuna gradually elirni-
nates most weed species over the years, especially broadleaves, by preventing many of
them from germinating, by outcompeting those which do emerge or by some unspecified
allelopathic action (Aguilar, 1984). Also, according to farmers, weeds which manage to
survive in a mucuna system are rooted much more superficially, owing to the presence
of the mulch layer, and furthermore, the topsoil is looser (see chapter 5), and also wet-
ter hence weed plants are easy 1o pull out during a manual weeding.

Mucuna itself can behave partly as a weed certain years (cf. earlier) but this 1s not a
frequent occurrence, nor is it generalized within a given field The labor involved in con-
trolling it is minimal (less than 1-2 man-days per hectare)

3.7.3.6 Feruhzanon

Most farmers surveyed outside SFS don't apply any commercial fertilizer to their
maize, citing cost. availability or difficult access as strong deterrents. Many also con-
sider that the mucuna mulch provides enough nutrients to satisfy maize nutritional re-
quirements they describe with manifest delight the deep green color of the maize plants
in the mucuna system as a proof of their good health, something confirmed by foliar
analysis (chapter 4).

In SFS however, almost half of the farmers use small doses of urea (25 to 50 kg ha™)
surface-applied from 40 10 60 d.a p.. a finding similar to what was repored in Buckles
et al (1992). Farmers using 1t do not necessarily apply it everv year. nor do they al-
wavs broadcast it over their entire field Furthermore, it seems to be applied preferen-
tiallv in voung mucuna fields. or in fields without mucuna Effects of this fernlization
on maize yields remain unclear (see further, and also chapter 4)

A few farmers in SFS report having used occasionally a complex fertilizer (12-24-12 or
15-15-15 NPK) with encouraging results, but this seems more related 1o coincidental
availability of this product than to a deliberate strategy 1o supply P and K

3.71.3.7 Maize harvest

Depending on planting date and elevation, maize reaches physiological maturity some-
times between mid-April and early June. Most farmers harvest their crop (ears only
stover is left entirely in place) almost immediately after maturity has been reached. 1o
capture the best possible price on the local market and also to avoid the summer rains of
June-july which would make it difficult to obtain a dry and disease-free grain suitable
for sale or long-term storage

Some farmers bend (“dobla™) the maize plants over {under the ear) shoriyv before har-
vest as a way to avotd lodging. facilitate harvest (ear insertion height on local cultivars is
frequently more than 2 m). and protect it from bird damage. Wheneser this is done.
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mucuna benefits markedly from better light interception, but it is doubtful that this is an
explicit objective of the bending, as 8 grown mucuna makes harvesting more tedious

3.1.3.8 Beyond harvest: the mucuna fallow

After harvest, the field js literally abandoned to the mucuna crop and its associated weed
suite for a full six months, until it is time to slash again. A few weeks after harvest, mu-
cuna has usually managed to tear down all standing maize stalks, and has achieved full
canopy closure, even when densiry was low at the time of reestablishment, thanks to its
extensive network of vines. Mucuna fields are not grazed, nor used for any purpose
during this time. Indeed, mucuna is grown for the sole purpose of protecting the 50il
and enhancing soil fertility to the benefit of the maize crop, making it akin 10 a short-

term improved fallow. Even farmers possessing livestock do not allow it to graze the
mucuna. nor do they feed it

3.7.3.9 Miscellaneous

Many farmers in San Francisco and Las Mangas use Gliricidia sepiuni as a live fence
around their mucuna fields and pastures. The main reason cited for the choice of this
leguminous tree s its very fast growth and capaciry to provide posts heavily used for
fencing pastures in panicular. The trees are usually pruned at the beginning of the maize
cycle. and the prunings left in place, adding significant biomass and nutrients to the mu-
cuna mulch on the field edges.

3.1.4 Variability in management and its causes

There are a number of minor differences from field to field and across years in the way
the mucuna/maize rotation is managed by different farmers The most notable ones in-
volve timing of slashing/planting operations and also the choice and timing of weed con-
trol These differences seem 10 1ake place in response to specific Jocal environmental
conditions. such as actual uming of mucuna matrity, intensity of rainfall at the time of
slashing or weed pressure Production constraints at the household level may also influ-
ence practices for which labor or cash availability is critical, such as hiring of wage labor.
or purchase of herbicides. but these aspects were not tackled in this studyv. They would
however need to be considered carefully in the perspective of proposing changes to the
present practices, which will probably affect differentially farms in funcuion of their
specific constraints and resources (Capillon and Sébillone, 1982: Harrington and Tripp.
1984)

Interestingly, farmers do not appear to modify their management strategies as the mu-
cuna svstem ages. old mucuna fields are treated in much the same way as are voung mu-
cuna fields. notwithstanding small adjustments 1n maize densities which reflect the per-
ceived enhancement of soil fertilitv over the years (see chapter 5).




3.2 MAILZE Y IELDS AND YIELD COMPONENTS IN THE MUCUNA SYSTEM

Majze 1s the onlv harvested output in the mucuna system. and is both the staple in
farmers’ diet and a major source of income. Hence the ability of the mucuna rotation to
vield a good maize crop is a kev criterion by which to judge its performance

3.2.1 Regional & local variability

There was a sizable variability among sites with respect to maize vields measured during
the 93/94 cycle (Table 3.1 p. 41). In all documented cases. yields for fields without
mucuna were consistently about half those obtained when maize was planted after a
summer mucuna fallow. In the higher-yielding sites (San Fco and Las Mangas). the ma-
jority of vields were in the range 2.510 4.5 t ha’, a good level considering that maize
cultivars were mostly landraces. that plant densities remained relativelv low (Table 3 2
below ) and that extemnal inputs were sparingly applied (not at all in the case of Las
Mangas) In both sites. the best yields measured were close to 6 t.ha ', indicating the
high vield potential of the mucuna/maize rotation. These sites also had favorable soil
chemical characteristics (Table 2 1). In Piedras Amanlias and Rio Cuero. actal vields
and vield potential (as indicated by the best vields) were lower on average. something
consistent with lower intrinsic soil fertility (Rio Cuero) or lower rainfall (case of Piedras
Amarillas) and also sub-optimum management (low plant densities. late planting dates)

Table 5.2 Maize vield components with and without mucuna
in selected sites and cvcles

site & vear rotation ivield: dens Near N Kern. \A'eighléf\' Kern. Weight

tha  ithous) /plary  Jear lear(2): /m> IK (mg)

e o o pop———
w/ muc 331350 084 378 120 1063 ERI
i 25303 ,,,,,,,, o e o
w/ muc 45 1369 090 446 140 1483 314
Cuero%nomuc’ 14 £268 066 264 80 463 502
W/ muc 19 :273 082 303 9] 68% 298

" onc obscrvation plot only

Across all sites. higher vields levels were significanthy associated with higher plani den-
sities (Table 3.2 and Figure 3.3 a). The relationship was even stronger with indicators of
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favorable conditions of plant growth, such as the number of ears per plant or number of
kernel per ears (Navarro Garza. 1984, Fleury. 1951) (Table 3.2, Figure 3.3 b and 3 3 .¢)
There was no differences benwveen high and low vielding plots during the grain filling
stage. as all plants exhibited kernels of approximately the same specific weight

Table 3 1- Maize yields with and without mucuna in several sites in the hillsides of
Northern Honduras. cycles 92/93 and 93/9+4

a 92'93 ¢vele

SITE (n)': average ! sd min max.
SAN FRANCISCO (ha)

- checks w’'o mucuna 4 19 06 1.3 28

- mucuna fields 46 33 10 1.0 49
LAS MANGAS | T
- checks w/o mucuna 2 28 0.2 23 26

- mucuna fields 26 ¢ 45 1 08

PIEDRAS k\1ARILL»\S ................ .......
- mucuna fields L1 23 08 09 33

b 9394 cvele

SITE (n)' average : sd min  max

San Francisco by 1

- checks w/o mucuna 10 ¢ 20 04 11 2

- mucuna fields 0 ¢ 38 110 22 84
R

- checks w/o mucuna 4 14 08§ 0.3 2

- mucuna fields 29 51 1.0 08 46
WRIO CUERO o

- ¢hecks w/o mucuna ] 1.4 -

- mucuna fields 18 ¢ 19 08 06 35

PIEDRAS AMARILLAS I

- mucuna fields 16 25 i 0.6 1.3 37

number of samples
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Yield = 0.0713 * dens + 0.772, R"2 = 0.221, HS (N = 201)
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Figure 3.3 Relauonship between maize yields and yield components across sites and

vears. Northern Honduras (a) plant densitv. (b) number of ears per plant.
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3.2.2 VYear-to-vear variability

The 92/93 and 93/94 cycles differed markedly with respect to the distribution of the
rains received during the maize cycle (Figusre 4.04, chapter 4) Whereas rainfall was
abundant in 92/93 throughout the cycle, it was very scarce in the second-half of the
93/94 cycle, and late-planted maize fields suffered significantly from drought This is
especially apparent in Las Mangas (Table 3 1), where average yields dropped by 1.4
tha in mucuna fields between the 2 cycles (this drop is not however a direct measure of
year-to-year vanability in a given field. because fields sampled differed from one cycle
to the next) Conversely. maize vields remained stable in San Francisco de Saco and in
Piedras Amarillas (Table 3 1) For San Francisco de Saco. this may be anributed to the
fact that most farmers had managed 10 plant before Christmas, thus allowing their maize
crop to avord much of the drought stress by tapping into the large amounts of stored
water (in mar  cases. more than 200 10 250 mm for the 0-60 cm soil profile. see Figure
4 09 chapier 4

Maize vields for fields without mucuna apparently followed the same pattern as for
mucuna fields But these figures do not reflect the fact that near complete crop failures
occurred in a2 number of fields without mucuna in 93/94, whereas nearby mucuna fields
planted around the same date had acceptable vields

3.2.3 Plot vs. whole field vield estimates

The maize vields reported above were measured on small obsenvation plots (1wo only in
each field). and cannot pretend to provide an accurate estimate of commercial vields at
the field level Indeed. crop-cui vield data usuallv overestimate commercial vields at the
field level by as much as 15 10 20%q (Poate. 1988). Evidence that this is indeed the case
In our stugy comes from a comparison between our measured data and yield data col-
lected via intenview with the farmers of these very same fields nght after the 93 harvest
whereas the estimated average vield was 3 1 t.ha” based on our measurements. it was 2 3
tha according 1o farmers™ declarations

Other repons based on farmers’ declarations show somewhat similar evidence If there
15 little doubt 1n our mind that vield Jevels reported by Buckles et al. (1992) are abnor-
mally Jow (average vields of mucuna fields would be less than 1 3 tha'). those reponed
by Avila and Lopez (1990) (around 2 7 t.ha" for mucuna fields on a regional basis. and
half thai for fields without mucuna) and Humphries (1994) (1.7 t.ha” in Rio Cuerc in
93/94). are consistent with our own findings (2-4 tha" on a regional basis and ) 9 t ha'
in Rio Cuero in 93/94)




The practical significance of the discrepancies berween measured and declared vields
should be keptin mind From an agronomic perspective, measured data are both more
accurate and more useful. as they were collected from the exact same phyvsical areas on
which all other measurements (such &s mucuna biomass or soil chemical properties)
were made. and hence direct causal relationships can be inferred relatively safely From
a socioeconomic perspective, measured yields should probably be corrected by about
20% 10 obtain figures suitable for a realistic analysis of proauction costs or income

3.3 MAIN BENEFITS AND CONSTRAINTS ASSOCIATED WiITH THE
MUCUNAMAIZE ROTATION

From a qualitative viewpoint. many of the characteristics of the mucuna/maize rotation
can be examined tn terms of major practical benefits or constrainis, even though 1t js not
possible at this stage 1o establish a precise ranking of their actual contribution to the
agronomic or economic success of the rotation

3.3.1 Main benefits

The main benefits (many of them interdependent) associated with the use of the mu-
cuna’maize rotation and pervened by farmers can be summarnzed as follows

1 It requires httle Jabor both for its initial establishment in the field and for its mainte-
nance. because of the abilitv of mucuna 10 reseed itself spontaneously Compared 10
a tradivonal maize ‘fallow rotation. labor requirements are actually decreased. because
slashing of an herbaceous mucuna stand is much easier than slashing a fallow con-
tatning trees and shrubs

= Irallows farmers 10 take advantage of the best cropping season for maize (usually
sufficient. but not excessive rains. reliance on abundant stored water from the previ-
ous rainy season. healthier maize and better harvest conditions. better market price)

(FF)

The vegetanon (mucuna or maize residues) is never bumed. and the soil is protected
vear-round from direct exposure 10 rainfall (hence less potential for erosion. and also
conditions favorable for an intense biological activin)

4  Upon decomposition. the mucuna mulch provides large quantities of nitrogen and
other nutrients 1o a succeeding maize crop The mulch helps consene water in the
soil profile. which provides a buffering capacity against drought stress. especially in
dn vears

£ The mulch and the mucuna fallow help control weeds

6 Maize vields tevels are doubled compared fields without mucuna Funthermore.
vields star increasing in the first vear after mucuna has been introduced (no delay in
response. as in the case in many agro-forestrv svstems or terracing works)
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7 The mucuna system allows continuous cultivation of the same field vear after year.
without a need for fallow periods.

Most of these benefits are associated with intrinsic properties and characteristics of
slash-and-mulch cropping systems (Bunch, 1994, Thurston er a/., 1994) Some howenver
(# 2 and panly #1) are specific 10 the environment of the Atlantic littoral or the ecology
of the mucuna plant. and hence, may not be extrapolable to other mulch systems or out-
side the Atlantic littoral region

3.3.2 Main constraints

Among the disadvaniages mentioned by farmers (but not consistent]y confirmed by in-
depth obser anons and discussion with farmers), one should mention localized land-
stides possiblv favored by the use of mucuna (see discussion in chapter 8}, proliferation
of rats and snakes which may particularly appreciate the protection offered by the mu-
cuna cover. and finallyv. the high opportuniny cost of having to leave the field under a
mucuna fallow for the duration of the wet season (Buckles er ¢/ . 1992)

Almost unamimously. farmers consider these constrainis 1o be very minor ones com-
pared to the wealth of benefits that the mucuna system brings

3.4 CONCLUSIONS

The mucuna’maize rotation is a good example of a low-extemnal input. no-tillage crop-
ping svstem whose management is intimately interwoven with and dependent on natu-
ral ecological processes stemming from mucuna biology  Its main features include
slashing without burning the mucuna stand at 115 physiological maturiny . dibbie sticking
of maize in the mucuna mulch. reliance of the natural reseeding of mucuna for 1ts re-
establishment. and an untouched mucuna fallow extending over 6 months during the
main rainy season (Table 3.3 and Figure 3.1)

Farmers practices throughout the Atlantic littoral match closely the uniform “technical
sequence” or general model of crop management (Cerf and Sebillotte. 1988) described
above The exient to which practices differ among fields. sites and vears represents
what could be called tactical adjustments to fluctuating agroecological or intra-household
factors and conditions rather than inherently distinct management strategies
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From its key characteristics, the mucuna svstem appears 1o be very close 10 what may
be considered an ideal cropping for hillside farming in this type of environment 1t com-
bines some of the most desirable traits from both a scientist's perspective (resource con-
servation, nutrient recycling. good productivity: Sanchez, 1994) and from the user's
standpoint (low investment, fast return, compatibility with existing knowledge base
Bunch. 1982; Buckles e a/., 1992; Bunch, 1993). Perhaps the most eloquent proof of
the desirability of such a system consists of its spontaneous adoption by small farmers
of Northern Honduras (at the impressive rate of 66% on a rcgional basis' cf Buckles e/

al.. 1992) Or as farmers put 1t simply, mucuna is a God's blessing.

Table 3.3 Main farmers’ practices in the mucuna/maize rotation. Northern Honduras

Practices

SLASHING

MAIZE
PLANTING

WEED
CONTROL

(MUCUNA
RESEEDING)

(FERTILY-
ZATION)

HARVEST

Early Criteria
-Late dates
mid Nov pod maturity/
late Jan avoid drought
fate Nov slashing
earhy Feb
Sdap '  weedgrowth.
-60dap laboravail

i mid Feb (if deficient na-
mid Mar  tural reseeding)
40dap (cash availability
60dap perceived need)
mid April  household needs
mid June  market prices

Input used

Observations

machete

dibble stick.
local seed

machete. hoe or
herbicide

seed from pre-
vious cvele

Urea (25 10 60
of N ke ha )

I or 2 controls

rarelv done

not used at all in
some villages

"dap =da s afler planting the maize. © parcentheses denotc a practice not done by the majonn of farmers
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Chapier 4

NITROGEN CYCLING IN THE MUCUNAMAIZE ROTATION

4.1 INTRODUCTION

A distinctive feature of the mucuna/maize rotation (hereafter referred to as the mucuna
system) is the year-round presence of a thick mulch layer on the soil The nature and
behavior of this mulch layer makes the system share many of the charactenstics of natu-
ral ecosystems possessing litter layers. such as tropical forested ecosystems (Budelman.
1988) Compared 10 2 natural system however, the dynamics of the mucuna system is
radically altered to accommodate a commercial crop, and the management and behavior
of mucuna in the rotation can be equated roughly with that of an improved. shorn-term
fallow whose main function is to help maintain and build up soil productivity for the
benefit of the maize crop (Sebillotte, 1985) Among the many effects of mucuna on the
succeeding maize crop (see chapter 3), improved mineral nutrition constitutes undoubt-
edly a major aspect, and one for which quantitative evidence coming from tropical slash-
and-mulch cropping svstems is still rare, even though numerous studies have dealt with
related agroecosvstems (Huntington er a/., 1985, Ladd and Amato. 1985, Yost ¢er al .
1985, Glover and Beer. 1986. Pichoteral/., 1987, IRRI. 1988, Yost and Evans. 1988,
Sanchez er al., 1989; van der Heide and Hainah, 1989: Palm and Sanchez. 1990. Sarran-
tonio. 1991, Smyth er a/ . 1991, Kang and Mulongoy. 1992, Mulongoy and Akobundu.
1992, Haggar and Beer. 1993, Thurston, 1994)

The objective of this chapter is therefore to provide baseline information about nutnent
cvehing in the mucuna/maize cropping system practiced in Northern Honduras. with a
strong emphasis on nitrogen dynamics. The main issues considered here include quanti-
fication of organic inputs. pace and timing of nitrogen accumulation in the legume and
subsequent panems of release by the mulch and uptake by the maize crop Of panticu-
lar interest are (1) the svnchronization of mucuna decomposition with maize uptake.
and (2) nitrogen smbalances in the system, potentially created by large amounts of nitro-
gen inputs added through the mucuna biomass (supply side), compared 10 the relatively
modest outputs achieved via maize harvest (demand side).

The chapter will present a general framework for analyzing annual inputs and outputs of
biomass in the mucuna system, followed by a discussion of biomass and nutrient accu-
mulation by the mucuna crop. as well as mucuna litter decomposition There follows an
analysis of the dynamics of inorganic nitrogen in the soi] profile duning the maize cvcle
Finallv. maize response 1o nitrogen present in the litter or applied as fertilizer is exam-
ined The discussion highlights the significance of these findings for understanding the

47




processes at work in the mucuna system and its implications in terms of management by
farmers and crop performance.

4.2 MATERIALS & METHODS

The general framework for the study was reported in chapter 2 This section deals only
with the specifics related to nitrogen cycling.

4.2.1 Evaluation of mucuna biomass accumulation

Measurements were made mainly just prior to slashing time (December of each year
precise date for each field as a function of individual farmers’ management) In 1992 40
observation plots (2 plots per field) were sampled (SFS onlv). 100 plots in 1993 (4 vil-
lapes). and an additional 35 in 1994 (SFS and CU CIAT, 1995) In each vili2ze. the
above-ground tota!l biomass was determined by harvesting 2 to 4 quadrats (2 25 m’ each)
per observation plot for sampling dates up to December Total biomass was separated
into vanous fractions, easilv recognizable bv eye' green mucuna, live weed material. and
lirter {this latter being simply all dead organic matter. whatever its stage of decomposi-
tion) (Figure 4 01). In December 93 and 94, funther sub-categones were made for pods
and vines, respectively

MAIZE

_w GREZN= ZAVESEVOUNGETEVE

LVETRALTON - @ MUCUNA - % PODE aver Seorrer

v . \
//’ ™ \. : VINEE

pm g TIZEWXED RSN
DEADFRASTION . . -T2 T
T P MUSUNA MAIZE STOVER wiItd

Figure 4 01 Compartments of the above-ground biomass in the mucuna svstem. North-
ern Honduras

Additionally. a periodic assessment of mucuna biomass accumulation from October to
December 93 was conducted in SFS only using the above methodology in 7 plots.
whereas apparent mucuna mulch decomposition was followed from December 93 to
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May 94 in 18 plots. also in SFS (in this later case, quadrat size was 1 m’, and there was
only one lirter fraction and occasionally one weed fraction). At each date and in each
village. a composite sub-sample was 1aken from each fraction in every observation plot
for drv-matier and nutrient determination. Samples were oven-dried at 60 °C for 48
hours minimum. ground in a Wiley mill # 4, and analyzed by ICP after dry-ashing for
total nutrient content (P. K, Ca. Mg, B, Cu, Fe. Zn) and by micro-Kjeldahl for total N
content at the Standard Fruit Laboratory in La Ceiba, Honduras C, N and isotope ("°C.
“N) content was furthermore determined by using a Europa Scientific Roboprep C/N
analvzer coupled to a Tracermass mass spectrometer (Europa Scientific, Crewe, Chesh-
ire. England) at Cornell. Because results for total nitrogen differed according to the
method used. a regression equation (R’ = 0.92) was developed to allow the conversion
of results obrained by one method into the other.

4.2.2 Evaluation of maize response to N-urea and P-TSP

A nitrogen X phosphorus fenilizer experiment was established to investigate the re-
sponse of maize o fertilizer applied in well-established mucuna fields (1 ¢ fields several
vears into the rotation). 1t consisted of a simple 2° RCB factorial. with 2 levels of N. 0
{mucuna mulch oniv) and 50 kg ha' of N-urea. applied 40 davs after planting. and 2
levels of P. O (mucuna mulch only) and 60 kg ha' of P-TSP. applied at planting For
both N and P. the fertilizer was incorporated into the soil. in a hole a few cm away from
each hill

In 92793 the trial was planted in 3 fields in San Francisco de Saco, whereas in 93/94. it
was established in 8 fields in SFS (different from those chosen the previous vear). as
well asin 3 fields in Las Mangas There were 2-3 replications per field. spread out over
the field in order to adapt to the broken topography. Panicular attention was given 10
weed pressure in 92/93: all blocks were duplicated to offer a contrast benveen weed-free
vs farmer-controlled weed environments; in 93/94. all 11 fields were kept reasonably
weed-free. In all cases. individual plot size was 30-40 m°. and the harvested area com-
prised the 4 central rows of each plot. Trial establishment and maintenance was done in
collaboration with the various field owners,

4.2.3 Monitoring of inorganic nitrogen dynamics during the maize cvcle

The momitoring was done in the soil profile of most check plots (without fertilizer ap-
plication) of the above trials in SFS only: in each year, a 1otal of 14 individual plots were
sampled. In 92/93, sampling started in December and ended in April, for a total of 7
sampling dates. whereas tn 93/94, sampling started in December and ended in June. for a
total of 9 sampling dates An additional 7 plots (2 of which were common to the general
monitoring. Whereas the others were located in neighboring fields) were sampled
monthly between October and December of 1993 in conjunction with the biomass ac-
cumulation study  Samples were taken from 3 depths 0-10 cm (0-15 ¢m in 92 93). 10-
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30 cm (15-30in 92/93) and 30-60 cm, sieved 10 approximately 2-4 mm in fresh. ex-
tracted with 2M KC1 (20 g of soil to 100 m! of KCl), filtered, and stored frozen immedi-
ately after extraction. The extracts were analyzed colorimerrically (Keeney and Nelson,
1982) using an AutoAnalyzer for both NO; (modified Griess-llosvay method) and NH,
(Indophenol Blue method) at Comnell at the end of the experimental work. The col-
ortmetric procedure was calibrated against a standard steam distillation procedure
(Keeney and Nelson. 1982). Inorganic N content was converted to kg.ha' using bulk
density figures collected for each field (see chapter 5).

4.2.4 Determination of maize nutrient uptake

The main indicator used 1o reflect maize mineral status was ear leaf total nutrient con-
tent at flowering. For each observation plot or experimental treatment, a sample of 15-
20 healthy ear leaves was taken from plants in the silking stage Samples were oven-
dried at 60°C for 48 hours. the central leaf section ground in a Wiley mill. and analyvzed
for total nutrient content by ICP in 2 manner similar to that used for mucuna sampies

Maize total N and P content at harvest was analyzed colorimetrically on grain and
stover samples 1aken from the N*P experimental treatments (93/94 cycle only). follow-
ing a wet digestion with H.SO, and salicylic acid (Novozamsky eral, 1974, 1983).

4.3 ANNUAL DYNAMICS OF ABOVE-GROUND BIOMASS AND NITROGEN

In the mucuna/maize rotation, all or most of the nutritional requirements of the maize
crop are met via i sifu production and management of mucuna biomass. which upon
decomposition provides the maize crop with an array of nutnents. chief among them
nitrogen, Understanding the complex processes of biomass accumulation and decompo-
sition affecting release of nutrients by a mucuna cover is a necessary step 1o better take
advantage of them, and possibly to manipulate them in a direction more suitable to
farmers’ interests

Thus. this section will first analyze the general trends in above-ground biomass and ni-
trogen dvnamics over the vear. and their relation to availability of inorganic nitrogen in
the soil profile during the maize cycle. Management options for meeting maize nitrogen
requirements will then be analyzed by determining the effects of limited additions of N
or P fertilizer on maize production

4.3.1 The various phases of the mucuna/maize rotation

4.3.1.1 Main componems of the above-ground biomass

Above-ground biomass in the mucuna/maize rotation includes several kev components
whose relative imponance (in terms of drv-matter and nutrients) depends on the par-
ticular phase of the rotation (Figure 3.1 chapter 3)




As a first simplification. the above-ground biomass can be divided into live and dead
components (Figure 4.01). The live fraction compnses either growing mucuna (from
June to December) or growing maize and its accompanying weeds (berween December
and May). Its biomass content varies widely during the year, following the various
phases of the mucuna/maize rotation. Interestingly. under the present-day management.
farmers do not remove any biomass other than the maize ears from their mucuna fields.
maize stover is left in place, and mucuna is not grazed nor harvested as forage or grain

The dead fraction consists of a dead mulch or litter layer sensw sirictu, which com-
pletely covers the soil surface year-round. Components of the litter include a dynamic
mixwure of decaving mucuna parts, decaying weeds slashed by farmers during the maize
cyele or suffocated by mucuna during the summer, and rotting maize stover The
biomass content in this Javer is always high, contributing consistently over $0° of the
total above-ground biomass found in a mucuna field at any given time It reaches its
highest levels afier slashing of mucuna and again following maize stover incorporation
into the Jitter

4.3.1.2 The huer layer

43 1.2 1 Functions of the litter

The constantly renewed litter siting above the soil profile fulfills many imponant func-
tions. all of which contribute 1o the performance and behavior of the rotation in both the
shor- and long-term  Chief among them is its role in controlling erosion. as it cushions
the impact of water drops (chapter 5). At the same time, it helps regulate water flow in
and out of the profile, by favoring infiltration over run-off (chapter 5) and by slowing
down evaporation It contributes strongly to nutrient cycling. both by providing the
needed substrates for decomposition and by offering an adequate habnat for the decom-
posing flora and fauna. It also provides the environment in which mucuna will reseed
nselfl Simultaneously. it influences markedly weed dynamics by altering conditions for
weed emergence and by providing those which manage to compete against mucuna or
maize with plentiful nutrients and water

4.3.1.2 2 Factors affecting biomass accumulation and decomposition

The maintenance of the litter laver over time is the result of two opposite sets of proc-
esses, lirter formation on one hand and litter decomposition on the other. Among the
former, maize. weed and mucuna management by farmers codetermine the quantitative
levels of addition 1o the linter as well as its timing, in interaction with environmental
conditions regulating plant growth. Each of the three main components added 10 the
Iitter has distinct inttial properties vis-a-vis decomposition. For example. mucuna mate-
ria) has tvpically high N content and low C'N ratio. and includes veny leafv. easily de-
composable material. whereas the opposite is true for maize stover Weeds have a com-
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position and behavior depending on the species involved and the precise iming of their
incorporation in the litter.

Conversely, decomposition processes, even though thev probably fluctuate markedly in
response to periodic additior < of fresh material to the litter, seem only moderately af-
fected by management. They are largely under the influence of environmental factors
such as moisture and temperature (Jenkinson, 1981). These two factors continually
interact to modify the microclimate of the litter layer, and its ability to undergo decom-
position.

4.3.2 Biomass and nutrient content at slashing

Because slashing of the mucuna crop constitutes the pivotal moment of the mucuna ro-
tation, we will now turn our artention to two fundamental aspects of slashing. namelv
the quantity of biomass present at that moment, and its composition. It should be
noted that in the following presentation, easily recognizable pieces of maize stover
{(from the previous maize cycle) were systematicallv excluded from the sampling proc-
ess, out of an initial (unwarranted) assumption that only neo-formation of litter during
the mucuna cycle was imponant for understanding cycling processes: this methodologi-
cal flan probably brings about an average underestimation of above-ground biomass of
roughly O Sto 1 ton of DN ha’. This omission is rather insignificant in terms of nitro-
gen (in the order of 1% or less of the total mtrogen content)

4.3.2.1 Towl biomass content

For all four villages sampled in December 1993, the levels of total above-ground biomass
fell in a relatively narrow range of 10to 12.5 tha“on a dry-matter basis (Table 4 01)
Statistically speaking, these differences were highly significant. with San Francisco pre-
senting the highest biomass production. In the two sites for which data is available. the
year-to-year variability was moderate (Table 4.02). although biomass was significantly
lower in December 92 compared 1o the two following cycles in San Francisco de Saco
The largest differences however occurred among fields within the same vear and site.
leading to statistical differences among fields in 3 of the four villages For example. in
San Francisco, individual field minimas dropped to less than 7 t.ha . whereas maximas
exceeded 15 tha' (Table 4 01) The within-field variabilin: was low on average (not sta-
tistically significant), although in a few cases differences of several t.ha' were found
between observation plots within a single field.

Given the diverse soil and climatic conditions represented by the four sites and three
years sampled in this study. biomass production across sites and years appears rela-
tively stable (overall coefficient of vanation less than 15%). This result probably stems
from a combination of factors. First. total biomass includes a strong semi-permanent
litter component. which is only partly influenced by seasonal fluctuations in climate and
plant growth Also. the length of the mucuna cycle (8 months minimum) probablyv al-
lows the mucuna/weed stand 1o compensate for any temporal stress which would tran-
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siently reduce growth Finally, expressing productivity on the basis of total biomass
usuallyv reduces apparent variabilirv, as this latter is more likely 10 affect specific com-
ponents. and parucularly pod production.

Table 4.01: Above-ground biomass (t.ha-1) and its various fractions (in %s) present in
mucuna fields at slashing in four sites, Northern Honduras, 12/93

(cach cell represenis the average for the site. followed by its standard devianon)

~ Lha'' s %, of 1o1al biomass -
- H R . . kY .
site (n) | total binmass  Min. Max | green' pods®  vines'  litter’

SnFeo 31024214 70 163115 6x4  J4rd 69% 6

Mangas 29 | 110145 88 1391 [0%£8 2426 2244 45t 8
Cuero 21 J07+1.65 86 1451 15+6 75 185 60% 8
Piedras 19 113219ah 86 1621 15+% 1327 19%S &3 §
Average 101 E T e T e w5 s

"lealh material and tender vings. © pods include ymmature seeds. old stems. panhy Jignificd and possibh
about to stan 7o+ ng. ' dead matcrial including freshiv shed leaves: mcans followed by the same Jener
i one ¢olumn o differ sipmaficanthy according 1o Tuker 's test at the 10% family yawe

Table 4 02 Inter-annual varability in biomass production of mucuna fields
at slashine time in San Francisco de Saco. Northem Honduras

~ { DNiha - °, of total (L DMha  kelw
Year (n)' Tot Biomass** Min Max iLitter pods Live Weeds N total
1992 44 108+123 61 159 61 (0.0)% 263+ 7%
1993 32 J124%20a 70 1631 69 6 (0.0)  313+68
1994 22 126+27a 86 170: 64 16 (06) 2
Average 98 117425 61 170 64 10 281475

" number of plots sampled. * average = standard deviation.  parentheses indicate only few plote had

. <
weeds. or quanungs per plot were msigmficant Jab data not available.  means followed by the same
lener in one column do now dyffer signaficanth accordimg (o Tukay 's test at the 10% fanuby rale

(v
(=¥




In order to reflect morphological and functional differences among the various compo-
nents of the live fraction, the slashed mucurna material was subdivided into three sub-
fractions: green material (mucuna leaves and fine stems). mucuna pods. and mucuna
vines (1.e. partly lignified stems) Live weeds were almost always insignificant at slas!--
ing time (weeds present at the end of the maize cycle get incorporated in the mulch/linter
layer. after being outcompeted by mucuna).

The proportions of these various sub-fractions were also relatively stable (10-15 %o for
green material, and 14-22 % for vines). Pod production however was quite variable both
between and within sites: pods constituted as linle as 6% of the total biomass and as
much as 24% for a given site (the range was wider for comparisons among fields). This
variability occurred both across sites and across years (Tables 4.01 and 4.02),

The litter (dead) fraction constituted on average close to 60% of the total drv weight. or
St 9tha Thus. the annual December slashing added only 4 10 6 tons of DA ha of
Jresh matenal to the pre-existing litter (roots add probably another 1-2 t of fresh drv
matter however Lathwell. 1990. Hairah, 1992)

4.3.2.2 Characteristics of the yarions biomass firactions

The vanious fractions discussed above presented fairly similar characteristics across sites
in 1terms of their N content and C N ratios (Table 4.03) The pods were ncher in nitro-
gen than anv other fraction (about 3% on average). whereas the vines were the poorer
(less than 2%). translating into C:N ratios greater than 20 The litter fraction presented
relatively high though vanable within-site levels of nitrogen. about 2 65% on average.
with consequently low C N ratios of 16 to 18. This fact. along with a 8''C value
(Mariotti. 1991) close to -26 tends 10 prove that the litter fraction at slashing time was
heavilv dominated by the contributions made by the mucuna crop. a C3 plant. rather
than by maize stover (a C4 plant with a 8''C value close to -13). or bv C4 grass weeds
which predominate in numerous mucuna fields across Northern Honduras (Ronhoelli:
cochinchinenss in the case of SFS). Conversely. when mucuna does not reesta-blish
itself properly in a field (as was the case during the 94 summer cvcle). the biomass
found a1 the following slashing comprises a much higher proportion of weeds. vielding
lower N content (less than 2%) and 8''C values for the litter fraction (-5 to -20)




Table 4 03 Selected charactenistics of the various biomass fractions found
in mucuna fields at slashing time, Northemn Honduras. 12/93

site Properry |areen' pods® vines' litter®
sample sizey | (1) (14) () (32
Sn total N % 277 302 2.00 262
Fco CNratio | 170 149 229 16.8
§'°C 268 282 263 -285
' m«;samplc Simey (9)' (9) (9} """"" (1Y)
Las woral N % 292 2.97 1.74 268
Mangas C N rano 157 152 259 162
&°C -268 257 2266 L2588
Sample sicer | (8) ( (4 ax
Rio total N % 265 2 8§ 209 268
Cuero CNrano 16.9 150 212 167
&'C 268 2251 2261 L2409
........................ O g
Piedras iwtal N % 3.83 3.14 202 268
Amar C Nrano 11.9 140 222 166
8°C 288 0 -240 0 2820 24l

fealy matenal ang 1ender vings:  pods include smmatuse seeds. ~ old siems. parts igmhced and possibly
about to stan younng. " dead material. including freshly shed leavcs

4.3.2.3 Nmrogen conteny

Total nitrogen content in the above-ground biomass for the different sites is presented in
Table 4 04 As was the case for total biomass. total N content was rather similar among
sites. and reached almost 300 kg ha' on average Again, the major source of vanability
was among fields' in SFS for example, N content dropped to as little as 100 kg ha” in
one field. and conversely reached almost 500 kg ha’ in another

¥ o
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Table 4.04° Nitrogen (kg ha' ) present in above-ground biomass at slashing time
in mucuna fieids in four sites, Northern Honduras, 12/93

site (n) { greenN' pods N? wvinesN* liter N* | total N ! liter N %
- in kg ha' > 7, of 1otal X
SnFco (32 39419 20%13 36%10 221455316467 | 70% 7
Mangas | 20 0 20+ 17 78420 1+ § 128+34 i 278+41  46% 8
Cuero 21| 41414  21%13 37+11 173+51 | 27282 0 6 %0
Piedras | 19 | Saz21 46+22 42+ 14 163+50: 310460 52+ 8
Mean L1017 4010 42+30 36411 174450 | 208 + &8 | S8+ 13

"leafs material and tender vines. © pods include immature seeds. * old stems. panly hgrufied and about 1o
stan rotung: * dead material meluding freshly shed leaves  Each cell represenis the overage for the s
follused by is standard deviation,
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Figure 4 02

(Each symbol corresponds 10 one plot)

Relationship between total nitrogen in the above-ground mulch and
biomass tevels. Northern Honduras. December 1993




Total N was more dependent on biomass Jevels than on N content in the various frac-
tions, as shown in Figure 4 02 p. 56: the overall R2 across sites for the relationship be-
tween total nitrogen and tota) biomass reaches 0.8 (N= 101). and all sites presented a
simitar relationship. with the exception perhaps of Las Mangas, where the relationship
between the two variables was slightly looser (R2 closer 1o 0 6, data not shown)

Because of the quantitative dominance of the linter fraction, and its relatively high N
content, almost 60% of the nitrogen present at slashing is found m the Jirer and notin
the live fractions The pod fraction comprises a low percentage of total N on average.
except in Las Mangas. where it reached almost 25% of the total N, in keeping with the
high proportion of pod biomass Because mucuna typically reseeds itself, most of this
“pod N7 is probably not available however for subsequent recycling via decomposition.

