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In the weI lowland hillside ... ('If !\onhern Honduras, thousands of small fanners ha\'e 
been spontaneously developing and adopting throughout the pas! 20 years a no-tillage 
cropping system. whieh consists of a rotation between a rainy-season. spontaneously 
reseeding mucuna (,lI111(.:IOW ~pp.) and a dry-season maize (Zea ma)'.\). The present 
study pro\ ides an exploralOry analysis of sorne of the major agroecological processes 
which shape thl s system. induding shon-tenn nitrogen cycling and long-term trends in 
soil chemical and ph~'sical propenies To this end, an agronomie monitoring "as con
ducled in fanners' fields during IWO conseeuti"e cycles in four villages. in which maize 
yields and ~'ie!d components, mucuna biomass. soil propenies and farmers practices 
were recorded. long-tenn trends were detected via a chronosequence scheme, 

B~' the lime a mucuna crop is slashed. it has typicaHy accumulated lOto 11 t.ha·: of 
d~ -mat, and 150 t(I 350 kg.ha 1 ofnilrogen in ilS above-ground biomass. The mucunil 
mulch decomposes rapidly after slashing. occasioning a marked peak ofinorganic nitro
gen in the soil profile Farmers take ad\'antage ofthis pattern by planting maize just 
after slashing. The mucuna îtself recycles a signifieant share of the nltrogen it needs 
Sustained maize yîelds of 3 to 4 1.ha' (double those obtained without using mucuna) are 
commonly achie\ ed. \\ ith hardly any need for and response ta nitrogen fenillzer 

ln Ihe long-run. Ihe mucuna system l'lot onJ~' protects the soi! from erosion. but also 
comribules \0 a general impro\'ement in soil fenility over time in mos! cases ~o soil 
acidification N other fonns ofsoil degradation take place Soil organic matter increases 
markedly in the tirs! fi\e cm of the sail profile. Levels ofexchangeable Ca or \1g ha\'e il 

tendency to Încrease throughoul the soil profile. whereas le\'els of a\'ailable phosphorus 
remain stable Finally. steady-state infiltration and porosit)' also increase significantl~ 
O\'er lime 

ln spite of its satisfaclory agronomie performance, the future of the mucuna system 
is uncenain. as the income-generation capacity of the rotation is re!atively low. In
ereasing yields. making use of mucuna as forage or feed, and di\'ersifying the production 
al the farrn level while maintaining the multiple benefits associated with the mucuna 
SySlem seem necessar)" to avoid its graduaI abandonment More generally, the wîder 
diffusion of ecologically-sound slash-and-mulch systems, and also the understanding and 
appllcatlOn of the ~ey prineiples ofmulch farrning to agroecological C';1\'ironments less 
fa\orable lhan -""':onhern Honduras are among the man)" challenges Iying ahead 
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En las ladcras hûmcdas dei no rte de Honduras. miles de pcqucnos agncu1tor~s han ida 
desarrollando y adoptando espomaneamentc durant!.: los ùltimos \eintl.: anos un sistcm.a de 
cultl\oS de labranza lero. cOTISlsticndo en una rOlacion de un culti\o dl.: mail. (Zca l1Iay.\) 

scmbrado durante la estacion seca \- un cultiva de mueuna (MI/cllnn spp) cn la cstaclon lIu
"iosa El presente estudio pro\ce lin anàlisis de aIgunos de los procesos agroccol6glcos ac
tuando en este slstema. mcluyendo cl reciclage de nitrogeno a la largo det CielO deI maiz ~ 
la5 tcndcncias a largo plazo cn propicdadcs quimicas ~- fislcas dei sudo Para L:Sh.' fin. 5": 

lle\ 6 a eabo un monitorco agronomieo durame dos ciclos consccuti\ os cn parc..:las d..: agn
cuhof(~s en cualm comunidades. durantc el cuaI sc midieron los rcndimlentos de maiz ~ SU$ 
componcntes. la blomasa de mucuna. las propiedadcs de! suelo ~ Jas practicas de los agncul
tores_ Las tendcnclas a largo plazo sc detectaron medlantc un csquema de cronosccu..:nCl:lS 

AI momcnto de chapiarlo. cl cu[u,·o de mucuna ha acumulado de 10 a J: t ha; de mal..:
ria seca ~ entre 250 ~ 350 kgha" de nitr6gcno en su biomasa al!r"::l. El mantillo dL' mucunJ 
sc dcscomponc rapldamcnte d..:spucs de chapiar. inducicndo un marcado tl"lcremento en l::i 
dispombilidad dei nitrogeno mineral cn cl perftl dei suclo Los agriculton:s apro\cchan estJ 
situacion para sembrar matz Justo dcspucs de chaplar La mueuna n:cicla gran part~' dd ni
trogcno que \ a acumulando Rcndimientos sostcnidos de 3 a -1 1 ha: de malz (d doble de los 
obtcnidos sin usar mucuna) son comunmcnte alcanzados. Sin ncccSldad d..: aplicar fertilizan": 
nitrogenado La respucsta al ml smo CS mu\ dcbll aunque \ ariablc cnlr..: parce las;. anos 

A largo plazo. la rotaclon mucunalmaiz pennitc proteger cl suelo conlr3 la croslon. a 13 
\ Cl qu..: comribu~ C a mCJorar la fcrtll idad dei suelo a tra\ cs de los ailos o.:n JJ m3:- orÎa d~' los 
casos No Sc obscn a aCldificacion de! sudo 0 otras formas de d~gradaclon de! mlsmo Los 
ni, ~ks d..: matcria org3mca aum..:ntJn marcadamcnte en los pnm..:ros :' cm d.:1 perfd d~' 

su..:lo. ~ los cont..:mdos d...: Ca ~ \1g intcrcamblablcs tlcndcn a aumentar cn lodo :1 perfil El 
fosforo dlspomble ~e mantiL'nL' estabk Finalmcnt~. las tîlsas d..: infiltraclon ~ la porosldld 
dd su..:lo IlmblL'n aum..:ntan a 10 largo de los anos. 

A pcsar dL' sus bucnas caractcristicas agronomicas. la p..:rman..:nCI3 dl.' Il rOIJCIOn l.'stl .... 11 

dudas. ya que los mgrcsos den' ados de su uso son rclati\-amL'nt..: baJos Para..:\ nar su ab.::I11-
dono graduaI. par..:cc ncccsano aumentar los rendimicntos. usar mucunJ camo fu...:m...: d..: 
forrage 0 dn·crsiticar la producclon a nj"el de la finc3. tratando sin t.:mbargo d..: no pcrdL'f los 
bencflcios multiples asociados con el uso de este sistema de cultl\ os De fonna mas gcn..:ral. 
la difusion de slstcmas ccoJoglC:lmCmC viables basados en cl usa dc cobcrturas \ 1\ as ~ man
tillos. asi como cl enlcndlmi..:nlO ~ la aplicaclOn de los prll1ClplOS da\ cs de los ml5mOS en 
ambicnlcs agrol.:cologlcos menos fJ\orable que el litoral al1àntico de Honduras. fonnan 
parte de los muchos retos que quedan por afrontar. 
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Chap/el" 1 

JNTRODl1CTIO~ 

Many sm ail farmers throughout Latin America operate under dire socioeconomic condi
tions (de Janvry, 1981) Several key interrel ated structural con strai nts are usually rec
ognized as contributing te this situation: (1) restricted sccess te land, as a result ofv'ery 
uneven land distribution, (2) limited access to agriculrural inputs and commodiry mar
kets, linked among other causes to Inadequate communication infrastructure and lack of 
disposable incorne. (3) high rates of population growth, spumng a growing pressure on 
the natural resources, and (4) a rapid di sappearance of remaini ng virgi n forested land. 
which up 10 n0W naH pro,"ided a relative measure of alleviation for many households in 
search of deçem standards ofliving (Breslin, 1987) 

In hillside or mountain en\'Îronmems, additional constraints must be induded in the pre
vious lis1. One of them is the high transaction costs associated wilh many economic 
acti\"ities v."hich take place in a context ofbroken topography and geographical isolation 
of many communities. This translates ioto lower or erratic fluxes of information" ser\'
ices or goods being exchanged between households living in the hillsides and the sociery 
at large Another one is the relative fragility of the physical environment. and in par
ticular the high potential levels of erosion and other forms of degradation accompanying 
the economic exploitation ofnarural resources via logging. agriculture or canle rising 

ünder such challenging conditions. it is hardl)' surprising that fanners ha\"e not been able 
10 respond very successfuUy to the growing stresses imposed on rural societies (Collins. 
1986) For the most pan. they 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 adequa.te (Nye and Greenland, J 960), greally shonened faltov .. periods and 
lo\,\ cash-incorne generation capacîty nowadays threaten the sUI"\"Ï\'al of entire farming 
communllles 

For those concerned with the conservation ofnatural r:esources and/or the weH-being of 
rural populations. a vÎtal question is what can be done to alleviate sorne of the con· 
straints mentioned abo\'e. and help households living from small-scale agriculrure achie\e 
a more sustainable path (Peters and Neuenschwander, 1988, Wijewardene and Waidy~ 
anatha" 1989, Villachica el al, 1990, Robison and McKean, 1992; Bandy el al, 199~. 
Garni)" and Khan, 1994) Clearly. successful strategies will have to address in one way 
or another the root of these probJems, which lie largely outside agriculture seI/Sil Sfm.:111 

in that sense. it would be foolish te entenain the illusion that there can be sustainable 
agncuhural practices or systems without a sustainable society at large (Castallenet. 
1994) Whate\'er the progress made on this laner level. a definite requirement from an 
ii.I!.-'Ticultural vi ewpoi nt î s to at 1 east devise durable means of ex pl oiti ng the one reS0urce 



most easîly degradec destroyed or lost in the productive process. panicularly in a hill· 
side environment. the soÎI Îtself 

1,1 I~ SEARCH OF ALTEAAA TIVES TO THE DJLEl\t;\1-\ or HILLSIDE 
FARMr"lG 

On account of the întrinsîc fragilîty of hillsides. many dispute the notion that they 
should ever be farmed The fac! that this study focuses on a successful hillside cropping 
system by no means constilutes an act of active advocacy for farming hillsides But as 
hi II side col onizatî on i s an j nescapable reality, understanding how to minimi ze the re
sulting damage is a legitimate concem. 

There have been a great many successful experiences, most ~enturies or even millennia 
old, about conserving soil in hill side environments. including engineering appn"\3ches (e.g 
terracing) and agronomie approaches (e.g. agroforestry or rotations with caver .:rops) 
(Sieben and Lassoie, 1(91) The former were commonly practiced in Europe or Asia for 
example centuries ago. but their high initial and maintenance cost and high requiremem in 
terms of social control make them hardly appropriate for most present-day situations 
Agroforestry systems proposed by present-day scientists (Naîr. 1989: Fernandes et a!.. 
1(93). e\'en thc1ùgh they appear anractive theoretically, ha\'e been very sparingly 
adopted up to now outside areas where simiJar or reJated practices were already in use 
(Budowski. 1985~ Garnty, 1993) This lack of adoption can be explained al least panly 
because of the high laboT requirements of these systems, and the delayed or minimal 
impact they have on productidlY or incorne generation 

On the other hand. nO-lil! slash-and-mulch systems (systems in \'\'"hich a natural or in· 
troduced vegetation is slashed and used as a mulch for the follov.ing crop) ha\'e been 
adopted in several regîons throughout the tropies (Thurston, 199-1) They do not re
quire heav~' initial investments and can produce tangible benefits in the shon-Ierm. in
c1uding erosÎon and pest control. improved nutrient cyclîng and v.ater use. and reduced 
labor use (La1. 1975: Monegat, 1(91) Of special interest are systems i ncluding legumes 
as the mulched species, because the nitrogen released by the legume upon decomposition 
helps boost non-Iegume crop yields significant!y Thus farmers depend less. or no! al 

aIl, on applications of costly nitrogen fenîlizer. an advantage shared by rotations ln
cluding green manures (de Sorney. 1916; Pieters. 1927. Vost el al, 1985. Lathwell. 1990. 
Buresh and de Datta. 199\). These rotanons seem panicularly suited te the humÎd 
tropics (Buckles and Barreto. 1(95), as production of biomass which will be left in place 
competes linle with the production of economically more \'aluable biomass such a~ 
grain, forage or fuel ln spite of their many qualities, legume-based slash-and-mulch sys
tems are still very peorly documented in the scientific literature (Sanchez. 1994). e\'en 
though relatl~·d agroecosystems have been studied extensively (Huntington I!I a/. 198~. 
Ladd and Amato, 1985. Yost ef CIl., 1985. Glover and Beer. 1986. Pichotl!l CI/. 1987. 
IRRI. 1988. Vost and Evans. 1988, Sanchez el al, 1989: van der Heide and Hairiah. 