£.3.2.4 Other murients

While nitrogen was of primary interest in this study. the mucuna biomass accumulated
other key nutrients Table 4 05 displays the averave levels of phosphorus. potassium.
calcium and magnesiumpresent at slashing (in kg hs ). and the proportion of them found
in the litter

Table 4. 05, Nutrients other than nitrogen found in the above-ground biomass of mucuna
fields at slashing time in various sites. Northern Honduras. 12/93

Nutrient SnFco  Mangas Cuero  Piedras i Average
total P kg ha’ 186! 28BS 14%2 19%4 i 207
% P in litter 58+9  31+7 5111 3948 | 45+ 14
total K kg ha' 82421 114+24 98216 113£17:100%24
% K in litter 2747 1123 1946 13%5 | 18%9
total Cakgha 15445 130423 111422 134341402 37
%Cainliter  78%% 6229 72%7 66%6 0% 10
wotal Mg kgha' 320+ 7 2244 20+4 2645 : 267
% Mpinliter 6748  45+8 54+0 S448  S6%12

"each cell represents the ax erage over all ficlds sampled in cach site. followed by its
standard dessanon. Sample size: 32.29. 21 and 19 for Sn Feo. Mangas. Cucro and
Piedras respectivel
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Even though there was a sizable variability among sites, the mucuna “complex™ accu-
mulated significant quantities of all of these nutrients. and especially calcium (140 kg ha
on average) and potassium (100 kg ha'). Even phosphorus was found at levels roughly
sufficient to supply the requirements of a maize crop. The distribution of these nutri-
ents in the above-ground biomass differed for each nutrient: if most of the Ca (70%) was
found in the litter. most of the K (82%) was in live fractions (and particularly the vine
fraction), with imermediate situations for P (45% in litter) and Mg (56% in litter).

4.3.3 Seasonal behavior of the mucuna cover

We will now examine in more detail how a mucuna crop accumulates dnv-marter and
nutrients in the first place, and then releases both upon decomposition.

4.3.3.1 Mucuna biomass accumularion dwrmg the rainy season

There are two main phases dunng the mucuna cvele: the vegetatnve phase. lasung from
Februarv/\arch (mucuna re-seeding) to early October, and the reproductive phase. from
October 1o December. at which moment mucuna stars 1o die naturally, even when
slashing does not take place Climatically speaking. the vegetative phase spans the dnv-
season and the first half of the rainyv season. whereas the reproductive phase takes place
during the peak of the rainy season (Figure 3.1 chapter 3).

43511 From mucuna re-establishment to flowening

Afier reseeding itself in Februarv-March, mucuna grows relatively slowly under the
shade provided by a fully developed maize crop Also. it has to withstand either farm-
ers’ attempts at keeping it from competing too stronuty with maize in wet vears (see
chapter 3). or atternatively extremely dnv and hot conditions if the winter ¢cvele s dner
than usual Finallv. weeds not controlied by farmers may also compete heavily for hght
nutrients and water with the young mucuna plants. It is usually not until afier maize
harvest and the return of rains (by end of May - early June) that conditions become
favorable to mucuna rapid growth, leading within a few weeks to full canopy closure.
By mid-summer, a tvpical field presents a relatively uniform. dense mucuna stand. given
that maize stover has been pulled down and incorporated to the litter by aguressively
growing mucuna vines using the s1alks as suppont  Weeds have usually been reduced 10
a marginal presence by that time, since mucuna gradually overcompetes most of those
present at the end of the maize cvcle

Mucuna starts flowering in early to mid-Ociober. apparently in response to shorer
davs (it 1s not clear vet how strictly photoperiodic mucuna is) At this poini. a typical
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mucuna feld has “accumulated” about 10 t.ha”, with close to 40% (i.e 4 tha')in the
live mucuna fraction, and slightly more than 60% in the litter layer (Table 4 06).

Table 4.06: Accumulation of dry-maner and nitrogen in the above-ground biomass of
mucuna fields San Francisco de Saco, 10/93 to 12/93

(each figure represents the mean of 7 plots, followed by its standard devianon,

Component sampling date * rates kg .ha'.day’ ’

Qctober November Decemberi Oct Nov Nov Dec Ocr Dec
Totalblom.tha' : 101214 120422142412 58+8] 88+ 128 71 %30

“live" biom tha'! 37+08 33+09 4309

liter biom tha'i 6411 87%15 99116
total N kg.ha' 280+ 84 334462 3672511321908+ 4413%13
litter N kg ha’ 167235 235%43 256149

' actual dates_ 10/15/93. 11/13/93 and variable in Dec. as a function of actual iming of slashing by
each farmer; ~ hincar ratcs were calculated f{or individual plots. using actual samphng dates

43312 Towards maturity. biomass and nutrient accumulation beyvond flowering

Total biomass increased from 10 t ha” in mid-October (early flowering) to 12 1 ha' one
month later. and 14 tha ' afier another 3 weeks to a month (Table 4.06), giving average
apparent growth rates of 58 and 88 kg ha'.day "' respectively for these two periods (note
however high vanability in the figures). Dry-matter accumulation seemed to affect the
litter laver more than the hive fractions: in mid-November, the live fraction had appar-
ently dropped from 3.7 1ha’ in mid-October to 3.3 t.ha’, or less than 30% of the total
biomass present There was however an increase in live biomass at slashing time (+ |

t ha”' between mid-November and slashing time), matching closely the biomass found in
the pods (0.8 tha’) The observed increase affecting the litter fraction (from 6.4 tha" in
mid-October t0 8.7 t ha' to almost 10 tha" at slashing) may indicate that even though
mucuna does not die massively until it is slashed, it however starts decaying before or
soon after flowering, by shedding leaves and stopping maintenance of its extensive vine
network.

The overall accumulation of nitrogen by the mucuna complex matched closely the trends
observed for total biomass Total N for all fractions increased from 289 kg ha ' in mid-
October 10 334 kg ha” in mid-November and 367 by slashing time, with an overall rate
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of accumulation of about 1 3 kg N .ha".day'. Again. the situation differed markedly for
each fraction' whereas the live fraction did not apparently accumulate any N during the
two-month period (from 122 to 99 and then up again to 111 kg ha'. thanks to the N
found in the pods). the litter fraction did gain 68 kg and then 2) kg ha'', for a total of 8%
kg ha' over the entire period

This gain is probably due to the transfer of biomass from the live to the litter fraction
and would account for the observed fluctuations of the C°N ratio of the litter fraction-
from almost 20 in mid-October to 18 in mid-November and less than 16 by December
This trend seems consistent with the incorporation 1o the litter of low C:N ratio leafy
mucuna material (via leaf shedding). This situation may have important implications for
nutrient release and recycling. which would stan significantly beforec mucuna slashing.
and follow closely the addition of fresh, nitrogen-rich material to the litter layer, at a
moment when abundant rainfall favors its rapid decomposition

4.3.3.2 Mulch decomposition during the dry season

Once farmers have slashed the mucuna stand, decomposition is the major process af-
fecting the litter laver. Data presented in Table 4.07 show decomposition trends over
the period December 93 to May 94. much drier than what is typical for the region.
They represent apparent rather than actual rates of decomposition, because periodic
samplings over time of unconfined material make it impossible to separate out the de-
composition of the litier per se from its renewal via fresh biomass of weeds added dur-
ing weed control operations (cf 53.1).

Table 4.07- Apparent decomposition of the litter present in mucuna fields
at various times after slashing. San Francisco de Saco. 12/93 1o §/64

\ariables Sampling date’ avg rates in kg ha .dav

early 12193 early 3/94  late /94  Dec-Mar  Mar-Mayv

biomass left (tha'y ' 126+18 86422 106422 4524400-252+445"°

total N left (kgha') ' 316463 198+50 235467 13+11 -085+12°

" actual sampling datc v anes by ficld. * lincar rates were calculated indiv idualls for cach field based on
actual sampling datc: ~ Apparent biomass/N. because liner/N at any date represents a2 mixture of liner'N
alrcady present at slashing and newh added Liter/N via weedings sce text. ' minus sign indicates an
apparent gan in biomass/N between the (wo samphing dates. Each s olue repre<ent< the mean of Is ploi
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Linter biomass appeared to drop at first, from 12 6 tha” at slashing time to 8.6 t ha ' in
early March, corresponding to a loss of approximately 45 kg .ha’ day"'. From March to
end of May. total biomass present in the litter layer seemed 1o increase. reaching 10 6
tha’ Although it may be an arifact stemming from sampling procedures. this increase
may also happen as a result of weed control practices during the February-March pe-
nod- slashing the weeds or drying them out with Paraquat (see chapter 3) does actually
contribute new biomass to the linter layer

Analysis of jn siu labeling provided by natural abundance "'C values (Balesdent er a/
1988) supports this interpretation. Weed populations in many fields are dominated by
a C4 grass (Rottboeha cochinchinensis), giving rise to a distinctive average 8''C value of
-17%o for the weed biomass (as measured in May). quite different from the §'°C values
for the mucuna material (around -25 10 -26%0) Assuming that the litter at any date is a
simple mixture of weeds and mucuna material, 1t becomes possible to estimate the pro-
ponion of each of these two fractions in the litter by equating the obsenved 8°C of the
mixed litter 10 a weighted average of the 8"'C of the rwo materials

Arithmencally, this i1s equivalent to resolving the following system of simultaneous
equations for any field and sampling date 1.

Wi+ M =1 (1)
d‘-‘ 1 (“‘l) + dH\ux (r\h) = di‘ ! (:)

in which W) and Mi represent the weed and mucuna fractions respectively at date
(0<Wi.Mi<1).and d. , d.., and d,, cormespond to the 8'°C signatures of the weed.
mucuna and mixture biomass respectively for the same date in each field. Assuming
constant §''C signatures for the weed and mucuna fractions over time. we can get these
values from weed and biomass samples taken in December for the mucuna fraction
(because it 1s supposedlv exempt of any subsequent contamination by weeds) and May
for the weed fraction (onlv date at which weeds were sampled)

Based on the above equations. esuimates of how much of the original litter or nitrogen
were left at the vanous sampling dates, or how much weed biomass there was were cal-
culated (Table 4.08) According to these calcularions, the original mucuna linter decom-
posed relatively fast from December to early March, losing 43% by weight during this
period. at an average rate of 61 kg .ha'.day”, and much more slowly afterwards. {osing
onlv an addinonal 6% of the original litter, at an average rate of 7 kg ha' day"' (Table

4 08) Weeds controlled by farmers contributed significant quantities of new litter dur-
ing the maize cvcle: by end of May, they seemed to represent almost 40% of the litter
found (4 t ha "out of a total litter of 10 6 t.ha"), and this figure does not include the
biomass of live weeds. which can range anywhere between 0 5 to 4 tons of DM ha

61




Table 4 08 Esumated litter and nitrogen left in mucuna fields at various times after
slashing. San Francisco de Saco, Northern Honduras, 12/93 to §/94

Sampling date ' avg rates in kg ha' day
Varniables early 12/93 early 3/94  late 5/94 Dec-Mar? Mar-May
8 °C litter * 257420 -242423 -226%20  ~ -

Est original litter | 126+18 72+22 66+26 609+388 68+35)
left (t ha'y*

Est weed in litter (none) 14414 40+£23 - -

Est ong Nitrogen | 316+ 63 176 + 32 171 £ 66
left (kg ha')*

Est Nreleased - 140+94 (S+76) 16+11 0109

' actual sampling datc vanes by field. ~ linear rates were calculated individually for cach ficld bascd on
actual sampling date. " weighicd avcrage (by biomass) of 8'°C for the \ arious fracuons constituung the
fiuer. “onginal refers to btter or mtrogen already present at slashing: sce toxt for assumpuons made
Fach figive represenis the mean of 1s plots.

Clearly some of the assumptions are not very satisfactory: decaying maize leaves also
contribute 10 the renewal of lifter biomass: also, weed population in a given field may
change over the growing season as a result of weed control hence weeds don't necessar-
ilv present a constant 8"°C signature over time However, the calculations seem to vield
average results consistent with the actual environmenial conditions observed 1 s
rainfall was abundant between December and mid-February, allowing moisture levels
{and hence potential and actual decomposition rates) to remain high in the litter laver
Rains stopped thereafter. creaning an extremely dry. hot hiter laver. unsuitable for acusve

decomposition, as illustrated by the visible presence of undecomposed leafy mucuna
matenal.

The situation in terms of nitrogen was very similar to the one for biomass: total N { in
kg. ha" for the entire litter) dropped sharply between December and March. from 316 1o
198 kg ha . 10 increase again 10 235 kg ha" by late May. in parallel to the apparem
biomass increase (Table 4.07) Using the same calculations reported previously (with an
additional assumption about constant N content of the weed fraction). nitrogen remain-
ing in the original mucuna fraction can be derived (Table 4.08) it dropped from 316 to
176 in early March to 171 kg ha” in tate May. corresponding to rates of 1 6 and 0.1

kg ha".dav respectivelv over these two intervals. About 140 kg ha of N seemed to
have been released by the litter on average in the first 80 dayvs following slashing. and




less than § kg ha in the following 80 days (note however the huge variability associated
with both estimates) These calculations do not include however the nitrogen released
upon break-down of the weed fraction.

1t 1s probable that these crude figures, obtained in a very dry cycle. represent fower-
than-average estimates of the N released in a typical (1.e. wetter) winter cycle. especially
after March, as there are usually at least a few significant rains However, the behavior
in two phases (fast then slow release) seems consistent with what has been observed for
the decomposition of green manures (Bouldin, 1988)

4.3.4 Summary of mucuna dynamics

Above-ground biomass present in a mucuna field was quite variable depending on the
specific phase of the mucuna/maize rotation considered, in terms of its origin (mucuna
vs weeds vs maijze). its absolute levels (which can vary from 7-8 t ha” 10 about 30 tha
). its composition and 1ts seasonal dynamics, which entailed periods of active accumula-
tion and simultaneous decomposition Figure 4 03 summarizes our present understand-
ing of the dvnamics of the overall cycle A key feawre of the mucuna svstem resides in
the vear-long presence of a dvnamic litter Jayer periodically renewed by addition of
fresh biomass. as well as activelv undergoing decomposition at virtually all times (i e
not onlv after slashing), environmental conditions allowing.

Trends obsen ed for nitrogen matched <.0sely the movements affecting biomass dvnam-
1cs  There were considerable amounts of nitrogen present at all bmes in the biomass
(angd especially in the litter): the accumulation seemed to reach a peak at slashing. with
averawe values around 300 kg ha’'. After slashing. there seemed 1o be a relatively fast
though highlyv variable release of N by the decomposing litter, which even in a dnv year
reached 140 kg ha ‘on average.

The previous analvsis didn’t deal with the fate of the released N: there are several pos-
sible sinks for it. from the atmosphere (via volatilization) to microbial biomass. sail so-
lution and plant uptake We will now examine these two latter aspects in more detail
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Figure 4.03' Schematic representation of the seasonal dynamics of biomass and nitrogen in various compariments of the
mucuna sysiem, Northern Honduras




4.4 NITROGEN DYNAMICS IN THE SOIL-MAIZE SYSTEM

The main objective of this section is to gain some understanding about the relation be-
rween N supply by the decaying litter / soil organic matier and N demand and uptake by
the maize crop (in terms of quantities and synchronization). The analysis 1s based on
data from a peniodic sampling of the soil profile in well-established mucuna fields at bi-
weekly or monthly intervals during or before two consecutive, highly contrasting maize
cvcles (in terms of amount of rainfall see Figure 4.04), as well as on a point assessment
of maize total nitrogen uptake Al fields sampled were located within a radius of less
than 1 km (chapter 2), and hence can be assumed 10 have been subjected to approxi-
mately the same environmental conditions (ratnfall, temperature in particular)
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Figure 4 04 Rainfall (mm) during the 92/93 and 93/94 winter cvcles. San Francisco de
Saco. Northern Honduras
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Several considerations should be kept in mind in interpreting these data. (}) most
probably. a fraction of the nitrogen released by the litter never entered the soil profile it
was recycled directly in the litter [ayer by the existing fauna and by maize and weed
roots growing in it or at the interface between the hitter and the soil proper,

(2) the sampling recovered both the N released by the decomposing litter and the N min-
eralized from the soil organic matter, with no way of differentiating these two sources.
(3) since the sampling took place in fields with actively growing maize or weeds. the
inorganic N recovered from the soil solution corresponds to what was left after plant
uptake. (4) the fact that sampling did not proceed deeper than 60 cm does not impl
that inorganic nitrogen did not occasionally move beyond that depth. and (S) there are
reasons 10 believe that inorganic N tells only part of the story about N release and dv-
namics in a mulch system: organic N probably plays a significant role as well in N
transport and availability for subsequent plant uptake.

4.4.1 Temporal patterns of inorganic N

4411 Overall dvnamics for the entire soil profile

Figures 4 053 & b show the general temporal patterns exhibited by inorganic N (\1) over
the 92/93 and 93/94 maize cycles for a number of well-established mucuna fields (more
than S vears of continuous use of the mucuna/maize rotation). Data are presented in

kg ha ' of Ni (sum of NO;-N and NH,-N) for the entire 0-60 cm profile

Several features are apparent from these figures.

a) all fields displaved a relatively homogeneous behavior with respect 1o when Ni was
highest and how fast it changed with time The similarity of pattern both within and
benveen vears illustrates the homogeneity of management across fields. and also the
influence of environmental factors and conditions in shaping N mineralization processes

b) each vear. there was a marked peak of inorganic nitrogen approximately 30 davs
after slashing. followed by a rapid decrease over the next 3 to 4 weeks ANavimum ob-
served levels of Ni reached values close to 100 kg ha' for both vears (max observed
115, min. 70). They never dropped below 30 to 50 kg.ha" of inorganic N even during
the period of maximum maize uptake
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Figure 4 05 Dynamics of inorganic nitrogen (in kg.ha') in the 0-60 c¢m soil profile of
well-established mucuna fields, San Francisco de Saco, Northern Honduras,
1992/93 and 1993/94
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¢) synchronization between nitrogen release by the decaying mucuna mulch and uptake
by the maize crop seemed satisfactory, as maize is planted immediately after slashing
The sharp decrease observed in the levels of available inorganic N between days 30 and
80 (92/93) or 90 (93/94), during which period 60 to 80 kg.ha’ of inorganic N disap-
peared, coincided with periods of intense crop uptake (see later). In addition to maize.
weeds are also likely to have benefited from the high levels of available Ni, especially in
the first few weeks following slashing, when maize was growing slowly.

d) there was a sizable pool of Ni (40 kg ha” or more) available in the profile even out-
side the maize cycle. This is especially evident from the 93/94 data (Figure 4.05b),
which covered a larger time span (from October to June) The slight increase in Ni ob-
served towards the end of the maize cycle for both years probably coincided approxi-
mately with reduced uptake by the maize/weed complex as well as with the occasional
return of rains afier a relatively dry period (particularly in 94). Likewise, the relativelv
high levels of Ni (around 60 to 70 kg ha'") found in the profile in October-November (1 e
well before slashing) tend to indicate that active decomposiuion is taking place in the
licter laver 7 SOM complex duning the main thrust of the rainy season, while mucuna is
still growing actively. This trend is consistent with the observed increase in litter
biomass dunng this period (see section 4 3.3 1.2 above)

4.4.1.2 Disiribution of inorganic N by horizon

Figures 4 06. 4 07 and 4 08 display the levels of inorganic N for individual fields/vears
by horizon Three horizons were sampled 0-10 or 0-15 ¢cm (honizon 1); 10-30 cm or 15-
30 cm (horizon 2). and 30-60 cm (honzon 3). They present alternative wayvs of looking
at the same information. in Figure 4 06, 11 1s presented in kg ha'. with the horizon as the
central focus Figure 4 08 1s similar. except that it is based on concentrations (in ppm)
rather than on kg ha”. Finally, in Figure 4.07, the focus is on selected sampling dates

In all cases. it can be seen that all three honzons presented the same temporal pattern
described in 4.4 1 The apparent difference between the two cveles with respect to the
levels of N present in the first and second honizons (greater for hor 1 in 92/93. whereas
the reverse is true for 93/94, at least for the first 3-4 sampling dates) are mainly related
to changes in the sampling scheme: in 92/93, sampling was done on the 0-15 and 15-30
c¢m horizons, whereas in 93/94. it was done on 0-10 and 10-30 cm.

As the season progresses (1.e. maize going from emergence to flowering 3 first sampling
dates). the profile is gradually depleted of 1ts Nt at all depths (Figure 4 07) For alt
fields. the sampling date closer to maize flowering (mid-February) exhibited the lowest
levels of available Ni. in synchrony with maximum rates of nitrogen uptake by the maize
crop. Towards the end of the maize cycle, availability of Ni tended to increase again.
especially in the top horizon. which became the main contnbutor to total inorganic N,
even in 93°94- its share reached around 50% of the total N found in the profile
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The dynamics affecting the first horizon over time and the observed difference between
the upper and lower horizons probably reflects the influence of maize / weed uptake
Roots would preferentially deplete the inorganic N of the superficial honzons Once
this uptake is Jess active, inorganic N again would tend to accumulate in the soil surface

For concentrations (Figure 4 08), there was a strong gradient in the order: hor 1> hor 2
> hor 3, a situation typical of a no-1ill system with a litter. Concentrations in honzon |
frequently exceeded 20 1o 25 ppm afier slashing, and decreased gradually thereafter to
levels around 10 ppm. Peaks were less pronounced with depth: iess than 15 ppm in
horizon 2, and less than 10 ppm in horizon 3. Later in the season, both horizons exhib-
ited low. fairly constant Jevels of inorganic N around 5 ppm Decreased concentrations
over time ma\y be due to relative availability of substrate for decomposit.on, and also
moisture content in the soil profile (Figure 4.09) In both years, there was a highly sig-
nificant correlation between the concentration of Ni and the gravimetric soil moisture
content (RZ between 0.4 and 0 5 for over 300 samples)

4.4.1.3 Forms of morganic N

In the above presentation. inorganic N was analyzed by summing the various forms of
inorganic N’ NO:-N. NO--N and NH-N. It is commonly assumed that most of the
inorganic N in the soil solution is in the form of NO;-N. However this was not alwavs
the case in this studv it seemed 10 depend in part on the sampling date and on the hori-
zon (Figure 4.10) NH-N can represent close to 50% of the total inorganic N on given
sampling dates, even in the 0-10 cm horizon, and on average (over all sampling dates and
years). tended to be higher proportionally at lower depths and perhaps also at lower
moisture contents (30 10 35% NH,-N in horizons 2 and 3 vs. 18 10 23% in horizon 1)
(Figure 4 10) Influence of sample handling on these variations was not determined.
although 1t mav have played a significant role (Fruci, 1995)

4.4.2 Sources of inorganic N

4.4.2.1 Nreleased by the decomposimg hner

As described in section 4.3.3.2, the decomposing lirter alone appeared 1o have released
about 100 kg ha ' during the first 80 days afier slashing (this value differs from the one
reponrted in Table 4.08 because it was calculated only on the fields monitored for Ni).
How much of this N found its way in the soil solution remains a matier of speculation.
as it mayv have been votatilized (Costa er al., 1990) or immobilized by the fauna inhabit-
ing the liner. or simply intercepted by plant roots at the linter/soil interface before ever
entering the soil profile (Schlather, 1996)
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Given the Jarge amounts of N incorporated in the litter at slashing time (section 4.3 2).
it is reasonable to suspect however that the peak of inorganic N observed in the profile
(section 4 4.1) denved mostly from the decomposition of this fresh organic matter For
the 92/93 cycle, no apparent relationship was found however between the amounts of N
in the above-ground biomass and N in the profile, perhaps because the range of variation
was very narrow for the total N in the profile (Figure 4 11a). Interestingly. for the
93/94 cycle, a tight corvelation (R2 = (.76, significant at the 1% level) was found be-
tween the N present in the green and vine fractions combined on one hand. and the
maximum level of inorganic N measured in the profile (Figure 4.11b). No trend was
found when considering the relatonship between total N in the litter or N in the dead
fraction alone and the maximum N found in the profile. These findings may indicate that
it 1s the most recently slashed matena) which contributes the most to the flush of inor-
ganic N in the profile, whereas the oldest, semi-permanent litter would rather contribute
to the baseline level of inorganic N found in the profile throughout the vear

4.4.2.2 N released by the mineralization of soil organic nitrogen

An estimate of N mineralized from soil organic matter during the maize cvcle can be
derived by estimating mineralization rates for the organic N\ stored in the soil profile.
For a humid tropical climate. and considening that on average, the moisture content of
the various horizons remained favorable 10 mineralization from December until at least
early March, mineralization rates in the 0-10 ¢m horizon mav reach 1 to 1.5%6 of the N
present for this 3-month period (based on a 4-6% annual rate). Given that well-
established mucuna fields averaged 0.27% tota) N in the 0-10 ¢m honizon. this translates
into about 30 10 45 kg ha” of N mineralized over the period Similar tvpes of considera-
tions for the 10-30 and 30-60 cm horizons yielded the figures presented in Table 4 09.
Summing the contributions of the different horizons. nitrogen mineralized within the O-
60 cm profile from the soil organic nitrogen pool alone could contribute in the order of
S0 10 75 kg ha” of inorganic N between early December and early March. thus adding
signficantly (as much as 50%7) to the levels of N\ released by the decaving hinter

Table 4 09. Estimates of N mineralized from soil organic matter
between December and February

Horizon 1% Min. rate Bulk N mineralized
average (3 months) density kgha'/3 months

0-10cm 027 1-1.5% 115 30-45
10-30em 012 05-075% 125 15-23
30-60cm 006 0.2% 134 5
060 em .- . T — TR
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4.4.2.3 Iorganic vs. orgamc N

Assessing the contribution of organic N 10 the amounts of N present in the soil solution
18 especially relevant given the existence above the soil profile of a litter Jayer continu-
ously releasing new decomposition products upon breakdown of dead organic matter
(Yueral. 1994). A limited analysis of 30 soil extracts for both inorganic N and total N
showed that on average, inorganic N did not constitute more than 45% of the N found in
the soil extracts. There were sizable differences among horizons and dates (the propor-
tion of Ni seemingly higher for the upper horizon, and lower as profile was drier) but
data is 100 scarce to test the consistency of these trends Could the organic N constitute
a pool of reserve N in the soil solution, in equilibrium with Ni consumed by plant up-
take? Does this organic N move freely down the profile” Further studies are needed to
verify the general validity and significance of these issues

4.4.3 N uptake by plants

Not considenng here N uptake by the re-establishing mucuna. maize and also weeds are
the two major plant competitors for access 10 the N found in the soil profile.

4.4.3.1 N uptake by maize

It was not possible to follow maize uptake throughout the growing season (destructive
sampling is not welcome in on-farm settings). Data on nitrogen content was however
collected at harvest, allowing a crude approximation of N present at various growth
stages. by assuming that the nitrogen uptake curve over time was of the form
a

L4b=e™
where « represents the maximum level of uptake, 7is time (in davs) and 5 and ¢ are fit-
ting parameters which determine how fast the plateau is reached (Huni. 1982) The
resulting figures, calculated for a range of values of final N uptake delermined at harvest
are presented in Table 4 10

These figures, even though thev probably underestimate actual uptake by maize (N up-
take by the root system for example is not taken into account), reflect closely however
the fast uptake of N typical of a maize crop between 30 and B0 days afier planting.
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Table 4 10 Estimates of cumulative above-ground N uptake by a maize crop
at vanous moments during its cycle, using a logit function

days after planting = 10 30 45 60 80 100 120
Nuptake ' 85kgha' 05 38 26 62 82 83 (8S)
N uptake 100 06 68 30 73 97 100 (100)
N uptake 115 08 8 355 84 111 113 (115)
typical range - <] 59 24-40 56-92 74-122  75-125  75-12%

"ol N conteni of the maize crop measured at harvest
" calculated by resung or adding 10%. 10 the range obtained for three lines aboy ¢ it

4.4.3.2 N uptake by weeds

Weeds constitute another important though vanable source of uptake (see 43 1). N
found in weeds can account from less than 15-20 kg ha” (rather weed-free fields with
less than 1 tha' of accumulated weed dry-matter) to more than 60 kg ha'' (fields having
accumulated as much as 4 t ha'' of DM before weeds were controlled)

Weeds tend to affect the availabilin of inorganic N in the soi) profile Using expenmen-
tal data from the 92/93 cvcle. a consistent trend was detected for weed-free plots to
exhbit higher values of Ni in the profile (and especially the first horizon) one month
after maize planting. compared to corresponding weedy plots (Figure 4.12). Thisin-
crease coincided with a period of rapid weed growth in the weedy plots without much
simultaneous maize N uptake (see Table 4 10). There was a concomitant increase in
water availabilitv in the profile (data not shown). showing that weeds also competed for
water uptake

Interestinglv. because of the way weeds are controlied (slashed manually or desiccated
via Paraquat application). most of the N they take up can be expected to be recycled
fater dunng the growing season (Lambernt and Amason, 1989) Even though this might
come 100 late for maize (particularly if the winter is very drv). this temporary trapping
of N could play a significant role in protecting this nitrogen against leaching early in the
maize growing season, when this latter is unable yet to take it up. but when rains are
still frequent and heavy.
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4.4.3.3 Synchronization of plant upiake with N release

As noted earlier, N availabilin in the profile seemed to be well in phase with the nutn-
tional demand of a growing maize crop. The decline in inorganic N (between 60 and 80
kg ha') between dayvs 30 and 80 (Figure 4.07) after maize planting coincided with an
uptake of 60 and 100 kg ha" by the growing maize (Table 4.10) 1f root and weed up-
take were further taken into consideration however, it would appear that the accumula-
tion of N by the corn/weed complex exceeded the measured decrease of Ni in the profile
by as much as 40 10 60 kg ha' Probably the organic N in the profile (litter + soil) con-
tinued to mineralize and furnish the N needed by the crop. Also, if some N were taken
up by maize or weeds without ever entering the profile (because of direct root intercep-
tion in the lirter laver for example), then plant uptake would be greater than the uptake
estimated by considenng only the inorganic N pool found in the soil solution.

4.4.4 Svnthesis: understanding nitrogen dynamics in the mucuna system

Throughout the preceding sections. we have presented separate pieces of evidence deal-
ing with various aspects of the nitrogen cycle. We now tum to a combined analysis of
this information. in order 1o get an overall picture of nitrogen dynamics in the mu-
cuna/maize rotation.

4447 N budgw.s

Putung most of the preceding figures side by side, approximate nitrogen budgets were
calculated a1 vanous moments during the maize cvcle for four different fields (Table
4.11) The various terms taken into consideration include the above-ground litter. the
majze crop. weeds and the inorganic N found in the 0-60 ¢m soil profile (the level of
which reflects both the mineralization of the litier and of the soil organic nitrogen) Lin-
ear interpolations were used to estimare data for which no direct measurements were
available at specific dates Excluded from the balance sheets however is the change in
organic N storage. because no reliable estimates were available at the individual field
level hence these budgets are paruial at best

The N unaccounted for (obtained by difference between the total N for a given date and
total N at slashing) is a measure of how well the above representation (and measure-
ment) of the various N pools holds (Legg and Meisinger, 1982) Positive amounts indi-
cate either overestimation of one or several terms, or an underestimation of the 1otal
pitrogen at slashing Negative figures point towards potential N Josses from the system
(via volatilization, or leaching) or towards the existence of other N pools: roots, micro-
bial biomass or soil organic nitrogen

Overall. the budgets presenied in Table 411 appear to offer reasonable approximations,
as the N unaccounted for represents relatively small amounts (often a few %o of the total
N at slashing. with maximum deviations of 10 10 20%6) In other words. the varnious

componenis taken into consideration in calculating these budgets (linter. crop and weeds,




inorganic N in the profile) seem to represent the most important ones, with little room

for losses or other forms of N immobilization (e g. the omission of storage of organic N
seems 2 minor one). There is a tendency however for more negative figures 1o be found
towards the middle of the maize cycle, whereas positive ones are found around harvest

Table 4 11. Estimated nitrogen budgets (in kg ba") at several moments during
the maize cycle, San Francisco de Saco, winter 1993/94

(Each value represents the mean of three replications)

Date liter N' Maize N? weed N* soil Ni* Total N A unace’
a. Chema

slashing 335 0 0 90 425

30 dap 284 7 30 96 417 -8
30 dap 2585 45 10 54 363 -61
70 dap 228 90 20 44 380 43
Hoarvest 272 100 41 45 458 33
b. Jacobo

slashing 299 0 0 80 379

30 dap 264 7 30 75 376 - 4
30 dap 244 47 10 45 3146 -34
7O dap 204 94 20 39 377 -2
Harvest 317 108 46 42 411 31
¢. TThior

slashing 238 0 0 68 306

30 dap 234 6 30 48 318 2
30 dup 231 41 10 46 326 22
70 dap 229 83 2 32 364 §7
Harvest 204 Q2 33 38 368 61
d. Tonio

stashine 312 0 0 67 376

30 dap 284 7 30 53 374 - 5
50 dap 266 47 10 3% 362 ~17
70 dap 248 94 ) 26 384 3
Harvest 253 103 17 33 408 29

total N {ound tn abov e-ground biomase (sum of I e ~ dcad fractions). measurcd

“total Nin aboxc gmund maice biomass. esumated using a logit functton. except for har st
mcasun.d *towal N in weed biomass. esumated except for hanvest. measured

morgamc nitrogen as measured in 0-60 om soil profile;

' N unaccounted for. calculaied for each datc 1 as. towal N (date i) - total N (slastung)
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4.4.4.2 Leachmg of N

In a nitrogen-rich environment, subjected to abundant rainfall, leaching of N represents a
likely fate for N released by the decomposing litter/soil, and the calculations obtained for
the above N budgets did not rule out the possibi..:v of it playing a role Following an
approach developed by Jones (1975), apparent leaching rates (in mm mm” of rainf.-'1)
were estimated by calculating for each field the average depth of the inorganic N for the
various sampling dates. and regressing it against the cumulative amount of rainfall re-
ceived The results of these calculations showed that in both cycles (92/93 and 93/94),
there was no apparent downward movement of Ni (the rates calculated were indeed

shghtly negarive, which would indicate an apparent upward movement in the soil pro-
file)

This indirect evidence, combined with the indications coming from the N budgets. and
with the evidence from the inorganic N monitoring. tends to indicate that leaching is
probably not a very significan source of nitrogen loss in the mucuna svstem. at Jeast
during the maize cvcle Further evidence is however required, especially concerning the
importance of profile drainage at different moments during the year, what proportion of
this drainage would occur through macro-pore flow, and how variable 1t might be among
years

4.4.4.3 N stored or othervise wmmobilized

Besides plant uptake. there are two likely sinks for N released by the decomposition of
litter and SOM: either the soil/litter biota, or the so1l organic matter itself. No datais
available on the former, although it may be expected that microbial biomass in particular
should demonstrate a strong seasonality, in response to the increased availability of sub-
strate produced by slashing  1n all likelihood, the tumover of this N should be rela-
tivelv fast (Duxbury er ol | 1989). and hence net release of some of it is possible even
within the maize cycle, still in time for subsequent plant uptake.

With respect to soil organic marner, evidence of its Jong-term rofe as a sink is given by
the general positive trend observed for soil organic nitrogen values measured in the 0-10
cm horizon (see chapter 5): from about 0.2% in check fields where no mucuna has ever
been grown to more than 0.3% for old mucuna fields The gradual increase observed
over the years corresponds 10 an overall storage of approximately 50 10 80 kg.ha' of N
per vear on average There is some evidence however of the system reaching an equilib-
rium level after about 10 years in the rotation How much of this yearly storage would
occur during the maize cycle itself remains unclear.

4.4.4.4 Recyeling of N vs. N2 fixation

An interesting issue is to determine how much N merely cvcles through vs how much is
newly incorporated into the svstem every year. Disregarding losses via leaching and

volatilization, and assuming s1able levels of the microbial pools of nitrogen across v ears.
there are two mechanisms by which annual N cycles are kept open nutrient removal via
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harvest (grain only), and long-term storage in soil organic marer (at least until the sys-
tem reaches near-equilibrium) Each term representing approximately between 50 and
80 ke ha” year”. a total of 100 to 160 kg.ha' year' of nitrogen must be obtained from an
external source. Some N may enter via rainfall or non-symbiotic fixation (perhaps 20-30
kg ha-1 yr-1: Wetselaar and Ganry, 1982), but most probably the bulk of it is provided
via symbjotic N2 fixation by the mucuna crop itself. Until direct. in situ measurements
are made, it appears reasonable 10 estimate that a mucuna crop must fix anvwhere be-
tween 70 and 130 kg ha" of N per cycle.

Conversely, as much as 200 to 300 kg ha' of N, or about 2/3 of the total N would be
recycled through the system every year. The mucuna crop (and to a much lesser extent,
weeds) would appear to be a primary candidate for scavenging any available nitrogen.
because of the large biomass it accumulates, the amount of time it has 10 accomplish this
task (almost 6 months as the sole or major crop). and also because the conditions are
highly favorable 1o mineralization and litter decomposition during this period. In addi-
tion. one could expect mucuna to rely as much as possible on the ample supplv of inor-
ganic N in the environment rather than to incur the high energetic cost associated with
fixing all the mitrogen it needs (Giller and Wilson, 1991)

4.5 MAIZE RESPONSE TO NITROGEN

After looking at nitrogen cycling from a biological perspective, a remaining issue is to
determine to what extent maize yields seem to depend on how much nitrogen 1s present
in the soil-plant system. The two matn inputs 1n terms of nitrogen are the various mu-
cuna biomass fractions constituting the litter found on the soil surface on one hand. and
the soil organic nitrogen, both of which release N upon mineralization 1n a gradual fash-
1on Nitrogen fertilizer can constitute a third source for those farmers willing or able to
invest in such a costly input (as a maner of fact. 40% of them do on a regional basis
Buckles era/, 1992 and also chapter 3) Ferulizer can at best add flexibility in managing
the mucuna svstem, as it has the potential to almost instantaneously increase N avail-
abilin for plant uptake beyond what 1s “naturally™ released by the soil/litter organic
complex It could thus contribute towards achieving higher yield goals, for which ample
N supply must be provided dunng cntical stages.of the crop growth, irrespective of its
source (organic or chemical) On the other hand. given the large quantities of organic N
found in the mucuna system. adding even more N to the system could well constitute 2
wasteful use of precious cash and labor resources, as well as a potential door open to
subsequent teaching in the environment,

4.5.1 Maize response to the nitrogen accumulated by mucuna at slashing

Figure 4.13 displays the relationships between maize ear leaf N concentrations at silking
or maize yields and nitrogen found in the live biomass accumulated at slashing ume
(Figures 4 13 a and b. respectively) and berween the two former (Figure 4 13 ¢)

86




. Relationship between maize ear leaf concentraton (%) at silking and nitrogen
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Since maize yields didn’t depend solely on nitrogen supply, and N in the litter is at best
an indicarion of potential, not actual N supply), background variability is very high.
making interpretation difficult Nevertheless there were highly significant differences
between sites in terms of maize ear leaf concentrations (Figure 4 13 a), with San Fran-
cisco presenting the highest values (2.6%¢ on average vs. 2 08% for Las Mangas, p <
0.001). Highly significant differences (p < 0.001) were also found between years in the
same site’ in 93, maize appeared to have achieved a better nutnitional status vis-a-vis
nitrogen {average N% = 2 81) compared to 94 (average N% = 2.41). These differences
didn’t reflect however differences in potentially available N, as similar ranges of nitrogen
in the live fraction were encountered in both sites.

The relationship between maize ear leaf concentrations and maize yields (Figure 4 13c)
is slightly clearer, with a weak tendency for yields to increase in response to corre-
sponding increases in maize ear leaf concentrations One way of going beyond the high
variability is to adopt an envelope curve approach, whereby points lying at the border
of the data cloud are used to detect the theoretically-known potential response curve
(see Siband and Wey, 1994) Applied to Figure 4 13b (with the necessary caution war-
ranted by the few points involved), it can be inferred that nitrogen supply might possi-
bly have been limiting if less than 70 kg ha’ were present in the live fraction (which.
translates into levels of total biomass at slashing below 8 tha'). Above this threshold.
maize yields seemed to reach a plateau around 510 5.5 tha' Prolongation of the en-
velop to hypothetical situations with zero N in the live fraction produces vield levels
without mucuna biomass input in the 1 10 2.5 tha” range. <omething consistent with
actual check yields observed in fields not planted to mucuna (chapter 3). A roughly
sirnilar interpretation can be developed in the case of Figure 4 13 a. threshold levels (if
they exist at all) appear to differ however for each site/year

Most of the mucuna fields presented however levels largely above the 70 kg ha” thresh-
otd mentioned earlier. while also exhibiting yields much below the alleged plateau (2-3
tha' compared to 5 tha'). Therefore, it can be inferred that factors other than poten-
tial nitrogen supply are likely to have been limiting. Overall, the lack of a clear trend in
the figures indicates that potential nitrogen supply did not apparently limit maize
yields.

4.5.2 Maize response to added nitrogen fertilizer

We will now tum to an examination of the additional response 10 fertilizer nitrogen ex-
hibited by maize grown in the mucuna system. By additional. it is meant that nitrogen
added as fertilizer was managed not as a replacement to the N provided by the decom-
posing mucuna litter, but as a complement to this organic source.

4.5.2.1 Reminder about experimemal serings

This issue was addressed via simple. replicated on-farm experiments in which the effect
of a single. moderate dose of N-urea (50 kg.ha"') applied 40 days after planting in well-
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established mucuna fields was compared to the yield obtained solely on the basis of
nutrients provided by the decomposing mucuna litter.

It should be noted that the trial design also included addition of phosphorus (applied at
planting at a rate of 60 kg ha' of TSP-P,Qy) as a test of whether P could constitute a
significant limiting facior of maize yields in a situation where N was assumed to be
readily available. There was no significant effect of P in Las Mangas (Table 4 14), even
though it was consistent across years in Sn Feo (P< 0.05° Table 4.12, 4.13). In all cases.
the yield increase was fairly small (betwee O and 0.4 t ha'), indicating probably that P
availability in the mulch layer was sufficient to provide for maize P requirements (see
also chapter 5) Furthermore i1 did not interact with the response to nitrogen, therefore
it will not be discussed further in this chapter.

The trials were conducted during two consecutive cvcles (¢f earlier rainfall data- Figure
4.04). and included a total of 14 different fields, 11 of which were clustered close 10 each
other in one site (San Francisco de Saco). and 3 were in another site more than 160 km
east of the first one (Las Mangas. 93/94 only). Data losses were important the first
vear. due 10 heavy damage by winds In 93/94, one field was excluded from the anals -
sis, because of severe plant stand deficiencies. Disparities in planting densities among
the remaining fields (as a result of fammers’ involvement in the planting of the trial. or as
in Las Mangas. because of losses due to Phyllophaga spp ) prompted that plant density
be used as a covariable in the analysis of variance (Neter er /., 1685). Also. missing
data (92/93) and shight imbalances in design (93/94) compelled the use of Tvpe Il sums
of squares on SAS (Littel er ar/.. 1991).

Vanability in response among and also within fields (from one block to another) was
important (Tables 4 12.a. 4 13.a and 4.14.a), given rise to sums of squares for the block
factors far greater than anv other sum of squares In practical terms. it reflects the fact
that whereas cenain fields'blocks did not respond at all to N (or very weakiv). others
responded sharplyv (vield increase of about 1 t/ha were obtained in a few blocks) Three
of the 10 analyzable fields in 93/94 (3 in Sn Fco. none in Las Mangas) showed a statisti-
callv significant response to N when analyzed individually (at a level varving between
1%0 and 8%). whereas seven did not respond apparently (reflecting partly the low
power of these experiments)
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Table 4 12 Yield response of a maize crop to the application of fertilizer in
well-established mucuna fields, San Francisco de Saco, cycle 92/93

a Treatment means across weed treatments | (response expressed
as yiel .ncrease over the treatment without fertilizer)

Treat Alfaro?  Galdamez® Obed*  Site mean”

No fert. 367 431 335 380+0.72
+N 003ns® 0.02ns 002 002x056
+p 0.25 ns 007 ns -0.03 009060

+N-=p 0.34 ns 0.17 ns 1.26 045+ 064

'sce text.  mean of 3 reps.  meanof 2 reps : ' | rep. only. " mean = std.dey
" statisuical sigruficance for individual ANOVA. ns not ssigruficam

b ANOVA Table across fields

Source  DF Sum Squares' Mean Square Fvalue Pr>F

weed * 1 14734 1.4734 1.5 025
block(weed) 9 88319 09813

N ] 0.3346 0.3346 1,76 02)

P 1 09244 0.9244 487 0.04

N*P I 02631 0.263) 139 0.26

trat*weed 3 0.0335 0.0112 0 06 098
errorterm® 21 3.9856 0.1898

" Tvpe 1] sum of squares (SAS) to accommodate missing data. ~ main plot factor at
two levels. farmer-wced contral vs. weed-free (lested agamnst the main plot MS. line be-
low): “coef var = 12%
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Table 4 13 Yield response of a maize crop to the application of fertilizer in
weil-established mucuna fields, San Francisco de Saco. cvcle 93/94

a Treatment means, San Francisco de Saco (response expressed as yield increase over
the treatment without fenitizer, uncorrected for density effects)

Treat Chema' Jacobo' TTMo' Tonio' Indal? Martir’ Negrito? Site mean'

O fert 4 06

394

343

4.15

334

493

413 398x060

N 0BC3" 0405/ 07655 050ns 058 mns 045mns 0.70ns Q61059

+P 0Z25%m

+N~-P 085

0.99

02455 030ns 042 ns

0.77ns 0.79 ns

072

.- 022066
156  087%07)

" mean of 3 1¢ps.  mean of 2 reps (+P treatment ominied in these ficlds). “mean = sid dev :  statistical
sigmficance for indinidual ANOV'A ns not significant. s5 and sl sigmf. at the 3 and 1% Jev el respect

b ANCOV A Table across fields

Source DF Sum Squares' Mean Square Fvalue Pr>F
farm 7 20.3893 29128 1604 <00l
block(farm) 12 52722 04393 1084 002
N i 3.8083 3 8083 2009  <00)
2 ] 08758 08758 4.26 003
N=p 1 00029 0.0029 1.1 050
plant density © 1 05757 0.5757 11.61 0.08
errorterm’ 48 87164 01816

" Ty pe 1) sum of squares (SAS) (o accommodatc unbalanced design and missing data.

" used as corvanable. T coel var = 10%
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Table 4.14" Yield response of a maize crop to the application of fertilizer in
well-established mucuna fields, Las Mangas, cycle 93/94

a Treatment means (response expressed as yield increase over the treatment without
fenilizer, uncorrected for density effects)

Treat. Amaya' Heman' Albar' |Site mean’

No fert 332 3135 318 3212082
-\ 075ns’ 047 ns 028 ns 053 +0.82
-p 007ne 031 53 082ms 040+ 102

~N-P  020n¢ 0589s5i0 047ns 1042+042

"'mcanof 3 reps. - mean # std.dev 1 statisucal signuficance for individual
ANOV A’ ns not significant. s10 and 5 signif ai the 10% and 3% level. resp

b ANCOVA Table across fields

Source DF Sum Squares' Mean Square F value  Pr>F
farm 2 06574 G 3287 192 017
block(farm) 6 172024 18671 16.71 <0 01
N I 1.0434 1.0434 6.08 0.02
P 1 00025 0.0023 0.01 09}
N*p 1 02268 0.2268 132 026
plant density = 1 0 8267 0.8267 4.82 004
ervorterm ' 23 3.9463 0.1716

' Trpe HI sum of squares (SAS) to accommodate unbalanced design and missing dat:
“uscdras covariable. T cocel var = 12%




When considering the average response by site, a comparison between Tables 4 12 and
4.13 shows that response 1o N was markedly different among cycles. In 92/93 (a rela-
tively wet winter cycle: Figure 4.04), there was no significant response 1o nitrogen (p =
0.21, no yield increase on average). Conversely, in 93/94 (a rather dry cycle). overall
response 10 nitrogen was significant in both Sn Fco and Las Mangas (p <00l andp~=
0 02 respectively). reaching almost 0.5 tha” on a regional basis. The same differential
behavior was observed for maize nutritional status vis-a-vis nitrogen: visual symptoms
of N deficiencies, almost absent in 93, were widespread in 94, and ear leaf N concentra-
tions at silking were significantly lower in 94 compared 10 93 (cf 5.1). as well as signifi-

cantly affected by the application of feriilizer (2.31% without N vs. 2.50 with N in
93/94, p < 0 000))

The fact that fertilizer would be advantageous in a relatively dry year mayv appear para-
doxical Butitis hardly surprising if one considers the rainfall pattern and the soils
prevalent in Northern Honduras, allowing winter maize to start growing with a soil pro-
file holding up 10 300 mm of stored water (hence there is water for at least a good month
of consumption, assuming an evapotranspiration of about 5 mm.dav-1: Hargreaves.
1680) Moreover. 1tis also a consequence of the ability of a mulched profile to consenve
this stored water efficientlv (Steine:  994).

4.3.2.3 Possible causes of the differennial response 1o N among sites and years

The marked variability detected in maize response to nitrogen (confirmed further by the
results obtained in a senes of 15 nitrogen fenilizer tnals conducted in Sn Fco and Rio
Cuero duning the 94/95 cycle: Barreto, pers. com ) invites to question the underlying
cause or causes, which would make a given mucuna field or block respond to fenilizer
nitrogen Given the daa set assembled in this study. 1t was only possible toirv 1o ex-
plain the yield mcrease observed upon N fertilization (adjusted for plant density. as
suggested by the significam effect of density in the analysis of covariance) as a function
of potential explanatory variables such as maize yield levels and nitrogen status in the
plant. interval berween slashing and planting. N inputs from the various fractions com-
posing the litter at slashing times, soil inorganic and organic N levels and also the rainfall
received duning the maize cycle.

No satisfactory multiple regression using yield increase as the dependent variable could
be devised (maximum R- around 0.20), demonstrating that there does not appear 10 exist
in owr data one or several overwhelming factors related to response 10 added nitrogen.

A qualnative sense for what could influence the response was therefore conducted by
analyvzing the values taken by a selection of these vanables for three incremental classes
of response 1o nitrogen (from no response 10 response higher than 0 7 1ha') (Table
4.15)

This rough analvsis vielded statistically significant differences (at a level of 10° or less)
between fields betonging 10 class 0 (no response) on one hand vs. fields belonging to
classes | and 2 (moderate and high response, respectively) on the other hand In par-




ticular, fields presenting the highest maize yield levels, highest maize nitrogen status and
highest soi] organic N levels appear not to have responded to added nitrogen fertilizer
Interestingly . these fields have been on average cropped for more time in the mucuna
system than the ones responding more markedly to fertlizer (10 years for the former vs
7 for the latter). Conversely, there were no differences among classes with respect to
the amount of nitrogen found in the various mucuna fractions, or to the amount of rain-
fall received during the maize cycle (either during the initial part of the cycle. or during

the period of rapid growth)

Table 4 15: Selected variables associated with three classes of yield increases measured
in individual experimental blocks upon application of 50 kg ha' of Urea-\,
Northern Honduras, cycles 92/93 and 93/94.

Facl value represents the average for the class folioved by us standard deviation. number o}
samples. 1], 17 and X Jor class 1. 2 and 3 respecinvely

Data unit class 1 class 2 class 3
(<03tha’) (03-071ha"y (207tha")
Average vield increase | tha' -018+034 043011 000%014
Yield w/o nitrogen tha! 441+047 3322058 374+048
Soil total N%5 (0-10 ¢m) % 0286+004 024004 025002
ear leaf N% at silking % 2732040 236%041 2422017
N total at Slashing ' kgha’ 309 % 87 268 + 34 297 + 38
N green at Slashing * kegha' 3817 3118 40 + 23
N litter at Slashing * kgha' 183 +68 161 + 39 190 + 48

' calculated for each block as (avg vield w/ nitrogen - avg. vield w/o nutrogen). * average vield of

the block for trcaiments in which no nitrogen was apphed. }

1wtal N in above-ground biomass at

slashing time: ' N in green fraction (leaves + tender stems) * N in dead fraction

4.6 DISCUSSION

After analvzing mucuna and nitrogen dynamics. and maize response to nitrogen. it is
possible to examine the overall dynamics of the mucuna system over a vear

94




4.6.1 How does the mucuna system work?

At the hean of the mucuna system lies the mucuna crop: acting alternatively as a major
cotlector (when growing) or supplier (when decomposing) of nutrients, its natural sea-
sonal dynamics dictates the major features of the mucuna system. Figure 4.03 (page 63)
presents a schematic view of this dynamics for a number of key phases of the cycle and
for the various compartments or fractions identified throughout the analysis. live frac-
tion (maize, weeds, mucuna) or dead (litter) fraction. The multi-layered structure of the
mucuna system is a key 10 understanding its dynamics At any given moment in time.
there are always at least two distinct layers (or compantments) functioning in concert
One layer 1s constituted by the growing, live biomass (in effect, a crop/weed mixture).
which can accumulate nutrients, under the driving force of photosynthesis Depending
on the precise phase of the cycle, the crop is either mucuna or maize and its associated
weeds (Figure 4 03). Whereas maize functon in the system is relatively siraightfor-
ward. the function of the growing mucuna is more complex, ranging from controlling
existing weeds to recycling or fixing N to shielding the underlying linter or soil from di-
rect exposure to the heavy rains of the major rainy season.

The other laver corresponds 10 a semi-permanent “dead” litter layer serving (1ogether
with the first few centimeters of soil proper) as a major provider of nutnients for the
growing btomass. The litter originates from the natural or farmer-induced decav of mu-
cuna. maize or weed biomass. Its continuous presence and multiform activity threugh-
out the vear makes it a prime regulator of nutrient fluxes, acting both as a substrate for
decomposition and as an almost ideal habitat for the host of decomposing flora and
fauna which thnves in this micro-environment protected from brutal variations in tem-
peraturée and moisture

4.6.2 Nutrient cycles

The dyvnamic relationship between nutrient release by the litter and simultaneous nutri-
ent uptake by the growing crops determines the vearly partitioning of nutrients between
the various sinks: levels of nutrient exportations via maize harvest (tvpically in the
range 50 10 80 kg ha'), levels of temporary immobilization by the various decomposers
(e g microorganisms) or “pure scavengers of nitrogen (e.g. weeds. maize). levels of
long-term storage in the soit organic matter (perhaps more than 50 kg.ha"'.year') and
finallv. levels of losses by leaching or volatilization (apparently relatively smatl)

The mucuna system appears to recycle large quantities of nutrients throughout the year
For a drv cycle hike 93/94, it was estimated that more than 200 kg ha” of nitrogen were
recycled. a magnitude which ranges it alongside a number of natural forestry or agrofore-
sty ecosystems (\itousek and Sanford. 1986) . As in natural ecosystems. the losses of
nitrogen not related to crop expornts (i e. leaching. volatilization) seem relatively limited
at least for the conditions under which data were gathered Losses by leaching may be
higher in very wet winter cvcles. during which decomposition is probably fairfy actine.
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and profile drainage consequent and the possibility of significant losses by volatilization
afier slashing cannot be ruled out.

Beside recycling. acquisition of external N2 (via symbiotic fixation) remains important in
balancing the nitiogen budget, contnbuting perhaps between 80 and 150 kg.ha 'of nitro-
gen per annum in well-established mucuna fields. Whether fixation could actually be
relatively more important in the early years following mucuna introduction in a field. to
drop subsequently to maintenance levels once a significant pool of recyclable N has been
constituted, remains unknown.

4.6.3 Fertilizer use

Organic nitrogen supply in the mucuna system is roughly adequate to meet the demand
of a moderatelyv yielding maize crop without the need for adding external nitrogen fertil-
izer, particularly when mucuna has been used for many years in the same field.

But because overall environmental conditions strongly influence the processes of nutri-
ent accumulation and release in the mucuna systemn, the mucuna litter remains a some-
what irregular supplier of nutrients to the maize crop. It was shown that the drier the
cycle, the more limited the supply to a succecding maize crop. This observation is
hardly surpnsing, given that N supply in 2 mucuna field is primanly the result of the
complex break-down of organic forms of N (found in the litter or in the sol* see section
4.4), a process which is 1n turn influenced by flucruating environmental conditions be-
fore or during the maize cycle (Jenkinson, 1981).

Hence supplemental N fertilization may have a small role to play in boosting maize
yields in dry years Butuntil reasonably accurate and practical ways of predicting nu-
trient release by the litter can be derived (by incubating mucuna material for example’
Quintana es a/., 1988), trying to advise farmers with respect to where. when and how
much N 1o apply will probably remain a fairly futile exercise

An interesting issue is 10 consider what would happen if farmers were trving to aim for
higher yields than what they are presently getting in the mucuna svstem (sav $-6 t ha
instead of 3-4). as a way of obtaining additional income (or to free up land for other
purposes than growing maize. see chapter 6). Even though the first stage would proba-
bly tnvolve using improved germplasm and increasing plant densities, there is a good
chance that a higher-yielding maize crop would require instantaneous nitrogen supply
above the rypical supplying capacity of the mucuna litter. Under these conditions,
supplemental nitrogen fertilization might have a bigger role to play than what was men-
tioned earlier. Whether a maize crop could respond to fertilizer nitrogen above the single
50 kg.ha" dose tested in this study remains to be determined. preliminary evidence
(Barreto. pers. com.) does seem to indicate that certain field might respond 10 doses of
100 kg ha”. but the variability among fields seems very high. On the other hand. testing
the potential response to other nutrients such as P, Mg. or Zn might also prove useful in
the long-run In all these fertilizer studies, placement of fertilizer would also need to be
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addressed. as it has been shown elsewhere (Schlather, 1996) that nutrient uptake di-
rectly in the litter layer may be significant.

In addition to examining direct response of a maize crop to fertilizer. other approaches
should be employed. One would be to test whether applying fertilizer to the mucuna
crop itself could boost its productivity (biomass and/or nutrient accumulation), with a
subsequent benefit for the maize crop  This strategy would particularly make sense in
fields where mucuna does not grow very well “naturally”, or during the first one or two
cycles following its introduction in a field, in order 10 help its fast establishment. An-
other avenue for inquiry would be to test alternatives for slashing the mucuna. with the
objective of increasing subsequent nutrient release by the decomposing litter. For one
thing. it could be worthwhile to try advancing the timing of slashing (which would re-
quire that an area of the field be set aside for mucuna seed production). with the hope
th." the proponion of fast-decaving live material may increase. Another test could in-
volve the actual slashing technigue itself, and in particular the size of the cuttings [t
could be expected that a finer slashing size (if achievable without increasing labor use too
much) would possibly promote faster litter decomposition {Jenkinson, 1981)

4.6.4 Benefits and constraints to the maize crop

A maize crop benefits in many ways from the environment and general dynamics of a
mucuna svstem. First. the system seems fairly stable over time. allowing respectabie
yield levels (usually berween 2 and 4 tha”) to be obtained every year In particular.
drought stress appears 1o be avoided or at least much diminished. thanks 1o the effect of
the mulch layer on water conservation (Steiner, 1994; see chapter 5). With enough wa-
ter around. nutnents {nitrogen, but also phosphorus, potassium. calcium, magnesium.
etc ) are made readily available in good synchronization with the period of major crop
uptake (Myers. 1988) In addition to providing nutrients, the mucuna system creates a
relatively trouble-free environmen for maize because most weeds (with the notable ex-
ception of Rotrhoelia cochinchinensis) have a hard ime flounshing in this svstem. either
because mucuna physically prevents them from germinating/emerging or from surviving
very long durning its cycle. or because they are easier to control, thanks to a shallon
rooting in the litter layer/soil interface itself. And pests and diseases of maize or mu-
cuna seem to be fairly minor in the system, permirting continuous cultivation of maize
without running into disasters or having to invest in pesticides.

There are a number of minor constraints however. One is the tight coupling of maize
planting with slashing. Until alternatives are found (via introduction of mucuna or maize
germplasm of different matunty classes for example), there is a very limited window for
choosing a planting date (in practice, it is restricted to a 6-week period stanting in early
December). Also. it is unclear at this venture if maize could be planted successfully at
any other time during the year, without negating most of the advantages associated with
the mucuna system as it presently works Another problem is the tough competition
provided cerain vears to the growing maize crop by a fast re-establishing mucuna.
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obliging farmers to curb its growth via pruning. Finally, the year-to-vear, hardly pre-
dictable (up-to-now at least) variability in the pace at which nutrients are made available
via decomposition may be seen as a constraint, especially if it tums out that achieving
high maize yields becomes more and more part of farmers’ agenda.

4.6,5 Farmers' practical knowledge about nutrient dynamics

Evidence from the inorganic N monitoring showed that by deliberately planting maize
almost immediately after slashing, farmers were placing their crop in a good position to
take advantage of the flush of Ni entering the profile, in effect reaching an almost ideal
synchronization of the crop demand with the environmental offer. Other considerations
than nutrient availability constrain the choice of a slashing/planting date: slashing has to
be delayed until viable seeds are produced (see chapter 3), and the interval during which
it ts desirable to slash is born out on the other end by the need to avoid possible drought
or weed competition. Given these constraints, one could claim that farmers contented
themselves with cleverly patterning their management according to the ecology of mu-
cuna, without trving to modify its basic parameters

With regard to N fertilizer. many farmers don’t use it at ali when growing maize in rota-
tion with mucuna, even though it is generally available locally. and its use is not un-
known to them (chapter 3) When asked about their rationale for (not) using nitrogen
fertilizer, many stated very clearly that a major reason (even before considering cash
availability) for not applying urea to their maize in rotation with mucuna was because
“itdidn't need 11" In effect, they consider mucuna as an /» sifv (green) manure. which
replaces external fertilizer: it is no coincidence that the local name for mucuna is “fnjol
de abono”, or fertilizer bean. Conversely, farmers readily recognized that maize planted
without mucuna did respond markedly to nitrogen fertilizer applications.

Hence it appears that even though they did not formally experiment much with mucuna
decomposition pattens and/or fentilization, many farmers in Northern Honduras have
for the most part already integrated the bulk of the practical knowledge related to these
issues in their management of the mucuna system. Under these conditions, researchers
and extensionists interested in contributing something useful to users of the mucuna
system should focus their attention and resources to novel aspects not yet par of to-
day’s management, such as perhaps alternative slashing techniques or the means of in-
creasing yield levels.

4.7 CONCLUSIONS

Throughout this chapter, we have alternatively examined the mucuna system from a
biological perspective, deciphering its dynamics over time, and through a much more
practical viewpoint. looking at maize yields levels in relation to nitrogen inputs in the
system.
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Perhaps the most important conclusion so far is that the mucuna system represents a
working example of how to exploit the properties and dynamics of a “natural” ecosys-
tem for the benefit of commercial maize production (Gliessman e7 a/., 1981). In par-
ticular, farmers devised a way to optimize mucuna management to derive substantial
nutnitional benefits for their maize crop. They achieve this result by lening mucc
accumulate 7 sitw the biomass and nutnents needed for the succeeding dry winter maize
cycle, which are then gradually released during the decomposition of the mucuna mulch
created by slashing and maintained by a deliberate decision not to bumn it The reliance
on mucuna N2-fixing and recycling abilities in effect practically eliminates the need for
costly. impractical (in a hillside context) external ferulizer, without compromising yield
levels, and without incurning significant nutrient losses to the environment.

Itis difficult however to claim that the mucuna system is primarily an elegant wayv of
providing and recvcling nutrients Beside nutritional aspects, there are a host of other
benefits associated with the use of mucuna, which all contnibute significantly to the suc-
cess of the rotation they include reduced labor use, pest control. soil consenvation and
soil ferulinv build-up (see chapter 5). There are differences among farmers and locations
regarding the degree to which the mucuna system is helping them accomplish these vari-
ous goals For example, not all mucuna fields accumulate quite enough biomass and nu-
rients to satisfy all maize nutritional requirements. Similarly, management decisions
(from the timing of slashing/planting to the choice of planting densities or the timeliness
of weed control), do affect how much farmers take advaniage of the production potential
that the mucuna system creates in their fields.

But the fact is, without the nutnitional benefits, the performance of the mucuna system
would undoubtedly be much less satisfactory.
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Chaprer 5

LONG-TERM CHANGES IN SOIL FERTILITY
UNDER THE MUCUNA/MAIZE ROTATION

51 INTRODUCTION

Scant evidence exists in the scientific literature which firmly demonsirates on the basis
of whole-farm data that slash-and-mulch cropping systems do indeed constitute a viable.
productive /ong-rerm option for continuous cultivation without concomitant degradation
of the resource base (Sanchez, 1994) On one hand. agreed-upon, unambiguous indica-
tors which would clearly document the processes (and effects thereof) at work dunng
the long-term evolution of complex svstems are barely emerging. following the recent
interest in sustainability issues (Harrington, 1992). A long-time favorite such as the
charactenzation of soil organic marter remains open to widely divergent methodological
mnquiries and data interpretations (Duxbury er al | 1989; Swift and Woomer. 1993). And
determining threshold levels of organic matter in the soil profile which would cause a
system to become unsustainable, or defining in analytical terms the main attributes of a
healthy soil from 1ts individual propenies and finding appropriate ways of measuring
them are still more proclaimed goals than actual possibilities (e g Kay. 19%0: Doran and
Parkin. 1994) The rough criteria which have been proposed up to now remain mosth
empirical. and very qualitative when authors venture to tacklie the whole field level at all
maintenance of “high” levels of soil organic matter, or "good™ structure. or achievement
of sustained vields over time (Swift e/ @/, 1991), etc. Theyv are furthermore more suited
for identifving what went wrong a posreriori (Johda, 1994). than for identifving in a
prediciive fashion what precisely should be accomplished, and how

On the other hand. the historical databases required to investigate the long-term behavior
of cropping svstems are fairly costly and logistically difficult 10 assemble The lack of
resources and frequent instability typical of most research institutions in the developing
world makes long-term experiments and historical time-series, the two major tools for
long-term swdies. even rarer and also much harder to interpret. when they exist at all.
than similar studies conducted or available in developed countries (Pieri, 1989 Steiner.
1995) Notwithstanding the potential for using properly calibrated computer models 10
simulate the behavior of complex systems over time (Jones ef al., 1993, Uehara, 1994:
Young. 1994). the only alternative at hand with the capacity 1o deliver rapidly some of
the much-needed quantitative evidence about long-term trends consists of using indirect
approaches such as chronosequences A chronosequence allows inferences 10 be made
about the suspected evolution over ime of a svstem by comparing at a given time a set
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of fields assumed to represent successive historical states of the system. This space-
for-time substitution scheme is common practice in ecology (Pickett, 1988) and soil
genesis studies, because the time frame involved (typically hundreds 1o millions of
years) precludes experimental approaches. It is much rarer however though not un-
known in cropping systems studies (Staley er a/, 1988 Feller era/.. 1991. Kleinman.
19935). probably because conditions favorable 10 the proper use of such schemes are
difficult to find, and also because this approach entails a fair level of assumptions and
risk of failure, with the potential to undermine the very significance of the results

Under these conditions, the objective of this chapter is two-fold First, the chronose-
quence approach itself is scrutinized, and methodological considerations and guidelines
are developed with a view to provide a better appreciation for such approaches Sec-
ondly. a case study 1s presented wherein long-term trends in soil fertility under the mu-
cuna’‘maize cropping system in Northern Honduras are analyzed using a chronosequence
approach

5.2 MATERJIALS AND METHODS

Many of the specifics about the study area, the mucuna/maize cropping system. or the
general agronomic measurements can be found in chapters two and three

5.2.1 Reconstitution of field history

Dating of the individual fields making up the chronosequence was facilitated by the fact
that the mucuna system has been adopted relatively recently by the farmers of Northern
Honduras most of them introduced it sometime during the 1980s, with the oldesi re-
ported adoption taking place in the mid-70s (Buckles er a/.. 1992) Hence. even though
there were no written records of adoption, it was possible to use farmers™ oral recollec-
tions about when they had introduced the mucuna rotation in their fields In spite of its
associated constraints, oral history has been recognized as a valid methodological ap-
proach for investigating contemporary events, especially in circumstances where written
evidence is scarce (Dunaway and Baum, 1984).

A first step consisted of selecting villages with at least 5 years of adoption of the mu-
cuna system. in order to allow a meaningful exploration of long-term effects Potenual
sites were selected along an East-West transect representing a broad range of

agroecological and socioeconomic conditions typical of the Atlantic litioral region of
Northern Honduras. Out of 10 villages initially considered, only 6 were selected for
further study, based on the results of collective semi-structured interviews. In each of
the 6 villages, individual interviews were conducted with farmers whose fields span the
entire range of adoption dates detected during the collective interview Check fields (no
adoption of the mucuna svstem) were included in each village to provide a basis for
comparisons with mucuna fields Cropping history was reconstituted starting with the
rotation followed prior to the adoption of the mucuna syvstem. and going as far back as
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the last significant fallow penod preceding adoption whenever possible. It should be
noted that reconstitution was hampered by the fact that Northern Honduras is an active
migratory area, with a fast tumover of farmers and field ownership. Cropping histon
was carefully scrutinized for disqualifying events which would threaten the validity of
the assumptions Jisted previously (examples of such events include burning of the field.
transitory abandonment of the rotation, cartle invasion, etc.) Also. particular care was
taken to detect within-field heterogeneity in history, leading the way to the independent
sampling of several plots within the same field whenever appropnate (see survey in-
strument in Appendix A.1). Afier one year, 2 of the 6 villages were discarded com-
pletely from the study, owing mainly to insufficient confidence in the quantitative data
collected (see below), as well as for logistical reasons. At the end of the two-year field
study. a second historical survey, both collective and individual, was conducted in most
of the fields of the 4 remaining villages 1o cross-check the resulis of the initial suneys.
and to fill information gaps about vanous aspects of the mucuna svstem. including po-
tential changes in management which would have taken place as time spent in the rota-
tion increased (see survey instruments for final survey in Appendices A.2 and A 3)

%.2.2 General sampling scheme

Independent chronosequences were construcied in each of the four villages To mini-
mize variability not related to field history, care was taken to select neighboring fields
whenever possible, with the objective of matching their geomorphological backgrounds
and propenies Also, only fields located within a narrow altitudinal stratum (tvpically
less than 200 m between low- and high-lying fields) were selected in each village (see
Figure 2.5). Funthermore. 1t was decided not to work at the scale of whole fields
(Mitleville. 1972, Moormann and Kang, 1978), but rather to focus on small. uniform
observation plots (10 x 10 m*) selected on linear backsiope topographical positions
(Ruhe. 1960 in Hall and Olson. 1991). Representativeness of the chemical propertes of
backslope positions was nevertheless examined by comparing them 10 those measured
for 2 number of footslopes and shoulder positions in 4 fields Two observation plots
were selected in each field. as a way of accounting for potential within-field heterogene-
iv - Slope in the observation plots was kept as much as possible within the range 25%
10 70%0, representing the most tvpical conditions under which farmers grow maize on
the hillsides.

The distnbution of fields and observation plots according to the adoption date of the
mucuna system is presented in Table S 1. The range of field/plot ages explored by each
chronosequence depended on the particular village: only in one site (San Francisco) did
the chronosequence include fields as old as 15 years Conversely. in one site (Cuero).
the oldest field had been no more than 7 years in the mucuna rotation,
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Table 5.1. Field/plot sample composition for each chronosequence
of the mucuna/maize rotation, Northern Honduras

(Each pair of values mdicates the number of fields plots sampled for o given caiegoryy

site Total # of check 1-2 3-3 5-7 8-10 =211 avg years
fields/plots' fields? vyears vyears years vyears years w/muc’
“SnFco 55101 815 914 §/9 1119 132 918 18
Mangas 40/ 62 8/10 6/9 711 14728 4/ 6 171 53
Cuero 32732 6/ 6 8/ 8 13/13 5§ e —- 34
Piedras 11722 172 214 2/ 4 3/6 172 24 7

‘Region® 138217 2333 25/35 27537 33/55 18/34 1223 6.2

“including ficlds/plots sampled more than once: * maize ficlds where mucuna was never planted. " crage
umec (in 3 cars) sampled plots has ¢ been in the mucuna sy siem. ' combined sample over the 4 siies

§.2.3 Soil fertility measurements

3.2.3.1 Chemical propernies

Composite samples (12 10 15 sub-samples) were taken in every observation plot at each
of the four sites with a 2-cm diameter tube auger in March 1993 (March 1994 1n a few
cases) from 3 depths: 0-10 ¢cm, 10-30 cm and 30-60 c¢m, air-dried and sieved at 2 mm

All these samples (hereafter referred 10 as "sampling A™) were analvzed for pH (1 2
water). P. Al. exchangeable bases and micronutnents (extracted with Morgan s solution).
and exchangeable acidity (banum chlonde/triethalonamine extract) in the Cornell Nutn-
ent Analvsis Laboratory (Comell Nutrient Analysis Laboratory. 1989). A separate
sample (hereafier referred to as “sampling B™) was collected in March 1994 1n 17 fields
in San Francisco de Saco from the 2.5-5 cm depth. and analyzed for pH. P (Olsen Dabin
I, exchangeable bases and total CEC at the soil natural pH (cobaltihexammine method
Fallavier er al | 1985) in CIRAD analvtical laboratory in Montpellier (France).

5.2.3.2 Soil Organic Matter

Charactenzation of soil organic matter was approached in several wavs. First, all 0-10
cm 1993 or 1994 samples. and a subset of the 10-30 cm samples were analvzed for or-
ganic C. total N and stable isotopes (*C. '*N) content using a Europa Scientific Robo-
prep C/N\ analvzer coupled 10 a Tracermass mass spectrometer (Europa Scientific.