1989; Pal m and Sanchez, 1990; Sarrantonio. 1991, Smyth el al., 1991 ~ Kang and Mulon
goy, 1992. Mulongoy and Akobundu, 1992, Haggar and Beer, 1993, Thurston, 1994) 

1.2 TAPPlNG FARMERS' KNOWLEDGE AND EXPERIENCES 

While science-based agriculrural research is 10 be credited for huge successes in raising 
agrieultural output, many scientists fail to realize that small, uneducated farmers also 
suecessfully experirnent and inno\'ate on their own initiative (Johnson. 1972; Brarnmer, 
1980, Richards. 1985) By definition, farmers' mode of experimentation is not equiva
lent to scientific inquiry, as il relies heavily on empiricaL locally validated experience 
Hence il may not generate knowledge in a form easily accessible to outsiders or ex
trapolable to other regions/farmers Nevertheless, many insights were gained in the pas! 
and man) more !hal could still be gained from assessing what [armers did or do to ad
dress key issues relaled 10 crop or environmental management. For example. farmers' 
in-depth understanding of numerous wild plants and their relationships ta the em'iron
ment might provide invaluable guidelines for developing sustainable farming practices 
(Richards, 1985, Sinclair el al , 1993) 

An imponant task for researchers Ihen is to devise efficient ways of tapping this 
knowledge. An added challenge is ta contribute simultaneously to the strengthening of 
farmeTs' capacity 10 generate nev, ideas and praclices (empowerment may be the ke~
",,"ord Bunch, ! 981). gi \en that tradili onal mechani sm s of knowledge generalion are fast 
eroding. in the wake of the crisis affecting rural societies. 

Documentation of farmeTs' knowledge and praetices, a needed first step in this process. 
can take se\'eral forms: from mainly journalistic accounts ofwhat is being done (e g 
(flores. 1987) la in-depth diagnostic srudies trying to identify constraims. benefits or 
farmers' conceptual frameworks (Richards. 1985: Bentley. 1989: Bello\\'s. 1992. Sindal r 
et al. 199~. Solomon and Flores. J 994) In ail cases. il is important 10 gel a\\ ay from 
gratuitous orinion and propaganda-Ioaded accounts about indigenous systems and 
knowledge bases and towards a rigorous understanding of the principles they re!y on. 
their shortcomîngs and potential for extrapolability outside oftheîr original conle:>.:t 

1.3 WH" STUDY THE Ml1Cl:l'IiA SYSTEM? RESEARCH OBJECTrVES 

Given the above context the \'ery existence of the rnucunalmalze rotation prac!iced by 
thousands offarmers throughout the humid lropics ofMeso America (Buckles. J995). 

and panicularly in the hillsides of Nonhern Honduras, seemed to pro\'ide a good oppor
tunity to document in 5111/ the agronomie performance and conceptual underpinnings of 
an indigenous slash-and-mulch cropping system reponedly successful in terms of pro
duel i \'i ty. sustai nabi 1 ity and adoptability, 

Brief1~. the mucuna'maize rotation is a yearly rotationlintercrop betv.een a rainy season 
mucuna CHI/l'Illm .\Pp.) grown as a cover crop and a dry season maize (Zea III{~\.\) 
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planted in the slashed mucuna mulch The mu cu na volunteers in the maize crop from 
seeds left unharvested in the muleh This rotation has been adopted massi\'ely among 
hillside farmers ofNorthem Honduras (Flores, 1987; Avila Nàjera and Lopez Po. 1990. 
Buckles el ar, 1992) The fact that adoption had taken place SpOl1lalleOIlS~\ and 011 a 

regiol1al scale indicated thaï the system was apparently providing satisfactory answers 
to important macro- and micro-Jevel constraints. Unlike many innovations conceived by 
agricultural scientists, L:::rally anybody seemed to be able to adopt the mucuna system. 
without the need for costly capital investments, incentive packages or formai training 
sessions. Also, the mUCuna. system seemed 'suslainable' (8 fashionable though poorly 
detined notion) as some farmers were said to have been using the rotation for 15 to 20 
years without running into any noticeable agronomie problem. Funhermore. the system 
seemed reasonably productive with reponed maize yields (based on farmers' ;l1fen '1el 1 .\) 

ranging from 2 to 3 tha'i. which is about double the Honduran average maize yield (if! -t 

t ha- ' (CI7'.fJ\1YT. 1994). 

The patterns of adoption made the mucuna system we!l-suited to a long-term analysis 
the rotation had been Întrodueed long enough to allow :a reasonabJe assessmenl of \\ hat 
changes had taken place Swift et al (1991) consider one decade as the minimum rele\'ant 
scale for !ong-term studies lt also took place recentl)' enough in the region so that farm
ers still remember fairly precise!y in whîch year they started using iL 

Also, there are many organizations (particularly :NGOs) whîch. 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 America and in Aftica 
(Bunch. 1990, CIDICCO, 1991: Buckles, 1993; Versteeg el al . 1993, Arellanes, 199-t 

Loaiza. 1994). Yet these groups for the mos! part did not appear ta possess a 5trong 
technical basis for recommending mucuna, and in particular did not rely on solid quanti
tati\'e agronomie evidence about how these systems work (not e\'en maize yi elds or mu
cuna biomass had been measlfl'eJ in farmers' fields under the mucuna system in the At
lantic littoral of Honduras by the time this study was inÎtiated) 

Under the circumstances, it seemed both desirable and necessary 10 document and quan
tif Y the behavior and ï,::-rformance of the mucuna system, and in panicular to deteet an~ 
problems assoeiated with its use before it was transferred indiscriminately as a ne\\ 
miracle technology. In-depth documentation of an !'lcrual cropping system also seemed 
to provide an opponuniry to learn useful conceptual and practical tessons about the 
functioning of generic slash-and-mulch cropping systems 

A short-terrn study could not comprehensively eover the broad spectrum of issues as
sociated with the mucuna system. Hence, a number of choices had ta be made to restricl 
the scope of the research. Specifically. our research objectives included the follow! ng 

(1) document the overall features of the mucuna system (practices. producti\"il~. etc ). 
en deleet long-term trends in soil fertiliry under continuous use ofthis rotation. 
and (3) analyze some of the ke)" components of the niuogen cycle 
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1.4 KEY !\1ETHODOLOG1CAL CHOICES 

1.4.1 On·farm research 

Several reasons dictated our decision to conduct the study on-farm First, working 00-

station was not even an option, as no experiment station had been established in the 
hillsides of the Atlantic Iinoral, and because it seemed hardly possible te reproduce the 
mucuna system on-station in its various dimensions. On the other hand. we were Înter
ested in sampling the diverse agroecological conditions existing on a reglonallevel Also. 
it appeared necessary to explore the mucuna system in a broad fashion, with the objec
tive ofidentifying the actual influence on the perfonnance of the mucuna system ofas 
many factors and conditions as possible (Sëbillone. 1987) ]n addition. we wanted to 
tackJe management of the rotation by the farmers as a central issue. in a bonom-up 
rather than top-down manner (Rhoades and Booth. 1982. Chambers ef al . 1990, Legal. 
1995) O\erall. our approach was very simiJar in essence to conducting an agronomie 
di agnosi S of the mucuna system (B yerl ee el al . 1991), with th e bel i ef that thi s was a 
necessar:,; slep before being able to choose relevant issues for more in-deplh disciplinaI') 
research 

1.4.2 Chronosequenct approaches 

Detecting long-tenn trends was one of our dec!ared objecti\es. Because many effecls 
induced by the continuous use of a (rop rotatic'·, are cumulati\e o\·er lime. and hardl~ 
detectabJe in the shon-Ierm. il was fell that short-term experirnenls would n01 y'ield the 
type of empirical e\'idence we were hoping to document ln particulaL we were inter
eSled in detecting an)" pOlelll/ll/ lIegm/l'e 'rend ioduced by the use of the mucuna rota
tion. such as soil acidification or the building-up ofpests or diseases On the other 
hand. the absence of any do" nward trend or li positi\"e trend in soil properties \\ould be 
a praof of the agronomie sustainability of the mucuna system 

Gi\en that long-term experiments or historical databases on the mucuna s~'stem did nOI 
eXIsL the only pracrical altemalÏ\e was te adopt an II/dIrect approClch. namely a chfo

l1oseqll('llce or space-for-lime SlIhSlif1l1ioJ/ scheme (Pickelt. 1988) In such an approach. 
trends o,·er time are inferred from an instantaneous comparison of fiek., with differem 
cropping history. which in the case of the mucuna rotation corresponded to varying 
number ofyears of continuous use of the rotation 

From the beginning. if was clear that this approach had intnnsic weaknesses, as nsks of 
confusion were potentially large and independent testing of the conclusions were not 
possible within the slUdy On the otner hand. the potemial vslidity of the conclusions 
appeared enhanced by the possibilil)' ofusing a relative!y large sampling base (a conse
quence of the wi de adopti on of the mucuna rotali on). som ethi ng rarel y encounlered in 
long-term siudies Also. it seemed wonhwhile to e\'aluate in a case study fashion the 
potential usefulness and limitations of chronosequence approaches. as they may be one 
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of the few 100ls 10 evaluate long-tenn impacts without t(l man)' 
years for obtaining an answer, and without needing the resources and institutional com-
mitment required by experiments (pieri, 1989; Johnston and 1994: 
Steiner, 1995). 