Crewe, Cheshire, England). Also, organic carbon distribution in the soil profile was de-
termined by collecting composite samples from 36 observation plots (17 fields) by 2 5
cm increments (from O 10 15 cm depth, as part of sampling B) On these air-dned sam-
ples. organic C was determined by a classic Walkey and Black procedure (Nelson and
Sommers. 1982). A subset of these samples (3 complete 0-15 cm profiles from check
plots or young mucuna fields, and 3 profiles from old mucuna fields) was further sub-
jected to two fractionation schemes: one chemical by acid hydrolysis (Stewarnteral .
1963 Egoumenides, 1989), and one physical (Feller eral., 1991; Feller, 1334) The
physical fractionation consisted of a ball-assisted, mechanical water dispersion. foliowed
by the separatjon of two fractions by wet sieving fine (< 50y) and coarse (50-2000 ).
Total C and N was determined for each fraction using an automated C/N analyzer

3.2.3.3 Phyvical propernes

All 1993 samples were analyzed for texture using the Bouyoucos method (Gee and
Bauder. 1986) Granulometry for sample B was determined following aggregate destruc-
tion by an ultrasonic treatment

Infiltration was measured in 7 fields (sampling C) covering the entire chronosequence in
San Francisco in January 1994, using ponable rainfall simulators/infiltrometers cali-
brated to deliver a constant 100 mm hour™ via small capillary drip tubes on an area of 25
x 28 em2 (Ogden er al | 1996). Eight positions were selected in each field (4 backslopes.
4 shoulders). in each position, infiliration was measured in a pair-wise fashion. with or
without mulch, this latier condition being created by gently removing the mulch present
above the soil A Tecktronics cable tester was coupled to the infiliration measurement
10 evaluate initial wetness of the upper profile as well as water storage in the 0-5 cm
laver after one hour of rainfall application.

Macroporosity was determined for the same fields and positions (sampling C) using a
sand table methodology (Ball and Hunter, 1988 Topp e/ a/.. 1993) Suctions apphed
ranged from O (fullv saturated sample) 10 -10 kPa (100 em of waterhead). corresponding
10 pore sizes between 15 and 390 um. The undisturbed cores used for this studv (6 7
cm diameter x 7.5 cm height) were collected from two depths. 1-8 5 ¢m and 11-18.5 cm.
using 2 hammer-dnven core sampler. Bulk density was determined on the same samples
by oven-drving the cores for 48 hours a1 110 °C (Blake and Harge, 1986)

5.2.4 Other measurements

To be able to relate of soil properties to plant response and erop management factors.
data was collected in each observation plot on mucuna biomass production and nutnent
content at slashing time, maize vield and yield components, and farmers’ practices (see
details in chapters 2 and 3). Also. slope, onentation and approximate elevation were
determined for each observation plot. as a way of controlling for a few commonly en-
countered sources of vanabilinv in hillside environments




From the onset of the study. logistical constraints dictated that darta collection be limited
10 selected soil chemical and physical propenies. Consequently, soil properies such as
soil structure and soil biological properties were left undocumented.

5.2.5 Data annlysis

Data was analyzed for trends associated with the length of ume individual observation
plots had been in the mucuna rotation. Plots were grouped in six age classes as follows
class O for plots without mucuna; class | for plots in their first or second vear into the
rotation (establishment phase); class 2 for plots in their third or fourth vear, class 3 for
plots between their fifth and seventh year, class 4 for plots between their eighth and
tenth year: and finally class § for old mucuna fields with 11 years or more into the rota-
tion. Age classes rather than actual years were used first of all because they better re-
flect the degree of precision anached to the determination of field hictory (see section
53.1) Also, interpretation is easier. because age classes are agronomically’ more mean-
ingful than individual years. For example, farmers recognize that it takes one 10 two
vears 10 get mucuna properly established in a field, and hence class 1 represents the
establishment phase of the rotation As time passes, differences from one vear to the
next are less and less pronounced, and hence lumping together 3 or more years becomes
justified Finally. because sample size based on individual years was frequently very
small. and furthermore very heterogeneous. grouping together several consecutive vears
allows for more accurate averages. and more solid comparisons between classes

Most long-term trends in soil feniliry were detected qualitatively, by plotting a given
soil property against time spent in the mucuna/maize rotation (the latter being some
times referred 1o as the age of the field ). Statistical tools such as analvsis of variance.
multiple regression or mean separation were applied whenever possible. although resolu-
tion of most tests was low given the high levels of vanability found in the data and the
small sample sizes involved As pointed out in chapter 2, chronosequences are most
useful at generating hypotheses. not ar testing them. Also. because data collection was
at the same ume more intensive and better controlled in San Francisco de Saco thanin
any other site, the subsequent analyses will emphasize these results. using the other
three sites as a way of evaluating the general validity of the findings.

A word of caution is necessary about the general interpretation of trends in a chronose-
quence  We will hereafter infer long-term trends by comparing among them the average
or individual values measured on the plots making up the various age classes. assuming
thai the chronosequence is a valid way of identifying rhese trends, w hether or not this s
indeed true  The potential bias introduced in the analvsis varies with each site and age
class. as they have been obtained independently from each other. and hence mav each

(mis)represent the typical trajectory of the mucuna/maize rotation over time in their
own peculiar way. Also, it should be kept in mind that the plots without mucuna.
which are conceptually the equivalent of a check treatment in a conirolled experiment.
do nut however represent a fixed set of initial conditions  First, the limited number of
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check plots included in this study precluded their further stratification into sub-classes
corresponding to different lengihs of the previous fallow for example. Consequently.
check plots mayv exhibit low soil fertility (as could be expected in plots submitted 10
repeated cycles of mulchless farming. or extensively grazed by cattle) as well as good
soil feruility if fallowing balanced the decline in fertility due to previous cropping for
example (hve and Greenland. 1960). Hence, a significant vanability for any soil prop-
erty measured on check plots as well as carrying over to young mucuna plots may be
expected above and beyond that stemming from the very nature of observational studies

§3 SCRUTINIZING THE CHRONOSEQUENCE SCHEME IN SAN
FRANCISCO DE SACO

Because chronosequences are potentially ambiguous tools. we will examine in this sec-
tion some of the inner construction of the chronosequence in the one site (San Francisco
de Saco) for which the most detailed information was collected

§.3.1 Reliability of the recollection of field cropping history

Farmers™ somewhat volatile recollections of cropping history and interview internal me-
chanics frequently cause data on cropping history to lack accuracy (Banlett. 1932, Cut-
fer It 1970. Hoffman, 1974). To minimize this potential source of error. two inter-
views on cropping history were conducted with field owners, one at the onset of the
studv (November 1992) and one towards the end (July 1994). Comparative results for
the length of time that fields had been in the mucuna rotation are presented in Figure S )
The regression on 26 fields is highly significant (R2 = 0.81, and R2 = 0,93 excluding the
3 clear outliers) and reflects correctly the fact that mucuna fields "aged” between the ino
survevs Indeed. the regression does not differ significantly from the expecred regres-
sion. assuming recollections were perfectly accurate from the start (age in 94 = age in 92
+ 1). indicating that on average, farmers kept an accurate account of field historv There
are however a few obvious outliers (Figure 5.1), corresponding 1o fields whose declared
ape did change markedlv from one survey to another

The conclusion is that while reasonably accurate, our dating of the different fields is
approximate, not exact. Hence. analvzing the chronosequence in terms of age classes
(companng young mucuna fields to medium-aged to old mucuna fields) seems as legiti-
mate as doing it in terms of individual years (] year old vs. S vs. 12).
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16-4age 94 = 0.924 " (age 92) + 1.84
RA2 = 0.811 (N = 26) 7

- clear
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..+ outliers

years in mucuna as collected in 94

0 2 4 6 B8 10 12 14 16
Years in mucuna as collected in 92

(Fach pomnt represents the results of a double vmerview for one field)

Figure § 1* Comparative results of two successive recoliections of field cropping his-
tory, San Franci: >de Saco, 1992 and 1994 interview data

£3.2 Cropping history prior to the establishment of the mucuna rotation

Imnal conditions (Pickett, 1988). and particularly cropping history priov 1o the estab-
lishment of u given rotanon (Sébillotte, 1989) can be of overwheiming influence in cre-
ating durable differences among the various components of a chronosequence It is
likely for example that a field presently without mucuna might potentially have been

. exposed to more degrading conditions (erosion particularly) over the past 10 vears than
what was the case for a similar field 10 years ago, by the simple fact that more years of
mulchless annual cultivation have passed.

Evidence that past cropping history is not entirelv similar between check plots and
older mucuna fields is presented in Table 5.2. Many check plots have had one or more
cycles of annual cropping pnor to the cycle in which the sampling took place. whereas
none of them was under medium or long-term fallow, contrary to a number of the older
mucuna fields Also. the proportion of fields which were used as pastures in the recent
past is higher for the check plots than for any other group of fields Overall however,
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the differences in prior history do not appear to be very large If not for the high fre-
quency of previously cropped fields found in the check plots, the chi-square test would
not detect any significant differences among age classes in their respective frequencies
for the various precedents, meaning that all age classes are roughly equivalent in terms of
their “pre-mucuna’ cropping history

Hence it can be concluded that the chronosequence scheme used in this study may pres-
ent a slightly skewed picture of the trends over time, as the check plots (and to a lesser
extent the more recent mucuna fields) present probably slightly more degraded condi-
tions than the conditions prevailing in fields which entered the rotation 10 or 15 years
ago In other words, our chronosequence analysis would have a built-in tendency to
slightly exaggerare the effects of the mucuna rotation, based on cropping history alone

&3.3 Ahistorical sources of variability

Most of the potenual differences not related 10 cropping history (like those attached 10
topographic position or elevation} were a priort excluded from our sampling scheme
Still. because we were dealing with a heterogeneous hillside environment. factors such as
slope or orientation could have confused the historical analysis.

Table 8 2° Cropping history (bv age class) of the fields selected for the chronosequence
study prior to the onset of the mucuna/maize rotation, San Francisco de Saco
Northem Honduras (x2 = 37 6 with 25 df. significant at the 5% level)

class #of annual pastures shon-term med.-term long-term  misc. ©
fields crops ' ’ fallows®  fallows®  fallows’  fallows

no muc 3 4 3 i - -- -
1-2vrs 8 -- 2 4 ] ] -

3-4 yrs 3 - 2 - - ] -
.7vrs 10 - 3 1 1 3 2
8-10 vr 13 -- 4 5 1 ] 2

2 1 wr 9 -- 2 2 ! 3 ]

all fields 81 4 16 13 4 9 s

"'maize (winter and/or summer) grown for one or more vears prior 10 present cvele. ; long-term pasiurcs
including degraded pasturcs (bushy \egetation regrowthy. * 1 or 2 vears of fallow. ' 3~d vears of fallow . &
10 10 s cars of fallow . " undetermuned duravon of fallow . or special cases (wild banana and Guat a fallow &
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Indeed. check plots and to a Jesser extent young mucuna plots were located on smoother
slopes than all other plots on average (Table 5.3), a condition which could have affected
the intensity of past erosion processes for example (with check plots being fess suscep-
tible to erosion than other plots). Differences in plot orientation were less pronounced
(Table 5.3), although there was a tendency for check plots and young mucuna plots to
have more of a Northern orientation whereas mucuna plots with more than 3 years into
the rotation had a more South-Eastern one. Altogether, these differences appear to be
relatively minor. and should not be a significant cause of noise in the chronosequence
analysis '

Table 5.3: Orientation and slope of the plots making up the chronosequence
by age class. San Francisco de Saco, Northern Honduras

<----- Orientation of the plot '-emmeemv > <—- slope ---->
class sample| NE SE SW NW avg  sid dev
size | (0-90°) (90-180°) (180-270°% (270-0°)|slope ®c slope
nomuc | 14 | 29%  29% 7% 36% | 29 10
1-2 yrs. 12 67% 1 7% 0% 17% 38 22
3-4 vrs. 9 22% 56% 0% 22% 43 8
S7yrs | 17 | 29%  47% 6%  18% | 44 )
8-10vr. | 20 | S0 75%  15% o, | 43 8
2 11 yr 16 31% 50% 19%% 0% 47 9
all fields | 88 | 28%  48% 9% 15% | 41 15

' figures represents the proporuon of plots in each age class presenting a gn cn oricmation NE =
Nornh-East. SE = South-East. SW = South-West, NW = Nonth-West Line Sum = joo®,

5.3.4 Influence of topographic position on soil chemical properties

As indicated earlier, our sampling was limited 1o backslope topographic positions as a
way of reducing potential sources of confusion. A limited study was however con-
ducted in 4 fields to detect the representativeness of the backslopes compared to other
commonly found positions such as footslopes or shoulders Results indicated that there
were no overall systematic trend in soil chemical properties associated with topographic
position for the first two horizons (0-10 cm and 10-30 ¢cm) For properties such as ex-
changeable Al and K. there were significant differences among positions but the ranking
obtained was field-specific  For the deepest honzon (30-60 cm). exchangeable A}. Ca
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and Mg were higher for backslopes than for the other positions, although the differences
were only moderate (0.33 vs. 0 12 vs 0.18 cmol(+) of Al, and 15.7.11.7 and 13 § meq
of Ca for backslopes, footslopes and shoulders respectively)

Overall, the lack of consistency, or the limited extent of the few differences detected.
indicates that backslope positions did not represent a soil chemical envirorment signifi-
cantly different from that of other topographic locations, allowing cautious extrapolation
of the chronosequence analysis based on backslope positions to the whole field.

£3.8 Summary

By scrutinizing the very construction of the chronosequence in one site, we have been
able to gain a better sense for the potential caveats associated with its use For one
thing. age of the different fields is known only approximately. Also. initial conditions
found in the check plots included in this study such as cropping history. slope or orien-
tation appear to differ from those existing in fields where adopuon of the mucuna rota-
tion took place a decade or so ago  This might have had or still have an unknown im-
pact on some of the soil properties measured in this study

These findings are quite natural for an observational study, in which the experimental
structure (i.e the chronosequence scheme) is superimposed on a reality that lends itself
only imperfectly to this manipulation This does not invalidate our approach. it is how-
ever a reflection of the limits and nisks such an approach entails. which have 10 be taken
into account when interpreting and extrapolating the results of our study

5.4 CHANGESIN SOIL ORGANIC MATTER

S.4.1 Overall changes in the 0-10 cm horizon

Changes over ime in C and N content as well as in the C:N ratio of the 0-10 ¢ horizon
(sampling A) are presented in Figure 5.2 for Sn Fco at the level of individual observation
plots  As expected, the vanability within each age class is high, but the trends exhibited
by C and N content are sufficiently consistent to be statistically significant. In terms of
averages. C% content increased from 2.11% 10 2.5% over 11 years, an overall increase of
20% (1.7% yearly). The change in N content is stronger, from 0.21% to 0.28%, a 30%
increase (2.5% yearly) This differential berween the pace of N and C accumulation in
the upper profile explains the slight decrease in the C:N ratio’ from 1010 9.5,

On a regional basis, the tendencies observed in Sn Fco are not entirely confirmed in other
sites In a site such as Mangas, no change in C or N content appears to have taken place
over ime. whereas in Cuero. the changes seemed quite dramatic even after only 7 years
in the mucuna rotation (Figure $.3) Also. the levels of C or N found in the check plows
van significantly across sites. reflecting undoubted!y differences in edaphoclimatic con-
ditions and perhaps also differences in agricultural historv at the village level (the facy
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that $an Francisco exhibited the lowest levels of both elements appears consistent both
with its lower elevation and oldest human settiement).
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Figure § 2 Changes in total C and N content of the 0-10 cm honzon over time under the
influence of the mucuna system, San Francisco de Saco. Nornthern Honduras

In al} cases. no site exhibited a tendency for the older mucuna plots to have fess C or N
than the check plots Stated in a conservative way, it can be said safelyv that the mucuna
rotation appears 10 allow conservation of the initial stocks of C and N in spite of con-
tinuous annual cultivation.

The fact that observed trends agree closely with agronomic theory (increase in the upper
honzons. no change below) strengthens our contention that the chronosequence con-
structed in San Francisco de Saco 1s indeed a reasonable representation of the long-term
behavior of the mucuna system.
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Figure 5.3: Changes in1otal C and N content of the 0-10 ¢cm horizon over time under the
influence of the mucuna/maize rotation in four sites, Northern Honduras.




5.4.2 Distribution of SOM in the upper soil profile

In a no-tillage cropping system, changes in soil fertility are expected to affect mainly the
top centimeters of the soil profile (Follett and Peterson, 1988, Barreto, 1989, Dalal ¢
al., 1991) To verify this in the case of the mucuna system. soil samples were collected
by 2.5 cm tncrements in the upper 15 cm of soil profile (sampling B). Figure 5 4 shows
that it is indeed in the first 5 cm of soil profile that changes in carbon content were sig-
nificant, and especially in the 0-2.5 cm layer, for which the relative increase reached
about 50% over a decade (from 3% to0 4.5%). For the 2.5-5 c¢m layer, the increase over
the same peniod reached 40%, with a peak value of 2.8%. In both cases. it was possible
to fit a second-degree polynomial to the data (R2 = 0.56 for the first laver. R2 = 0 36 for
the second both regressions are highly significant),

The fact that the quadratic term is significant in these regressions would tend 10 indicaie
that there is a leveling-off of the carbon accumulation afier about 9-10 years of rotation.
as an equilibrium is reached (see 5.5 4). Conversely, no apparent increases were de-
tected for layers between 7.8 ¢cm and 15 cm, for which all pluts presented fairly uniform
C contents regardless of their age

50 =
45 | ¥y =0092x + 0960x + 1.990 3

4.0 3 S B 2 £

15 ‘ { y = -0:047;8 + 0_:128:07\3;?57
3.0 i I o«

2.5 ’ |
2.0
1.5
1.0
0.5

C% (W&B)

L+ hor.é o hor 3

e ror1

@ hOT 4 gy hor & ~—i~~hot 6
0.0 i

ne muc 1-2 3-4 5-7 8-10
Years in mucuna

n
.

Pertical bars represent standard errors. Hor. 1 = 0-2.3 cm, Hor. 2 - 2.3-3 ¢m. Hor. 3
~ 3-"35cm, Hord - 7.3-10cm, Hor.3 = 10-12.5 cm, Hor.6 - 12.5-15 ¢cm

Figure 54 Changes in the distribution of organic C by 2.5 cm increment in the first } §
cm of soil profile over time under the influence of the mucuna'maize rota-
tion. San Francisco de Saco, Nonthern Honduras




$.4.3 SOM pools

Although the above assessment seflected overall changes in terms of total C or N con-
tent, 1t didn't differentiate among the various fractions which make up total soil organic
matter (Duxbury er a/, 1989, Christensen, 1992). Both a classical chemical fractionation
scheme based on acid hydrolysis (Stewart er a/ | 1963), and a physical one (after Feller.
1994), probably more satisfactory, as it relates conceptually to soil architecture (McGill
and Myers, 1987, Christensen, 1992), were used 1o examine this latter issue. In this
latter case. two fractions were distinguished: a fine fraction (particles < 50 j1) and a

coarse fraction (parnicles > 50 u) Detailed results are presented in Appendix D.1.

In a first step. only extremes of the chronosequence were contrasted, i.e fields without
mucuna or with one year into the rotation (hereafier referred to globally as check plots).
vs. old mucuna fields: 14 10 16 years of continuous mucuna rotation (Table 5.4)

Table 5 4. Comparison of soil profiles of old and young mucuna fields vis-a-vistwo
methods of fractionation of soil organic matter, San Francisco de Saco.
Northern Honduras, 1994,

=~ chemical - » w ~--en- physical fractionation = -eessmeeenne- ’

Age | hon- | Nhd Nhnd [(% (% C fine N%, N%o N fine
class | zon ‘ /Nhd* | fine® coarse® repart* |fine® coarse® repart’

0-1 0-5 588 1.79 274 1.27 79%0 0.280 0.082 850,
yvears | 10-15 | 300 1.52 1.41 032 90°%% 0173 0038 91%

2 14 | 0-% 965 179 334 339 80% 0.365 0.267 840,
145 142 0.6) 91%% 0191 0050 03%,

(P4l
e

vears | 10-18

"y drols zable disullable mitrogen. * rauo of hydralizable non-distiltablc 10 hvdrol disul nitrogen. €.
or N% in the fraction < 50 ym: 'C% or N% in the fraction > 30 pm: * %C (%N) in fine fracuon as a
percent of € (N) in the sum of the fine and coarse fracvons Each cell represents the mean oy 6 values.

The chemical fractionation scheme did not pick up any differential behavior between the
vanous fractions distinguished by the acid digestion (Table 5.4). The physical fractiona-
tion on the other hand showed that the fine and coarse fractions behaved differently over
time (Table 5 4 and Appendix D 1). Due to a confounding effect of texture on the re-
sults however. it remains unclear whether the change affected preferentially the coarse or
the fine fraction. A preferential increase in the coarse fraction mav indicate the accumu-
lation of relauvely free organic maner (perhaps even organic debris) at or ven close 1o
the soil surface Converselv. a preferential increase in the fine fraction as observed \when
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limiting the analysis to mucuna fields less than 10 years old (Appendix D 1) would indi-
cate the formation of relatively stable organic matter, as it is intimately bound to the
mineral fraction (Tisdall and Oades. 1982),

5.4.4 Rates of changes in SOM

The actual dynamics of change in carbon and nitrogen content over time can be ex-
pressed in terms of mean rates of changes for the 0-10 ¢cm horizon in the four villages.
either on a relative basis (%5) or on an absolute basis (kg of C or N per hectare) (Table
5.5) The calculations are somewhat imprecise. as they were based on average values
obrained for C and N content for each age class (see formula on top of next page)

Table 5 §  Annual rates (relative and absolute) of changes in carbon and nitrogen content
of the 0-10 cm soil profile in four sites in the mucuna’/maize rotation.
Northern Honduras

For each cell the first lme 15 expressed as percent change. whereas the xecond £ on o mass basis 1gam
of Cor Nan ky ha vear for the horizon A4 negative sign mdicates an apparent decrease:

carbon content nirogen content
site mean ; max min. mean max min
rate' | rate’ rate’ | rate' [ rate’ rate -
Sn FCO 1.9% 309% -1 0% 2.53% JA%, I 2%
(436) I (1376)  (-25%) (38 { 83) {3
Man- | 06% | 32°  -26% | 09% @ 19,  .21°,
{183%) { 96%) (-842) (2N {116} {~6K}

.................

Cuero 4 9% 9.6% -1.8% 78
(1369) 1 (2673)  (-372) (206

...........................

Pie- 0 5% 3% -1 9% 0.3% 1 28% -1 6%

dras (161) [ (1346) (-618) (9y i (50) [-39)
all S0% 1 35%  01% | 29% ¢ s0% 0%
sites | (F38) L1493 24} (73) 5 (133 (09)

" mean rate refers 1o apparent average annual rate of change in C or N content since the intro-
duction of mucuna tn each site. * maximum and mynimum rates obscnoed berneen am wo
conseculn ¢ age classes (from class nto class n+1)




: , y -7 A
Rates in Table 5.5 were calculated according to the formula =~ 2=l = v
’u - !H‘] o=

where Y, 1s the average C or N% of class n(n e {1, 5}), t, 1s the average age of the age
class. and A = 1 for rates in %, and A = mass of soil for rates in kg ha .

Estimated rates differ markedly among sites, from a low of 0.5% in Piedras, to a high of
nearly 5% in Rio Cuero This latter seems rather improbable, because mucuna does not
appear to produce sufficient biomass to generate the physical quantities of carbon or
nitrogen that these rates would imply, if, following Larson et al. (1972), one considers
that about 10%. of the carbon present in returned residues eventually ends up in the pro-
file. Applving such an estimate to the Rio Cuero case, about 25 to 30 t of biomass
would have been needed annually (cf. mucuna biomass is about 40 to 45%5 carbon). vs
anactual 1010 12 tha” The average across sites however seems 10 provide a value (538
kuha' of C) at Jeast roughly consistent with biomass production. Similarly. the mean
annual rate of accumulation of nitrogen (75 kg ha') seems a reasonable figure Interest-
inglv. the maximum annual rates of change calculated between consecutive age classes
were generally obtained in the first few years following the introduction of the mucuna
rotation. while the minimum rates (some seemingly negative) were generally observed
for the oldest mucuna fields This evidence may again indicate that the mucuna svsiem
is reaching an equilibrium state 8 10 10 years after its introduction in a given field

58 CHANGESIN SOIL CHEMICAL PROPERTIES

n

.S.1 pH. exchangeable Ca and Mg, and soi} acidiry

At the veny inception of this study. it was hypothesized that in a wet tropical environ-
ment. potential imbalances between an ample supply of nitrogen by the mucuna
biomass and moderate uptake by the maize crop might rapidly induce significant nitro-
gen leaching along with its accompanying cations, leading eventually to sl acidification
(Bouldin. 1989. Cahn er a/ . 1993).

Soil test results for both pH and exchangeable Ca and Al do not however present any
evidence to support these fears (Figure 5.5 and 5.6) In San Francisco de Saco. after 1§
vears of continuous use of the mucuna rotation, pH appears to have remained fairly
constant in the entire soil profile (up to 60 cm), with even a slight (not significant) ten-
dency for pH to increase over time (Figure 5.5). There were significant differences in
pH among sites (from a low site average of 5.7 in Cuero, to a high of 6.5 in Mangas). bui
not among age classes (Figure 5.6 a)

Levels of exchangeable Ca (Table 5.6 and Figure 5.6.b) and Mg appear to have increased
over time at all depths in 3 out of 4 sites. Piedras was the only site with no consistent

trend over time. whereas tn San Francisco, the increase was panicularly clear (p <
0001)
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Figure 5.5. Changes in pH, exchangeable Ca and Al over time in the 0-60 c¢m soil profile
under the influence of the mucuna/maize rotation, San Francisco de Saco,

Northern Honduras.
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Figure 5.6 Changes in pH, exchangeable Ca and Al over time in the 0-10 and 30-60 cm
honzons in four sites under the influence of the mucuna/maize rotation,
Northern Honduras
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Table 56 Changes in exchangeable Ca and Mg content {in emol(+) kg ") over time
in the 0-10 cm horizon in four sites, Northern Honduras

element :site! i nomuc 1-2 yrs  3-4yrs 5-7yrs  8-10yrs 2 11 yrs

Exch. sf's 8.7 6.9 88 10.7 1 120
Ca mg 18 6 206 19 4 18.9 20.9 (239)°
cu 6.9 8.7 7.5 84 - -
pi : 98 136 118 102 85 76
Exch sfs 29 21 33 34 3.7 3
Mg mg 41 45 4.3 39 53 (37y-
cu 18 22 22 27 - -
pi 26 44 40 3§ 30 3

"sfs = Sn Feo. mg = Mangas. cu = Cucro. pi = Picdras: ~one sample only in Mangas for thus
age class

This increase. also observed in other mulched svstems (Lal, 1989, Hulugalle ¢/ «/ . 1990)
may be attributed to the large vearlyv additions of calcium and magnesium via the mucuna
biomass (reaching more than 150 kg ha’ vear”’ for Ca, or the equivalent of more than 0 6
cmol(+) of Caif applied to the 0-10 ¢m horizon) How and from what source does the
mucuna crop mobilize this Ca remains a matter of speculations Also. the fact that the
increase apparentlyv affected alt depths would indicate that cations {(and hence accompa-
nving anions such as nitrates: Cahn es af . 1993) do migrate down the profile over time
{(but not necessarily out of it), as there does not seem to exist a source of Ca or Mg ca-
pable of supplying them to the soil profile other than the litter

Given the pH and exchangeable bases values, it was logical to find very low levels of
exchangeable Al throughout the soil profile (Figure $ 5¢). The few cases in which Al
concentrations were high were associated with instances of low pH. low base status,
something not uncommon in Cuero, but almost absent in the other sites (Figure §.6¢).

The absence of soil acidification is consistent with the observations made in Chapter 4.
which indicated that whereas availability of potentially leachable Ni was high duning the
maize cvcle, inorganic N leaching was seemingly fairly small.




§.5.2 Other exchangeable bases

In ali sites, levels of exchangeable K were roughly simitar and seemed 1o remain fairly
stable over time, around 0.2 to 0 4 emol(+) kg".

Exchangeable sodium was not analyzed in this study, except on a limited number of
samples {(sampling B, San Francisco de Saco). As for potassium, levels seemed roughly
stable, remaining close 10 0.5 10 1 cmol(+) kg'. These high levels may indicate that the
soils are fairly young. having had little time 10 weather (Oliver, pers. com.)

5.5.3 Phosphorus

Together with nitrogen, phosphorus is a very common limiting factor in crop production
throughout the tropics, and in systems including a legume as the N source, it freequently
becomes a major obstacle 10 the obtention of sustained yields over long periods of time
(Schlather. 1996). Hence maintaining an adequate supply of available P over time is a
critical concern in the mucuna system.

Results with an Olsen extraction on a small number of samples (San Francisco onlv)
indicated that P availability seemed 10 have remained fairly constant over time, with
levels around 15 10 20 ppm in the upper soil profile (data not shown). There was how-
ever a sizable variability among sites when trends were examined using 8 Morgan extrac-
ton (Figure 8.7). In San Francisco de Saco, there seemed to be a consistent yet small
increase in P availability over time in the 0-10 ¢m horizon (P < 0.003), although all val-
ues were very low (average for the site less than 2 ppm) (Figure 5.7.a) In Las Mangas.
the P levels were markedly higher than in any other site {(average about 7 ppm) and
seemed to remain stable overtime. In Cuero, there was a small. but not significant de-
crease over time, whereas in Piedras, no consistent tendency could be detected (Figure
$.70)

Pooling these difTerent pieces of evidence together, it can be concluded in a conservative
manner that P availability seems to remain fairly stable over time in the mucuna system.
in spite of yearly exports (via harvest) amounting 1o approximately 1510 20 kg ha
"vear' As for all other nutnents, decomposition of the mucuna biomass is a major
source of available P: yearly additions of P via the above-ground biomass reach about 15
10 20 kg ha' (chapter 4)

5,54 Other nutrients

Table 5 7 presents the results obtained for the changes in micronutrient content (Fe, Zn.
Cu. Mn) over time in the various sites Even though the average levels of each nutrient
were vanables among sites, there was no conststent tendency detected over time within
each site Here again, a safe conclusion would be to conclude at the stabiliny of avail-
ability of the micronutrients in the mucuna system
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Table 5.7° Changes in micronutrient content over time in the 0-10 ¢m horizon
in four sites, Northern Honduras

element ; site i nomuc 1-2yrs 3-d4yrs S-Tyrs 8-10yrs 21} yrs
Fe sfs i 19 15 21 15 21 15
ppm mg . 0S 0.5 0.6 05 0.7 00y’
w07 Pl 13 0.7 . -
b 24 06 04 05 52 1.7
Mn sfs 41 78 55 63 76 75
ppm my 46 33 42 43 71 (49)"
cu i 103 75 85 103 - N
P4 27 37 35 20 29
Zn s 08 17 09 1.4 I 4 )2
ppm mg 0.8 0.8 08 0.6 06 1)’
w07 0.9 08 16 - -
pi 08 b7 40 2.8 04 06

"onc samplc onv in Mangas for this age class

8.88% Summary

A conservative conclusion from this examination of changes in soil chemical properties
1s that the continuous use of the mucuna system 1s not accompanied by a depletion of
the available nutrients in the soil profile, at least within the ime frame adopted for this
study (10 to 15 years). This maintenance of the resource base (or increase, in the case
of Ca or Mg) occurred in spite of consequent yearly exponations of nutrients in the
maize hanvest In the case of phosphorus, exports amounted to approximately 15 to 20
kg ha .vear' (average P content of the grain 0.53%, average maize yields of 3-4 tha').
Hence. there has 10 be a mechanism allowing the mobilization/extraction of non-available
nutrients from the soil matrix  The mucuna crop is a prime candidate for fulfilling this
function. via the capture of nutrients in its biomass 1t has been demonstrated elsewhere
(Schlather, 1996) that fallow species (including mucuna. which is a special case of fal-
Jow). can extract unavailable P.
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5.6 CHANGESIN SOIL PHYSICAL PROPERTIES

Historical trends were analyzed for one site only (San Francisco de Saco). and for a sub-
sample only (sampling C. made up of 7 fields ) of the fields analyzed for chemical prop-
erties or soil organic matter. As could be expected for soil physical properties measured
on a micro-scale, within-field variability was fairly high, creating a high level of back-
ground noise in the analysis (see Horowitz, 1995) For example, time to run-off for a
given field varied from a few minutes to not detected after an hour of infiltration,
whereas bulk densiry could varv by as much as 30% within a given field This situation.
combined with the limited sample size (one 10 two fields only for each age class) and
geographical coverage makes the analysis presented below akin to a semi-qualitative
assessment of the changes over time.

8.6.1 Soil erosion

No quantitative assessment of soil erosion was conducted. Some general comments are
in order however, given the overwhelming imponance of soil erosion in hillside farming

The characteristic signs of erosion at the field scale were virtually absent even in the
oldest mucuna fields (more than |5 years of continuous cultivation). Gullies or rills
were seldom observed, except for verv localized areas where nill erosion seemed more a
result of marginal management errors than anything else Also, the upper honzon did
not present the typical enrichment in coarse matenal associated with significant surface
run-off (Foster es /., 1983). And the chemical analyses (section 5.5) demonsirated
there was no depletion of nutnents over ume, and that the upper profile was accumu-
lating actively organic matter, and was comparatively much nicher in nutrients than the
underlving horizons. observations which all point 10 the absence of active erosion

On a larger scale. small creeks collecting water at the bottom of stopes cultivated in the
mucuna rotation remained verv clear even during or after intense rains. in contrast to
what could be observed in neighboring unprotected slopes. for which the sediment load
was usuallv high

There is one issue however for which evidence is more difficult to interpret. As much as
40% of farmers interviewed bv Buckles et al (1992) reported that the mucuna svstem
might induce localized landslides in areas of very steep slopes (superior to 60-70%5)
Discussion with farmers confirmed that such landstides occur once in a while (not every
year) during the peak of the rainy season (anytime between September and November).
under very heavy rainfall conditions (several hundred mm in a few days: see Figure 3 3)
A possible explanation would include a combination of the heavy weight of the wet mu-
cuna biomass. a loosening of the upper soil profile as a result of the shallow rooting
habits of the mucuna plant. and/or a state of supersaturation of the soil resulting from
increased infijtration (see later), inducing a lower shear strength and higher overburden
weight (\V'an Es. pers com ). Some farmers also indicated that landslides might result
from the lack of deep rooting or anchoring caused by the substitution of the traditonal




bush-fallow rotation for one with a fairly shallow-rooted species such as mucuna. The
fact that mucuna can effectively suufocate trees if lefit unpruned (in much the same wav
as it suffocates weeds) may contribute to this phenomenon.

But these alleged mechanisms are not completely convincing. A first argument consists
in recognizing that the landscape in the mountains of Northern Honduras aprears to be
geologically very young, having not yet fully stabilized. Hence there are numerous areas
where mass redistribution continues to take place “spontaneously”, and sectors of
abrupt slopes are among the prime candidates for being affected by this gravity-driven
redistribution process (whether such a landscape should ever be subjected to large scale
cultivation is definitely a relevant question). Also, one could argue that when quantities
of water pouring on anv landform reach hundreds of mm in a few hours or days. some-
thing dramatic is poised to happen, and the actual role of the mucuna cover in causing a
landslide is probablv insignificant compared to the role plaved by the she.r masses of
water obliged to find their way downhil]l This may explatn why landslides when they
take place affect lands under all kinds of land use, from virgin forest to pastures to fields
cultivated without mucuna, without obvious preferential impact on any one categony of
land use This could clearly be seen in November 93 when 400 160 700 mm fellina 1§
hour period on October 3 1st, causing countless landslides in the hillsides

In all cases. the issue seemed imponant enough to warrant addressing it in a general sur-
vey of the mucuna system conducted in the summer of 94. Farmers were specificallyv
asked about the occurrence of landslides in their fields prior to and after the introduction
of the mucuna rotation. Of 34 fields having suffered from landslides (out of a total of 44
fields included in the survev), 62% (21) had had similar problems before mucuna was
ever introduced Furnthermore. only 1/3 of the farmers did incriminate mucuna in the
occurrence of landslides Perceptions varied strongly from village to village. in Piedras.
where landslides are common, farmers coincided in blaming mucuna for making things
worse. whereas in San Francisco de Saco, where landslides are rare. most experienced
mucuna users actually vehemently opposed this view

In summary. it is fair 1o sav that globally, the mucuna svstem is extremely efficient at
preventng erosion darnage. thanks 10 the creation and year-round maintenance of a thick
mulch protecting the entire soil surface from the direct impact of rain drops and its con-
sequences With regard to the landslide i1ssue, evidence remains inconclusive in either
direction, and further assessment is needed

5,6.2 Bulk density & macroporosity

5.6.2.1 Bulk densiry

Bulk density was measured at three depths' 1-8 Sem, 11-18 5 ¢m and 41-48.5 ¢m (this
Jatter sampling in conjunction with inorganic N monitoring see chapter 4). As a pre-

liminan step. the relationship between gravimetric moisture content at the time of sam-
phing and bulk density must be considered briefly. as these two variables were strongly
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related (Figure 5 8) the r-square reached 0.7 on 75 samples for horizon |, and 0.43 for
hortzon 2 (p < 0.001 in »th cases). Measured bulk density values were consistently
lower under high moisture content (i.e. shortly after a good rain), and vice versa This
may be related to the marked tendency for soils in San Francisco de Saco to shnnk or
swell in response to dry or wet moisture conditions, respectively In a swollen state.
measured bulk density values would tend to be lower, and higher when shrunk. a condi-
uon further reinforced by the fact that large visible cracks were sy siematically avoided
during sampling. As clay composition or soil organic matter content were not analyzed
on the cores, and as sampling could not be redone, this hypothesis remains untested. and
it 1 not possible to rule out a measurement anifact.
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Figure § 8. Relationship between gravimetric moisture at sampling and bulk density in
the 0-10 cm honzon, San Francisco de Saco, Northern Honduras.