1.5 OUTIJNE OF VARIOUS CHAPTERS 

Materials and methods common to aIl chapters are presented in chapter two, including 
an overview of the main and socioeconomic features ofNonhem 
ras. Chapter three offers a overview of the mucuna system, from Il brief hi 
of the mucuna in to an examination of its management by 
farmers. as weil as a summary of the main constraints and benefits associated to ilS use. 
Chapter four analyses the seasonal dynamics of the mucuna system during 
cycle season, and panicularly ng te mucuna biomass 
decomposition as weil as nitrogen cycl Chapter five examines the 
over time in soil chemieal and physical propenies induced by the 
mucunaJmai ze rotati on, as weil as the of these on crop producti,·· 

issues penaining 10 the 
is presemed in chapler si, 

Finall}'. chapler se\'en summa-

ity A general dîscussion of major 
performance. future and 
alongside an e\"aluatÎon of 
T'Îzes the main findings of 
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Chapler ] 

MA TERlALS AND M1:THODS 

This chapter presents an overview of the regional context and the" methodo!ogical 
framework adopted in thîs study_ This includes a conceptual anaîysis of chronose
quence approaches, the criteria for the selection of our various research sites. thei r main 
characteri stics and CI description of the key fearures of the agronomie survey conducted 
in farmers' fields A brief overview of the measurements related ta niuogen cycling and 
long-term evaluation of the soil fertility is also given, although mOS1 of the details are 
presented \\ ilhi n the respective chapters devoted ta these issues (Chapters 4 and 5) 

2.1 THE HILLSIDES OF THE A TLA~TIC LITTORAL OF H01'lDrR4.S 

Major characteristics of the en\'ironmenl (national, local) in which farmers using the 
mucuna/maize rotation operale are briefly described in this section, as they contribute 10 

a bener understanding of sorne of the peculiarîties ofthis cropping system 

2.1.1 Smatlholder agriculture in Honduras 

Like most of Central America. Honduras is a country dominated by rolling ta steep hiH
sides It is also one of the poorest countries in Latin America, with a GDP peT capita of 
less than $600 in 1991 (World Bank, 1993) The Honduran economy is hea\'ily depend
ent on traditÎonal agriculrurai expom such as coffee and bananas, and shrimp more re
cenlly Land distribution in the country is very uneven, a situation typical of Central 
and Latin America as a whole (de Janvry, ] 981, de Janvry and Garcia. 1991) As much 
as 90° ° of the arable land î s owned by 10% of the farming population (Secplan. 1989 in 
Buckles and Sain. 1995) The better lands (flaner, easily accessible) have been monopo
lized by the wealthiest landowners (mos! ofthem engaged in extensi,'e li,'estock produc
lIon). as weil 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 farmeTs mainly dedicated to hillside 
maÎze and bean production constitute the vast majority of the farming population' in 
J987, 70 to 80% of the Honduran maize and/or bean producers had farms smallerthan 
five hectares (Curry Za\.'alo, 1993) ln spite of low productivity levels (1 4 t.ha-l on 
average for maize CIMMYT, 1994), their contribution ta the national grain output is 
significant. reachlng about 40% of the maize and 60°;'0 of the beans produced in Hondu
ras (Lindane and Benito. 1991) 

Gi\.'en the po cr economy and restricted access 10 land. standards ofli\"ing for most rural 
households are ,'ery 10w malnutrition is common among children. infant monality rates 
are high, and actual access to education or other seryices is minimal (Humphries, 1994) 
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This siruation has motivated many families to migrate out oftheir ons in the 
hope of improving their lot. or simply survÎving In addition to rural-to-urban 
tions (Tegucigalpa and Sula receiving the bulk ofthese migrants), is also 
a steady flow of migrants who opt to try farming in the Northem Coast (Bres!in, 1987, 

and lrias. 1993; Humphries, 1994), where land tS still available. and 1 
is abundant. unlike much of Honduras (Zuniga 1990) 

2.1.2 The Sociofconomic en\'ironment in the Atlantic littoral region 

The discussion will now focus on the pan of the North Coast known as Atlantic 
littoral of Honduras 2 )) The tenns Northem Honduras. or Atlan-
tic littoral will be used to to a relatively narrow strip running 
proxi . West to East for about 200 km, from Tela to Tocoa (Figure 1 1) Adminis-
trati"ely speaking. this area includes the of Atlantida and the Western 

Department of Colon, 

1y, the Atlantic littoral has been notonous export-oriented indu5-
trial plantations on the flat lowlands, alongsi ranching (c:~\:entraled 
in the hands of a Most of the hillsides and the whole mountain range remained 
scarcely populated until at 
(Szaraz and lrias, 1993: 

the 50s, and primarily under virgin moist tropical forest 
and Sain. 1995), Since the earlv 19605. 

littoral has become an receiving scores of poor. 
migrants from other regions of Honduras senled for the most part in the 
(Breslm. 1987, Szaraz and lrias. 1993). ln parallel to hiBside colonization. there 

in recent years a marked expansion li\'estock operations in man~' flat 
areas and in moderately-sloped hillsides as weil lt was estimated that fifty-fi\'e percent 
of the total land area the Atlantic liuoral was under pastures in \988, \"s 
under (Buckles and Sain, 1995) Liveslock 
direct cause for deforest8tion (Nicholson et al.. 1 1l1S con-
tributing to pushing the ever higher În the mountain (Humphries. 199 ... ) 

land avaîlability decreases land increase. landless ne\\comers or 
households have no choice but to seule in steeper hillsides of the "~ombre de 
mountain range. which they cannet do without the primaT)' forest still found al 

elevations (Szaraz and Irias. 1993, 1995), 
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Public or printe investments for the benefit of rural communities ha .... e been very lim
ited The only large-scale development project operating in the region, the Proyecto de 
Desarollo dei Bosque Latifoliado (POB.L or Broadleaf Forest Oevelopment Project. 
co-financed by CIDA-Canada). has been in operation since the late 1980s. but has 
reached relatively few people and communities. lndeed. churcnes ofvaried 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 communÎties have access to electricity or primaI)' health 
care cenlers. Services such as rural credit or extension are non-existent or inaccessible 
for most farmers (Giasson el al, 1990; POSL, 1 ~91; PDBL, 1994). Finally. the average 
levels of formai education and training remain very low, and many farmers are funetion
ail)" illiterate (Humphries. 1994) 

2.1.3 Agroecological en\'ironment in the Atlantic Coast of Hondunls 

]./. 3. J r()pograp/~\ 

The Atlantic littoral is made up of three contrasting natural regions the mountain range 
"Nombre de Dios", culminating al almost 2500 m above sea level. the narro\\" (less than 
30 km wide) fertile littoral plain bordering the Caribbean sea and running parallello the 
mountain. and an intermediate hillside area constituting a buffer zone belv.een the plain 
and the mountain proper (PDBL 1991). 

Whereas the plain is \'ery flac dissected only by rivers originating in the mountain. Ihe 
Sierra has extreme!y steep slopes, as il rises abruptl) abOlie the plain ln the hillsides. 
topography is mixed but largely dominated by irregular rolling landforn1s \\ ith slopes 
ranging typlcally between 20% and 100% (POSL, 1991). Another important fealure of 
the landscape is thal many of the sI opes are preeariously stabilized. making massi\e or 
localÏzed landslides rela1Ï\'ely common during the periods ofintense rainfall 

::.1.3.:: ('Jima//! 

Excluding the hi gher mountain range, the di mate in the Atlanti c littoral i ~ typi cal of the 
humid lowland !ropies (\"an Wambeke. 1992) Rainfall is abundant and reaches 2500 to 
3000 mm.year ' on average. lt has a tendency te increase with elevation. ,ri r('~;)onse ta 

orographie factors (the mountain Nombre de Oios is the first obstac'è ·~;.)IJf1I..:red by 
the moisrure-laden winds from the Caribbean' Zui\iga A., 1990) Thac are also local 
"dry spots" where rainfall drops l 'ess than 2000 mm.year l, such as the JUlÎapa area 
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Dîstribution of the rain throughout the year is roughly bimodal (Figure 22) There is 
rypically Il long 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 mrnmonth") (Hargreaves. 1980) Dai/y rainfall 
in excess of 100 to 200 mm is not uncommon between September and December, leading 
to momhly totals of 1000 mm or more (Figure 2.3) Occasionally, the dry season ex
tends over 4 to 5 months, although isolated rains fal! irregularly here and there even 
during the drier summers, AJso, because the soil profile comaÎns usually between 200 
and 300 mm of stored water a1 the onset of the dry season from the heav)' rainfall re
ceived by the end of the rain)', man)' crops or nalural vegetation can restst drought peri
cds 4 to 6 weeks long with linle negative consequences, 

Average annual temperature is about 26°C at sea level. with little variation year-round 
the coolesi month being January (24C>C), and the hottest May (28°C) (Figure ~1), 
Similarl~. average diurnal variations are limited te about 10-12°C even in January, éI\'er
age minimum temperatures do not drop below 15 to 17 oC, whîle in May, a\'erage maxi
mum temperarures do l'lot exceed 30 to 32°C (Figure:; 2). Average temperarures get 
lov..;er as ele\'ation increases however. 

Evapotranspirati on as calcul ated by Hargreaves ( 1980) (F igure 1.2) remai ns moderate 
during the rainy season (about 3 te 4 mm .day·'). il increases however during the dry 
season (reaching about 5 mm day·' berween March and May), 

Excluding occasional hurricanes and ether tropical storms (fairly common in the Carib
bean). winds remain moderale on average. although they can occasionally become St:1ng 
enough during the dry season 10 pro\ oke damage to agricultural crops 

2.1. 3. 3 Soi!.\ 

Soils in the littoral plain, mainly Tropic Flu\'aquents and associated alluvial soils (\'an Es 
el a/ . 1992), are very fertile and among the mos1 coveted in the region. Similarl~·, e\'en 
though their overall fenilit)' is inferior te what is found in the plain, soils in the hillsides 
present fairl)' favorable propenies for agriculture ifit were not for their steepness and 
susceptibility to erosion The most common are Ultic Hapludalfs, Typîc Dystropepts 
and Typic Hapludults. Tropohumults and Tropohudults (Bryant. pers corn , Rosales S 
and Sanchez A" 1990), They typically developed from an igneous metamorphic. mafie 
parent rock material (Simmons. 1969 ; Bryant, pers corn.) Most of these soils are rela
tively deep (> 60-80 cm in mos! cases), present mildly acidic pHs (around 6) and ha\'e 
good levels of ex changeable bases te a depth of 60 cm or more. usually fror. lOto more 
than 10 cmolest- ).kg' (Table 2,1). 
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Table 21 Typical soil in four 
in the hill Honduras 

Propeny Mangas Cuero 

Organic C (%) 0·10 2.1 7 2.4-3.2 2.4-3.2 4 

Organic N «%) 0-10 0.20-0.28 0.24-0 32 025-033 027·035 

pH water 0-10 5.7-6.3 60-6.8 5.6-6.4 58-6.5 

30-60 5.6-6.0 60-6.8 5 3 9 5 

0-10 8·18 20-30 6·14 18 

(cmol(-,.) ') 30-60 10-22 20-30 3-8 17 

(ppm) 10 0-4 4-10 0·3 0-3 
•••••••• , ••• ,.".,""u,"', •••••••••• u ••••• ~ •••••••••••••••••• , ... ~; ••••••••••.•••••• , 

Sand % 0-10 40-55 30-50 

°0 0-10 15-30 20-35 

30-60 20-40 25-40 

soil depth 1 > 80 cm > 80 cm 

1 no (ph~ SICaJ or chcmical) to fOOI coloniz.auon up 10 this 

,... Implications (or hiHside farming 

Perhaps the mOSl ob\'ious conclusion of this brief 
Atlantic lilloral are well-endowed with at least three of 

40-60 ') 

') 

1") 

60 cm 60-80 cm 

is lhat hîllsides of the 
of a poten-

tially successful smallscale agriculture. namely available reming il). 

relati\'ely good soîls and favorable c1imate. The allo\\5 the complelÎon of 
two rainfed cropping cycles annually: the first (called summer or coincides 
wÎth Ihe steady' return of rains in June-July whereas the (called winter or pos-
trera) st arts anywhere between November and January with the las! pan 
of the rainy season and the bulk of the dry season 

The very possibility of planting a winter cycle of Nonhern Honduras 
in the position to exploit an advantageous market niche 
ln etTect, because most of Hondura.s and Central only produces summer maize. 