With respect to the effect of 1ime in the mucuna rotation, it was found that for all three
horizons sampled. average bulk density values at the field leve) tended to decrease over
time (Table 5 8). In the first horizon, bulk density dropped sharply from an initial value
of 1 35 to about )} 20 in old mucuna fields {the regression of bulk densitv on vears in
mucuna was highly significant. with p <0.01) For the lower horizons. the drop was
smalier: from 1 40 to about 1 32 in honzon 2 (NS) and from | 45 to | 37 in the third
horizon (p < 0 04) These trends are consistent with the measured increase in soil or-
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ganic matter content over time, and also wath the qualitative increased “looseness” or
“softness’ of the upper profile reported by farmers.

Table $ 8 Changes in bulk dens:iv over time for the 0-10 ¢m and 10-20 cm honzons in
the mucuna/maize rotation, San Francisco de Saco, Northern Honduras

honzon 0-10 cm 10-20 cm 40-50 cm

pomucuna 13630.145 14] 20065

-2 years 13240066 132%0.072 14540022
4-Tyears 120+0075 13240124 14020067
8-11 years 128+0083 13740066 1422%0076
2 12years 120+009% 13320064 1370070

Each \aluc represents the avcrage for a pinen age class and depth followed by its standard dex 1anon

3.6.2.2 Macroporosin

Regardless of what happened to the total porosity (as reflected in the bulk densny fig-
ures). shifts in the distribution of pores of different sizes may take place as a result of
mucuna use. This hypothesis was examined by quantifying the porosity associated
with pore sizes ranging from a diameter of 0.395 mm for the largest to about 0 015 mm
for the smallest The study was ¢conducted in the same fields and approximate positions
within each field for which infiltration was measured

Reflecting the changes in bulk densitv. total porosity increased over time. especially in
the 0-10 cm horizon Furthermore. there was an initial increase both in the porosity
above 15 um and above 133 pm following the introduction of the mucuna rotation (from
Jess than 8% of the soil volume to about 10%. and from about 3% to about 5% respec-
tivelv). after which the values obtained remained virrually stable (Table 5.9. Figure 5.9).
For the second horizon, with the exception of one one-year old mucuna field presenting
a higher porosity than any other field. porosity was essentially tdentical for all fields.
and quite high in all cases . The same data can also be analyzed in terms of the relarive
pore size distribution for the various fields and age classes In both horizons, the po-
rosity above 133 um increased from about 40-42% to about 55% of the porosity above
15 um | whereas conversely, the porosity between 15 and 133 um decreased from $8-
60% 10 45%,




Table 5.9° Changes in soil porosity over tme, San Francisco de Saco

tvalues expressed in % soil volume occupied by each pore s1ze class:

horizon 0-10 cm horizon 10-20 e
pore class =>f total  pores pores pores | total pores pores pores
Age class poros ' 2157 >1332 >395%poros 215 2133 2395
no mucuna }490% 76% 32% 10% 1470% 95% 38% 1.4%
1-2 years 507% 103% S56% 22% 1505% 11.5% 62% 2 1%
4-8 years 54.7% 9.7% 52% 1.35% }503% 107% 57% 22%
> 12 vears }546% 94% 53% 22% }497% 86% 47% 19%
" total porosity based on bulk density values
* soil volume occupied by off pores greater than 13, 133 and 395 pum. respectneh
. Horizon 0-10 cm Horizon 10-20 cm
o- 12% : pore size
e = classes um
. § 10%
% IT) o 1518
e 8 i o 18.35
8w — ® 3568
o @ 6% B 68-133
ES 4 g m133-395
[
o £ B> 395
— 0 2% |
ca 0
07}
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Figure 5.9: Changes in macroporosity (pores > 15§ (im) over time in the 0-10 and 10-20
¢m hornizons under the influence of the mucuna/maize rotation. San Fran-
cisco de Saco. Northern Honduras
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It should be noted that the only checi plot sampled in this study was probably not very
representative ~ the usual conditions found in fields without mucuna: it had been in
long-term pasture (likely to induce a certain compaction of the upper horizon) rather
than in arbustive fallow. Hence the apparent increase in porosity associated with the
largest pore sizes might not be widelv extrapolable. What however is most stnking is
that the mucuna rotation appears to allow the marenance ~f a exiensive array of large
pores, without any tendency for degradation of this favorable architecture over time.

£.6.3 Infiltration

Of the various vanables measured during the infiltration studv, steady-srate mfilrarion
rate is the parameter most directly related 10 a intrinsic profile property (Hillel. 1982)
It was observed that these rates increased markedly with time spent in the mu-
cuna/maize rotation (Figure & 10). even though vanability within and berween fields was
quite high (see also Horowitz, 1995).

Most other variables related 1o the infiltration process (such as run-off rates or time to
run-off) de; 2nd on the measurement protocol, and particularly the choice of a rainfal
intensitv (about 100 mm hr') and hence their meaning cannot be easily extrapolated
Besides nme spent in the mucuna rotation, a number of factors and conditions wrelated
to plot history or rammfall rare may potentially influence infiltration rates in this study.
we considered slope. topograrhic position (shoulder vs. backslope). presence or absence
of a surface mulch (this latter condiuion being created artificially immediately prior 1o the
application of water). and initial upper profile wetness as possible codeterminanis of
infiltration rates  Average values taken by these varjables for the different ages included
in the sample of fields are presented in Table 5 10

Of the possible codeterminants of infiltration rates unrelated to plot history. only topo-
graphic position and ininal profile wetness were found to have a detectable influence
(Table 5.11). Steadv-state infiltration was slightly but consistently higher (about 7

mm hr ) for shoulder positions compared 10 backslope ones. Similarty. drier inital con-
ditions in the upper profile (found panticularly. but not exclusively. in the unmulched
check plots) led to increased infiltration, as a result of increased capacity for water in-
take in the profile. Conversely, neither the local slope (measured at the exact site when
the infiltrometers were installed) nor the presence of a surface mulch at the time of
measurement seemed to affect infiltration rates.

With respect 1o the mulch, the fact that it presents a very open architecture makes it a
fairly improbable barrier to infiltration compared to the soil proper. Also. one would
need 1o take into consideration the actual orientation of mulch fragments on a micro-
scale to account for its effect on water penetration. The lack of effect of slope is some-
what surpnsing. but it could be a consequence of the very small scale used for the meas-
urement (area of infiltration smaller than 0 1 m*), unsuitable for the detection of the in-
fluence of macro-scale factors such as slope

128




1egression of mean ss-inf on vears in mucuna
ss-inf = -0.2738 " age "2 + 7.097 ® age + 29.77 {RA2 = 0.757)
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Figure 5.10 Changes in steadv-state infiltration rates over time under the influence of
the mucuna/maize rotation. San Francisco de Saco. Northern Honduras

Table S 10. Changes in infiltration and related variables over time in the mucuna svsiem.
San Francisco de Saco, 1994

Eacl cell represents the average for the age class. followed by s standord devianon

\anable

no mucuna 1-2 years 4-8 vears 2 12 vears
(N=8) (N=40) (N=34) (N=32)

steadv-state imfill. (mm. )

225 £114 371£287 6350x260 749282

slope (%4 -
1hme rnoff (nm)

imnal vol. soil moisture -

storage 0-5 cm (mm) *

16% + 5%  37%+ 15%  36% + 8%  40%% 99
0641 £ 0117 09 25 + 2549 2923 + 4747 27 33 # 45 27
021+003 034+008 034+005 033%006
92+28  42%21 4420 43417

" measured on the evact spot wherc infiltration took place. * determined on the 0-3 cm hornvon by TDR
probe readings wken belore and after infiluration water was apphed
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Table 5 11 Multiple Regression of the steady-state infiltration rate (mm.hr") in the
mucuna’maize rotation against various predictors, San Francisco de Saco,
Nonthemn Honduras (N= 110, R-square = 0.523, p < 0.0001)

Predictor coefficient Std. Dev t-value Prob
" constant 14.00 6.23 235 0027
years in mucuna 2.22 0.38 S 83 <0.00]
topographic position 7.34 433 170 0093
time 1o runoff (mn) 0.382 0.055 6.95 <0 00}
mm water stored in the 0-5 ¢cm hor 35} 103 342 0 00)

‘ categoneal yanable. backslope = 0. shouldey = |

Unsurprisingly. time to run-off had a strong relationship with infiltration raes (Table
5.11) As the profile was able 10 absorb water without entering into run-off mode. the
obsenved steadv-state infiltration rate was higher No measured charactenistic could be
found in our data that would “explain™ time to run-off more than marginally (best R-
square less than 0.1). although both length of ume in mucuna and slope seemed to have a
significant. though very small influence.

Once all these factors have been accounted for. the “real” influence of time spent in the
mucuna system on infiltration and run-off rates can be assessed more preciselv ltwas
found that on average. infiltration rates increased by 2 10 3 mm.hr' for each year spent
in the mucuna rotation (Table 5.11) Over fifteen years, this lead to a increase of more
than 30 mm hr’, which corresponds approximately to a doubling of the iniial rates
measured in no of voung mucuna situations Conversely, run-off rates (at 100 mm hr'
rainfall intensity) decreased by about 2 mm hr' yr' on average, from 72 mm hr' in no
mucuna fields to a low 26 mm hr’ in old mucuna fields




From a mechanistic viewpoint. one may expect to find a relatively strong relationship
between steady-state infiltration and porosity Indeed, the general trend in bulk densiny
over time was consistent with the trend in the infiltration data (infiltration increasing as
bulk density decreased. and hence total porosity increased). However. no sigmficant
relationship was found " 2tween infiltration rates and levels of macroporosity measured
on the same sites (Figure 5.11), reflecting either measurement shoricomings. or possibly.
the fact that macroporosity was high enough in all situations not to have constituted a
significant limitation to infiltration. On the other hand. factors more related to pore con-
tinuity than to pore size may play an imponant role No-till mulched systems induce
high levels of earthworm and other soil/liner biota activity, which can contribute to the
maintenance of a dense nerwork of channels and pores connecting the subsurface to the
open atmosphere (Hulugalle ¢7 o/, 1994; Lavelle er al, 1994)
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Figure $.11. Steady-state infiltration (mm hr'') in relation to porosity in the 0-10 cm
honzon. San Francisco de Saco, Northern Honduras,




£.6.4 Summary

Several soil phvsical properties were measured in a limited number of fields representing
the mucuna rotation at different ages The mucuna system induced significant improve-
ments in infiltration rates over time. Although the conditions under which these meas-
urements were made do not represent very realistically what would happen under natu-
ral rainfall at the landscape level, the trends detected probably have a number of
practical consequences in terms of water balance and water circulation at the field level
(see discussion in section 5.8)

Soil porosity also appeared to have increased globally (as measured by bulk density)
while macropores were maintained or slightly increased Finally, while erosion was not
measured. there was however converging qualitative evidence to indicate that it was non-
existent in most mucuna fields. The only apparent problem. localized landslides occur-
nng in certain sites after particularly heavy rains, do not seem 1o represent an 15sue spe-
cifically related to the use of the mucuna system.

§7 CROPPRODUCTIVITY AND FARMERS EVALUATION OF LONG-TERM
CHANGES

Does maintenance or perhaps increase in soil ferulity (as measured on a number of soil
ferilitv componenis) translate in1o increased crop (maize or mucuna) productivity”
This question was addressed by looking at trends in maize vields or mucuna biomass
production as time spent in the mucuna rotation increases. Farmers' own evaluation of
the long-term changes in soil fertility will also be presented. as a supplementary wav of
assessing the vahdity of our analvtical findings.

£7.1 Changes in average maize yields and yield components over time

Table & 12 presents the average trends observed for maize vields in each site in the dif-
ferent age classes

There are four main conclusions that can be drawn from these figures.

(1) average maize yield levels varied markedly by site (from a low of less than 2 tha” in
Rio Cuero to a high of 4.4 in Las Mangas in 1993). The ranking seems to reflect al
teast partially the difference in general soil fertility (pH, availability of exchangeable
bases in particular}.

(2) maize vields in the presence of mucuna were almost doubled those obtained without
mucuna (Rio Cuero constituted an exception, with an increase of 40%0 only, but the
study in this site included only one check plot).

(3) once the mucuna rotation is well-established (more than 3 years). vields seemed to
remain fairlv constant over time. In panicular, there was no apparent tendency for
vields to decline over time




(4) maize yields have a tendency to be more stable in the older mucuna fields: the stan-
dard deviation across sites in fields 8 years or older dropped from 1.5 tha’in
younger mucuna fields to 0.73 tha' in 92/93, and from 1.0t0 0 7 in 93/94,

Table 5.12. Changes in average maize yields (t.ha") as a function of the duration of the
mucuna rotation, Northern Honduras, 1992/93 and 1993/94 winter cycles

a Cycle 92/93

site Data ‘nomu-i 1-2 34 5.7 810 21l
cuna years years vears years years
sample size 4 7 4 14 2 13
SnFeo  yield 16b :22b 37a 30ab 35%a 36a
"""""""""""""" sample size 2 5 o T e
Mangas  yield 25b i42a 42a 4%a (44) --

b. Cycle 93/94

site Data nomu- ; 1.2 3-4 5-7  8-10 211
cuna :years vears years years vears
sample size 10 i 2 3 3 10 10
SnFeo  yield 20b i33ab 37a 27ab 36a 34a
' sample size +4 ;3 6 /f 4 4
Mangas  yield l14b i1Bab 3.1a 32a 3%9a 31la
sample s1ze I 6 6 s 0 “““ 0 """"
Cuero  vield (14) i22ns 20ns 1.7 ns -~ -
......................... mmnhw:e - 06_’_‘6
Predras  yield P - 22b 16b 28ab 50a

Figures followed by the some lener on the same line are not different according
to Tukey s test at the 10% famh rate.

Differences in plant densitv can help explain the apparent vi:ld drop in fields 5 10 7
years into the rotation (cycles 92/93 and 93/94). and also the fact that old mucuna fields
did not outvield the medium-term ones in 92/93 The fact that plant densities were
lower in check plots than in fields planted to mucuna is probably a consequence of
farmers” deliberate adaptation to perceived soil fertilitv (see $.7.3) Together. vears in




mucuna and plant stand were significant predictors of yield levels tn a multiple regres-
sion approach in all sites/years with the exception of Cuero (Table 5.13). Based on the
slope of the equations obtained in the vanous cases, it can be concluded that on average.
every additional year in mucuna yields an extra 50 1o 170 kg ha” of maize. whereas
every additional $,000 plants harvested yields between 250 and 500 kg.ha" of maize

Table 5 13: Multiple regression of maize yields on years in mucuna and plant densities.
Northern Honduras, 92/93 and 93/94.

tha parenthesis, significance level for each regression coefficient)

year & site years in mucuna plant stand Multiple F value df
(kg/hakyr) ! (kg/ha/000) ' R-square error
93 SFS  92(0.1%) S4(<0.1%) 0373  1845(<01%) 6
93 MG 169 (0.5%0) 101 (<0.1%) 0.625 20 84 (<0 1%0) 28
94 SFS 50 (10%0) 47 (1%0) 0.309 826 (0 1%) 37
91 MG 169 (0.2%) =28 (27%0) 0.320 7.05(0.3%) 50
94 CLE -58 (54%,) 65 (22%) 0.127 1 16 (34%) 16
94 PIE 104 (0 9%0) 0(99%) 0.428 4.87 (2 6°%) 13

" partial cocfficicnis in regression Maize vield = a + b (vears) + ¢ (plant stand)

Other maize vield components (Table 5.14) provide an additional way of analyzing the
effect of soil fertility on crop productivity (Fleuny er a/.. 1982) Indicators of favorable
groning conditions pnor to flowening such as the number of ears per plant. or number
kernels per ear (Navarro Garza. 1984; Fleury. 1991) demonstrate a significant improve-
ment with ime in mucuna for the 93/93 ¢ycle. The situation is not as clear-cut however
for the 93/94 cycle

From a qualitative view point, the apparently greater stability provided by the mucuna
rotation in the face of adverse chimatic conditions is perhaps especially striking During
the drier-than-usual 93/94 cycle, many maize fields suffered from drought stress, and in
some villages. yields in fields without mucuna dropped 1o very low levels (less than |
tha'. or even complete crop failure), whereas nearby fields planted 10 mucuna around
the same time were faring reasonably well (2 t ha' or more) The implied improved ac-
cess (0 water by maize in mucuna fields can be ascribed to a combination of reduced
evaporation and better infiltration (see section 5.6 above)




Table 5 14: Changes in maize yield components over time in the mucuna/maize rotation.
San Francisco de Saco, cycles 92/93 and 93/94

a. cycle 92/93

Component nomucuna 1-2 yrs 3-4 yrs 5-7 yrs 8-10 yrs 211 yrs
(N=4)  (N=5) (N=4) (N=14) (N=21) (N=13)
maize yield (1 ha') 10b  22b  37a 30ab  35a  36a
plant dens (000) 260ab  261b 398a 344ab 337ab 323ab
N ear/plant 079ab 072b 079ab 079b 086ab 09la
N Kemels’ear 296 b 366ab 382ab 351ab 388a 391 a
Weight 1 K. (mg) 300ms  312mns 307ns 308ms 322mns  318ns
N.Kemnelsm2 | 636b 842ab 1225a 960ab 1106a 1338
Weight | ear (g) 89 b 116ab 117ab 110ab 125a 124 ab

b cyvele 93794

Component no mucuna 1-2 vrs 3-4yrs $-7yrs 8-10vrs 211 vrs
(N=10) {(N=2)  (N=3)  (N=3)  (N=10) [IN=I0)
‘maizevield (tha'y | 20b 33ab 37a 27ab  36a  3A4a
plant dens (OO‘(‘)‘) ....... 250b  394a 369ab 270ab 3l4ab 386a
N ear/plant 087ns O088ns 084ms 08Ins O092ns ORInms
N.Kemels/ear 32)ns  326nms 336mns 347ns  368ns 53] s
Weight 1 K. (myg) 32l ns 299 ns 356ns 355ns 348 nms 306 ms
‘N Kernels/m? 678b 1121ab 1075a 795ab 1051a 1163a
Weight | ear (g) 103 ns 98 ns 120 ns 124 ns 127 ns 108 ns

Figures folloved by the same letter on the same line are not different accordimg 1o
Tukey's test at the 10% family rate.




5.7.2 Changes in average mucuna biomass production over time

Mucuna production, a hidden output from the farmers' perspective, may potentially be
affected by enbanced soil conditions, which in tum would influence maize productivity.
The evidence is not enurely clear however (Table 5.15). For the 92/93 cycle, the young
mucuna fields included in the study produced significantly less biomass than other mu-
cuna fields, but this was not observed in 93/94. In two sites however (San Francisco
and Piedras), the highest biomass production was obtained in the oldest mucuna fields
A fairly similar situation was observed with respect to nitrogen accumulation

&7.3 Farmers® evaluation of long-term changes

Farmers using the mucuna rotation were asked to compare yields they could reasonably
hope to get before using mucuna and afier it was firmly established in their fields 1n the
most extreme cases. farmers reported that mucuna had helped tnpled yields or even re-
claim what thev considered fields too poor to produce a maize crop. On the other hand.
some farmers reportied no changes at all or only very minor vield increases Averaged
across sites, the reported vield gain reached 70%, from about ] Stha' 1026 tha’ (itis
not the place here to analyze the discrepancy between yield data obtained via surveys
vs measured in the field see chapter 3 and Poate. 1988)

It is also interesting to note that an overwhelming majority of farmers (43 out of 46)
considered that the soil quality of their fields had improved qualitatively (soil was
judged “bener” or “much better” by equal proportions of them) upon introduction of
mucuna Many of them claim to deliberately use higher plant densities in mucuna fields.
as thev feel that the soil is capable of producing more. And no farmer ever reponed a
degradation In collective interviews conducted at the village level. farmers were explic-
itlv asked 1o consider any negative behavior or characteristic which would start to affect
mucuna fields with the passing of time, but they could not identify any single specific
instance of such behavior (not even the famed landslides seem 10 affect preferably old
mucuna fields) Another solid indication is given by the higher sale or rental values
fetched by land in mucuna compared 1o average farm land: the increase can reach $0%
t070% (Buckles ef a/, 1992, Humphries, 1994).

Altogether. mucuna farmers are extremely satnsfied with the agronomic results associated
with mucuna use A final proof is perhaps that none of them has ever abandoned a mu-
cuna field for agronomic reasons (the few cases reponed were related to issues of land
tenure or to changes of land use).
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Table S 15 Changes in average above-ground mucuna biomass production (tha') and
nitrogen content (kg ha') over time in the mucuna/maize rotation. Northem
Honduras, 1992/93 and 1993/94 winter cycles.

a. Cvcle 92/93

site Data [-2 3-4 .- 8-10 2 11
years years years years years

sample size 3 3 9 16 i3
SnFco total biomass (tha'y] 69b 104ab 112a 110a 112a
total N (kg ha 'y 112b 246ab 276a 263a 289a

b Cycle 93/94

site Daia 1-2 3-4 87 810 211
years years \vears \vears \ears

5 3 10 10
128ab 118ab 118b {42a

sample size
SnFco total biomass (tha')

[
| 3 5 N
2
=S

total N (kg ha'y 206 ab 320a8b 3l14ab 286b 377a

scmple size 3 6 i2 4 4
Aangas 1otal biomass 109ns 108ns 110mns 11 6 ns 109 ns

total N 261 ms 294 ns 272 ns 291 ns 276 ns

.campf; sime 6 6 6 0 0
Cuero  total biomass 106ns 104ms5 }1 5ns

total N 267 ns 255as 301 ns

P ; ; 33 ..............................
Piedras 1otal biomass 10.7ns 10 7ns 10 ) ns 12.3 ns

wotal N 293 ms 299 ns 271 ns 351 ns

Figures follow ed by the same letter on the same line are not different accord-
mg 1o Tukey s test at the 10% family rate.
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5.8 DISCUSSION AND CONCLUSIONS

After fooking at individual soil properties, it is now possible to examine the general sip-
nificance of the apparent trends associated with the continuous use of the mucuna sys-
tern  Again, this discussion will that our main methodological tool (i.e the chronose-
quence approach) did indeed yield valid insights about the time trend.

5.8.1 Infiltration and water balance in the mucuna system

A key consequence of higher infiltration rates and porosity relates to the induced in-
crease in both profile recharge and water holding capacity. The two former mean more
water 1s available to the maize crop and to support biological activities such as decom-
position and mineralization. This may be particularly imponant during winter cycles
with a marked dry season. and would be even more so in drier environments than North-
ern Honduras. in which water balance becomes a critical parameter in crop production

More infiltration may also induce higher drainage rates under cenain circumstances

This would in turn affect the downward movement of nitrates and exchangeable cations.
an outcome consistent with the observed increase in Ca content at depth (see 8.5.1), An
evaluation of the fraction of water subjected to preferential flow would be needed how -

ever to judge the leaching risk associated with increased infiltration (Bouma. 1991)

Consequences of decreased run-off rates and intact porosity on erosion should not be
underestimated. As run-off is reduced, the erosive action of rainfall is also drastically
decreased. Also, as the mucuna system provides a 100% cover of the soil surface vear-
round. even occasional high levels of runoff do not translate directly into high erosion or
soil structure degradation (such as surface sealing Bielders and Baveve, 1995). as runoff
water flows on top of or in the mulch layer rather than over a bare surface

5.8.2 Mechanisms of change

While this studv documented significant changes in soil properties. processes and
mechanisms driving these changes remained largely undocumented. What role play deep
mucuna roots and mycorhizae in recycling nutrients and/or making them available year
afier year (Rosemeyer and Gliessman, 1992). Perhaps one has to look also at the sig-
nificance of the uptake waking place directly in the lhitter layer (Schlather and Duxbury,
19%4). as evidenced qualitatively by both the impressive amount of mucuna roots found
in this Javer, and by the numerous maize roots lying directly at the soil/hiter interface

On the other hand, soil fauna feeding on the hitter and the sol organic matter play cer-
tainly a key role in bringing fresh organic mater into the soil matrix and eventuallv in
maintaining or increasing the stock of sotl organic matter And as hvpothesized earlier.
thev may contribute greatly to the maintenance of a network of continuous pores




£.8.3 Is the mucuna/maize rotation sustainable?

Perhaps 1t 15 time to restate the challenge of continuous cultivation in fragile environ-
ments when long-term fallowing cannot be relied on anymore as a means of penodically
restoring soil fe=ility A major threat in many of these situations (and specially in hill-
side context) is a rapid decline of soil fertility associated with heavy losses of nutrients
and soi! caused by erosion and mining of the resource base without restitutions. As soil
ferility declines, and noxious weeds start competing strongly with crops, crop yields
drop and farming becomes rapidly both very tedious and unprofitable. leading to aban-
donment of the fields. This is the background against which to judge the achievements
of the mucuna system.

The analysis of long-term changes conducted in this chapter provided ample evidence 10
conclude that after 10 to 15 years of continuous use of the mucuna/maize rotation. the
system was doing very well overall. Perhaps the clearest sign of success is that maize
yields were actually as high or even higher in old mucuna fields compared to young ones.
and on average about double those obtained in check plots not planted 1o mucuna From
an environmental viewpoint. a number of positive results were observed, which were
fairly consistent across sites, in spite of sizable differences among sites in initial soil
conditions and in rates at which changes were seemingly taking place (perhaps an ari-
fact stemming from the differences in the construction of each chronosequence)

For one thing, there was practically no active erosion in the mucuna fields. thanks 1o the
protective cover provided by the mucuna biomass throughout the year (erosion rates
were not quantified however) Soil organic content (carbon and nitrogen in particular)
increased markedlv over time, especially in the upper 5 cm of the soil profile. No signs
of soil acidification were detected, something congruent with the efficient cvcling of nu-
tnients (particularly nitrogen) reported in Chapter 4. Soil physical properties such as
porosity and infiltration were maintained or improved. Also. even though no measure-
ments were made. biological activity in the mucuna fields seemed qualitatively im-
proved. as a host of arthropods, eanhworms, and fungi could be found at or close (o the
interface between the mulch layer and the soil matnx

Hence. from a strictly agroecological perspective, the mucuna system seems indeed sus-
tainable over at least fifteen years, at a reasonably high level of productivity (about 2-4
tha' year' in its present management) Clearly, conserving or even improving the re-
source base does not in itself guarantee the global sustainability of a cropping system,
(Humphries, 1994, chapter 6; Kleinman, 1995). But the mucuna system offers at least
farmers the option of continuing if they wish to do so. Should they decide to shift to
another land use, fields which ha\ ¢ been in the mucuna system for several years do not
present restrictive factors frequently associated with degraded agricultural soils (fow
fertility, high weed or pest pressure. compaction, etc.): they are probably in an ideal
condition to guarantee the successful implementation of anv other crop. pasture or tree-
based svstem




Chapter 6

GENERAL DISCUSSION

This chapter offers an open discussion of major agronomic and socioeconomic issues
related 1o the use and performance of the mucuna/maize rotation. The objective is to
explore 1ssues which have a direct impact on how the mucuna system could be im-
proved. why improving it is necessary, and more generally what is the probability that
this or similar svstems may play a positive role in the long-term improvement of farm-
ers’ standards of living and in the simultaneous conservation of fragile environments.

This analy sis relies on interpretations presented in chapters 3, 4 and 5. as well as on
discussion with and writings of social scientists who all have an intimate knowledge of
the mucuna system, such as D Buckies, S. Humphries and G. Sain 1 have also used
qualitative insights gained through my extended interactions, formal and informal. with
many mucuna users and other specialists in the Atlantic littoral.

6.1 AGRONOMIC PERFORMANCE OF THE MUCUNA/MAIZE ROTATION

As was demonstrated in earlier chapters, the mucuna system is a fairly successful crop-
ping system: this study did not detect significant flaws from an agronomic viewpoint.
considening the resources farmers using the rotation have access to  But from a socio-
economic perspective (see 6.2). higher average yields would make the system much
more attractive to present-day users The best yields observed in farmers’ fields $-6
tha vs. aregional average of 2-3 t ha” prove that this can be achieved Managemen
issues 10 consider if average yields are 10 be increased are discussed below

6.1.1 Importance of and latitude in the choice of a slashing date

Deciding on a slashing date 1s perhaps the single most imponant decision a farmer has to
make in the vearly management of his mucuna field The decision is constrained by two
quite distinct factors: on one hand, farmers must wait until rains taper off and mucuna
has produced viable pods and seeds, while on the other, they have to avoid the risk of a
potentially severe drought stress during the subsequent maize cycle. Additional consid-
erations relate to the synchronization of maize uptake with the release of inorganic ni-
trogen following mucuna slashing: it was shown that the sooner after slashing that
planting occurs, the more nitrogen would be potentially recovered by a maize crop
(chapter 4) Finally. weed dynamics must be considered' the weed-free conditions cre-
ated by slashing do not last very long. especially when Rorrhoellia or other grasses are
present. as these species benefit as much as maize from the favorable growth conditions
offered by the mucuna system (see later)
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Under the circumstances, it becomes clear that (1) as long as farmers rely on natural re-
seeding. there is a relatively narrow window for planting (Decembes/earlyv January ) dur-
ing which most factors and conditions are compatible with the reproduction of the mu-
cuna system, and (2) the choice of a planting date cannot be considered independently
from the choice of the slashing date, as the tming of slashinp has strong implications on
the environmental conditions a maize crop will find.

The issue of replanting mucuna every year (instead of natural reseeding) is worth exam-
ining briefly. Besides the organizational and labor issues (collecting and storing seeds.
finding the necessary labor, etc.) that such a move would imply, it remains unclear what
exact benefit(s) would accrue from doing so. Would the added flexibility in deciding on a
slashing/planting date be advantageous in terms of nitrogen cycling (by being able to
stash a "greener’ mucuna). or positioning of the maize cycle? Controlling mucuna stand
could also increase biomass production, leading to increase nutrient availability. and
provide more options for a successful weed management (see later). Also. inasmuch as
different mucuna germplasm (different maturitv classes. selected for specific insect re-
sistance or lesser amounts of levadopa in the seed, etc ) were to be introduced. replant-
ing would be almost a requirement. On the other hand. it mayv add a new risk. i e thai of
failing to reestablish mucuna properly, something which if it happened would probabl
have dramatic consequences on the following maize cycle

6.1.2 Cultivar and plant density

Many of the higher vields recorded in this studv were obtained by farmers using second
or third generations of an improved open-pollinated cultivar (Honduras Planta Baja).
rather than local genotypes. Additionally, plant density in these plots was also higher
than average (above 40.000 plants/ha vs. about 31,000) (see also chapters 3 and 5) The
practical significance of these two observations combined should not be underestimated
A major difference between improved and local genotvpes relates to plant height closer
10 2-2.5 m for the former. and frequently above 3 m for the laiter Reduced plant height
makes the maize planis less susceptible to lodging while also allowing planting at higher
densities Conversely, increasing the density at which local culuvars are planted mav
increase lodging rather than maize yields.

As both mineral nutrients and water are readily available in the mucuna svstem. there
seems to be room for the introduction of improved germplasm. including hyvbrids,
planted at relatively high densities (50,000 or more) This should significantly boost
maize yields in mucuna fields. at the cost of a modest increase in cash expenses. corre-
sponding to the cost of buying commercial seed, which can be found throughout the
Atlanuc littoral

In all cases. the evidence available, alongside farmers’ own perceptions about how to
increase vields in the mucuna system suggest that there would be much to be gained
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from on-farm tests of improved germplasm and higher plant stands. Simultaneously.
effons to improve farmers’ strategies for seed selection should be undertaken.

6.1.3 Weed control and the Mucuna rotation: the Rortboellia puzzle

Being hardly a km away from the main axis of dissemination of Rottboellia co-
chinchinensis (Munguia, 1992), San Francisco de Saco has been an unfortunate and cer-
tainly unwilling witness of the damage this obnoxious weed can produce That
Rotthoellia would be a “perfect” companion to the mucuna system must be explained
briefly. First the environment of a mucuna field is highly favorable to a grass weed like
Rotthoellia . most other weeds (and especially broadleaves) have been de facto eradicated
over the years by mucuna itself Furthermore, nutrients, light and water are largely
available. especially just after slashing. when maize is growing very slowly. Also. farm-
ers’ casual control over mucuna re-establishment allows gaps to develop in the mucuna
stand Finall\. Ronboellia can complete its cycle in a very short time, producing mas-
sive amounts of seed with an excellent longevity (Bndgemohan er a/., 1991)

Farmers in San Francisco de Saco recognize that the cost of weed control has increased
marked!\ in response to the presence of Rottboellia, while maize yields have probably
dropped significantly (perhaps by as much as 0.5 t. ha' on average?) Under the ciicum-
stances. two questions of great practical significance come to mind: (1) can farmers not
vet affected by a Rorboellia invasion protect their fields against a future invasion” and
(2) what can farmers already affected do about it? In both cases, answers are not
straightforward. It seems next to impossible 10 establish and enforce quarantine-like
standards stnct enough 1o limit the diffusion of Rottboellia seed on a regional scale
Also. constant movements of population and animals (including birds') in the region
make it probable that Rotboellia seed will reach more and more sites in the near fuwre
And unless farmers are both knowledgeable and extremely prompt at eradicating anyv
Rotthoelha stand that mav appear communinv-wide (whether in cropped fields. fallows.
along paths. 1 pastures), chances are that Ronboellia will indeed invade many fields
With respect tu the second question, expenences reported in the literature do not give
great cause for optimism. expensive chemical control or ullage seem to be the only
methods that work, whereas mulches have apparently failed (Fisher er ¢/, 1985.
Bridgemohan and Brathwaite, 1989) Antunez e/ al. (1994) have shown that svstematic
replanting of mucuna (instead of relying exclusively on natural reseeding) may help re-
duce the population of Roitboellia in mucuna fields, but the departure and added cost
this would represent vis-a-vis current practices makes it an unlikely candidate for adop-
tion (see 6.1.1 page 140) Perhaps one should accept that as Rorrhoellia continues its
colonization of the hillsides of Northern Honduras, it will probably be an unavoidable
part of the mucuna system. As many farmers perceive it, the added cost and inconven-
ience its presence implies is a small price to pav compared 10 the great benefits deri\ ed
from the use of mucuna Besides. it mayv actually plav some useful role in helping with
nutrient recveling (Lamben and Arnason, 1989, chapter 4)
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6.1.4 Other pest and diseases

Our study has not focused on these issues, although they are undoubtedly important in
a disease-prone humid tropical environment. Two distinct aspects are involved. the
health of the maize crop, and that of the mucuna crop.

Maize in the mucuna system appears to suffer very little from economically significant
incidences of pest and diseases. Among the few cases observed, there was a localized
instance of damage by Phyllophaga sp. which affected two fields in Las Mangas L osses
of seed or seedlings due to rodents or birds in the days after planting were at time sig-
nificant, prompting many farmers to replant the affected areas On the other hand. it
was observed that birds had selected a field without mucuna rather than an adjacent
mulched plot (both planted the same day), perhaps because it was much easier for them
to retneve the seeds in the mulchless plot  Overall, maize health in mucuna fields
around planting time seems quite satisfactory (Ameson, pers. com ). Later during the
cvcle. significant incidences of Spodoptera sp. are more ubiquitous throughout the entire
region. particularly 1n 93/94. lis effect on maize yields has not been determined how -
ever. Losses due to ear diseases were almost always insignificant at harvest time less
than 1% of the total harvest by weight in nearly all cases. something in sharp contrast 1o
what is observed for maize planted during the rainy season (Buckles and Sain. 199%).

Of all sources of Josses. post-harvest 1osses incurred in long-term storage (6-7 months or
more) may well constitute the most serious issue, even though their quantitative impact
has not been measured. These losses are related to management of the harvest (absence
of pre-storage screening of infected ears, inadequate storage conditions) and environ-
mental factors such as the high levels of ambient moisture.