IS a strong seasonality ofmaize priees on the market, which reach their peak 
around l\1ay~June of eaeh year (Buckles el a/.. 1 . Buckles and Sain, 1995) Farmers 
of ~onh Coast are thus able to capture a 50% to 1 OO~o higher for their winler 
malze compared to the priee farmers produci summer maize can fetch 
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annual crops, a variety of perennials can also be successfully plamed, as 
eocoa, coffee, Afnean palm, citrus, and a large range of fruit trees (PDBL, 1991) 
il Îs usually possible to pastures green and growing year·round. The ris!": 
total crop faÎlure due to of rainfall is relatively small even during the winter cycle, a 
situation in sharp contrast to of Honduras. Indeed, exeess rain-
fall ma)' more of a problem, as it can cause signiflcant yield losses during the pri-
mavera favoring diseases of maize such as Sltllocarpella maydls, S. ma,:-

and Fusarillm moniliforme (deI Rio and Castano.Zapata, 1993, cited in Buckles 
1995), Over d1l however, agricultural risk whatever ilS causes is fsirly 

about the frequency of "bad" years, fanners estimated it at 2 out 
of 10. and man)' aetually disputed the very ides tnat there were 

On the other hand. the high risk of by high rainfal1 
erosivity (\1i khailo\"a. 1995) with the poor economie infrastructure and great 
poven)' most rural households the hillsides of the Atlantic littoral as marginal 
envi ronments rural production and economic developmem, 

of hillside households have comfonable revenues linked to 
sccess ~" land (Buckles and Sain, 1995), Lacking experience. sccess to markets 

and capital to deal with other alternatives or to purchase inputs, the remaining 70% 
hillside farmers.like most other Honduran (Lindarte and Benito, 1991, 
Za\'810. J 993) grow small quantities (l to 3 per household) of beans and 
sometÎme rice both for home consumption and as cash crops. in the smallest 
farms. illS frequem to sel! more than 50% of winter mailf production, whereas 
summer maize is more for consumption (Humphries, J99-t, 
Buckles and contribute to Încome generation 

ex ample. many farmers cultivate small quantifies of coeoa or coffee. usually as 
r Small·scale pig or chicken is also frequent. although 

odic epidemics make il a risky enterprise About 1 al! households, 
",tho can afford to have pasture land close to the 
dual-purpose cows, usually Jess than 10-20 heads 
primar:.' forest still provides signifieant revenues, the long-terrn sustainability 
ofthis acti\'ity on a problematlc (Szaraz a.nd lrias. 1993. Hum· 

1995) Finally, panicularly poorest households, engage 
onal or seasonal off·farm activities to complement their revenues, from wage 

to trading and work (Buckles and Sain, 1995), 

2.1 Importsnce of rhe mucuna/maÎZ.e rotation in Northern Honduras 

ln early 90s, the mucunalmaize rotation was be1ng malely 1WO thirds 
of the small hil1side farmers of the Atlantic littoral of Honduras (or 10.000 farmers). up 
from Than 1 O~O just a decade el al, 1992) it was becoming a 

a\·enue for producing the mucuna signifieantly 
di a!ternati"es. in the traditional fallow/summer maize rotation 
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(Sain and Matute, 1 
rotation hep growing maize under 
making the mucuna systerr. only one 

the mucuna/maize 
as back-up options. 
cropping systems. 

In the traditional the fore st bas taken 
place, a field Îs typicaHy left in (usually at least three) afler 
every phase of cultivation. vegetation is slashed and burnt at the 
end of the dry season ). one or two consecutive maize cycles, the field 
is reverted ta fallow fenility declined markedly while weed control has 
become arduous ln this system, yields are typically modest (1 to 2 t.ha' for malze, 1 
Lha· 1 or less for A significant proportion of alsa plant maize in the PO\-

rrel'(J (wÎnter) a (the fallow is si but 
not bumt· su planti malze 
as a way of introdueing or renovating a pasture the fa Il 0\\ sa degraded pa);-
rure (invaded by bushes and unpa.atable annuals) or a woody fallow and allows a ne\\ 

ta be established. taki ng advantage of the 
for the maize crop Even though many fanners do not 
they may be in a situation ta use this system by borrowing land from a wealthier 
eager ta improve his pastures 

2.2 CHRO~OSEQVENCE SCHEMES 

Beeause chronosequence schemes are both rare in cropping system 
rially ambiguous, the following paragraphs detail the considerations to 
when constructing a chronosequence 

1.1. J PrerefJuisites 

and 
mtnd 

To conduet a chronosequence approach. a number of must met 

(1) a clear definition of the objeet (system) undergoing long-tenn transformations must 
be adopted. both in tenns ofits constituents (elements the system) ilS 
cal extension (boundaries). This task is made difficult by the faet that. unlike what is 
the case in experimentallong-term srudies, a chronosequence cannot from 

world, but only observed in ilS natural environment 

a spatial variability with respect to the history of the potential Îndi"idual 
components of the chronosequence must exist in the are a selected for the study. The 

(3) a 
should 

(4) the 

liry should allow the adoption of as fine a rime slep as possible (PicketL 1 ) 

way of dating the individual components of the chronosequence 
The more precise the dating. the bener the resolution of the study 

fields to be inc\uded in the chronosequenee should be made from 
a pool of potential candidates as possible. in order tO sereen OUI those 

or conditions which would tend to confound the hist0rical analysis 
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Sups 

If the above requÎrements are 
tively straightforward. It 

of the chronosequence is rela-

(1) of the jndh'idual componems of/he chronosequen .. /! 

the cropping hîs10ry and main characteristics of potential individual com-
ponents are recorded and scnninized. Much of the work in identifying 
that would violate the basic assumptions of the chronosequence funher), The end 
product is a sample of components which, pulled together on a unified time axis, make 
up a discrete, instantaneous representation of the cropping system under stud)' at 
different moments of its historical 

(:!) Selec(/(!I1 of rarinhles \1 hJch 11 iI1 dOCllmeJlf the asslImed chaJ1j!,es over lime 

Gî\'en the nature ('. croppi system represented in the chronosequence. a set of 
must ,hat will provide information on either the mechanism(s) of 

differentiation ofthis system over time or al least its effects, and also on 
tors and conditions which would tend to Interfere with 
background noise Whene\"er possible, variables 
assoeiated \Vith the use of a chronosequence 

(3) Dow coJJecm)}l m'el' an adequat/? lime frame 

create 
the assumptions 

should be included as weil 

The only is to engage in data collection itself taking care 
tha! the proper lime is adopted. A major concem should be that specifie condi-
tions duri period of data collection do nOI inlerfere with the detection of 
trends this may take place when the amplitude of the or 

measured parameters is similar 10 or even larger th an the variation 
long-tenn evolution itself 

2.2.3 Major assumptions 

. the construction on ons First 
and foremost. singleness of c:aUSf must be assumed to explain evolutlon each com-

subjected to. In other words. one has to assume 
that mechanism of djfferentiation over time was identical, or al least similar 
enough the various fields ta have induced similar effects in every case, 

A is that the effects associated with this mechanism are to be c:listin-
guishable from (l) effects produced by other mechanisms likely to 
ousl)' the selected fields over the same lime or from (2) differences in initial con-
ditions of the prior to the the rotation under study. 

A third \'es posilioning of the Îndh'idual fields on the aime 
axis, it must assumed that a standard. uflambiguous yardstick for measur-

llme can which v-il! be applicable to ail field!> 
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2.2.4 Limitations of chronosrquence approachts 

a} H)pOlhesis-geueration l'S. h)pOlhesis-testing 

The assumptions listed are cult to test without having at hand i 
historical evidence about both the being studied and about the various 
which make up the chronosequence, the lack of whîch îs precisely one of the main j usti-
fications for using such an approach in the first place. 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 (Picken, 1988) No 
validation of hypotheses is possible without their îndependent a task 
which requîTes alternate (such as long-term experiments or perhaps simula-
tion modeling). 

h) int:.H:apahle \ 'ariabi/iry "'lfllVH wllh on-farm ObSI!JTOIÙmal.\fIlJJt:!.\ 

schemes are subjected to same general constraints found ln ail ob-
llHL}l,al srudies. risk of confusion of effects by sources of interfer-

ence, high intrÎnsic variability of the data. etc. a atttrude should be 
adopted when interpretîng or extrapolating the results predictive power 
which can be chronosequence approaches is IÎmited (at best very large 
predictive inter\."als would obtained) 

2.3 SITE SELECTION 

Our objective was to understand the mucuna/maize rotation both with respect to its 
overall characteri stics and to ilS behavlor We aiso wanted te ex-
plore the of geographic factors in inducing a sizable \'ariability in environmemal 
conditÎons and practices. given that the adoption of rotation 
had taken over a fairly region (Figure 2 4) It was necessary tO 

select farming communîties possessing as long a historv of adoption the rota-
tion as possible on one hand, typical if not representati\"e of the A fur-
ther requirement is that we wanted ta construct complete chronosequences of the mu-
cuna rotation wirhin each sile. in an to the inua-site comparability 

of various ages. Also, il appeared to gather detailed information on a-
and fields, rather th an proceed to a more superticial coverage of 

fields. in·depth coverage would facilitate the exploration of the mechanisms at in 
the mucuna Finally, the sampling scheme had to imegrate the constraints re-
lated ta site and field accessibility, rather significant ones in a hillsîde environment. 
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Figure 2A' Location of the ous selected the study of the 
rotation in the Atlantic littoral of Honduras 
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Our solution 10 above dilemma was to choose a main on which much 
of the time- . pment-intensive data collection was :2 ::). and 
Ih/'~e used to e\'aluate the validity the main findings about 
biomass maize yields and long-term trends Together, these four sites 
(Figure 2.4) the main apparent factors ditTerentiation among communî ln 

terrns rainfall, fertility. patterns of migration, and distance from a ps\'ed this 
factor being de facto a good proxy for many socioeconomic factors. such as . 

deforestation, market-orientation the agricultural production. etc (Table 23). 

Table Studies conducted in Francisco de Saeo 

Study or component 

Agronomie monitoring 

l\1ucuna biomass dynamics 

92/93 Methodology 

12 fields see text and Table.2'" 

15 fields see tex! .'d Table:2 5 

Oct-May periodic sarnpling. quadrats 

Inorganic nitrogen Dec-Apr Oct-Jun periodic sampli KCI extracts 

Fenilizer 

Withi eld variability in soil 
properties and yields 

3 fields 12 fi 

4 

design, , and P 

sampling of shoulder. 
opes and foOtsl 

& macroporosity 7 fields infiltrometers. und! 

Water & temperature moni
toring 1 

\'ariabilit\' of yields 30 fields 

, Rcsulls flOt in tlus dlsscnauon 

cores, sand 

3 fields TDR. 
therm î stors 

mter\'ie\\ s 

Francisco de Sa co our main research site. lies towards the Western tÎp 
Atlantic littoraL 17 km ofTela (figure 24) Conveniently located 
one kilometer from the Tela-La Ceiba, this 
had been one the firs! to adopt the mucuna rotation on a sorne ~o years 
auv Manv mucuna fiel of ail 3QeS were clustered ta other less than 40 min-_. -
utes by from the village center. Also, contact with farmers had already been estab-

the Agricultural Research 'sion of the Ministry of Agriculture. which had 
on-farm trials in the communÎty 
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Table 2.3 Selected characteristics of the four research 
in the Atlantic littoral of Nonhern Honduras 

Item Las 
Mangas 

Approx location 15 km SW of 
(cf Figure 24) Tela 

Accessîbility 1 1 km. very 9 km; difficult 
easy to very dif. 

(fields) ~ 50-200 masl 300-400 mas1 

mm ':500-3000 2000-2500 

Soi! lif\ 10 very good 

Virgin fore SI left < 10% area > 70% area 

Immigration .l 10\\: (tO US) aCli\'e 

Standards of li\'ing -1 regular-good 10\\ 

f\ e0'bod~ >50% 
;.;- 15 years 10 years 

- typical years 3-5 years 

Rio Piedras 
Cuero Amaril Las 

10 km South 15 km SE 
of Jutiapa 

to 12 km~ easy 
to fair 

300-400 masl 

2500-3000 <~OOO 

fair fair 

> 70~o area little") 

very active moderate') 

10\\ 10\\ 

::::: 60°'0 < 50~o(') 

6 years 12 

1-3 )'ears 

l dlSI<I~CC {rom a pa\ ed road & relative diffll;ul~ of the \ illage cenler. : for fields sdcctcd in th~ 
slud.\ . Mm al of people (rom other commurullcs (In males tend 10 cm.t{!.r3Ic tcmporaril~ 10 the 
CS) : qualll~ of OOllSlng. nutnllOIL elc .. 'first hnc diffusion of mUCUnB in the commllnll:- (appro~ I~" of 
farmer!, usmg ill 

other three were selected among the ten watersheds chosen by a 
developmem project, the PD.EL (Proyecto de Desarollo dei 
to use of forest resources (Sz.araz and Jrias. 

1993) Mangas (MG). 20 km South-West of Tocoa (Figure was our second 
mos! srudied site again. adoption mucuna rotation was relativel)' ancient in the 
community (12 years) 1t was famous for ilS very rich soils and good yield poten-
liaI. Access ta the community was difficult however, as il was located one hour away 
from a din road. by a treacherous mule path cras si a capridous river. Piedras Amar-
illas in the hean of the Jutiapa area, located 12 km away from the paved 

a 1 history ofmucuna adoption Rio 8 South of 
a tough dm road was a watershed with a more recent history of mucuna use 

(7 onl~ in 1 ). and was undergoing a rapid process of colonization 
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(Humphries. 1994. PDBL. 1994). In each ofthese sites, collaboration with farmers v.as 
secured via the resident extension agent assigned ta the area by the P.D.B L 

2.4 GE~ERAL AGRONOl\1lC SVRVEY 

Agronomie surveys focusing on the maize cycle were conducted during two consecutive 
years (year l, winter 92/93, and yeu 2, winter 93/94) in the four villages described 
above to document the main features orthe mucuna/maize cropping system with respect 
to farmers' practiees. maize yie!d levels and relationships between yields and soil 
chemical properties. limited data collection was extended over the 94/95 cycle in SFS 
and CU thanks ta a collaboration with the ClAT -Hillside project 

Between 10 and 20 fanners' fields were selected in eaeh village (35 in San Francisco de 
Saco) These fields were not seleeted randomly. as the major criteria for selection \\3S 

time spent in the mucuna/maize rotation. Other restrictions were placed on field selec~ 
tion as weIl ta male variability more manageable For example, only a narrow ahitudinal 
strata (approximately 100 to 150 m wide) was explored within each village, so as 10 

a\'oid potential rainfall and temperature gradients (Figure 15.a) Also. fields with either 
too moderate « 25-JO~'o) or too steep si opes (> 70%) were discarded from the selec
tion. Neighboring fields (Ic..:.:ated on the same landfonn) were selected whene\'er possible 
to maximize similarities in geomorphological background (Figure 15a) 

To facilitate the comparison among fields. measurements were made on smatl (10 m\:I 0 
m) observation plots systematically located on linear baekslopes positions withi n each 
field (Figure 1Sc), thus avoiding the variability usually associated with topographie 
position in hillside environments (Ruhe. 1960 in Hall and Oison. J 991). as weIl as the 
typical v..ithin-field heterogeneity induced by farmer's management (1971, Mille\·itle. 
1976) These plOts. not the fields. represented the basic observation units on which ail 
data analysi s was made, unless otherwise speeified. Wilhîn-field heterogeneiry was 
explored by selecting two backslope positions in eaeh field. distant from one another by 
100 to 100 m on a\erage (Figure :2 5 b) Representativeness of backslope positions \\ as 
analyzed by quamîfying the differl'nces in soil properties betv.een backslopes. shoul
ders and footslopes in four fields in San Francisco de Saco (Appendi, B) 

Table 2.4 presents the data collection protocol common to ail four villages, which in
c1uded data on farmers' practices. mucuna biomass (year 2 only for ail sites except SFS). 
yield and yield cornponents, and soil chemical properties Farmers' practices (dates of 
main operations, quantitÎes and type of inputs used, rating of the success of the opera
tion) were established al the field level by interview with the field owners ln addition. a 
recapitulative survey of field pas! cropping history, farmers' experiences with and ra-
ti onal e in usi ng and managi ng the rnucunalmaize rotation was conducted at the end of the 
second year. To this effect. individual and collective interviews were conducted using a 
mixture of closed and open-ended questions (see suryey instruments in Appendi\: Al 
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Table 2 4 Data collection common 10 aIl sites selected in 1'0rthern Hvnduras 
(chronosequence and general agronomie srudy) 

Item Type' Scale 2 Methodology 

Plant data: 

- mucuna. biomass Q,A Plot quadrats, dry maner. nutrient content 
- maize yields Q Plo; 3 1 O-meter rows. shelling, moi sture 

Eo\'ironmental data: 
- rainfall Q Village daily rainfall (village level) 

Soil data 
- chemical propenies A Plot 0-10, 10-30, 30-60 cm: composite sample 

Farrn ers , practicts 

- mucuna management Field indi\'idual & collecli,'e interyie\\s 
- dates of practices Field 11-2 intel\'iev.·s with field owner during 
- input & labor use Field ? or al end of maize cycle 
- cropping history F. V J (see format in Appendix :\) 

1 A anal~ IicaL Q qUaIllilaU\ c, \' \'l5ual esl.Jm3tc, 1 imcl"\ le\\, : F field, \' \ illagc 

25 AGRO:"O\UC MO~ITORI:\'G 

ln IWO \'illages (San Francisco de Saco and Las \1angas), Ihe plots \\ere funher sub
jected ta an agronomie monitoring conducted during tv.'o consecuti\'e ~ ears in SFS (:0 
fIelds in year l, 15 in year 2). and during 93/94 only in MG (15 fIelds) 

Briefly, agronomie monitoring consists of multiple visits made al key moments of the 
cropping cycle at the level of the observation plots selected in each field (\1a'"'ichon and 
Sebillotte. 1973, Jouve. 1985, Byerlee el al, 1991) Agronomie monitoring i~ a fle'\ible 
tool easÎly adaptable to the actual objectives of the study and te the resourcr.::s a\'ailable 
te the researcher. It allows a meaningful analysis ofyield-limiting factors b~ taking ad
vantage of within-field variability to explore a range of agronomie situations (Crozat et 

al. 1986) in a quasi-experimental fashion (Gras, 1981) 
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]n this study, visits took place al time mucuna slashing, al 15 aner 
maize plaoting, at floweriog and at harvest During each visit, measurements v .. ere 
made on a combination factors conditions hkely to influence yield elaboratioo 
(Fleury et al., 1982, Fleury, 1991) These included farmers' eovironmental 
factors (rainfaIJ, incidf.'::.:-e of pests and diseases, soil fenility), and maize response 
to these factors and conditions (plant growth. minerai nutrition, yield and yield compo-

(Table 2 5) A al was made to pinpoint the dates of the practices al 

the plo! level, observations and a attempt 81 ha\'-
farmers record on specially-designed journals 

Table 2 5 Data collection for agronomie monitoring 
in San seo Las Mangas 

hem 

PianI data 
• m:.,'una biomass 
- maîze vield 
- plant height 
- de\'elop 
- liutritional status 
- min, deficiencies 
• rootlng patterns 

[O\'ironmt"ntal 
- Pesls and 
- \\eed pressure 
- rainfall 

Soil data 
prop 

_ input use 

Q.A 

Q 
Q 

Q 
A 
Y 

Y 

:1\1 \' 

Y 

Q 

A 

\'.1 
l 

Methodology 

quadrats, dry matter, nunien! content 
4 central rows, shellïng 
extended panide leaf helght 

earleaf 
1% plants 
profile nn" ........ } 

or% silking 
al flowering 

by specifie symptoms 
ü.elected fields) 

'% plants by specifie symptoms 
relative CQver 0-10 seale + main weeds 
daïly (village le\el) 

0-10, 1 O. 30-60 cm: composite sample 

direct observation + periodic ÎntfT\'ie\" 
manager ( plot and field ) 

1 Frcqucn0 of n~ils M multiple. S once during the season, : A quanlnali\ c. V nsual 
estimalc. 1 inICfVie\\ . .ill dcna ,olle( led 01 Ille let 'el olherlll.\I' 



2.6 YIELD A~D YIELD COMPONENTS 

Maize yields were measured În each observation plot by harvesting three ! O-meter ro\\ s 
(general survey) or the four central rows (agronomie monitoring plots). or more rarely a 
fixed area of 30 ml in case planring had not been done in rows Total number ofplants, 
number of harvested ears, proponion of damaged ears as weil as ear fresh weight (to the 
nearest 100 g) were determined in the field. A random sub-sample of approximately 20 
to 25 ears was taken in each plot, and analyzed for grain moi sture content (Farmex Pon
able Grain moisrure sampler) and shelling coefficient. Specifie kernel weîght was evalu
ated by counting and weighing duplicate lOO-grain samples 

Maize yield for each observation plot was expressed as the product of the following 
series ofyield compone ms (Navarro Garn, 1984; Fleury, 1991) 

Yield =NP * NE" NI< '" W1K (l) 

in which yield represents measured maize yield in kg ha '. T\.rp Number of haryesled 
maize plants per unit area, ,{\'E the number of harvested ears per plant ~K the number 
of kernels per ear, and W 1 K the average weight of each kemel. Each factor in the equa
tion was measured independently. except NI< , which was calculated based on other 
componems and equation (1) 

2.7 Ml1CrNA BIOMASS 

l\.1easurements were made just prior to slashing time (December of each year precise 
date for each field .as a function of individual farmers' management) ln 199~ . .ta obser
vation plots (2 plots per field) were sampled (SFS only). 100 plols in 1993 (4 dllages). 
and an additional 35 in 1994 (SFS and CU: CIA T. 1995). In each \'illaae, the abo\ e
ground total biomass \ ... ·as determined by han:esting .2 to -4 quadrats (~ 25 m: each) per 
obsen'ation plot Total biomass was separated Înto easily distinguishable fractions. 
green mucuna. live weed materiaL and liner (this laner being sim ply aIl dead organic mal-
1er, whatever its stage of decomposition). FUT1her sub-calegories were made in Decem
ber 93 and 94, for pods and vines, respectively A composite sub-sample was taken 
from each fraction in every observation plot for dry-matter and nutrÎent determination 

2.8 :!ltiiTROGE~ CYCLING 

Nitrogen cydîng was srudied in San Francisco de Saco only Soil inorganic nitrogen con
tent was measured up to a depth of 60 cm between December and April in year Land 
between Dctober and June in year.2 Mueuna biomass was measured monthJ~ in year ~ 
by quantifying monthly biomass accumulation between October to December and ilS 
apparent decomposition was followed bero.'een December and May. l\1aize mineraI 
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status was estimated from ear leaftotal nutrienl content al flowering. and grain total N 
and P content was delermined at harvesl 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 possibility that nitrogen (or phos
phorus) limited maize yields in well-established mucuna fields. The design consisted of 
a :f RCB factorial, with 2 levels of N. 0 (mucuna mulch only) and 50 kg ha l ofN-urea, 
applled 40 da~'s after rlanting. and 21evels ofP, 0 (mucuna mulch onl)') and 60 kg ha" 
of P as triple superphosphate, applied at planting Other details are given in chapter 4 

2.9 SOIL FERTIUn' MEASUREMENTS 

Composite soi 1 samples (12 to 15 sub-samples) were taken in every observation plol 
wilh a 2-cm diameter tube auger in March 1993 from 3 depths 0-) 0 cm. 10-30 cm and 
30-60 cm, alT-dned and sie\'ed 201:2 mm Ali the above sampI es (sampling A) v.ere ana
lyzed for pH (1 :: water). P and exchangeable bases (extracted with a Morgan solution l, 
Al and exchangeable acidily and micronutrîents in the Cornel! Nutrient Analytical Labo
ratory A separaIt sample (sampling B) was collected in March 1994 in 17 fields in San 
Francisco de Saco from the 1.5-5 cm depth, and analyzed for pH. P (Olsen Dabin Ill), 
exchangeable bases and total CEC at the soil natura] pH (cobaltihexammine method 
Falla\'ier el al., 1985) in CIRAn analyticallaboratory in Montpellier (France) 

Soil organic maner (C }.; and nalura! abundance of C 13 and :N) 5) was measured for the 
top horizon of the A samples by mass spectrometry OrganÎc carbon distribution in the 
sail profile (Walkey and Black ~elson and Sommers, 1981) was detennined by collect
ing composite samples br :2 5 cm incrernents. from 0 to 15 cm depth (as pan of sam
pling B) A limiled number ofthese samples was funher subjected 10 both a chemiclIl 
(Egoumenides. 1989) and a physical fracnonation scheme (Feller. 1994) in an attempt to 
e\'aluate the dynamics of specifie fractions of soil organic matter O\'er time 

Texture (Bouyoucos methoci Gee and Bauder, 1986) was analyzed for ail A sampi es 
ln SFS. non-ponding infiltration rates were detennined for a subsample of 7 fields, using 
ponabl e rai nfall si rnulalors/infi luometers (Ogden ef al., 1996) Macroporosity 
(measured on the same fields and positions for which infiltration measurements v.( .~' 

made) was detennîned on undisturbed sail cores collected at two depths: J -8.5 cm and 
) 1-18,5 cm using a suction table (suclions appHed varied from 0 to -10 kPa) (Topp el 

al. 1993) Olher delails about soil fertility measurements can be found in chapter 5. 