For the mucuna crop, losses of biomass or pods due to pests and diseases alsc appear
marginal. possibly owing partly to mucuna chemical composition (Duke. 1981). Farm-
ers have reponed isolated instances of what may be viral diseases (locally known as
“hielo” Bentley. 1991). but up to now, the Atlantic littoral has been a relatively dis-
case-free environment for mucuna

As a general statement, pests and diseases appear to constitute a minor concern in the
mucuna’maize rotation, probably as a combined result of mucuna’s own biology, favor-
able rotational effects and control of a number of soil-bomne pathogens allowed by the
presence of 2 mulch (Galindo ef a/, 1983, Abawi and Thurston, 1994) Whether this
will continue 10 be the case in the future remains a matter of speculation however A
particular concern involves the probably fairly narrow genetic basis of the mucuna
grown in the Atlantic littoral, owing to its common ongin and autogamous habits (Duke.
1981, Buckles. 1993). This combined with its widespread use would place the mucuna
system in a very weak positton in the case of a sudden appearance in the region of a
major pest or disease for which mucuna would present no resistance. Under the circum
stances, strategies which would widen the genenc basis of mucuna. or increase biodit er-
sitv by introducing other legumes should be considered in the future




6.1.5 Soil erosion and soil fertility

We will not elaborate on this imponant aspect of the mucuna system. as it was the fo-
cus of chapters 4 and 5. Its ability to protect the soil against erosion in the long-run is
certainly one of its most striking features, and leaving aside the issue of landslides. it
does not seem there is much room for improving this aspect of the system The mucuna
system provides and recycles nutrients (nitrogen obvicusly but others as well. such as
phosphorus and calcium) in a fashion guite favorable to the maize crop, making 1t as
efficient as the best agroforestry systems (Kang and Mulongoy, 1992: Haggar and Beer.
1993) It maintains or improves chemical, physical and biological soil properties in the
fong-run

As yet there are no systematic studies which define conditions under which response to
feriilizer will be obtained It was shown however that limited additions of nitrogen fer-
tilizer could boost maize yields by as much as 0.7 to 0.8 t ha" under cenain conditions
(chapter 4) As pointed out earlier. changing varieties and plant stand may be necessary
condinions for the mucuna system 10 achieve its full potential But vield increases mav
not occur consistently unless nutrients are added at a pace or in quantities above the
environmentallv-dependent supplying capacity of the mucuna mulch Alternatively.
an\ change in mucuna management that would increase mucuna biomass production or
mucuna decomposition rates may increase nutrient availability for the subsequent maize
crop. thus making fertilizer additions less necessary. Provided proper wavs of deter-
mining in which situation to use fenilizer are devised, the nisk of failing to boost vields
should be limited, as soil water is relatively available in the mucuna system even in drv
vears A cost/benefit analysis factoring the steep transportation costs of fertilizer (from
commercia) supplier to community to field itself) needs to be conducted on this issue

6.2 SOCIOECONOMIC ISSUES

Understanding the impact that socioeconomic conditions have on both the extrapolabil-
v of the mucuna svstem and also its future existence in the Atlanuc littoral mav con-
tribute to defining realistic lines of agronomic inquiries about the svstem

6.2.1 Who can adopt the mucuna system?

Considenng the desirability of using cropping systems similar to the mucuna/maize rota-
tion in other regions, a key question 1s who 1s likely to adopt such an innovation Evi-
dence available from the Atlantic lintoral underlines several important issues with re-
spect to the patterns of adoption of the mucuna system

(1) adoption was greater among farmers possessing or exploiting relatively large acrea-
ges compared to smaller farmers (respective farm size: 12 ha vs. 5 ha) However farm

size per se was not an absolute constraint to adoption- 56% of farmers with less than

1 63 ha had also adopted the mucuna svstem (Buckles era/. 1992)
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(2) there was a positive relationship between adoption and the form of land tenure.
Those with legally titled land or at least with secure access to it were more likely to
adopt the mucuna/maize rotation than those with precarious access to land (Buckles e/
al, 1992) The laner are reluctant to use mucuna because they can promptly lose ac-
cess to the field in which they would plant it. However, it was observed in San Fran-
cisco de Saco that a number of farmers had planted mucuna in land rented to them. with
the blessing or even under the strict recommendation of the landowner, keen on pre-
serving or improving his capital Finally, some farmers may use the mucuna rotation
simply because they rent out fields in which it is already planted (Humphries, 1994).

(3) there is a marked relationship berween local availability of land for annual cropping
and adoprion of the mucuna system (Buckles ef al., 1992). In effect. many of the small-
est landowners appear to plant and use mucuna on their own land because they can have
access to land for renral during the summer cycle, while their own field is under mucuna
fallow Conversely, were no land available for growing summer maize, many farmers
would hesitate to commit their only field to a summer mucuna fallow (there are cases of
farmers planting a summer maize in their mucuna fields because of lack of other op-
tions).

6.2.2 Opportunity cost of land and land use intensification

How intensive can or should land use be in the mucuna system” The preceding sections
touched on this key issue, which surfaces in many discussions about the potential and
limitations of slash-and-mulch systems The mucuna system represents a significant
step towards intensification compared 1o the traditional fallow/maize rotation (Buckles
er al . 1992), as farmers are able to cultivate the same field year after vear while pre-
serving its future capacity to produce. But the short-term imperative of generating al-
wavs more income makes the 6-month long mucuna fallow appear an increasingly unaf-
fordable luxury. all the more so as population pressure increases. land availability
decreases and more attractive shor-term land uses emerge. Transposed to areas of land
shortages and shorter growing cycles (200 days or less). it appears necessan to devise
more intensive land uses (Buckles and Barreto, 1995). by relying on intercropping rather
than on rotational schemes. or by using legumes with an immediate economic value as
food or as feed (see for example Solomon and Flores, 1994). Alternatively, inclusion in
the rotational or intercropping scheme or elsew here on the farm of high value-added
production seems highly desirable

There is however another side to the issue of land use intensity when dealing with fragile
hillsides Increasing land use intensity may place undue pressure on hillsides towards
producing more than what is safe in such erosion-prone environments This would in
turn expose society at large 10 very high potential nisks retated 10 off-site effects
(Harrington. 1994) gradual loss of sources of drinkable water for the cities. silting-up of
hvdroelectric dams. episodic dramatic damage in the flatlands, or mass migration of
bankrupt farmers towards the city or the national parks. to cite a few tvpical symptoms
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associated with failed hillside management. Therefore, promoting (or preserving) a more
benign, less intensive use of Jand in the hillsides may constitute a desirable social goal.
and economic incentives could perhaps be created to help reach this goal. This collecuve
contribution towards ensuring a responsible management of hillsides would ideally com-
pensate farmers for abiding 10 a less intensive land use. Far from being a subsidy, it
would explicitly acknowledge that a production system should be valued according to its
total productivity (Harrington, 1994): not only short-term physical yields but also long-
term sustainability and a clean environmental record Conversely, the absence of such a
financial mechanism would be a de facro admission that if small hillside farmers are not
willing or capable of absorbing the entire cost associated with environmental conserva-
tion. it will probably not happen. Unless, as discussed by Humphries (1994), coercive
enforcement of environmental protection policies is put in place, which would create
great social tensions and cost society significant resources. There is defimtely a price to
pay off or on-site for environmental conservation (or the lack of 1t).

6.2.3 Comparative profitability of the mucuna system

The absolute profitability of the mucuna system is only relevant in companson to vari-
ous alternatives available 1o farmers 10 invest their resources or generate disposable in-
come In this section, the mucuna system will be compared mainly to the traditional
maize/fallow system, a logical choice given the context in which the mucuna rotation
developed But as farmers are not restricted to maize production. we will also attempt
1o position the mucuna svstem vis-a-vis alternatives such as bean oy livestock produc-
tion

Agronomists have routinely favored the yearly return per unit of land as the standard
yardstick 10 measure profitability, but this choice may not reflect the various strategies
behind farmers” technical choices. nor the appropriate time horizon, especiallv for rota-
tional cropping systems extending over several cycles. 1n manual agriculture for which
labor is likely to be as or more limiting than land availability, return per unit of labor
may be a more meamngful measure of profitability. On the other hand. if availability of
capital or cash is a crucial factor, return per unit capital may be more telling In all cases.
1t would have been highly desirable to evaluate the mucuna system from a// three per-
spectives, but data currently available does not provide insight on more than one. and
rarelv two of these critena simultaneously.

Sain et al (1994) have compared the mucuna system to the traditional fallow/maize over
a six-vear period, thus 1aking into account the actual dynamics of these two rotations
over time Theyv estimated that the profitability per unit of Jand was superior in the
mucuna system only gfier the first three years (considered the investment period) had
elapsed. whereas rewurns to Jabor became superior from the second vear onward Theyv
concluded that as the mucuna system had diffused very rapidlv in the Atlantic httoral. it
was probably the superior return to labor which had triggered adoption. something con-
sistent with farmers’ own evaluation of the svstem These results were however based
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on unrealistically low yield estimates for both systems (see chapter 3, section 3 2 3), the
mucuna system being particularly penalized. I would contend that if more accurate
yield values were used in the calculations, the mucuna system would come out ahead of
the traditional one from thz very first year on both land and labor counts.

Humphnes (1994) compared the costs and benefits per unit of land over one cycle only
of the mucuna system, a mucunaless slash-and-mulch winter maize system, and the
slash-and-bum summer maize system, using yield data from Rio Cuero very comparable
to our own estimates obtained in this community. The mucuna system provided net
profits 52% higher than those derived from the winter slash-and-mulch system. whereas
the summer maize cultivation was returning a small loss. The profitability of bean pro-
duction was estimated 1o be three times (summer beans) to four times (winter beans)
greater than that of the maize/mucuna system' $300-400/ha vs $100/ha However risk
of bean crop failure was greater as well, and nsk of environmental degradation was very
high. panicularly for summer beans. Calculations derived from data based on the higher
whole-field yields obtained by farmers in San Francisco de Saco (Matute. pers. com )
showed that summer maize production was once again not profitable, whereas the mu-
cuna system allowed profits of $300/ha similar to those obtained with summer bean
production in Rio Cuero, and about four times as profitable as winter slash-and-mulch
maize production With even benter average yields (3.2 tha" instead of 2 7 tha'). farm-
ers can pocket as much as $400/ha by growing maize in the mucuna system

In a further analysis. Humphnes (1994) estimated that a farmer with onlv three milking
cows could realize yearly profits as high as those obtained bv a typical hillside producer
of maize and beans (three ha of maize. of which two in the mucuna svstem. and | ha of
beans over the two bean cycles). with less efforts and risk. but on more land howeyer
than this latter (because productivity of pastures is fow). Tabasco chile peppers sold to
a near-by factory was by far the best income-generating enterprise ($2000'ha or seven
times the profits of summer beans, 20 times those of the mucuna svstem) but capital
costs and risk of crop failure were extremely high Buckles and Sain (1995) esumated
that a farmer managing a herd of 10 cows can generate an income 10 times higher than a
day laborer working 200 days during the year. For his part, Flores (1993 concluded
from a comparison of the mucuna systemn to a mechanized fertilizer-based system. both
being used on flat cooperative land, that although the latter provided farmers with 18%
higher net profit per ha, the return per unit capital invested was 30% higher for the mu-
cuna system He also observed that the way expenses were incurred in the two svstems
was radically different: in the mucuna system, 52% of the cost went back 10 local farm-
ers in the form of wage labor, whereas in the mechanized system, 71% of the expenses
ended up paying for inputs and services bought from outside.

In conclusion. a number of comments can be made:

(1) undoubtedly. the mucuna system is the most profitable way of producing maize in
the hillsides. from the view point of return to labor, tand and cash expenditures. Fur-
thermore. this source of income 1s both relatively siable and sustainable over ume
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(2) profitabilitv of bean production, either summer or winter, can be greatly supenor 1o
that of the mucuna system, particularly if maize yields remain moderate (2 tha’ or less).
but risks are greater (environmental, crop failure).

(3)1f farmers can access enough land and/or capital to buy and maintain even a few
cows. and have an easy way to market milk or cheese, the income from raising livestock
is equal and many times supenor to that from annual cropping, at a lower cost in labor
and at a very small risk.

{4) if capital is freelv available, and farmers are willing/capable of taking big nsks, high-
value crops such as Tabasco chile peppers can produce incomes an order of magnitude
higher than those derived from maize or beans The i1ssue remains however to know
how many farmers it would take to saturate this type of small-niche market.

6.2.4 An economic future for the mucuna system?

A kev issue for the future of the mucuna system i1s whether a tvpical household of 6 to
10 people can live decently on income derived mainly from the culuvation of maize (or
beans). as it has been the case up 10 now. Assuming the average acreage in mu-
cuna/maize 10 be two hectares. and that in summer beans to be 0.6 ha (Buckles and Sain.
1995). and allowing the highest levels of profits for both crops (3400/ha. see 6.2 3). the
total disposable income (once costs of production, including household labor. are paid
for) would be about $1000 in a favorable vear. i.e. a meager 3100 1o $160 per capita
This disappointing economic result may explain why some farmers (those who have a
choice at least) have started to abandon or reduce their use of the mucuna system. in
spite of its unchallenged agronomic menits. Under present-day economic hardships and
groning cash needs. it simpty does not pay enough to grow and sell maize for a hiving.
even at the higher-than-average market price fetched by a winter harvest

The preceding arpument constitutes perhaps one of the strongest reasons for looking at
wavs that farmers could twist the rotation towards bemer income-generating capacity.

w nhout loosing the major agronomic benefits antached 10 ns presem managemem  Effec-
tive strategies for doing so should contemplate boosting average maize yields towards -
6 tha” (i.e double their present level: see 6 1), giving economical uses to mucuna
biomass and seeds (such as feeding Jivestock) so that the mucuna fallow would na more
be “wasted” time, or introducing high value-added crops such as fruit or timber trees
(ramboutan. mahogany) /» or on/side mucuna fields, which would simultaneously add
diversity and perhaps even durability to hillside mucuna-maize farming Another ave-
nue would be to devise a mechanism by which society at large would contribute to the
income derived from using environmentally-friendly practices (see 6.2.2)

Even though our discussion has focused heavily on what may be done to increase the
income-generation capacity of the mucuna system itself, it should be clear that any al-
ternative that would bring about a sustainable increase in income ar the farm level would
be welcome [ would argue that perhaps the "best’ role of the mucuna svstem mas be to
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allow the achievement of durable food security by hillside farmers and communities. as
thev would rely on a productive, environmentally-friendly, low-risk system to produce
what they need for home consumption on a relatively small acreage On the remainder
of the farm, other sustainable systerns based on annual crops. agroforestry, perennials.
cattle rising, or harvesting of forest products may contribute to income generation as
efficiently, or more efficiently, than the mucuna system or a modification thereof In
other words. diversification and astute explontation of market niches and/or of the few
comparative advantages of hillside environments may be a better bet than a blind belief
in the unlimited wonders of the mucuna system.

6.3 EXTRAPOLABILITY OF THE FINDINGS OUTSIDE NORTHERN
HONDURAS '

In this section, we will distinguish what in the success of the mucuna svstem appear to
be adaptations and performances specific to the Honduran Atlantic littoral context from
what appear to be principles or features of any slash-and-mulch system whose validin
encompasses a broad range of environments and circumstances. Although it may appear
somewhat arbitrarv, we will distinguish berween agroecological and socioeconomic fac-
tors and conditions. in the belief that such dichotomy will help separate the technical
feasibility of slash-and-mulch systems from their actual adoptability by farmers.

6.3.1 Behavior and performance specific to Northern Honduras

The Atlannc httoral is endowed with fertile, largelv undegraded soils. and abundant rain-
fall. thus creating conditions favorable to a rapid inital establishment of the mucuna
crop in a field. a high level of annual biomass production and a relativelyv risk-free, high-
vielding maize cvcle Such conditions, even though thev occur elsew here are relativel
rare in Central Amenca (Buckles and Barreto, 1995) In that sense. the ‘natural” domain
of direct agroecological extrapolability of the mucuna svstem is rather limited Interest-
ingly. spontaneous adoption of mucuna-based systems very similar to the one in place
in Nonthern Honduras has already 1aken place in these regzions throughout Central
America and Mexico (Carter. 1969, Gutierrez ¢r a/.. 1985, Garcia-Espinosa er a/ . 1994,
Buckles and Barreto, 1995; Buckles and Perales, 1995, Guerrero er af , 1995)

How well mulch systems may perform in drier environments is unclear On one hand.
there is little doubt that mulching can contribute greatly to reducing evaporation (Lal.
1975, Steiner, 1994), and to improving the water balance through greater infiltration
rates (see chapter 5). On the other hand, producing in siu the biomass needed 10
achieve a reasonable soil cover might in itself be a challenge when water availabilin is
limited. and when there are competing uses for any available biomass (fodder. fuel)
(Scopel. 1994) Whether a mulch layer could intercept or immobilize a fraction of the
rainfall thus prevented it from reaching the soil and increasing evaporation is debatable
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Assuming the presence of 5 tha' of muich absorbing 5 times its weight in water, the
maximum potential interception would be less than 2.5 mm, a rather negligible amount

In all cases, the general tendency for lower levels of biomass production seems inevitable
(Tess than 5 t.ha’ of legume biomass vs. more than 10 t ha’ in humid environments)
Interestingly, mucuna itself, as well as Dolichos lablab or Canavalia ensiformis have
proved among the best-growing legumes in semi-arid climates such as Southem Sinaloa.
Mexico (Leaiza, 1994) Conversely, many studies have documented the negative effects
that a Jegume intercrop could have on the yield of a companion maize crop when it was
planted less than 40 to 50 davs after maize planting (Zea er al, 1991, Barreto. 1994). A
solution to this dilemma might be to plant the legume at the end of the wet season, as
several legumes species have been shown to survive well a prolonged dry season (Lobo
Burle era/.. 1992) This planting scheme avoids the risk associated with early inter-
cropping as we!l as the high opportuniry cost implied by a biennial rotational scheme
(one vear of legume followed by a commercial crop the next year).

Influence of imitial soil fertlity alone has not been assessed, but it seems reasonable 10
expect that this would also lower levels of legume biomass production in the first vears
of establishment, at least unul legume-derived nutrients could stan being recveled ac-
tivelv. This would tn tum affect the rates of accumulation of carbon and nitrogen On
the other hand. the mulch layer may shield the crop from many constraints associated
with the soil proper. Schlather and Duxbury (1994) have shown that bean plants
avoided P deficienc: typical of Andosols by growing roots which take up available P
directly in the mulch laver

Agroecological features are onlyv a partial determinant of the success of the mu-
cuna/maize rotation Among socioeconomic factors, a key role was apparently plaved
by the low opportunity cost of land associated 10 the moderate pressure existing (until
recently at least) on hillsides land resources. As land saturation and competition for
access to available land increase. adoption of a relativelv exiensive rotation such as the
mucuna svstem appears less likely (Humphries, 1994, Buckles and Barreto. 1995). or.
as noted eartier. can actuallv provoke its abandonment

The role of regional migration patierns does not appear essential to the success of the
mucuna system. although it most probably shaped the spatio-temporal patterns of
adoption (rate of adoption and number of communities impacted by the adoption).
Similarly. the existence of a market niche (maize prices 50% higher for winter maize than
for summer maize' Buckles er a/.. 1992; chapter 2) seems more of an added incentive
than a determining factor in adoption, as many farmers were alreadv producing winter
maize before adopting the mucuna system.

6.3.2 Principles which seem extrapolable
Clearlv. many beneficial agronomic effects associated with the presence of a consequent

mulch laver are not specific to the Atlaniic linoral of Honduras or 10 the mucuna sys-
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tem. In many contexts. erosion control (or the lack of it) is the cornerstone of any intent
at permanent productive agriculture The almost perfect erosion control brought about
by the combination of no-tiliage and continuous mulching of the soil surface in the mu-
cuna system proves the potential of cover crops to substitute for costly erosion control
works. An associated benefit involves water circulation and storage in 2 mulched soil
profile Mulching improves the water balance by acting both on water entry into the
profile (via higher infiltration rates) and on water exit (via reduced evaporation), the net
benefit being that crops are less susceptible to the impact of prolonged droughts An-
other major benefit derives from the ability of a cropping system including cover-crops
to durably extract and mobilize nutrients (nitrogen, phosphorus, calcium, etc ) through
the periodic growth and restitution of large quantities of biomass. Substrate abundance
coupled to the creation of a suitable habitat, promotes the development of a vigorous
soil/mulch biota. which becomes a major mediator in the recycling of nutrients. Recy-
cled nutnents contribute both to increased crop yields in the short-term and long-term
improvement of soil fertility (by staying or becoming more available in the root zone)
Similar effects. whose magnnude depends more perhaps on mulch quantity than on 1ts
actual composition. have been reported for all sons of annual or perennial legume
mulches (Lal. 1975, Okigbo and Lal, 1982; Wade and Sanchez, 1983, Kamara. 1986.
Tomar efal, 1992 Haggar and Beer, 1993), mixed fallow mulches (Galindo ¢r o/ 1983,
Schlather and Duxbury. 1994) or for mulches made of crop residues (Larson etal . 1972,
Fukuoka. 1978, Albents and Neibling. 1994, Schomberg era/ . 1994).

The fact that mulched svstems are in essence labor-saving is also well-documented (e ¢
Lorenz and Errington. 1991) It stems from the replacement of a hard-to-cut shrub or

tree fallow by an annual regrowth of mainly leafy, easily slashed vegetation. as well as
by the decrease in weed growth induced by the presence of a mulch,

One siriking characteristic of the mucuna system is the reliance by farmers on spomane-
ous ecological processes to optimize the management of the system and reduce the envi-
ronmental and production risks. Trying to extrapolate this point. one mav contend that
any cropping svstem poorly in phase with such processes will probabty ntail inher-
ently higher levels of potential mismanagement, as one or several key practices may not
have a very sound ecological basis. Examples of such problems include summer bean
production or livestock grazing in hillsides. two land uses which frequently lead to high
rates of environmental degradation or crop failure (Humphries, 1694)

How much of the instant success of the mucuna rotation with new users is due to its
nearly immediate effect on maize productivity is debatable. Bunch (1982; 1993) consid-
ers these short-term benefits to be especially imponant in motivating individuals and
communities in adopting a new technology. Certainly. this acts as a powerful incentive
1o convince skeptical farmers that “something good is going on”. Conversely. the ab-
sence of short-term benefits may jeopardize the adoption of otherwise sound technical
alternatives. such as agro-forestry cropping systems




Another imporntant aspect of the mucuna system is that it is a multi-purpose innovation.
in the sense that the introduction of one single “technology™ (the mucuna fallow) pro-
vides answers 1o many simultaneous constraints, from soil conservation to weed con-
trol, nutrient input or labor use. Whereas it has been demonstrated that farmers have a
tendency 1o adopt new “external” technology in a step-wise fashion rather than in pack-
ages (Byerlee and Hesse de Polanco, 1986), the concept of a single multi-purpose tech-
nology is perbaps an alternative model 10 be followed in the design of sustainable crop-
ping systems (Francis, 1993), much in the same way that agroforesters have come to
recognize the necessity of multi-purpose trees.

Last but not least, farmers’ complete control over the technological agenda seems a nec-
essar\ ingredient for a successful technology. The usual constraints linked to the need
for external capital. training or complex information all but disappear in the case of the
mucuna svstem. as it relies strongly on farmers’ past experiences and empincal knowl-
edge (Buckles er al., 1992; Holt-Gimenez and Pasos Cedefio. 1994).

6.4 CRITICALEVALUATION OF THE METHODOLOGICAL CHOICES

6.4.1 On-farm research techniques

Because the mucuna‘maize rotation had been adopted by thousands of farmers in the
Atlanuc littoral, and in the absence of precise hypotheses about the system. an on-farm
research scheme seemed fully justified 1o decipher this cropping system. A wide amay
of tools was used. including farmers’ interviews (collective or individuals). agronomic
monitoring. vield and biomass crop-cut survevs, on-farm experiments. and an asson-
ment of soil sampling activities. The study developed at several Jevels: the region. the
viltage. the ficld and 1the observation plot. A kev concern throughout was to create a
sample scheme allowing for reasonably fair inferences in spite of the high variability
rvpically associated with hillside environments and manual agriculiure For that reason.
it was decided to shield our study from the influence of factors such as elevation (only a
narrow range of elevations was permined within each village). slope (slopes tower than
25-30% and higher than 70% were excluded), and topographic position (only linear
backslope positions were selected) An effort was made to control soil type. but it was
only panly successful. Sampling scheme was purposive rather than random, as a major
criterion for field selection was field cropping history with respect 1o the introduction of
the mucuna/maize rotation.

In retrospect. it can be said that variability rematned very high in spite of the precau-
tions taken, and this translated into a number of situations for which no conclusions
could be reached. This mav stem from insufficient efforts to construct our survey in the
form of a quasi-experimental protocol (Gras, 1981). and 10 1dentify factors and condi-
tions 10 be used as explanatory covariables in the interpretation  Conduction of an ini-
nial exploratory survev of the mucuna system would certainly have helped designing a
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better study  Also, a better balance between a purely observational attitude (as was the
case in the agronomic monitoring) and a more experimental inquiry (in which specific
treatments are imposed. as was the case with the ferilizer trials) would have robably
yielded more clean-cut answers. Similarly, the balance between an in-depth
“mechanistic” exploration of a few carefully~chosen fields and a coverage broad enough
to satisfy the statistical requirements of extrapolability of the conclusions was not satis-
factory: ton few sites were selected for attaining the laner, and too few observations
were made to achieve the former. This frustrating result may be an unavoidable conse-
quence of the relatively broad objectives assigned to the study.

Given the mixed results outlined above, a legitimate question is whether the benefits
associated with agronomic monitoring are worth the heavy time commitment such an
activity implies There is undoubtedly great value in establishing a routine that will
oblige the researcher 1o be present and observe fields at several moments during the
growing season. These visits allow an intuitive understanding or at least an appreciation
to develop for whar is taking place in the field. something that no amount of statistical
manipulation of data will ever allow. Perhaps involving more heavily the farmers them-
selves in the agronomic monitoring would constitute a viable improvement over an agro-
nomic monitonng conducted exclusively by the researcher

With respect to the various levels at which this study developed, one could regret that
few brndges were created allowing the passage of one level 10 the other For example. no
quantification of the relative importance of backslope positions was done. and it is
similarly difficult to evaluate the representativeness of the four villages studied within
the Atlantic littoral region This relative flaw stems from the fact that the various scales
were integrated in the survey on the go, without considering the implications that such a
move would create in terms of sampling strategies and conceptual framework (cf the
discussion of hierarchical models in Lavelle er g/ . 1993).

6.4.2 Chronosequence approach

Our foray into long-term effects was based on the use of a chronosequence approach. or
a space-for-time substirution following the terminology of Pickett (1988) Even though
it was impossible 10 test the conclusions within the framework of this study. it seems
fair 1o state that our approach was successful in our main research site (San Franaisco de
Saco) insofar as it was possible to select geographically close-by plots with contrasting
cropping histories and we were able to scrutinize carefully the hisiorical information by
repeated contact with the farmers. The insights obtained under such conditions appear
to be globallyv consistent with agronomic experience gained elsewhere, something which
confers an indisputable solidity to our conclusions. When the chronosequence scheme
was applied more rapidly however. results were mixed. In paricular. it became difficult
10 know whether to trust the trends detected, or to guesuon the construction of the
chronosequence.




It seems than any researcher considering a chronosequence approach should be con-
scious of the high requirements in terms of data quality and quantity. Possible con-
founding factors should be excluded from the sample as much as possible, or controlled
for by characterizing them as covariables, and large samples should be constituted, al-
lowing potentially for ex-post stratifications of the initial sample These requirements
disqualify chronosequences from being considered Jow-cost altemnatives 1o direct long-
term studies. even though their ability to deliver conclusions and working hypotheses in
a relatively short time frame remains very artractive

It appears desirable to use empirical chronosequence approaches in conjunction with
both mechanistic modeling and simulation at the level of the whole-field soil-plant svs-
tem (Jones e/ al.. 1993). and carefully designed field studies focusing on suspected
mechanisms angd processes of change. By combining empirical data with explicit hy -
potheses about mechanisms. the quality of the construction of the chronosequence itself
could be assessed. and specific hypotheses about the nature and quantity of the changes
1aking place could be tested (Cassman er o/, 1995). Also, simulation and field trials
would allow one to explore the effect of factors or factor levels other than those encoun-
tered in farmers’ fields (Uehara. 1994) Such a combined approach would require how
ever that enough baseline information be available at the onser of the study to select and
calibrate an appropnate simulation model (Addiscon. 1993), and to design meaningful
expenmental treatments

6.4.3 Soil fertility measurements

In general. the variables chosen in this study seemed to constitute pertinent indicators of
temporal changes at the scale of the maize cycle (inorganic nitrogen) or the decade (soil
carbon and nitrogen. exchangeabie bases, infiliration). A number of improvements could
however be made. For one thing. it seems necessary to include a characterization of
biological properties, at least in terms of overall activity at kev moments of the mucuna
cvcle. as thisis a critical area where changes seem to be taking place over time. Meas-
urements and sampling protocols should also reflect the fact that much of the system’s
dynamics is related to the functioning of the litter laver/upper soil profile. For example.
it seems necessary 1o characterize decomposition directly in the litter layer, perhaps by
using appropnate hitter bags and ion-specific resin bags technigues to follow nutriem
accumulation a1 the base of the litter layer rather than only in the soi] Dynamics of
organic nitrogen should be evaluated concurrently with that of inorganic N, as it may
plav an imponant role in the redistnibution of nitrogen in the svsiem. Weed dynamics
seem to deserve special atiention as one important mechanism for nutrient recycling
(Lambert and Arnason. 1989). Soil sampling should distinguish clearly the first S cm of
soil profile from lower depths,

Conceprually . it seems also necessary to analvze soil ferility from a more holistic per-
spective. by focusing on the overall processes affecting soil qualitv (Doran and Parkin.
1994. Panhhurst. 1993) a1 the level of the entire soil/linter/plant system rather than on
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static, individual variables whose interrelationships remain unknown. A careful exami-
nation of the various scales at which soil fertility is determined would certainly be
needed. in this study, we focused on small 10x10 m’ observation plots (a rather arbitrary
unit), whereas “natural” superior scales (¢ g. landscape) or inferior ones (svil aggregates)
were ignored, in spite of their potential importance in determining specific processes
{McGill and Myers, 1987, Lavelle er al., 1993).
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Chapter 7

SUMMARY AND CONCLUSIONS

Three interdependent objectives were delineated at the onset of this study: (1) document
the main features of the mucuna/maize rotation practiced by farmers in the hillsides of
Northern Honduras. (2) detect long-term trends in soil propenties under continuous use
of this rotation. and (3) understand nitrogen cycling in such a system.

7.1 MAIN FEATURES OF THE MUCUNA SYSTEM

The mucuna‘maize rotation is a low extemal input, no-tillage rotation between a summer
mucuna fallow and a winter maize crop. It presents radical contrasts compared to other
ways of growing maize Compared to a typical maize/fallow system, the medium- or
long-term fallow with trees or shrubs 15 replaced with a short-term herbaceous fallow
Whereas for the tree fallow, burning is perhaps almost a necessity, the mucuna fallow 1§
not bumed. simple sun-drying for a couple of days reduces the mass of slashed material
to a lirter laver no more than a few c¢m thick, easy to walk over, and fasi-decomposing
under the usual environmental conditions prevailing during the maize cvcle

Compared 10 conventional input-based maize production on the other hand. the mucuna
svstem is characterized by 1ts reliance on no-tillage (a necessity in steep hillsides). and
bv a very modest use of external inputs (none in many cases, and at most hght doses of
herbicide and nitrogen fenilizer). Organic inputs are large however. in the form of
slashed mucuna and weed biomass and crop residues Farmers’ practices are integrated
with and dependent on the natural ecology of the mucuna crop Slashing of mucuna
takes place at about the same time as mucuna would die naturally. and farmers relv on
spontaneous reseeding for its re-establishment  Maize nutritional requirements are
mostly met by the nutrients released upon decomposition of the mucuna mulch. which
in Northern Honduras seems to be controlled mostly by moisture availability.

Management of the mucuna rotation appeared fairly uniform across fields and sites
throughout the Atlantic hirtoral of Honduras. in spite of local fluctuations in soils. rain-
fall, slashing/planting dates or weed management strategies. This has two important
implications. First, the effects of the rotation on the physical environment in a given
site can be assigned mainly to the number of years spent in the rotation, not to differ-
ences in management. And second, the conclusions about mechanisms and limitations
reached in selected sites and fields can be readily extrapolated to the mucuna svstem as a
whole

Selection of a slashing date by the farmer was shown to constitute the kev management
opuion in the mucuna svstem, as it also determined planting dates and relative asailabil-
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ity of nutrients for the maize crop. However, as long as natural reseeding remains the
favored option to ensure reestablishment of mucuna (and as long as there 1s no usable
variability in mucuna germplasm maturity class), there is a relatively narrow window for
slashing mucuna and planting maize. from late November to mid-January

This study documented the mostly positive consequences of the way in which mucuna
or maize were managed, given the overall constraints under which most farmers operate.
Long-term trends in soil fertility were positive and yields were satisfactory. at least
compared to other alternatives for producing maize in the hillsides (2 to 4 tha" with
mucuna vs less than 2 t.ha' without). There are however a number of concerns  One is
weed control. Aggressive annual grasses such as Rorrboelha cochinchinensis will likely
prosper in the mucuna system, although a stricter control by farmers over mucuna re-
establishment might mitigate its negative impact. Another concern involves the need to
provide hillside farmers with a better income-generation capacity in the future Even
though planting basic grains is certainly not the best avenue for generating income. use of
the mucuna system could relativ-'v easily lead 1o maize vields of S to 6 t ha' in many
well-established mucuna fields, u.ven the high soil fertilitv and water availability  But
achieving high yields would imply increasing plant densities significantly above present
stands (around 30,000 plants/ha). which in turm would probably require a shift away
from tall local tandraces susceptible to lodging. and towards improved germplasm.

7.2 NITROGEN CYCLING

A partial swdy of nitrogen cycling confirmed the extremelyv dynamic nature of a mucuna
stand Periods of net accumulation of biomass and nitrogen (i.e when mucuna is grow-
ing) alternate with periods of net mineralization (after mucuna has been slashed). al-
though there is overlap between these two processes At any given time. there is al-
way's at least some vegetation actively growing, and some recently-formed htter
decomposing

Large amounts of nitrogen are cycled in the mucuna svstem every vear. An average of
more than 300 kg ha' of nitrogen could be found in the above-ground biomass of mucuna
at slashing. Following slashing, there was a marked increase in the quantity of inorganic
nitrogen found in the soil profile (from 50-60 kg ha" before slashing up to 120 kg ha' in
the 0-60 ¢m profile). This peak had mostly disappeared after 4 10 6 weeks. under the
combined influence of maize and weed uptake. It was estimated that a maize crop
yielding about 4 t ha" accumulated around 100 kg ha”in its above-ground biomass
whereas weeds could mobilize up 10 50 kg ha" before they were controlled, and even
more than this after farmers had stopped controlling them. A fraction of the nitrogen.
perhaps as much as 50 to 80 kg.ha' on average appeared to be stored in the newly-
formed soil organic matter every year There was no evidence that losses of nitrogen by
either ieaching or volatilization were playing an important role in the mucuna svstem
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Considering the availability of inorganic N in the soil profile on one hand. and the quan-
tities of nitrogen exported via maize harvest or stored in the soil on the other hand. it
was argued that vearly biological nitrogen fixation by the mucuna crop was probably of
minor importance compared to the ability of the mucuna system to recycle nitrogen via
the activity of mucuna, weeds, maize and the soil/linter biota. This latter would account
for about 200 kg ha" vs. no more than about 100 kg ha” for biological fixation.

Based on the results of a series of N x P fenilizer trials, it was concluded that use of
chemical fertilizers in the mucuna system was for the most part unnecessary, as the
abundant mucuna mulch (more than 10 t.ha' of above-ground biomass on a dry-matter
basis in most cases) provided quantities of nitrogen, potassium. and phosphorus (about
300 kg.ha'. 100 and 20 kg ha" on average respectively) well above or at least equal to the
nutritional requirements and exportations of a maize crop However, and especially if
maize yields are to be increased. supplemental N ferulization might provide the maize
crop with access to inorganic N above the limited insramaneons supplving capacity of
the mulch. which vary markedlv in response 10 environmental conditions In a relauneh
wet cvele. this supply was adequate to meet maize nitrogen requirements (no response
to added nitrogen was observed) Conversely. in a drier cycle. supply by the muich was
reduced. and a significant response to nitrogen fertilizer was obtained There was how-
ever a sizable vanability in the amplitude of the response, which remains largely misun-
derstood at this moment

7.3 LONG-TERM TRENDS IN SOIL PROPERTIES

By using a chronosequence approach consisting of a comparison among fields having
been subjected to the mucuna rotation for various lengths of time, from never to more
than 15 years of continuous use, a number of important conclusions were reached

First. there were no signs of active soil erosion in mucuna fields. the dense mucuna can-
op\ protects the soil surface during the period of intense rains (numerous single rains
above 100 mm) and there is a continuous litter layer year-long. The potential role of
mucuna in favonng localized landslides on very steep slopes remains to be elucidated
however. This near-perfect, low-cost soil erosion control is certainly a major contribu-
tor to the agroecological sustainability of the mucuna system In an erosion-prone envi-
ronment

Not only-is soil conserved, but soil fertility seems to increase over time in many fields.
In our main research site. levels of soil organic matter increased by as much as 30 10 50%
in the upper soil profile (first 5 cm). Levels of exchangeable calcium and magnesium
increased throughout the soil profile (sampled 1o a depth of 60 cm), probably as a result
of mucuna’ ability to accumulate these nutrients (150 kg ha' of calcium were present on
average at slashing time in the above-ground biomass). Although the large amounts of
nitrogen mineralized by the mucuna mulch seemed to create a potential risk for gradual
soil acidification. no such trend was detected
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Soil physical properties also showed positive trends: steady-state infiltration rates ap-
peared to increase markedly over time with the use of the mucuna rotation, whereas
total porosity increased. especially in the upper profile. Old mucuna fields had as many
or more large pores as fields where no mucuna had been grown.