2.10 DATA A~AL\'SIS 

A \'ariety of techniques was used to analyze the data collected in this srudy Simple 
t'wo or three-way contingency tables, t-tests of the sîgniflcance of differences among 
sample means. or one-v.ay or two-way ANO\'As were routinely used to analyze the 
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results. For the analysîs of the fertilizer experimenls. GLM procedures wl'lieh allowed 
for the analysls of unbalanced designs (use of Type HI sums of squares: Linel eT al.. 
1991 ' were used due to small differences in experimental design among fields and 10 the 
presence ofmissing data In a few cases, envelope turve techniques (Siband and Wey. 
1994) were used ta identify the likelihood that a given factor had been limiting the le\ el 
of a response variable 

Most long-term trends were detected via qualitative graphiea) analysis (with time as the 
X coordinale). in keeping wlth the hîgh variability of the data and the relatively small 
sample sizes involved (Federer. pers corn.) Whenever possible. the graphieal analysis 
was however formalized by fining simple or multiple regressîons in whieh lime 
(measured in years of use of the mucuna rotation) was the or one of the independent 
predictors of the specifie response variable being described (see detaî Is in chapter 5) 
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Chaprer 3 

A~ 0\ 'ER\ lE\\ OF THE MllCUl'iAfMAIZE CROPPING SYSTEM 

Slash-and·mulch (Thurston el al., 1994) combine no-tillage practices with the 
use of consequent mulches of naNral fallow vegetation or of planted legumes for 
the benefit of a Were they bener documented, and their underlying 
principles c1arified, Ît would possible to improve them and a1so to extrapolate 
them outside the where they have been found ta perform especially weiL 
i.e mostk Ihe 1995) 

A firSI management strategies of slash-and-mulch 
systems Understanding is pivotaI because these latter integrale al 
the field level bath the en\'ironmental and socioeconomic constraÎnts affecting these 
tems and 
modifymg the way the)' are (Sébillotte, 1 

will necessarily in\'oh e 
Sébillone, 1987, Legal. 1995) 

Such an analysis is pro\'ided After briefly summarizing mucuna biology. 
farmers' praetices are with 
tion will serve as an introduction to and 

3.1 THE MliCm\A "lAIZE CROPPING 

3.1.1 Biology of mucuna 

This description of the r013-

for subsequent chapt ers 

A1uCIIII(I. sometimes still referred to as Sri:o!ohIllYII in the Iiterature, is the generic name 
!:.rJ\ en to a number of closely related es Nfl/clI//(!, i Al dCI.'I* 

JJ11!IOJl(1. AI. lIf1liS, M. prllriem and AI. aferrima others (Duke. 198 J) ln addition 
ta an apparent confusion in the taxonomy, i at 
not always been conducted. As this is indeed the situation for the mucuna ln 

Nonhem Honduras. it appears preferable to use 
than ta arbitranly refer to a specifie species 
several sub-classes ofmucuna, on the basis of color (from shiny 
white to monled, Ihis latter being by far dominant) 
mucuna being apparently slightly more precocious than 
does not however lead farmers to exploit the 
cuns types are harvested in bulk irrespective 

ln aH cases. the mucuna grown in Nonhem is an ve. 
climbing. nitrogen-fixing anrmallegume producing lengthy vines (se\'era1 melers long) and 
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and 
typicallevels From 5 to more man 12 
matter basis. Mucuna sheds sigmficant quantitÎt'$ leaves before reachi 
they in a liner layer which they form 
cuna Most mucuna reots are very superficial, and only a 
20ns can meter (Hairiah, 1992, ....... "'''" 

mucuna cycle can last from 100 to 300 days, depending on the 
ail mucuna fields observed in Nonhem Honduras initiate 

in early to mid-Dctober Îrrespective oftheir planting date, it would 
that mucuna is photaperiodîc, responding to shorter daylengths. Mucuna dies 

naturally having produced seed, appreximately 45 to 60 Pod 
production is variable depending on the environmental conditions but can ly Teach 
more th an 2 t ha" especially if mucuna can find ils way up trees, or similar appor-

ta c1imb. 

is well-known for its nematicide effects when in rotation with a number of 
al creps (Acosta el al., 1991, Kloepper el al, 1 1; Marban-Mendoza tif al . 

although it is not itself immune to a number of nematode (Duke, 1981) 

ln addition, it aiso seems to possess a notable ty which may heJp it 
competing plants (Aguilar, 1984), levadopa. a to...:ic 

insects and hum ans alike if (Duke, 1981, Ra\'indran 
and Ravindran, }988), whîch makes it the adequately ifmu-
cuna is ta be used in human nutrition ' Osei-Bonsu 1..'/ al.. 199:') 

chemieal toxÎcity may also explain why mucuna problems with Însecl 

(Duke, 1981) 

As a general statement. this legume 15 weil 
a maximum elevation around 1500 m.a.sJ It 
stresses. from drought 10 low soil fertility, 

3.1.2 OrigÎIl of the rotation 

to the humid tropicallowlands. with 
fai v. ell a number of abiotic 

acidity (Haîriah. 199~) 

details of how mucuna seed was introduced in Nonhem Honduras were described in 
Buckles (1995). What follows is an overview of account. 

seed was originally in Central America in the 19205 from the south-
eastem US (where it had been as a feed/green manure since the laie 
18005) by the Fruit company who used il to feed the mules working in the 
nana plantations From it was intreduced in the Polochie valley, Guatemala in the 
1930s, as a soil-improving Small·scale farmers in the vall st8rled 
adoptÎng it in the 50s, on account on weed control and labor use Mucuna 
seed then diffused and was mos! prebably introduced in 

fanners originating frorn these 
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Once in the Atlantic littoral the mucuna system diffused slowly first (decade of 
the 70s and early 80s) whîle during the 80s, the rate of adoption increased to reach 0 

(Buckles et al. 1992) The system was diffused by word of mouth and 
from farmer to farmer without any institutiona! support. Vigorous migratory 

movements in the probably contributed to spread of the system. 
Conversely, n communities have remained 10 system. which ma)' 
result from rates of immigration (Humphries, l 

History of mucuna ent is much more uncenain than history of the itsetf 
According to our ov.-n conducted in San Francisco de Saco, one 
communities to adopt the mucuna/maize rotation, the seed was introduced 
to mid-70s, bUI it is not until several years thst a few farmers staned planting it in 

r fields, after having observed the that an unmanaged, spontaneously 
mucuna was having on near by Fanners' 
management guidelines did not come along with the is striking' approprî-

ale to ha\'e evolved locall)" from a careful of mucuna ecol-
ogy. and a fast, lucky error process which taught 
successful management options 

ln terms of the reasons behind adoption, one Key Înformant explained il the 
ta find altemati\'es for maÎze production in the hillsides as fanners were gradually 

uphill by the expansion of e 1 operations. and away the 
more fertile lov.lands they used to ba\'f access to Also. the strong seasonal-
ity in priees ma)" have acted as a Încentive (Buckles I!I al.. 199:) 
Both would consti tute excellent l ons of the theory of induced 
innovations Runan. 1985). 

3.1.3 Typîcal managemtnt of the mucuna system 

ln this section. we describe the mos! typical practîces adopted by farmers in the Atlan
ta manage the mucuna/maize rotation Indications will be gi\'en whene"er 
de\'ÎatÎons from Ihis norm Iy or Also. the rationale for 
practices is gi\'en both in tenns offanners' own explanations and in temlS of 

the probable processes involved, 

3.1.3,} General caJendar 

The mucuna system is an annual rotation (or perhaps more preci a case of relay 
intercropping Vandermeer, 1989) berween a "dry-season" maize grown beN;een 
cember and May. and li wet-season mucuna crop grown from February to 

1987) The dyÎng mucuna Îs in December (Figure 3 1) and 
ter as a mu1ch for the succeeding maize planted through the mulch immediately 
after slashing. Mucuna reseeds itself during the maize from 

left unharvested in the 
the maize field around har\"est lime (April to June). 
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From that moment up to the next slashing in December, the field ean be considered te be 
under a shon-term mucuna fallo\\', as no other operations are performed, Figure J 1 
summarizes the calendar, whereas Figure 3.2 offers a photographie illustration of some 
of the main phases of the mucuna rotation, 

sep 

.'ritltiu 
'Cycle 

muCUIUI 

eye/il 

dec Jan .pr lui 

emergence flowering maturity 
ici ta iIIIII .. 13 1:> 

PLANTING WEEDING HARVEST 

... IIIJd 1:> 

SLASHING (rss6sding) (pruning) 

flowering maturity emerg. slow growth rapid growth 
oC) tllIIIII 1IIJr:3 1> 

raintal! (mm) 
400 
300 
200 
100 
o 

Figure 3,1. CaJendar of the maÎze/mucuna rotation Arrows indicate perîods during which 
most farmers do a given practiee. 

3. J. 3.2 MIIC//lIa eSfablishment and reseedillg 

3, 13 2 l lni liai establishment 

Most farmers will introduce mucuna in a field during the course of a winter maize cycle 
Mucuna seed usually consists of a mixture of seed types (see J 1.1). and is dibble
sticked 40 to 60 days after maize planting in the maize interow, 2 to 3 seeds per hole, in 
holes 1 to:2 meters apan. The quantity of seed needed per ha varies from farmer to 
farm er but ranges from IOta ) 5 kg.ha· l

> ln the absence of a seed market. farmers use 
seed collected from established mucuna fields or obtained from a neighbor 
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a 

b 

c 

Figure 3.2. a: Photographie illustration of the mucunalmaize rotation: 
(a) mucuna stand in November, (b) mucuna flower (c) young mucuna pods 
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a 

b 

c 

Figure 3.2,b: Photographie illustration of the mucuna/maize rotation: (a) maize growing 
in mucuna mule1\, (b) maize 50 d.a.p., (c) mucuna growing on dry maize 
stalks around harvest rime 
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Variations ta this scherne include farmers broadcasting mucuna seed in their maize fields 
(apparently as a means of saving on labor: but suceess rate seems markedly Înferior 10 

the plamed method). and farmers establishing mucuna directly after a faHow (very rare) 

According ta mast farmers. it usually takes one to!WO years sner the first planting for 
mucuna to become fuUy established În a given field, and it is not rare that fanners will 
repeat the planting the second year ln 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 abiliT)' of rnucuna to reseed itself 
naturally. a mechanism similar to what Myers and Wagger described for Crimson Claver 
for example (1991) Reseedîng succeeds provided farmers don't slash mucuna before 
enough \iable pods are produced The pods !eft unharvested at slashing time e\"entuall~ 
mature in the mulch Upon desiccation. they burst open, projecting seeds around. \\ hich 
ensures their fair distribution in the field A few farmers also spread pods around at 
slashing Frequentl)', they also let small quantities dry on rocks or trees whene\"er they 
plan 10 need seed for replanting or establishing a new "abonera" Farmers have obseryed 
Iha! mucuna produces much more seed whenever it has managed ta climb on trees or 
rocks' con\'ersely, dense mucuna stands seem to yield only moderate amounts ofpods 
and seeds. prabably as CI result ofinsufficient light penetration in the canopy 

Farmers often complement natural reseeding by replanting mucuna in spots where il 
didn'\ reeslablish itself Conversel)'. mucuna reseeds itself so successfully cenain years 
and slans to gro\\.' vigorously S(I early În the season that farmers will thîn the emerging 
mucuna plants and slightly "prune" them. În order to delay their re-establishment. thu~ 
a\'oiding the taking o\'er of the field by mucuna before harvest time 

On a\'erage, the resilience of mucuna is truly remarkable: in 14 years of relying on natu
rai reseeding. farmers of SFS ha\'e never been obliged te replant theîr mucuna fIelds from 
ne\\' seed Ont)" in the improbable case of là complete failure of the mucuna cycle (i e 
hardly an~' viable seed produced), coupled with extremely unfa\'orable conditions for 
seed germination would farmers cOlîsider replanting the whole field. Such CI situation 
happened during the winter 93/94 in SFS, but seed production from the sparse mucuna 
stand reaching maturity in Decernber 94 was so plentiful that mos! fanners didn't need 
ta replant after aH 

lnterestingly. the success of natural reseeding seems to have implications on the long
tenn purity of the mucuna stand, When farmers don't help rnucuna reestablish itself. 
spOts devoid of mucuna stan appearing in the field, which are promptl:\' colonized by 
aggressive weeds which compele fiercely with mucuna. Such seems to ha\'e been al leasl 
partially the ease with Rouhocllw cochinchiJ/eJ/SlS, presentl)' a major pest in certain ar
eas of~onhem Honduras (Sharma and Zelaya, 1986. Munguia. 1991) 
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3.1.3.3 Slmhillg 

Farmers' major action vis-a-vÎs the mucuna crop consists of slashing il manually when it 
reaches maturity and stans to die naturally. Slashing involves cutting loosely the soft 
mucuna coyer with a machete. v.ith 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 finel)", 
probably because that would fend to induce hîgh raIes of destructÎon of pods. and be
cause this would increase I:il.bor costs. However, sorne 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 1 ess 1 abor than 
slashing of an arbustive fallow about 10 days per hectare vs. about 18. respecIÎ\'ely 

If the year has been favorable to rat proliferation (a cydical pest, apparently not re
stricted to 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 into hlding in an increasingly 
smaller, carefully isolated "island", from whicb it is easy (and fun) ta kilt \\hole scores 
ofthem by obliging them to run away into the open. where watchful machele holders are 
awaiting them An efficient rat control during slashing will usually translate ioto tOI er
able losses ofmaize seed or seedlings Jater on, and vice versa 

There is quÎte a range of slasbing dates within a given community or e\'en wilhin a gi\en 
field. but ail farmen; are careful ta slash mucuna only after it has produced y jable pods 
The other end of the spectrum is determined by farmers' perception of ho\\ laIe Ihey 
can afford to plant a winter maize cycle without running too great a risk of exposufe 10 

drought later in the season. Obviously. ail factors intluencing access to labor. be it from 
the household or hired. will necessarily impinge on the acrual slashing dates 

3.1. 3. -4 ,\1ai::e plamillg 

Most farmers prefer to plant maize as soon as possible aftef they ha\"e slashed mucuna. 
thus a\'oiding sorne of the competition provided by actively growing weeds in practice. 
the interyal slashing-planting ranges from il fev.; days to a fev. v.,eeks. renecling once 
more the farmer' s ability to mobilize labor. lnteresti ngly. many farmers will proceed 
with planting as they advance in their slashing: one or two days of slashing. follov.ed by 
planting the corresponding area. before continuing the slashing funher 

P!aoting is achieved by dibble-sticking the malze seeds through the mulch and into the 
soil. Planting densities and seed type vary among farmers the most common strateg~· 
invol\'es planting 3-4 seeds per hole, in rows 80-100 cm apart, with an intra-rov., spacing 
of 50-80 cm Seeds are frequently treated against a variety of insect predators 
(particularly snts), using an aITa)' of home recipes, or pesticides such as Malathion 
Sometimes farrners use pregerminated seed, to hasten emergence and pro\"ide young 
maize seedlîngs with a competitiye edge vÎs-a-vis weeds. Local genotypes (Olotillo. 
TUla morada. Raque) reproduced on the farrn are usuaHy preferred.· tnese are tall materi
aIs (more than .3 m final height in many cases), producing abundant lea\-es (~3-:~ in 10-
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tal) and green biomass, having a good husk cover, maturing in approximately 12,0 days 
(65 to 75 days to sîlking), and with a yield potential of 4-5 tons.ha 1 (as determined from 
the best yields recorded) lntrogression of improved germplasm into the local genotypes 
is probable, as farmers sometimes plant commercial cultivar!' side-by-sîde. The open
pollinated variety Honduras PianU! Baja Îs the major commercial cultivar that farmers 
have had access ta. il is of a shoner stature (2 to 2.5 m) and higher yield potential (5-6 
chal) Ihan local genotypes, but provides poor husk pr"'~ection, a reason for which sorne 
farmers do not like il, as ils conservation during long-Ierm Slorage is uncertain Up to 
now, hybrids are practically unknown in hillside maize production. 

3.1. 3. 5 WeedlIIg 

Weeding i s a ~ey praetiee for determining the fate of both maize and mucuna. It keeps 
weeds from di"ening nUlrients and lighl from the growing maize crop, and it creates the 
windo,"" necessary for the successful natural reseeding ofmucuna in a relati\'ely weed
free en\'ironment Farmers usual1y perform one to two weedings at 20-30 days aCIer 
planting for the first one, and at 30-40 d.a.p. for the second, 

There are marked differences across villages in terms ofweeding strategies ln Las \1an
gas for example, farmers weed their plots entirely manually Vvith a long hoe ("azadon") 
and ooly once during the malze cycle. ln San Francisco de Saco or Rio Cuero on the 
ether hand, mos! farmers weed Iheir maize twice or e\'en 3 limes. using a combinalion of 
hand weeding with a shen hooked machele ("pan do" ) and chemical control (Paraqual for 
the mos! parI. applied via back spray ers) Those keen on chernical control are eareful 
nOI ta apply 2-4D, or apply il very cautiously. as il can easily kil! the emerging mucuna 
Chemical comrol allows bîg savings in labor use 1-2 man-days vs. 8-10 for a manual 
control Hov.e\'er. ils effee1Î\'eness varies widely, depending on doses and produci 
used. and on de\'elopment stage of the weed population at the lime of control From a 
nutrient-cycling perspecti\'e, both manual and chemieal weed control ha\'e fairly similar 
effeets, as \veeds are left to dry on the surface in both cases (see chapter 4) 

Many of the observed differenees across sites retlec! differenees in farmers' plaee of 
origin (use of culturaHy specifie tools Pando vs Azadon for example). access 10 com
mercial inputs (SFS IS located on the edge of a paved road, whereas MG is relati\'ely 
isolated) and more importantly perhaps, the nature of the weed population farmers are 
facing. For example, the hea\'y investment consented by farmers in SFS Îs intended to 
keep itchgrass (Ronboelia cochil1chil1ensis) under control at Jeasl until around maize 
tlowering. Itchgrass (appropriately called "lnvasor" or "Walking weed"' tocall}) is a 
notoriously noxious grass weed (Holm et al., 1977; Fisher el al, 1985; Bridgemonan and 
Brathwaite, 1989) which has spread Vvidely in the community since the early to mid-
80s Although it constÎtutes an increasingly serious problem throughout Nonhem and 
Central Honduras (Sharma and Zelaya, 1986), Roub01?!ia is l'lOI yet ubiquitous in the 
hi Il sides of the Atl ami c llnoral (Mungui a, 1992) 
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with the of ROl1hoellia . manual weed control mucuna plots requires sig-
nificantly labor than in non-mucuna plots (from to more 50°'0 less ac-
cording ta fanners· l..!lItimates), for a number of reasons. First, mucuna el i mi-
nates most weed species over the years, especially broadleaves, by preventing man)' 

them from germinating, outcompeting those which do emerge or by sorne 
a.lIelopathic action (Aguilar, \984) Also, according to farmers, weeds which la 

in a mucuna system are rooted much more superficially, owing ta the "'''P'''''''' 

of layer) and furthermore, the topsoil is looser chapter 5), and also wet-
ter· hence are easy to pull out during a manual weedî 

Mucuna can panly as a weed certain (cf. earlier) but this IS nol a 
frequent occurrence, nor is it generalized v.ithin a given field The În\ol\ed in con-
troHing il îs minimal than 1 manadays per hectare) 

3.1.3.6 Fer1ll!::afloJ/ 

Most sur\"eyed oUlsîde SFS don't fertilizer ta their 
citi cast. a,·ailability or difficult access as strong deterrems. Many also con-

that mucuna mulch provides enough nutrients to maize nutritional re-
qUlrements the)" describe with manifest delight the deep or of the maize plants 
in the mucuna as a proof of their good health, something confirmed by foliar 
analysis (chapter 4). 

In SfS however, almost half of use doses ofurea (15 ta 
surface-applied from 40 ta 60 dap., a findi ta "",hal was repaned 
et al (1991), Farmers using il do not apply il every year. nor do 

broadcast it over their entire field il seems to be applied preferen-
tialh' mucuna fields. or in fields without mucuna ofthis fenilization 

unclear (see funher, and al so chapter 4) 

A fe' ... · in report having used occasionally a complex fenilizer ( 12-24- J 2 or 
15-1 15 !\"PK) with results. but this seems more to coincidental 
avallabilîty of this producl to a deliberate strategy ta suppl y P K 

3.1.3. 7 Mai:::e han'esl 

on planting date and elevation, physiological matunty sorne-
mid-April and early June. Most han'est their crop (ears on . 

stover is left entirely in place) almos! immediately maturity has been reached_ ta 
capture the priee on the local market and ta avoid the summer rains of 
June-July \vhich it dîfficult ta obtain a dry and di grain suitab!e 
for sale or 1 

Sorne farmers bend ("dobla"") the plants over (under the ear) !lar-
vest as a \\ ta 3\·oid !odging, facîlitate (ear insertion height on local ti\"ars is 

more than ::! m), and proteet it from bi damage. Whene\ er this lS 



mucuna benefits markedly from better light interception, but il is doubtful is an 
expli eit obj ve of the bending, as a grown mucuna makes harvesting more 

J 1.3.8 Beyond hm'vesl: ,he n/uClmafalloli' 

harvest, the field is literally abandoned to the mucuna crop and weed 
for a full six months, until it is rime ta slash again. A few weeks mu-

cuna has usually managed to tear down aIl standing maize stalks, and has >lrr" .. "· ... " 

/'lnU'lrl\' c1osure, even wh en densiry was low at the time of reestabli tO 

network ofvines Mucuna fields are not grazed, nor for any purpose 
during this time, Indeed, mucuna Îs grown for the sole purpose of the sail 

sail fertility ta the benefit of the maÎze crop, making it akin ta a 
term impro\'ed fallow Even farmers possessing liveslock do not allow it to the 
mucuna. nor do they feed it 

3. J. 3, 9 }.1mJ!/Janeous 

Many ln San Francisco and Mangas use sepium as a live fence 
around thelr mucuna fields and pastures, The main reason for the choice of this 
leguminous tree is its very fast growth and to provide pOS1S hea\'ily used for 
fencing pasrures in panicular. The trees are beginning of the maize 
cycle. and the prunings left in place, and nutrients to the mu-
cuna mulch on the field edges, 