Finally, even though biological activity was not measured, there was abundant qualita-
tive evidence to indicate that the litter layer and upper soil profile were the site of in-
tense biological activity from a variety of fungi, arthropods and earthworms, among
other organisms.

7.4 THE QUEST FOR SUSTAINABILITY IN HILLSIDES

Two central questions regarding the mucuna/maize cropping system are (1) ts it sustain-
able” and (2) can 1t (or its principles) be extrapolaied to other regions or environments”

I would answer yes to both questions, with the following restrictions. Sustainability
cannot be judged only by the fine agroecological performance of the mucuna system
(Harrington, 1992). The capacity to produce a marketable surplus bevond the house-
hold food consumption requirements is essential 10 guarantee household survival and
development. The mucuna system, while undoubtedly superior to other alternatives.
hardly generates more than subsistence income. This stems from a combination of the
low market price of maize, and the small areas cultivated by most farmers If a fraction
of mucuna biomass were used as a forage crop, or mucuna seed were partially collected
for supplementing pig rations, many households could probably increase their profits
Perhaps a better solution would be 1o intensify maize production on a small area under
the mucuna’/maize system (thus meeting the objective of food securitv chernished by
many farmers) while engaging in other environmentally-friend'+ . high value-added pro-
ductions on the remainder of the farm. Altemnatives may include introducing livestock
together with improved pastures (thus bypassing the need for large landholdings). or
planting vegetables. fruit trees or timber species with a good market value If this were
to happen. the farm-wide adoption of the mucuna svstem observed presently would be
a necessary. transitory phase on the way to diversified, sustainable farminy

With respect to extrapolability, areas of the humid tropics (not necessarily hillsides)
with a short dry season and relatively low pressure on land could benefit most from a
direct transfer of the mucuna system. However, 2 number of principles are valid in nu-
merous other environments Combining no-tillage. mulching and crop rotations to con-
trol erosion. weeds and other pests, to supply nutrients, to optimize water use and to
maintain or rebuild soil fertility over time is undoubtedly critical. As rainfall becomes
less abundant however, accumulating enough biomass to produce these vanous effects
becomes an imponant issue. A number of alternatives for maintaining a minimum soil
cover exist tn extreme cases. 1t has been shown that even a modest 2 t ha” of crop resi-
dues used as mulch may offer advantages compared to clean cultivation (Scopel. 1994,
Unger. 1994) Other worthw hile features of the mucuna svstem include the reliance by
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farmers on narural ecological controls and processes to optimize crop management, the
low cost (in capital, labor and information) and short-term benefits associated with the
introduction of a legume fallow, and the control farmers exercise on the technology

7.5 ESTABLISHING A RESEARCH AGENDA ON MULCH-BASED
AGRICULTURE

The principles embodied in the mucuna system are hardly new, even though thev have
not been widely documented in the conventional agronomic literature of the past 40
years (Sanchez. 1994). The mucuna system is one of numerous successful slash-and-
mulch cropping systems, some centuries old, developed by farmers throughout the
tropics (Thurston, 1994): other examples include the Frijol Tapado system used exten-
sively in Costa Rica (Bellows, 1992; Araya V. and Gonzalez M., 1994), or the maize-
chinapopo (Phaseolus coccinus) found in the highlands of Honduras (Solomon and Flo-
res. 1994). In spite of their ments, these systems are no panacea for smallholder agricul-
ture. given the acute pressures on the resource base observed in most tropical countries.
The capacity of slash-and-mulch systems to withstand intensification without losing the
agronomic benefits they entail remains uncertain (Buckles and Sain, 199%)

Few resources have been devoted to study and improve these systems. considered by
many scientists to be marginal, archaic or hopelessly low-output  This is not necessar-
ily the case however Schlather (1996) was able to increase bean vields three-fold in the
Frijol Tapado svstem by broadcasting moderate doses of P fertilizer in the mulch. Also.
the on-going shift away from chemical-input based agriculture and towards more envi-
ronmentally-sound forms of farming in developed countries (Sanchez, 1994) constitutes
a de focto validation of many of the same principles at work in tropical slash-and-mulch
cropping svstems. Throughout the tropics however, governments and public institu-
tions have been very slow a1 integrating the principles of sustainable agnculrure in their
routine actions, in parn because of the weakness of the actors involved. and because po-
litical structures have been hardly responsive 1o the needs and concerns of poor house-
holds living in marginal environments Hence the fight to value and promote sustainable
agriculture has been mostly the domain of relatively small non-governmental organiza-
tions not prepared to conduct the research needed 1o accompany farmers in their efforis
to innovate and adapt their practices 10 rapidly changing circumstances.

In many ways, small resource-poor farmers are stil} ahead of the scientific community in
having devised durable ways of farming difficult environments. It is my deepest belief
that if more scienufic studies were conducted on the agronomic processes conducive 10 a
more sustainable agriculture, alongside a systematic documentation of farmers’ past and
present experiences in this area, much useful conceptual and practical knowledge may be
gathered that would add to what scientists and farmers have already formalized about
these tssues
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There is an infinite array of topics that need to be addressed from a variety of angles and
disciplines. For example. changes in soil biology {from soil biota composition to raics of
various microbial activities) needs to be examined in relation 1o the establishment of a
quasi-perennial mulch or litter layer on the soil surface. Similarly, soil structure
(structural stability, aggregate distribution, etc.) and its relationship to crop root devel-
opment and uptake patterns would need 10 be assessed to understand the significance
for the soil-plant system of the detailed changes in individual soil properties from a
functional perspective. Water balances and their relationship to short- and long-term
nutrient balances and crop growth also need to be determined. Another line of inquiry
would be to modify experimentally (and via computer simulation) existing slash-and-
mulch systems in order to determine the actual plasuciry of their performance in re-
sponse 10 changes in a number of important factors and conditions, such as tniual soil
conditions, rates of annual biomass inputs, available rainfall and its distribution, length
of the fallow cycle, levels of nutrient exponations by harvest, etc.

Similar amounts of research should also be dedicated to socioeconomic issues such as
understanding farmers’ decision-making about the use and adoption of sustainable tech-
nologies. boosting the profitability of small-scale production systems by means of in-
tensification and diversification. or devising practical methods for quantifying the 1otal
productivity of a cropping system (Steiner e/ al., 1995), among other topics

In al! these studies, using and formalizing farmers’ present knowledge, perceived con-
straints and objectives seems a necessary starting point, to avoid investing scarce re-
sources in topics or areas with litlle potential for generating a positive impact on farm-
ers’ practices and standards of living This also implies that a systemic. interdisci-
plinary and participatory approach to research on sustainable agriculture angd slash-ang-
mulch systems should be used, without which all the typical caveats associated with
scientist-driven disciplinary research will plague this promising field of stud\
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APPENDIX A: SURVEY INTRUMENTS

A1) INITIAL SURVEY OF FIELD CROPPING HISTORY (11/92)

Agricultor
Localidad AMI
Ubicacion Parcela

I Cuantos afios tiene esta parcela de tener frijol de abono”
(S1 no es abonera pasar a la pregunta # §)

2 Siempre fue Ud el duefio de esta parcela desde que se establecio la abonera®
St no identificar quien era el duefio anterior y ir a hablar con el .

3 Al establecer la abonera, sembro toda la parcela en FA el mismo afio?

Si no” hacerse explicar donde empezo primero. v donde se sembro cada afio (dibujar
puede ser utl. )

4 Se perdio alguna vez la abonera desde que la establecio?

Si si Cuando” Razones (Quema/Sequia/ganado‘etc )

S Antes de establecer la abonera (la milpa). que rotacion habia tenido esta parcela”

(Distinguir bien s1 era guamil (de cuantos afios?). potrero. o si se habia cultn ado en
continuo)

6 Antes de establecer la abonera (o hoy mismo, s1 no tiene FA). como era la tierra en
esta parcela (buena/regular/mala)”

7. Que tanto ha mejorado la situacion con el FA”
Rendimiento/mz antes: ahora: (unidad )

8 Tiene Ud algun problema en esta parcela en relacion con la tierra (erosion. derrum-
bes. YV’

9 Hov dia. observa U'd alguna diferencia importante de una parte a otra dentro de la
parcela en cuanio a como se ve la tierra, 0 como crece {a milpa®

(Si si” hacerse explicar donde v a que se debe la diferencia)




A.2) FINAL SURVEY ON CROPPING HISTORY AND MANAGEMENT OF
THE MUCUNA/MAILZE ROTATION (7/94)

Agricultor: Aldea:
Parcela Area total: MAN2anas
Fecha Encuesta / /94

1. Historial parcelas muestreadas

1.1 _En que afto se sembro frijol de abono en esta parcela?

(7 de veces que se chapio el FA) [si no es abonera. pasar directamente a la pregunta 1 §)
12  Sembro FA aun solo tiempo en toda la parcela tal como la tiene hoy”

Sino. hacerse explicar los # afios de siembra, con ref a los cuadros de monitoreo’
cuadro l,afo ____ cuadro2, afio: __ cuadro 3. afo

Sila parcela no pertenecia al agricultor a} momento de establecer la abonera. indicar
con quien obtener esta informacion {(Don }en la aldea

1.53.2 ;Se dio bien el FA en esta parcela desde el primer afio en que se sembro®

Sino: Cuantos afios para que se establezca bien?

1.3.b (Hubo afios durante los cuales la abonera no desarollo bien” _  cuales”
l 4. (Alguna vez se perdio totalmente o bastante la abonera desde que se sembro?
Anos Razones Quema - Sequia - Ganado - Plagas - Cambio cultivo - Otros
Quema - Sequia - Ganado - Plagas - Cambio cultivo - Otros

Que hizo para reestablecer la abonera” Nada. se compuso solo - resembroé por partes
- tedo

I & Antes de sembrar FA en esta parcela (o antes de este ciclo, para los testigos).  que
cultivaba”

a nada. era montafia que no habia sido jamas culuvado
b nada, era un guamil que tumbeé para sembrar FA (en milpa o directamente”)
¢ habia sembrado maiz de primavera - postrera cada ano desde hace _ afos
d. habia sido potrero desde hace ___ afios

16 Cuando es la ultima vez que quedo enguamilado esta parcela®

[cuantos afos continuos se quedo enguamtlado?
.Quemo el guamil despues de tumbarlo? iSaco troncones”

1 7 Antes de sembrar FA.  como era ]a tierra en esta parcela” Buena - Regular - Mala
Niveles de rendimiento alcanzados sin FA (rango) cargas en oro-tuza’mz
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1.8 Desde que sembro FA,  como ha cambiado la tierra” mucho mejor - mejor  igual
- peor

Niveles de rendimiento alcanzados con FA (rango) cargas en oro-tuza /mz.

19 ,Ha observado problemas de erosion / lavado de tierra o derrumbes en esta parcela
a antes de haber sembrado FA”
b. despues de haber sembrado FA?

Sisien b.. en su opinion, estos problemas se deben al FA? (hacerse explicar)

1 10 Como considera Ud. las partes donde teniamos las estacas comparado con lo
demas de la parcela (la pregunta se refiere a la calidad de tierra)?  mejor - maso
menos similar - mas peor

(si existe diferencia entre cuadros. mencionar por separado cada cuadro')

2. Postrera 93/94

21 Fecha aprox de chapia (semana/mes) inicio. duracion’

(Algun problema con la chapia”

2.2 Fecha aprox de siembra (semana/mes): 1nicio duracion.

Clase de maiz semilla. Propia - Vecino - Comprada afuera

,Algun problema con {a siembra?

23 Feruhzo?” __ Sisi. producto: _ dosis/mz. ___ areatotal abonado
24 Cuantas limpias hizo” ,Cuando”? 1ra. __ 2a 3a

Uso veneno para las limpias®” __  producto” (Jcual impia®
.Considera que hizo las impias a buen tiempo? lIra: __ 2da 3a

.Logro controlar bien el zacate o el monte”?

25 _Cual es su opinion sobre esta postrera® Muyv buena - Buena - Regular - Mala
Que es lo que le faverecio este ciclo?

Que es lo que le pejudico?.

26 Cuantosaco Ud cargas /mz O cargas/toda la parcela

en la parcela” Unidad  _entuza o enoro?

27 Todavia se acuerda Ud de cuanto saco de esta misma parcela en afios anteriores.
.hace | afio (postrera 93)? cargas/mz o __ cargas/toda la parc.
chace 2 afios (postrera 92)?  cargas/mz. o __ cargas/toda la parc
Jhace 3 anos (postrera 91)? cargas/mz o __ cargas/toda la parc

funidad. cargas entuza o enoro”)]

3. Manejo de la abonera y del maiz en abonera

3.1 Forma de sembrar FA (lo mas comun para el agncultor)




cen la milpa (invierno” postrera®) o directamente despues de tumbar guamil?

ccuantas libras de FA por manzana® regado o sembrado”
(Distancia entre macanazos' X (,en cuadro o surceado’
semillas/golpe clase de semilla:

3.2 Una vez sembrado. como hace para que se resiembre el FA de un afio para otro”
a. dejar que nazca solo b resembrar por partes c. resembrar todo cada ano
3.3 Chapia
(epoca mas comun para chapiar” (ej: mediados de dic.)
(crterio para decidir de empezar la chapia?

calgunas técnmcas especiales que emplea Ud -
* para coni-olar ratones?

* para distribuir las vainas®

* otras particulandades

54 Siembra de maiz (1o mas habitual)

»

(cuanto iempo espera despues de Ja chapa?

* . siembra surqueado” distancias de siembra. X
* semillas/ macanazo. maiz hinchado” curado?
* siembra con cabuiia? con mozos”

clases de maiz que acostumbra sembrar en abonera”

* compra semilla de fuera o es propia”

* hay diferencia entre la forma de sembrar en aboneras v donde no hay FA?

S1 hav. hacersela explicar (distancia de siembra. clase de maiz. fecha. etc )’

3§ Limpias
a (cuantas impias hace en general durante la postrera”

b. (llenar el cuadro siguiente. usando tos codigos correspondientes para cada limpia)
Ira limpia  2dalimpia  3ra limpia
ccuando? {en dds)

ccomo? (ver codigos)

Ia solo con azadon 1b- solo conpando lec. machete 2: solo gramoxone
3. 50l02-4D 4 gramox v 2-4 D 5 manual y gramoxone 6 manual v 2-4 D
¢ Zacates o monte mas 1 2

dificiles de controlar 3

d Puede llegar e} FA a perjudicar el maiz cuando se desarolla bastante”

. Si si como hace para evitar este problema®
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3.6  Hay diferencias entre la forma de limpiar en parcelas donde hay FA comparado
con parcelas donde no hay? Si si. explicar (# limpias, # jornales/limpia. uso
venenos, etc.)

3 7 (solo para agricultores que tienen Z_ Invasor en su parcela)
* desde cuando tiene Invasor en la parcela’?

* .a que se debe la apancion del Invasor en su opinion?

* .ha tenido que cambiar su formar de limpiar desde que tiene Invasor”
Si si' explicar la diferencia entre antes y ahora.

38 Fertilizacién

a Acostumbra abonar el maiz aun en abonera”

b. Sisi  Todos los afios”?
. Cuando? (dds)
Producto: Dosis'mz

c. Si no es todos los anos
Jeriterio para decidir abonar”

Jnfluve en algo la edad de la abonera”

d. S} no abona del todo razones (no necesita’costo/otro)

39 Antes de sembrar FA en la parcela donde teniamos las estacas. (va habia sembrado
FA en otra parne” oEn que ano lo sembro por primera ve2”

3 10 Alguna vez ha dejado de cultivar FA en una parcela donde lo habia sembrade”

Si si .despues de cuantos afios de tenerlo”
. por que razon”
311 a  Cultiva maiz de postrera sin FA” (Cuantas manzanas”

b. ,Culuva maiz de primavera sin FA? (cuantas manzanas ”

-

312 a/Cada aho cultiva mas 0 menos la misma cantidad de maiz de postrera’

Si no rango de area y razones de vanacion.

cpara que fin? (gasto, venta. seguridad)

3.12.b .Cada afo cultiva mas o menos la misma cantidad de maiz de pnimavera”
Si no' rango de area y razones de vanacion

.para que fin? (gasto. venta, seguridad)
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A.3) COLLECTIVE SURVEY (VILLAGE LEVEL) ABOUT CROPPING HIS-

54

TORY & MANAGEMENT OF THE MUCUNA/MAILZE ROTATION (7/94)

JAntes de empezar a sembrar FA en esta aldea acostumbraban no quemar?
(Antes de empezar a sembrar FA, acostumbraban sembrar maiz de postrera”

. Antes de empezar a sembrar FA, cual era la rotacion mas comun que seguian Uds.
en sus parcelas de maiz”

Aproximadamente que proporcion de agricultores usan FA hoy dia en la aldea”

(Hav alguna diferencia entre las clases de tierra en las parcelas de los primeros que
empezaron a sembrar FA comparado con los que solo lo adoptaron desde hace poco
tiempo (fertilidad. pendiente. distancia de Ja aldea, etc )”

.Hav diferencias en la forma de trabajar una milpa en abonera comparado con una
milpa donde no se ha sembrado FA? (Distinguir bien ciclos de primavera v de pos-
trera)

{primero dejar que contesten libramente, despues preguntar por tema’ siembra (fechas.
densidad, clase de maiz). control malezas. fertilizacion]

7.

8

Rl

Hay diferencias en Ja forma de trabajar en aboneras viejas vs. jovenes”

Empezando cuando uno siembra FA en una parcela por primera vez v observando
como va cambiando la situacion al pasar Jos ahos’

a cuantos afios seguidos se puede decir que van subiendo los rendimientos
hasta estabilizarse”

b Habra algun momento en que los rendimienios empiezan a bajar®

¢ Apareceran problemas al cabo de cieno numero de afios que no se obser-
varian normalmente en parcelas sin FA o en aboneras jovenes®

Entre los primeros afios en que empezaron a sembrar FA en esta aldea v hov. con-

siderando la experiencia que han panado poco a poco con este culivo, pueden Uds
acordarse de haber cambiado en algun aspecto su forma de trabajar con FA”

[dejar que contesten hibramente, despues preguntar especificamente sobre forma v epoca
de establecer FA formas y epocas de chapia, formas de manejar el FA que va naciendo
solo. # v epocas de limpias]

10 ;Hay gran diferencia de un afio para otro en cuanto a cantidad de fol-

11

laje/bejuco/vainas que produce el FA al momento de la chapia® Sisi- (a que se de-
ben estas diferencias segun Uds ”

.Que tan rapido logra el FA ahogar las malezas despues de la tapizca®
. Que tan variable es de un afio para otro”

12 Hav clases 2. tierra donde segun su expenencia no se da bien el FA? [Si si: hac-

erse descnibir sus caractensiicas y averiguar si otros cultivos se dan bien en estas
tierras)




13. (Tiene el FA algunas desventajas serias”
14 (Tiene el FA algunas desventajas leves?
15. (Que hacen o podrian hacer Uds. para superar estos problemas®

16. ,Que tendria que hacer un agricultor en su parcela para tener niveles de produccion
aun superiores a los que se dan presentemente en aboneras?

17.a ;Que clase de experimentos han realizado Uds. por cuenta propia para mejorar su
forma de trabajar en aboneras”

b. ;Que resultados han obtenido?
18. (Es rentable producir maiz en abonera?
19. (Cual es el nivel minimo de produccion/mz. para pagar los costos”

20 Como compara la ganancia que uno puede sacar de una manzana de maiz con FA
comparado con (1) una manzana de maiz sin FA? (2) una manzana de potrero junto
con sus vacas” (3} una manzana de frijol de comer” (4) una manzana de cacao? ()
algun otro cultuvo?

21 _Puede yanar lo suficiente uno al cultivar maiz con FA para no tener que ir a traba-
jar a la ciudad” a EE UU? (Que dicen los jovenes al respecto?

22 Sabemos bien que la produccion no es la misma de un afto a otro  En esta comuni-
dad. v con la experiencia de todos Uds., ;podnan decimos aproximadamente el nu-
mero de afios buenos, regulares v malos que va a haber en 10 afios respecto ala
produccion de maiz” Para cada clase de afio. que tanto podria sacar Ud de sus
parcelas en postrera y en primavera’

a . # abos buenos” __ /1o Prod post __ cargas’mz Prod prim __ cargas
Razones A

b #afos regulares” /10 Prod. post _ cargassrmz Prod prim __ cargas
Razones

b = afios malos” 10 Prod post  cargas'mz Prod prim __cargas
Razones

e Ejemplos de afios que en los 20 ultimos anos han sido;

muy buenos: buenos:
regulares’ malos.

23 (Hay fechas de siembra (en postrera) mas favorables que otras en esta comunidad?
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APPENDIX B: REPRESENTATIVENESS OF BACKSLOPE POSITIONS

Soil samples used in this study came almost exclusively from observation plots located
in backslope topographic positions {chapter 2. section 2.3 and 2.4 page 25 & following.
chapter 5. section 5.3 4. page 142; see also Figure 2.5.c page 31) A limited study was
conducted in four fields in San Francisco de Saco to determine whether soil chemical
properties of backslopes were different from that of either shoulder or footslope posi-
tions Selecied results are presented in Table B 1 (next page)

Even though there are a number of statistical differences among topographic positions.
trends are not consistent among farms Hence, it can be concluded that backslope posi-
tions selected in this srudy exhibited soil properties typical if not representative of soil
properties at the whole field level
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Table B.1: Variability of soil properties as a function of the topographic position
in four fields, San Francisco de Saco

< Sarmer e < star sienif © »
property ipox.“ chema goldame:  obed lomoJ average | farm  pos.  farm*pos.
0-10 cm
S | 625 627 616 598 | 616 |
pH B | 626 6.25 594 597 | 6.09 |! ns ns ns
F | 634 620 634 611 | 628 |
S o114 152 142 90 | 128 )
Camey . B | 175 144 144 130 | 148 |} ns ns ns
F 109 115 144 126 | 123 ||
S 007 012 020 046 | 021 ||
Al meg B | 009 008 016 017 013 [P <0001 0004 <00l
F ! 009 018 020 0171 016 |
S | 019 0.10 010 027 ] 017 |
K mey B | 023 013 017 014 1 017 [t 002 ns ONR
Floom 0.10 o1 o010, 013 |J
S E 16 0.2 0.0 00 12 |
Pppm B | 23 17 12 44 24 |t 0014 ns ns
| F | 46 00 00 001 13 |]
30-60 cm
S | 618 624 614 603 ] 620 |
pH | B | 603 6.23 606 579 | 602 |} 0031 ns ns
L F L 63l 6 SR 609 593 | 622 !
S . 166 14.2 134 100 | 135 |
Camey | B | 173 160 152 146 | 187 |> 0076 0005  ns
PF 23 11.3 123 112 1nsg |
| S 027 008 011 025 018 |
Almey | B { 0.22 022 040 048 | 034 |} ns vul” ns
L F 1 020 007 010 014 042 |
s L go7 021 019 036 | 021 ||
K mey B | 008 0.04 008 008! 007 |t 0042 <0001 000
F | 0l4 0.33 017 0131 020 )
A S 0.0 )4 07 1.2 0.8 |
Pppm B | 00 0.0 00 00 0.0 |} 0143 <0001 0.039
F 04 06 vs 00 0.4 |}

' probabilin that the farm. topographic position or interaction term are significant in the ANOV'A
_far cach soil propery (3 reps per posuon and per farm: ns not significant)
* § = shoulder positions. B = backslope postions. F = footslope posidons
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APPENDIX C.5: INORGANIC N MONITORING 93/94 (ppm)

1) october and november sampling

depth 8.0 ¢m Bepth 10-30 ¢m aapin 3060 gm prav. momlure content
saie FARWER rep | [MOJ] Hdall] W-rpiR | INOR W] Wemidn | INQ3I)  (WRd]  #emin Apr t Bar 7 hor 3
oct  malgos. ] 157 o 16.5 £€.5 .3 1.7 47 2 & F 038 0.28 0.28
8ci maloon 2 28 1.2 14.3 87 .8 g8 2.4 2.5 4.8 ¢ 36 £.3% ¢.28
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APPENDIX C.5 (cont.)
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APPENDIX C.6: FERTILIZER EXPERIMENTS 92/93

Irzatment Ld yield comppnents aar leat Plant

i/ha  thous o g finsl

Farmes bloc weed treatl N P| yield | dens NEar/pl. Niear Wienr NEK/m2 WIK| W%  P% |baight
ALF RO 1 o] 1 0 O] 4.31 |34.4 1 .06 a431.2 118 4 1568 2. 315 0.29 | 2420
ALFARD ] ¢ 2 1 0} 413357 0 85 453 2 121 4 1541 2868 | 321 0332648
ALFARD 1 4] 3 0 | 4.8% 370 .03 444 .8 127 4 1683 287 318 0.83512681.8
ALFARO 1 [ 4 1 ] 4221370 100 4037 7 114.2 1482 284 324 034272
ALFARD 1 1 1 g ¢ 4.45 40 8 087 448 4 124 8 1601 278 331 0.28B|267.3
ALFARO 1 1 2 1T 0 4.34 3867 0 g2 438 % 128 5 1483 29.3 | 323 0306|2657
ALFAROD 1 4 3 G 4 5.33 408 1.060 4823 1311 2002 266 | 326 0332956
ALFARO ] 1 4 1 1] 8.06 375 0.98 %41 4 137 .4 162% 31.1 | 324 032|286 9
ALF ARO 2 [+ 1 O ¢ 3.68 (325 0 B4 416 B 121 4 1267 291 25 0322763
ALFARD 2 o 2 1 0 3.34 324 (U3 3ez.e 113 2 1158 28 8 25y 027 32616
ALFARD 2 ¢ 3 0 V| 2.54 |30.4 0.88 364.3 85.1 874 261 241 030 2688
ALFARD 2 [ 4 1 1] 3.43 | 300 11 407 7 103 1 1355 253 254 0312813
ALFARD 2 1 3 0 0| 3.26 |31 0D 0 95 3813 108 7 1130 288 248 0.28 ] 2781
BLFARD 2 t 2 T 0| 3.6% 127¢% 1 00 475% ¢ 129 8 1320 272 | 255 022]303¢
ALFARD 2 1 30 1] 3.26 a0y 0.86 431 % 125 6 1119 28 1 253 028|284 %
ALFARD 2 3 4 Y 1 4.00 288 103 451 9 135 ¢ 1336 209 | 248 Q272758
ALF ARD 3 3] 1 O 0] 2.66 |46 0.58 381.% 88 O 87y 27 4 237 Q22277 %
ALFARD 3 4] 2 P 0 3.10 402 076 431 1 1020 T3vy 237 232 0212871
ALFARD 3 [+] 3 O 1] 3.64 320 0.84 386 1 1108 13062 280 | 264 025)] 3143
ALFARD 3 0 4 3] 333208 [N ¥ 402 & 120 8 1108 J0.0] 2.39 Q252968
ALFARO 3 3 1 O O] lost! 251 024] 33%6
ALFARD ] ) 2 ¥ 0] lost® 2682 0.241] 23331
ALFARD 3 % 3 0 1] lest 271 02713817
ALFARD 3 3 4 3 1] lest! 256 027 ]3383
GALDAMEZ 1 ¢ 1 O 0 lost 306 0.261] 32e 7
GALDAMEZ % [ 2 v O] 3.89 308 LR 1] 424 1 127 % 1288 30.0 308 028 2v¢2
GALDAMEZ ¢ 3 O 1] lost 313 030318 ¢4
GALDAMEZ 4 [ 4 {1 lost 3108 02713040
GALDAME? 1 ] ¥ O 0| 3.87 |34 5 Q82 413 7 122 & 13085 288 283 02813123
GALDAME? 1 2 1 0] lost 298 0253188
GALDaMEZ 1 3 O 1| 4.30 281 0O 88 445 0 155 8 1237 34 8 304 03413187
GaLDaMEZ 1 ] 4 1 %] 4.05 3138 1.0t 437 0 125 3 1412 28 7 104 0301337
GALDAME? 7 [y ] O D} 4.26 1325 0.89 431 3 131 8 1382 306 IV 0273066
GALDAMEZ? 2 0 2 108 4.85 34 6.87 478 3 $32 3 1578 282 304 D 290]3230
GaLDAMEZ 2 Q 30 v ipst’ 288 02831 ¢
GALDAME? 7 4] 4 1] lost! I 1Y 03032086
GALDAMEZ 2 1 3 & O 4.0 328 0 86 446 7 51 6 1433 33 ¢ J08 O3V | a2s ¢
GALDAMEZ 2 3 2 1 0] 4.64 3398 101 433 6 135 2 1487 31 2 307 0303081
GALDAMEZ 2 ] 3 G 1| 4.45 335 089 40 ¢ VA5 0 1357 330 3108 02% | 3s8¢
GALDAIE? 2 1 4 Y 1| 4.87 |33 0.98 4590 3 152 4 1484 332 | 208 & 3t ]| 266 2
(¢ A8 3 O b O 0| log 30T D33 280G
CBED ] 0 2 -1 0 logtt I DRe| 2787
CRED 1 [} k] O 1 lost! 3.23 029 2785
CBED 1 o 4 v Y jost 325 0372466
CBED 1 1 3 O 0 lost! 324 0036|2838
CBED 1 ¥ 2 Y 0] leatt 323 035|247 8
CeED 1 1 3 ¢ 1] lostt 368 0302743
BED 1 ¥ 4 T ol 338 031 2668
OBED 2 ] ] o B 2.7% (277 & 82 335 1 106 6 853 31 8 304 025|231 4
OBED 2 2] 2 1 0 3.04 354 0.8 371 8 107 ¢ 1056 288 208 0.26| 2417
CBED 2 O 3 O 1] 3.18 |37 3 079 347 8 1120 1030 32.2 283 0.27 | 24408
CRED 2 o 4 Y1 427|359 0 82 378 7 120 8 1338 218 288 030|240
CBED 2 t 1 O 06 3.98 357 088 424 8 126 4 1337 297 32v 0.20 ) 2840
CeED 2 1 2 1 0] 371|358 [ 1 3577 108 3 1293 305 306 D24 2800
CBeED 2 1 3 0 V| 3.45 (336 092 3148 & 1147 1077 321 240 03v]2682
CBEL 2 3 4 T3] 4.85 333 1 04 480 7 13¢ 0 1568 3021 136 0311281 ¢
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APPENDIX C.7: FERTILIZER EXPERIMENTS 93/94

iraaiment Ld Jleid componants

t'hs  thous. {15%) ear feal
site Farmer rep Treat. N P lyield |dems  WEarpl NK/ssr Wisar NK/m2 WIK N%
s1s DORCHEMA AYALA 1 3 [} 4.58 357 0.92 411 136 135 338 243
815 DONCHEMA AYALA 1 2 ¥ 0 £.39 400 .98 383 137 1504 35 8 2 54
sis  DONCHEMA AYALA 1 a o % £ 46 36 3 a.60 420 158 1377 376 258
sis DONCHEMA AYALA 1 4 11 §4.80 a8 g 88 380 128 1336 36 5 238
sty DONCHMEMA AYALA 2 1 o 0 3.84: 163 ¢.81 350 IRE: 1162 34 1 279
sis DONCHEMA AYALA 2 F4 LI 4.58 36 4 o gt 375 139 1244 37 v 282
8t  DONCHEMA AYALA 2 3 o 1 3.93 36 9 0 86 ast 128 1118 363 286
sis DONCHEMA AYALA 2 4 i 1 .23 4.6 .98 411 13% 1570 338 258
sis DONCHEMA AYAMLA 2 1 [ 3.87 38 1 .30 335 107 1150 3z 2 34
s DONCHEMA AYALA 3 2 10 487 387 081 ?e 134 1361 35.7 2 64
sts  DONCHEMA AYALA 3 3 [ 3.82 38.2 4.88 352 118 1181 325 221
§18  DON CHE MA AYALA 3 4 Yy 4.70 34 8 O a5 387 129 3460 325 250
sis DO ACOBD 1 3 0 0 4 900 36 5 0.90 315 122 1032 387 222
s(s  OON JACOBO 1 2 t D 4.5% 389 0.87 417 137 1405 iz 8 2 36
sts  OON ACOBO ] 3 0 4.08 34 8 0 8% 33¢ 122 1125 363 201
ais OOk JACOBO 1 4 11 £.12 a6 7 0 88 426 145 1525 34 0 2 80
sfs  DORJACOBO 2 1 ¢ 0 4.23 36 7 .80 349 131 1421 376 224
st DONJACCOBO 2 2 1 0 4.86 36 4 0 88 470 152 1347 36 2 2 44
st5  DONJACCBO 2 3 a 4.63 35 6 09 385 145 1280 a6 7 2116
sis  DONJACDBO 2 4 L §.03 35 4 693 405 152 1324 376 224
sis  DONJACOBRO 3 i [V ] 3.60 34 2 0 &6 350 123 1148 A1 222
gis  DON JACOBO 3 2 i 0 3 66 A7 & 0.87 323 114 1061 3%3 202
55 DON JACOBO 3 3 ot 3.62 k1] 078 380 127 1144 336 2 06
sis  DON JACOBO 3 4 \ IR 4 62 17 6 0 a8 is2 127 1447 32 3 207
85 TT MORALES H % 0 0 1.79 37 8 0 84 309 120 884 300 216
sts TY MORALES 1 2 10 4 47 a6 7 0.50 384 136 1296 34 4 Z 64
sts  TT MORALES 1 3 [ 4.07 a7 4 080 357 122 1204 a1 220
sts TT MORALES 1 4 1 4.02 A8 2 0.79 384 134 1189 34 2 253
sts' TT MORALES 2 { o 0 §.43 359 081 328 122 828 ar 2 218
sis  TT MORALES 2 2 i 0 4§10 39 4 0 8ae 330 V17 1149 35 3 2 56
sis  TT MORALES 2 3 0 3 1.14 371 082 267 102 811 382 20t
sis TT MORALES 2 4 P 4.5¢ 40 4 0 &7 348 126 1215 37 4 2 48
sis  TT MORALES 3 3 O o 3.08 361 04 58 107 1041 ze @ 210
sis  T7T MORBALES 3 2 10 4.00 351 [ 3 337 116 1155 34 3 2 3¢
st TT MORALES 3 3 [V 389 36 7 084 364 113 1245 3y5 203
sts  TT MORALES 3 4 i1 4.08 36 & 0.4 404 134 1251 331 2 48
sfs  TONO AVALA 1 1 o o] 3.73| 381 XX 337 116 1045 3sF 21"
sis  TORND AYALA 1 2 1B 4.51 40 1 085 338 131 3173 w7 26¢
s1s  TONO AYALA i} 3 0 3.75 382 0 50 316 108 1117 33 2 0a
sis  YOND AYALA 1 4 T 4.83 | ar4 092 379 142 1308 36¢ 238
55 TONO AYALA 2 1 6 0| 4.5§ 398 085 374 121 1435 324 228
sis  TONO AVALA 2 2 10 5.03 390 0.93 433 1 1494 341 220
sts  TONO AYALA 2 3 0 5.85% 38 8 -1 414 149 1343 359 237
sts TOND AYALA 2 4 11 4.56 185 096 344 V22 1265 356 2 8
sis  TOND AYALA 3 1 o 0 4.17 38.2 0.98 326 113 11914 347 732
sts  TOND AYALA 3 2 t 0 4.40 371 087 38s 138 1252 248 249
315 TONO AYALA 3 3 [ 4.40 380 0 88 aas 138 1228 338 7 4%
sis  TONO AVALA 1 4 v 43| 361 0 a4 451 160 1516 155 28
sis  WNOALECKO MENA 1 3 o O 3 5% 37 e [ :13 A53 111 154 31 4 2 4%
sis  NNOALECKO MENA 1 2 L ¢ 3.858 38 5 [ 3-2] aze t1E 1083 35 4 287
sis  WNOALECIOMENA l 4 t 4.02 34 4 0357 381 122 1304 31 3 274
815 WOALECIO MEJA 2 1 0 0 3.0% 41 0 & B3 298 85 1088 28 4 256
815 INDALECIO MENA 2 4 1 0 3. 68 46 ¢ O 88 310 g8 1254 31 6 2 89
515 (NDALECIO ME A 2 4 101 3 73 42 4 186 302 103 1101 34 % 2 86
gis  OBEL SERRAND | 1 [ I 1.73 153 102 327 112 508 34 4 2 €4
sis  OBEL SERRAND 1 2 L] 1.90 158 0 58 378 1z@ 58 344 28}
sls  OBEL SERRAND 1 4 1 1.47 134 0 88 340 118 448 14 8 277
sts  OBEL SERPAND 2 1 6 0 .62 18 5 113 7 121 809 33 23
sis  OBE| SERARAND 2 2 10 2.02 167 118 343 102 677 268 262
sis  OBE( SERRANG 2 4 AR 2.03 16 9 0 04 6o 130 £33 32 € 26"




APPENDIX C.7 (cont.)

t/ha  thous {15%3 ear leal
glte Farmer rep Treat. N Plyield [dens NEawpl NK/ssr Wiesr NK/m2 WK Moo
sis  NEGT TORIVERA 1 1 o ¢ 3.80 506 072 276 88 1008 35.%  2.37
815  NEG- "ORIVERA 1 2 i1 0 §.88 455 [ 13 id 142 1828 342 2.74
sts  NEGRITORIVERA 1 4 10 6.43 4% 8 0 88 386 149 1708 386 263
sfs  NEGRTORIVERA 2 ] 0 0 4.66 40 6 (.12 a73 132 1302 35 3 2 66
8is  MEGRITO BIVERA 2 2 10 4.07 34.3 082 343 Y29 1078 ars 300
§1s  NEGRITO RIVERA 2 4 11 4.54 i’ e 08g 166 147 1222 462 280
81 MARTIR ANDRADE 3 1 0o 0 4.40 32.3 0.84 435 143 1322 iz e 244
sis  MARTIR ANDRADE 1 2 1 0 E. 43 325 0 98 441 169 1425 g2 263
sis  MART R ANDRADE ] 4 L £.08 334 ¢ 96 436 156 1405 364 27
815 MARTE ANDRADE 2 1 o 0 B.45 3y 2 1.04 500 168 1616 338 270
sis  MARTIR ANDRADE 2 2 t 0 6.33 318 0.84 446 180 1327 403 273
sy BMARTE ANORADE 2 4 11 §.21 36.3 1.00 474 172 1718 363 28
mg ANASTACIO AM2sA ] o 0 3.87 35.0 0.99 364 195 1262 316 228
mg ANASTACIC AMAYA 1 4 T 0 4.3 a5 2 102 573 120 1835 234 2726
mg  ANASTACIO AMAYA 1 3 [ 4.08 36 3 [-19 ar2 116 1285 313 201
mg  ANASTACIO AMAYA 1 2 (I | £.03 380 0.85 83 S 1380 26 1 212
mg  ANASTACIO AMAYA 2 1 o ¢ 3.85 a1 7 082 323 103 1227 322 232
mg  ARASTACIKD AMAYA ¢ 2 T 0 4.50 44 0 088 383 104 1657 271 257
mo  ANASTACIO AMara 7 3 o 3.24 42 0 087 285 85 1040 29 ¢ 165
mg ANASTACIO AMAYA 2 4 1 §.28 s e =14 345 &1 1238 263 234
mg  ANASTACIO AMAYA 3 1 [ 2.04 32 1 082 296 75 778 255 212
mg  ANASTACIO AMAYA 3 2 T 9 3.68 41 4 0.88 309 88 1122 3y ¢ 172
mg  ANASTACKD) AMAYa 3 3 g 1 2.85% 42 7 0.85 254 76 818 300 206
mg  ANASTACKD AMN & 3 4 )R 3.2§ 45 5 082 213 &7 g8é 315 2 b1
mg JUAN ALBARENGA 1 1 [ 3.20 az g oez 288 a0 1017 3vy 234
mo  JJAN ALBARENGA 1 2 i o §.55 37.3 0.85 282 1113 862 383 2 54
mg  JJAN ALBARENGA 1 3 [ 4.47 46 5 083 313 102 1351 325 268
mg  JJAN ALBARENGA i 4 1 3.52 34 3 0 84 324 116 940 359 2 B4
mg JJAN ALBARENGX 2z 1 0o o .17 azs 090 300 108 683 359 282
mg  JUAN ALBARENGA 2 2 10 3.11 297 0687 321 1168 831 b8 258
my  JIAN ALBARENGA 2 3 [ | 3.77 40 2 0.63 283 98 1053 353 252
mg  RIAN ALBARENGA 2 4 | 3.74 34 & 0683 KRR 114 1008 36 7 7 83
mg JJAN ALBARENGA 3 3 o 0 3.68 332 oa7 303 108 870 3585 226
mg JAIAN ALBARENGA 3 2 A ¢ 3.63 33 8 0.8 338 118 1033 350 242
my  RIAN ALBARENGL 3 3 g 3 3.67 40 2 (33 335 102 1203 abs 258
mo  JJAN ALBARENGA 3 s 13 $.89 341 092 337 113 1058 336 252
my  ANTOMIO FERNANDEY 3 1 0 0 3.50 51 1 086 2649 7a 1174 25 5 225
mg  ANTONIDHERNANDE? 1 2 v0 4 .41 44 5 058 420 113 1841 269 255
mg  ANTONIOHERNANDEZ 1 3 o 1 4 .64 53 2 093 333 83 1838 280 2 2¢
mg  ANTONIO HERNANDE? 1 4 7t 4.7¢ 495 088 405 Y10 1765 271 243
mg  ANTONIO HERNANDE? 2 1 o 0 4.11 a6 2 091 404 124 133¢ 07 218
mg  ANTONIO HERNANDEZ 2 2 0 4.48 40 8 ¢ 86 358 109 1408 304 245
mg  ANTONIO HERNANDEZ 2 3 [N 4.39 40 9 i 01 338 106 1388 315 21t
mg  ANTONIOFERNANDEZ 2 4 11 3.82 453 o 87 362 96 1428 264 21
mg  ANTONIO HERNANDEZ 3 3 [ q.82 45.4 D68 222 47 665 256 1 41
mg  ANTONIOHERNANDE?Z 3 4 T 0 1.68 a8 3 0 B8O 24% 61 768 P4 4 222
my  AMYONIO HERNANDEZ 3 3 [ 1.38 46 2 050 1485 34 338 238 1 44
mg  ANIONIODHERNANDEZ 3 4 v 2.62 d4 & D83 305 X 111¢ 21 8 181
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APPENDIX D.1: FRACTIONATION RESULTS

Note: This appendix presenis data summarized in chapier 5. section 5.4.3. page 114

Changes induced by the use of the mucuna system may not affect all fractions or pools
of the total soil organic maner similarly (Duxbury eral., 1989). To examine this possi-
bility, two parallel approaches were used: a classical chemical fractionation scheme
based on acid hydrolysis (Stewart ez a/., 1963). and a physical one (after Feller. 1994),
this latter being probably more satisfactory, as it relates conceptually to soil architec-
ture, for which size of the aggregates is of prime importance (McGill and Myers. 1987.
Christensen, 1992) In this case, two fractions were distinguished: a fine fraction
(particles < 50 ) and a coarse fraction (panicles > 50 p)

In a first step. only extremes of the chronosequence were contrasted. namely fields
without mucuna or only one year into the rotation (hereafter referred to globally as
check plots), vs old mucuna fields: 14 to 16 years of continuous mucuna rotation
{Table 5.4 page 148).

The chemical fractionation scheme did not pick up any differential behavior between
the various fractions distinguished by the actd digestion: Nhd (nitrogen hydrolizable
distillable). Nnh (nitrogen non-hydrolizable), and Nhnd (nitrogen hydrolizable non-
distillable). Old mucuna fields presented a marked increase in N content in all fractuons
compared to check plots, and this increase was especially strong in the upper layers. and
marginal at greater depth (Figure D 1)

The physical fractionation showed that the fine and coarse fractions behaved differently
over ime (Figure D 2) The coarse fraction seemed to accumutate C and N much more
rapidlyv over time than the fine fraction’ the relative increase in C content of the coarse
fraction reached 250% in the first 2 5 ¢cm. compared to 30% for the fine This may
indicate the accumulation of relatively free organic matter (perhaps even organic debris)
at or very close 10 the soil surface However, the relative distribution of C between the
coarse and fine fraction (as a percent of total C in the layer) was not affected by this
differential increase, because old mucuna fields exhibited a higher proportion of fine
fraction than young ones for ali depth increments (0 to 15 cm) (Figure D 3) This tex-
tural gradient is somewhat puzzling. although it would be relatively consistent with the
hypothesis mentioned in 5.3.2,1 e. that young mucuna fields. having been subjected to
more cycles of unmulched cropping than old ones, may have suffered some erosion
damage over the years, while the old mucuna fields did not Altematively. it may re-
flect a built-in bias in the construction of the chronosequence, older mucuna fields pre-
senting a heavier texture than voung ones.

In a second step. the whole chronosequence. not only the extremes. was considered. bu
limiting the analysis to the 2 5-5 cm layer (the first layer was not selected to bypass any




bias potentially associated with the unavoidable mixing of organic debris together with
the soil proper when sampling this layer)

Again, the chemical fractionation did not discriminate markedly among the various
fractions, as they all presented gradual increases over time of a similar magnitude. Fo-
cusing only on mucuna fields younger than 10 years (thus avoiding the textural gradient
menuoned earlier), the physical fractionation showed that 1t was the fine fraction, not
the coarse one where most of the increase in C or N content was taking place (Figure

D 4). This would indicate the formation of relatively stable organic matter. as it is inti-
mately bound to the mineral fraction (Tisdall and Oades, 1982).
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Figure D I Nitrogen content of chemical fractions of soil organic matter in the 0-15
cm soil profiles of old vs. young mucuna fields, San Francisco de Saco.
Northern Honduras
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Figure D.2: Absolute C and N content of two physical fractions of soil organic matter
in the 0-15 cm soil profiles of old vs. young mucuna fields. San Francisco
de Saco, Northern Honduras

183




a. share of C in fine fraction (%) ¢. Fine fraction (%)
60 70 80 90 100 30 40 50 60 70 80 90

0 0
4 C-
-2.5 2.5 : .
—_ 4 9.
-5_ E '5" ‘-_ % H
L A » B O
-?.5“‘ xr -7.5- - . '
: Foaol 1S
<10 - - : P :
© i s Qo
-12.5- -12.5- i [P
: i « B O

-15 -15-

b. share of N in fine fraction (%)

7AO 89 90 1?0 Legend for all graphs:

0
ol ng 1
2 5. young
@ young 2
5. young
Y oun 3
7.5 young
id A
.10 0
- old B
-12.5-
~0- oldC
215 -

Figure D 3. Relative contribution in terms of C and N content of two physical fractions
of soil organic matter in the 0-15 cm soil profiles of old vs voung mucuna
fields. San Francisco de Saco, Northern Honduras
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Figure D 4. Changes affecting the C and N content of two phvsical fractions of soil
organic matter in the upper soil profile (2.5-5 ¢cm) over time under the in-
fluence of the mucuna/maize rotation. San Francisco de Saco, Northern
Honduras a absolute changes in each fraction. b weighted contribution
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APPENDIX D.2.a: CHEMICAL & PHYSICAL FRACTIONS 0-15 ¢m
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APPENDIX D.2.g (cont.)
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APPENDIN D.2.b: SOIL ORGANIC CARBON (Walkev & Black) 0-15 cm

sample IL.D. % C
parc. rep ID # age hor.1 hor.2 hor.3 hord hor5 hor6
1 1 1a 0 13.33 204 1.60 1.34 1.06 0.90
1 2 1b 01383 249 2.15 1.69 1.67 1.43
2 1 2a 07224 178 149 133 1.16 1.02
2 2 2b 0]266 2.28 183 1.60 1.45 1.16
3 1 3a 1253 185 147 139 1.18 1.03
3 2 3 11216 1.73 149 1.28 1.12 1.08
4 1 4a 2340 257 2.16 177 1.38 1.26
4 2 4b 2422 328 258 203 1.64 1.44
5 v 5a 2]3.03 238 200 1.78 1.56 1.25
5 2 5b 2392 301 259 208 1.82 161
6 1t 6a 3432 278 218 1.72 1.44 123
6 2 6b 41379 245 209 156 1.24 1.10
7 1 7a 41407 284 206 148 1.24 1.05
7 2 7b 41465 295 1.83 144 1.11 1.00
7 3 7c 41435 2.82 197 154 1.21 0.89
8 1 Ba 94982 297 212 170 1.38 1.21
8 2 8b 9445 276 1.87 1.62 1.49 1.27
8 3 8c 91459 246 231 1.82 1.67 1.25
9 1 9%a 7398 255 165 1.35 1.0Z 0.97
9 2 98b 7 |4.13 259 188 140 1.21 0.96
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APPENDIX D.5: MAIZE YIELDS AND YIELD COMPONENTS (ALL SITES)

t 'ha kheus. -l "y
YO0y wite Phrmey Isp lage Plenting yield dens Wear/pl ¥WR/esy Wiesr WE/m) WIK
93 sf  CAPLCS MALDONADC 1 G 1.58 [23.1 0.4 3 %3 58¢ &.F
8 8f  CARLCS MALDONADS 2 0 .82 |22.4 0.7 252 75 44 2% ¢
93 sf DON JACOB. -cheek ) 1] 2.831 |30.% .84 353 110 805 1.2
93 s{ DON JACORS ~check 2 0 1.7 (31 ¢ 0.80 257 7 651 303
83 sf MAFUIN MALDONADO 3 1 01:08783
§3 8{ MAFUIN HMALDONASO 2 1 12/24/82 1.8 [25.4 0.78 341 §5 §76 27.¢
93 sf M.A ANDEADE LUPE | 1 0.%0 30,0
93 &{ BEPNABE AIQUEL 1 1 12-05/%2 1.8 [15.0
93 gf  RMNTONIL GAFCIA 1 2 | 031/01+83 4.3 117 0.53 303 e 506 15.%
33 8l XDAN ANUPLDE 1 2 1273092 | 3.7 c & .88 388 13¢ 89+ 38.1%
93 81 TOWKIO MADPID 3 2 12/36/82 | 3.68 [30.0 0.73 444 167 102¢ 362
83 s{ TOHIC MADFID 2 2 1272692 | 3.85 3¢ 2 0.85 343 130 316¢ 323
K af  ANTOHII AYALX 1 3 127237%2 3.82 j48.9% .78 338 10} i2eg 30 2
&3 ef  ANTONIC AYALA 2 3 32 23/92 4.84 1453 0.%5 4ce 11% 1685 29.:2
3 ef  ANTONIO GAFCIA 2 3 01701/83 3.94 {33.2 0.81 &61 136 1247 3C 4
83 s{ sk ALQUEDZ B 2 4 1272482 2.31 130.9 O.88 324 10E 6€. 33 4
L] af  Tal 1 ANDFADE i & | X2/14/82
& ef  TAl il ANDEADE 2 &€ 111 11082 2.22 {28.0 s 4 11z 173 66: il 4
93 i A MOFALES - 8 & 1 ¥2°18/92 3.58 |25.4 0 5 3E5S 1B 3166 i o
&3 &f Arvi: HOFALES 2 € | 1218 &C 4.86 |41 ° (%34 58 121 351 il o
13 sf OEE> SEFFALC 1 € 1 32/17:82
£ sf CEEZ SEfFfANL 2 6 |12 1782 3.36 |53.6 .86 364 114 1174 214
g3 =i JUAN BIDES 1 [ 1231682 | .80 {I9.¢ 0.54 154 £z 3¢ 2¢ %
83 s JUAR VALLMUEL 1 [ iz2°08 82 3.64 {31.9 [ 383 - 238 31 4
2 ef  JUAR VAICUEL - € | 1208 82 3.47 I%8.8 o 74 453 il L L
&l £f DI OJATIBL CASTEL 1 Tl 12714 B2 3.80 j20.4 1.0 423 144 LU 4
4% sf DO JAZOBRD LAFTEL 71214 82 3.1% [2¢.4 .94 383 1% L3-S T
55 cf DI TREPE ALFAFY 3 7| 010683 3.4% [42.6 6.7 178 PR &
93 sf AMDFEEZ LAIHEZ 1 7 12723082 1 6.1 Jit.8 6.61 188 34 265 1t
8% sf  ANDRES LAINET 2 7 12 22 92 | 3.44 j48.3 0.5z 337 B 116 ¢t
3 ef  SANTIAGT SUAL! 1 3 12 31392 | 2.81 [38.4 [ e 358 183 ¥ES 2%
83 £l SANTIAGS BUARLT 2 T 12.13/%2 | 3.78 {45.% 6.5 3¢9 S SRS Dol DA S
%3 B OPLMITDC BALOMC 1 S T ol682 2.87 |25.3 [ 14 353 112 Bos 3.7
g3 sf  OFLAXNDA PALOMO 2 & |2 1182
95 sf{ MAPTIF ANDFADE i § | 010783 3.6% |23.9 30 §28 152 1058 35.¢
%3 %1 AFTIF ANDEALE 2 8 | 01704 83 | 4.83 (2% .4 1.Le 515 145 1611 ZIF I
%3 ¢ f  RETORII MORALES 1 g | 0170991 2.88 |26.7 .78 133 g "€ 3% L
g% €f  ANTIEIO MOFALES 2 g 01.06 23 3.5% j2§.% £.8% 47z FRE B e
£ £ TEYS MORALES 1 8 | 011583 3.45 [312.2 6.62 178 13 €5. 32 "
£ £f TEYC MOFALES z £ 1 01704783 3.68 [36.8 [ [ iy 130 3ITE 3k
12 el DOH ANSEIMD MErIA 1 £ 12:2% %2 | 3.41 320 .78 383 Jil g8 371
83 sf DM ANSELES VESIA 2 £ 12:2% 92 [ 3.22 [32.¢ [ 1134 137 [ X2
1] ef JE3UI ErFilur 1 8 12 20 82 | 3.34 |37} [ 334 139 L T ¥ S
93 sf JEFUS ENFI(VE N £ 12/20 92 | 3.83 [28.1 o 8" 18y " £ 3¢ =
1 £f JIWLALEZIC MESIA i 13 1224 92 | 1.6% [01.6 [ Q2 1% £7e IF ¢
&3 a7 TUANIITI FTUEFA 1 § 226 92 | 3.3 [3B.C ¥ 32 10 riTE 31.¢
§: $f SWANITTI FITERA 2 £ 12/2692 | 3.48 3% .€ ot 34 i 1 1300 31,4
& 8! MAFII HEPRANDED i 100312 63 %2 &.1% Jay < [ %€ 1.0 1%es 30
EX ef MAFCI MEPNANDED 2 16 1 12703782 4.93 jis. ¢ [ v 1E: 1487 3¢
%3 57 MAF2C HEPRMTDEL 3 10 | 12703/92 3.38 |%&.2 0.7 2BE 66 1117 3l.v
83 sf HAFIC HERNADED 4 10 | 32:°63/82
9% 8f  ANTONII MALDOINADD 1} 10 | 12-23-%2 | 4.03 [27.9 1.0d 4z8 138 1280 3:5.%
33 s ANTONIL MALDONADD 2 10 ] 32723:92 3.35 [26.1 .84 404 i 9% 33
$3 sf DO CHEPL ALFAPO 3 10 1 32:14-92 | 4.74 (38 3 C.9¢ 454 128 1716 2" 6
33 s8f  DON CHERL ALFARO 2 16 127306482 3.31% 131.0 0.21 k23 1tz 112 28 3
93 g JULIAN ENRIQUL 1 31 12:19-92 | 3.87 [33.0 0.90 363 132 1CEE 3%~
83 pf JULIAN ENPIQUE 24 1 1273992 | 4.3% 3. ¢ 0.94 424 =3 117e 3% g
9z sf “NEGRITO $IVERL ) 1z 1272792 4.6 141 2 [N 3 3EE  IEN DS 2 S
93 Y SHEGRITO FIVEFA 2 is 12724792 I. 84 26 2 1.06 185 141 107y 3T
33 5f BANTOS VAZQUEL RP 3 12 .33 1177 [ 315 2 7885 9.4
93 sf  JULIG MEIIA M 13 | 32012452 3.68 |31.¢ ¢ 5§ 3¢ 11% 1166 1.4
93 sf JULIC MEIIA 2 13 | 32012182
$3 sf  DON JUAN PIVERX 3 13 ] 32:35/92 | 31.%0 1272 1.0¢ 410 Y32 1218 3:
83 £1 DON JUAN PIVERA 2 0 13 | 1z2/35092 3.74 12%.3 0.%¢ 374 130 160y 34
&3 ¢! DON JULL RIVEFA 3 13 12 31-82 3.2% |28.3 [ 4 45¢% 185 §LE 3400
L] s{ DI CHES ENFIJUE 1 13 12 20 %2 3.17 |35.¢ [ 3 3% 1.0 lt: 3o«
5 sf DO CHEMA BNFIQUE 2 13 12731832 3.3% (382 ¢ $¢ 38t 1n: 1282 ¢
¥ £f 0 DIN OCHEFLTE M 14 | Az 24082 2.31 [3C 3 [N 477 [ Y S
£? DY CHEFIT? o 14 | 12724 8= 2.8p |32.¢ L EF 362 &2 gTe 1R %
8 £f TN IHESL SALIAME 1 1¢ | 12 17 8z a.pp |51 [ k) LEELITL ST
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sice Parmey

APPENDIX D.5 (cont. 1/2)

yoar rep |apge Plancing |vield {dens MNear/pl NK/EARY Wisar Wik
83 2f DON CHEM. GALDAME 3 15 112°17:92 1 4.560 133 .¢ 0.9%8 i29 3¢ 3205
9]  mg ADOLFO CONTFEPAS 1 O | 12-18/92 | 2.31 |33.0 0.68& 263 106.4 s o4
93 mg EDUVIGES CASTPON 1 [ 12:17.92 | 2.6% |27.¢ 6.86 342 1i8.¢ 34.¢
$3  mg ADOLFO CONTRERAS 1 1 12714/92 | 3.84 |28.8 6.79 476 159.2 33.9
93  mg JORIE CASTRON 1 1 12/26:92 | 3.84 |3C S 0.81 21 156 ¢ 31
93  mg JORGE CASTROMN 1 2 12/26/92 | 3.96 |34.2 c.%¢0 3198 131 2 33,0
91  mg NAPCISO RIVAS 2 2 12728 92 | $.8¢ |48.) 6.93 429 19 ¢ S
93 mg HUMBEPTC RODRIGUE 2 12736 92 | 3.79 |23.5 0.81 441 151.9 i.5
93  mg EDUVIGES CASTRON 2 3 12/47.92 | 5.86 (17.8 1.02 442 147.8 3%.¢
93  mg PASCUAL MAPTINEZ 1 k) 12/1492 | 3.91 [33.2 6.98 4%¢ 123 ¢ e
93 mg MIGUEL ARGUETA ) 1 10L,12793 3.41 {35 9 0.92 319 96 303
93 mg ANASTACIO AMAYA 3 4 | 0108983 5.10 |48 3 .78 529 185.1 31.2
91 mg ANASTACIC AMAYA 2 4 | 01 0693 §.6% [19.4 ¢.62 407 157 .4 32.¢
93  mg CPISTIND CASTRON 1 4 12 26:92 | 3.46 329 0 "8 432 134.° 114
9  mg CPISTING CASTRON 2 ) 12726 92 | 3.04 129.2 0. $0%  116.) 26"
93 my CONSTANTING NAVAP 1} 4 | 01°0193 4.56 (391 0.2} 47 1348 2¢ 1
93 my CONSTANTING NAVAP 2 4 | 01/01/93 4.15 [4¢ 0.84 456 126." 2= s
3 mz CRISTIND CASTPOH 1 s 12.24/92 ) 4,85 133 .1 0.9¢ 445 46,2 3208
2 my PASSUAL MAPTINEZ 1 [ 1215792 | 3.85 |se.2 ¢ e~ 347 148 < 3108
3 my ANTONIC HEPMANDED 2 5 12721792 | 5.68 |44 O o 23 182 145.¢ PR
23 mgy JOSE RIVEFA 1 § 12 19 93 | s.83 |537.¢ 0.9¢ 456 15E.0 F
93 mg  APMANDO GALVEZ & 112 5% 92 a.16 {328 [ 416 13103 4.
§3 my MUMBERTO PODPIGUE ) 6 12 1% 92 | $.34 |44.7 -3 3% 145 ¢ 2e.t
93  mg HIMBEPTG PODPIGUE 2 § 1215 92 | 4.80 |4¢€.8 [ X 436 11%5.¢ ot
§1 mg  ASCLPS CONTPREPAS 1 - 12 14 52 | 6.67 (322 s oes 436 144 3 3% .
93 mg ADOLFC CONTPEPRAS 2 K 12 14 92 | 5.00 |39.8 0.¢1 $2€ 156 2 31 0¢
93 mg JOSE CUNTPEPAS 1 B 1226 92 | 5.52 |41 3 n 9 453 1ai.d i 312
93 mg JOSE IIUTFERAS 2 - 12 26 92 | 4.77 |33 ¢ z oeg 4T3 14t.d 3 3704
83 my MUMBEPT: BSDFISUE ¢ 4 12 16 92 | 4.44 29 .7 3 02 48 146 .~ . e 3
I sf  JUNFIITZ RIERA 1 2 1784 1.29% {22.9 C.&% 261 §5.° 3 3 "
54 sf JURNTITY RIVEPA. 2 ¢ 117 94 2.08 |35.6 0.88 318 7T g FEd I3 2
94 sf DON JALIOR0 -check | [ 2.24 ,32.5 ¢.84 423 119602 é1¢ re.l
EX 5f DON JASDBS -check 2 2 2.1% [24.8 ¢ 83 3166 112 I g1l 2 i
94 sf DOMA ZHINDA, mileg 1 0 12 2693 | 2.38 |15.% t eg 388 1%¢ 1 €15 3% 3
94  sf DORL CHINDA., milp 2 [ 12 26 93 | a.02 |20 ¢ 0 95 111 17e.% gia  35.2
94 sf DONA CHINDA, male 1 0 123693 | 2.53 |24.0 c.8% 386 12°% .3 m2& 35 02
94 sf DONA CHINDA, milp 2 ¢ 12726 93 | 2.02 |32.1 0 69 308 eT 2 630 3L ¢
93 sf PAUL MOPALES. che 1 Q P03 94 2.08 |29.9% 1 ¢o 238 T§.2 R T S T
34 s{ PAUL MOPALES che 2 0 101 03 9¢ 1.14 |31 0 91 214 84§ 673 3L 2
L] sf INDALESIC MESIA 1 1 b2 16 83 3.5¢ |37.¢ 0.85 383 11D.%  1.%4 2L 4
94 8f INDALEZIC HEJIA 2 1112 10 83 3.09 [41.3 Z.B® 29¢ RN 1 T T
34 ef T2 GAPCIA 1 3 12 29 93 | 1.78 |32 ¢ ¢ 62 PR U 4 fie 379
o4 <€ TChD AVALA 1 4 12 16 93 | 1.73% |38.1 ¢.81 337 118,51 raf 380 F
'S s TIUN AVALA 2 4 12 16 93 | 4.55 |39 B [ 37412 ¢ 103
94 sf Tofel AVALA 3 4 12 16 93 | &4.17 |38 2 [T bRl B S T T
93 sf TN SAFIIA 2 3 12 29 93 | 4.40 (354 0 EE b FE I DT S
5 s¢ DOU CHEMA ATALA 3 & 112 %6 93 3.67 136.1 5.¢7 EEEL- T T N
8 sf SUA URSOUED 1 - 12 2% 83 | 2.61 |21 5 [ S U 3 P
¢4 ef  JURL VA3 LUEZ 2 7 12°23-93 | 1.89 {21.6 o 73 11t 3 H :
94 sf  OBEL SEPPANY 1 £ 112 ¢l 1.73 |15.1 1.0l FRR I ]
53 sf CBEL SEFPAND 2 8 | 12/01-93 3.62 {15 1oL 367 1.8 [ 34 TP
H) sf DOl JAIOBL 1 S 214 93 ' 4.80 |36 8 0 9z EDS- T U S S -
94 sf  DBON JAIUBO 2 9 12.14:93 | 6.23 |35 7 0.0 34% 13103 112: 3T .6
& af O JASORD 3 9 12-14°93 | 3.60 |34 2 0.66 38T 1220 1li¢ 3105
L] s{ T.T. MORALES 1 ] 12 15'93 | 3.7% |31”.¢@ 0 84 308 3ot .8 G6ed4 39 ¢
94 sf T.T. MIPALES 2 ] 12-1% 93 | 3.423 |35 1 s, 81 328 1i1.: ez 37 L
24 sf T T MIPALES 3 S 12 15 93 | 3.68 (36 1 0.81 3168 1U€.3 1541 298¢
94 sf MAFTIF ANDPALE 1 § 1 01°03-94 | 4.48 {32.3 0.94 435 1é2 T 1¥iy 3 6
94 sf MAPTIP ANDPADE z $ 10103 84 $.45 [31.2 1.04 50¢ 16&.¢ 1€lge 3%
94 ef MAPIC A. ANDRADE 1 11 12 28:93 | 2.77 |34 1 o 83 332 173.% 937 31 ¢
94 sf MAPCO A. ANDRALE 2 122893 | 3.44 |27.C ¢.92 438 14..9 176t 3l.4
94 ef HESPITO RIVERA 1 13 12:18-93 | 3.4¢0 c.6 0.72 I 4 g7 & Jliz 38 ¢
94  sf NEGPITC PIVERA 2| 13 12/18-93 | 4.85 (&2 & 0 &6 3123 131.8% 0 120D 3s .3
94 s{ DON CHEMA AYALA i 14 11208 92 4.58 257 t 92 411 15¢.3 1381 33 ¢
94 s{ DOM CHEMA AYALA 2] 14 11206793 3.84 |36.5 ¢.%1 350 219.1 116D 34
34 sf CHEPITC BAFPEPA 1 15 101:08.9¢ 2.83 (472 c.e8 297 "Myoe laiT 28 ¢
94 ef CHEPITL Br "EFA 2 15 1 01-05 94 2,54 {51.1 DTt 398 &L 1ILL L%,
34 sf CHEMA GALIL.ED 2 16 12 27 93 | 2.3% |32 § 09" 334 5.1 LiTL 8 e
2. 6f CHEMA SALZANES b 16 12 27:'93 1 3.28 ,~9 ¢ i te (D WL S ST S S
94 mz ANTONII FULZ chec & ¢ 128 94 l 1.36 32 8 [ 281 4% 314 if
84 my ANTCHID PUIL chec I ¢ 128 94 2.09 !36.3 A 1 lée &z Tiiole
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APPENDIX D.5 (cont. 2/2)

YORY Hite Parmay rop ingo Flanting (yisld [dene Waear/pl WR/ear Wissr NE/m2 iR
3 mg FRANCIEZD PAPEDES | ¢ 01 1084 1.8 (315 0.7 251 T8 £ 31.4
43 ng JUA RLBARPENGA © 1 & 031:10.94 .38 [56.0 0.28 1%1 27 161 ¢ °
¢4 mg JUARN BURGLS 1 1 127794 | 1.083 [40.3 0.71 203 38 2 578 18 ¢
§4  mg JUAN BURGCS 2 1 12794 0.86 139.7 & &5 260  B&.0 €74 1 S
93 mg  ANTONID RUIZ 2 z 1215793 1 3.5% 32,7 c.99 429 113.% 1381 26.%
84 mg BENIGNO ZMAVA ! 31121083 | 4.43 |31} 1.09 393 139%.7 132" 3s.%
54  mg BEMIGNO AMAYA 2 31 12/7106493 3.36 [3C.¢ G.68 3%5 127,313 10%% 32.3
94 wig EDUVIGES CASTRON 3 [ £1717-94 3,11 1444 .80 382 28 = 1289 20,5
& wmg EDUVICES CLSTPOR py 4 G 1798 | a.063 1487 0.68 - T U @13 2%.2
92 my  JOPGE CASTFON 1 L 1016 84 2.43 32 C 0.66 | 2.6 w58 3.8
¢4 mg JOPOER CAITPOM 2 4 1718 %4 3.3¢4 }45 3 282 3449 as ¢ 1085 8.6
52 3 AnAsStacHT 1 5 12 22 83 | 6.63 |35 & c.g" 368 115 7T 1273 3i.4
44 mg anastacic b 5 22.22 %1 ] 3.%4 |41.9 ¢.8% 103 ®d.1 1134 31.0
& mg anastacio 3 5 12/22/%3 | 2.48 |37 .4 o €3 279% %8 g4 7.
24  mg Hernanden 3 & 12:22/83 | 4.08 |52.1} s 89 30 & T 4™ el”
g4 m3 Hernarden 2 & 12°22/83 | 4.38 135 & 0 9¢ 370 1160 1384 311
LF] my Herra~des 3 é 12 2283 | 4.60 125.8 D 59 184 45,6 11 Z3.6
24 S-S 1oFull 1 é 12015 83 | 3.%% 38.% ¢ k6 335 118,35 1)1i€ 38 2
el ny  IF SARETPLE 1 é 12 27 93 | 2.3% [37.% 0.8" I73 - el ¢ 0x
“a rz U SaETEO z [ 12 2793 4.29 134.1 8.8z o82 . BET 0% =
s mp Alrarenga 1 7 12-22 83 | 3.8y 4o 7 4 Ez AR UL S A Y
&4 my A.kayerga P N 12 22 83 | 3.47 (%6 4 (.§2 29 il £4" 38.%
M my AlEA)Lenga O 12 21 43 ) 3.38 (38,7 .83 IS B R T A SR
e i ADILFI IIRTPERAS 1 ¢ 13 30 9) | 3.67 |31.2 . &S E2 DU S R T |
e 1y aesLFO CONTFERAS z £ 2 20 %3 3.67 (27} 9% 236 1T & 1138 3% 1
£a mng ABFAMAM JOUNTRERAS 1 8 0 01 %4 4.54 <> 3 LoE" 434 125 EES-S NG S
o3 mg  ABFAMAM CONTFERAS 2 8§ Gy 01-84 3.82 ;42.4 o 85 35 116 3 134T 300
83 ma FEANCISIO PAPEDES 3 11 12415 83 4-85% {51.7 s 83 434 143 2 1187 23
Sae my FEANCIECC PRPEDES Z 1 12 1%793 3.40 {32 2 Z.82 421 1:8.8 ERh- Il S
23 Y JISE PIVEPR 3 a1 12729 83 3.2 133.8 .83 442 1184 1231 26.%
$3  mz JOSE PIERL 2 21 225 93 1 3.13 i3¢ 2 £.862 3E6 322 85 1% 23 3
j:+ <u chegue de) 18 e Y ¢ 01 17 84 1.40 (28 3 L &6 b ) "9 3 483 31 I
] cu Handel “arels va 1 3 Gl 1093 3.83 (26.4 L ES =52 DR 3 &se 1 0B
M Tu Iemasl Je. C13 2 1 1.6% (12 ® [ i ] £15 27 .8
¢4 cu Manuel varela la 3 0 1D vl 3.69 |29.2 o -4 L 2e) U ol JUME S DA
9o sv Manuel Varels la 2 TPor i oes 2.36 |23 7 58T €07 1l8.0 - TS S
%8s co Viauel Carballe 1 1 2 1.6% (3} ¢ ¢ El 2% s 1 T5T I8 3
3 cu Miguel Carball: } 2 2 2.52 13,8 e8] 17 3 9 $4° 23 €
§2 cu Manael “arels Ja. ] 3 0%y 40 84 .83 239 [ 4 115 103 @ 574 il %
&3 24 Manuwel arela ra. ot 30401 10 54 2.72 1260 0. 83 383 126 2 2:7 st
“a ¢u lHanuel areia a3 1 4 21030 34 2.83% 121 .8 T.¢8¢ «13 11& 8 PR S
9 ¢4 HManue) “arels la z 4001 10.8d 383 JIELC s, e 336 136.2 PR WK
b sw Luis Carballe ] 4 G.88 T8 3 .88 238 [4- 3 3%y 8.0
@4 sv Luis larkarls : 4 0.€1 28,7 L.4¢ 144 2 Jel 2E %
93 cu Miouel Carballe & 1 s 1 L &4 1.68 |2$.1 $.78 24 &a ° - S N
&4 o Yaguel Carbajli: 4 - s £l Gl %4 .47 1315 kS i3 2y % T8 3505
e ¢u Manuel arels 5a 1 é 7 01 1T B4 2,39 |25 7 38 386 10¢%.: PR S e T
94 ¢w Manuel “arels 5Sa 2 6 101 1094 .11 [2% 4 L o%8 5% ! [P S
M ¢. Posende del Cid 1 Torebo07 B4 6.65 (23 8 .62 2 SR h 4 3t Il 4
39 gy Frserd: del cid 2 T I 0" 8% $.13 1218 L.ne 238 68 2 3¢: zf %
8a Fi PAFAEL CASTELLANS 1 3 1.88 1.8 05T 3% - T6L 4. E
44 i PaFaEL CASTELLANC z 3 488 (277 0 8" 3162 11l.3 g7g 31 2
94 Pl FODOLFE QUTIEPPEZ ) 3 2.34 |28 3 5,83 ITe §8.3 65" I &
$4 g3 PODOLFD TIEFRET 2 3 2.82 133 8 ¢ 82 342 87 0% 94F 8.5
243 pl ELALDIO CASTEL. ~ 1 4 2°15°94 | 2.47 ,26.3 [ <% NN 634 35.0
°3 Pl ELADIO CASTEL, « ps 4 2 1594 2.3% [2%1.8 0.59 s 91.% Teé 28.:
84 gl LULS ALF. CAST. 1 (3 1.306 35 5 5.7% 366 531 4 T 189
43 L LUIS ALF  CAST. 4 5 1-87 2B 3 O. 924 288 I STe 25t
94 P12 INGLOBEPRTD BOBJAS b g 2-8% 134 3 ¢.8¢ 344 315 2 3% 3.4
24 px  IRGLOBEPTO BORJAS 2 ] 3.07 |27 0.73 413 3183 1 g10 3% ¢
24 Fi MAGDALEWD PIVERA 1 11 a.%3 |27 ¢ 0 5% 342 100 7 88% 39 &
94 pi  MAGDALEND PIVERA 2 11 a.%71 (28 3 0.%3 323 3112.% TBE 34.8
%4 pi PODILFY GUTIEPREZD 1 13 2.62 131 3 ¢.82 377 9% $ 965 25.4
5¢ pi EODOLFO GUTIEPFED 2 13 3.8% 24 3 1.¢2 466 1.4 9 1352 26.8
94 Pl MAGDALEN: PIVEFS 1 13 3.68% (36 2 T.8% 428 11! 3 1386 6.8
L] Bl lasbal BN PIUEPS s - 13 3.7% 135 ¢ L E% 383 11 2 1.8. 573
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