3.1.4 VariabiHt)" in management and ÎU causes 

There are a number ofminor to field and across years in the v.a~' 
the mucuna/maiz.e rotation is managed by The most notable ones În-
volve timing of slashing/planting operations also the choiee and timing ofweed con-
trol These differences seem to to specifie local en\'Îronmental 
conditions. such as actual tÎming of mucuna marurîty, intensil)' of rainfall al the lime of 
slashing or weed pressure Production at the household level may also înllu-
ence practices for which labor or availability Îs eritiea!, such as hiring ofwage labor. 
or purchase of herbicides, but these were not tackled in this study. They would 
however need to be considered carefully in the perspective of proposÎng changes to the 
presem practices, which will probably differentially farms in funetion oftheir 
specifie constraints and resources (Capillon and Sébillone, 1982: Harrington and Tripp. 
1984) 

lnterestingly, famers do not appear to modify their management strategies as the mu-
tuna system ages. old mucuna are trea.ted În much the sa.me way as are young mu-

adjustments in maize densities which reflect the per
ovenhe years (see chapter .5) 



3.2 ~t.UZE 'lIELDS A~D YIELD COl\1PO~E~TS 1:'\ THE l\IlTl":\A SYSTE\I 

Maize is the only harvested output in the mucuna system. and is both the staple in 
farmers' die! and a major source ofincome. Hence the abili~' of the mucuna rotation to 
yield a good maize crop is a key criterion by which ta judge ilS perfonnance 

3.2.1 Regional & local "ariability 

There was a sizable variability among sites with respect to maize yields measured during 
the 93/94 cycle (Table 3.\ p. 41). ln al! documented cases. yields for fields without 
mueuna were consistently about halfthose obtaîned when maize was planted after a 
summer mueuna fallov-.. ln the higher-~ telding sites (San Feo and Las r-..1angas). the ma
jority ofyields v-.ere in the range 2.5 tO 4.5 t ha'" a good leùl considering that maize 
cultî\ars were mostly Jandraces. that plant densities remained relati\'ely 10\\ <Table 3 ~ 
belo\\) and that extemal inpuls were sparingly applied (nol al aU in the case of las 
Mangas) ln both siles. the besl yields measured "'ere close to 6 1. ha 1. indicating the 
hîgh yield pOlenlial of the mucuna/maize rOTation. These sites also had (,norable soi 1 

chemical characteristics (Table ~ 1) ln PÎedras Amarillas and Rjo Cuero. aetual yields 
and yield potential (as indicated by the best yields) were lower on average. something 
consistent \ViTh lower intrinsie soil fertîlity (Rio (uero) or lower rainfall (case of Piedras 
Amarillas) and also sub-optimum management (10\"'- plant densities. laie planting dates) 

Table 3.:: Maize yield components \vith and without mucuna 
in selected sites and cveles 

sÎte & vear rotation ! yield : dens t\ear N Kern. Weighl: ~ Kern Weight 
1 t ha-'I(lhouSl Iplar.t lear 1 ear (g)! lm': 1 K (mg) 

Sn Fe 0 ·93 ...... · .. ~·~ .. ~·~-;;- .. w·r·uï .. ·9 .. T··2·6~·9 .. _· .. 0 ·.·:;9-·---.. ·:i'96 ................ 89· ...... r .... ·6.~·6 .............. ·'36·o .... .. 

................................... ~~:! .. ~.~~ ........ .!. .... ~ ... ~ .... L~.~, .. ~ ........ ? .. ~.~ ............. ~?~ ......... , ...... I .. ~.? ... "J ...... ~.~.~ .. ~ ............... ~ .. I .. ~ ....... . 
l\1angas93 nomue 25 30.3 0_76 302 113 69: 376 

: : 

w/ mue i 4 S i 369 0.90 446 140 1483 315 

C~~;~94:~:~:;'::·~::~:!;~;··!~-·r::!!~~ 

1 one obsef'\'éHion plol oruy 

Across ail sites. hÎgher yields le\-els were significantly assocÎated with higher plant den
sities <Table 3.::; and Figure 33 a). The relationship was e\'en SI ronger \\ith indîcalOrs of 
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fa\'orable conditions of plant grov.1h, sl.lch as the number of ears per plant or number of 
kemel per ears ('anrro Garz.a. 1984 ~ Fleury. 1991) (Table 32. figure 3.3 band 3 3.c) 
There was no differences bem'een high and lo\\' yielding plots during the grain tilling 
stage. as al! plants exhibited kernels of approximately the same specifie weight 

Table 3 l' Maize yields with and without mucuna in severaJ sites in the hîllsides of 
Nonhem Honduras. cycles 91/93 and 93/94 

a 9: '93 cycle 

l (0) 1 1 average 1 s d 
• 1 : 

SlTE mm ma\;, 

S -\" F'R:~<c-i5;Co-'-""'--l ._ .... ;-.-(tÎh·;·}---t·_······ __ · __ ··_··············»·· .. ··· 

. checks \\,'0 mucuna i 4 1 9 ! 06 1.3 :; 8 

~=~:~~::~~ST46T33!J~ ....... ~.O~9 
- checks w'o mucuna : 1: 1 5 : 0.2 1 3 2 6 
- mucuna fields i 26 \ 4 -' ~ 08 3 0 6 0 

••••••••••• ~ ••••••••••••••••••••••••••••••••••• _ ••••• , ................................. ,; ••• , ............... , ••••••• : ••••••.••••••••••••••••••••••••••••••••••••••••••• u ••• 

PIEDRAS A ... \1ARILLAS 
.. mucuna fields 

b 9 ~ '9-1 cy cl e 

SITE 

San F ranci seo 
• checks w/o mucuna 
- mucuna fields 

Il '" ., -,-, 08 09 3 3 

1 (n) 1 1 8\'erage s d 

(l,'ha) 

JO 10 O~ l 1 

~o :; 5 1 0 . 1 l 
2,,2 

LAS MA:\:GAS 
"', ..•............... ! .......... , ........... , .... ! ...... , ...................... , ....................... " 

- checks \\'/0 mucuna j 4 1 4 1 0 8 03 ~ 1 
- mucuna fields l 29 :; 1 ! l 0 0 8 4.6 

.......................................... u ••••••••••••••••••• ~ ................. h~.' ••• ;" .... u •••••• • ~ ••••••••••••• ~ ••••••••• ~ •••••• 0 0 0 o~ ••••••••••• o 0 0 0 0 0 0 0 0 ou ......... o. 

RIO CUERO i 1 1 
.. checks w/o mucuna : : 1,4 :--
- mucuna fields i 18 f 19 ! 0,8 06 3.5 

i; :. .. ·PÏÏ~[)R:~S .. MDJÙli'AS .... r .......... ·T .... · .......... ·· .... -T .. ······ .. · ......................................... .. 
- mucuna fields ~ 16 : 25 1 0.6 1.3 3 7 

!: i 

numb~r of sampk~ 
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3.2.2 Ytar-to.~·tar \'uiability 

The 9~/93 and 93/9.t cycles differed markedly with respect to the distribution of the 
raim. recei\'ed during the maize cycle (Figure 404. 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 
espeeially apparent in Las Mangas (Table 3 1), where Bverage yields dropped by 14 
t ha· in mucuna fields between the :2 cycles (thÎs drop is not however a direct measure of 
year-to-year \'ariability in a gi\'en field. because fields sampled differed from one cycle 
to the ne'\t) Conversely. maize yields remained stable in San Francisco de Saco and in 
Piedras Amarillas (Table 3 1) For San Francisco de Saco. this may be anributed ta the 
fact thal mosl farmers had managed 10 plant before Christmas. thus allowing their maize 
trop to a\oi cl much of the drought stress by tapping into the large amounts of stored 
\~ ater (in mal"' cases. more Ihan 20010 250 mm for the 0-60 cm soi! profile. see tlgure 
409. chapler 4) 

\1aize yields for fields without mucuna apparent!y followed the same panern as fN 
mucuna fJelds But these figures do l'lot reflect the fael that near complete crop failure~ 
occurred in a number of fields without mucuna in 93/94, whereas nearby mucuna fIeld:. 
planted around the same date had acceptable yields 

3.2.3 Plo! n. whole fif'ld ~'if'ld f'stimatf's 

The maize yields reponed abo\'e were measured on small observation plaiS (IWO onl~ in 
each field). and cann01 pretend 10 pro\'ide an accurate estimate of commercial yieJd~ al 

the field le\"el Indeed. CTOp-cut yield data usually o\'erestimate commercial :'ields al the 
field le\el b\ as much as 1510 :00,0 (Poale. 1988). Evidence that this is indeed the case 
in our stud~' cornes from a comparison betv,een our measured data and yield data (01-

Jected \'ia intenie\\ wilh the farmers ofthese very same fields right after the 93 han'es! 
\\ hereas the estimated a\erage yield was :; 1 Lha" based on our measurements. il \\ as ~ ~ 
t ha acc01dîng 10 farmeis' declaratîons 

Other repons based on farmers' declarations show some,.,.hat similar e\'idence Ifthere 
is liltle doubt in our rnind that yield levels reponed by Buckles et al. (1991) are abnor
mal1y lov. (a\'erage yields of mucuna fields would be less than 1 5 tha l

). those reponed 
by :hila and Lopez (1 990} (around :2 7 t.ha" for mucuna fields on a regionaJ basi s. and 
hal f that for fi el ds without mucuna) and Humphries (1994) ( 1 .7 1. ha" in Ri 0 Cuero in 
93 19.t), are consistent with our own findings (2-4 tha~ on il regional basis and J 91 ha' 
in Rio Cuero in 9Y9-1) 

43 



The practical significance of the discrepancies beT'\A.een measured and declarl"'d yie!ds 
should be kept in mind From an agronomie perspective, measured data are both mNe 
accurate and more useful. as they were collected from the exact same physlca! areas on 
whieh al! other measurements (sucl'! as mucuna biomass or sail chemieal properties) 
were made. and hence direct causal relationships can be inferred relativel)' safel) From 
a socioeconomic perspective. measured yÎelds should probahly be correeted by about 
20~,o 10 obtain figures suitable for a realistic analysis ofproauetion costs or incorne 

3.3 MAI' BE'EFITS ASD CONSTRAINTS ASSOCIATED WITH THE 
MrCl'NAf.\1AlZE ROTATIO' 

From a qualilati\'e \'iewpoint. many of the characteristics of the mucuna/maize rotation 
can be examined in terms of major practical benefits or constraims. e\'en though Ît îs nOl 

possible al thi ~ stage to establish a precise ranking of their actual contribulîCln 10 the 
agronom i c or economi c success of the rotati on 

3.3.1 Main brnrfits 

The main benefm (many of them imerdependentl associated wÎth the use of the mu
cunaJmaize rOlalion alld pcnï?ln'd hyjarn/f/s can be summanzed as follO\\'s 

4 

6 

lt requires lillie labor bath for ils initial establishment in the field and for ils mainte
nance, because of the abilll~' of mucuna ta reseed jtself spontaneou~l~ Compared 10 

a traditional maize'fallo\~ rotation, labor requirements are actually decreased because 
slashing of an herbaceous mucuna stand is much easier Ihan sJashing a fallo\~ con
taining nees and shrubs 

Il ail 0\\ s farmers 10 take ad,'anlage of the besi cropping season for maize (usuall~ 
sufficient. bUI nOI excessi"e rains, reliance on abundant stored \,aler from the pre, i
DUS rai ny season, healthier maize and beHer har\'est conditions. better market price) 

The ,'egetali(ln (mucuna or malze residues) 1S ne\'er bumed, and the soil 15 prolecled 
year-round from direct e-xposure 10 rainfall (henee Jess potential for erosion. and also 
conditions fa"orable for an intense biological 8ctiviry) 

Ll pon decomposition. the mucuna mulch prO\ides large quantities ofnitrogen and 
ether nutrtents ta a succeeding malze erop The mulch helps consen'e \ .. 81er in the 
soil profile, \~hich prO\'ides li buffering capacity against drough! stress, especiall~ in 
dr;. years 

The mulch and the mucuna fallo\\' help control weeds 

Mai ze yields le\'els are doubJed compared fjelds without mucuna Funhermore 
yields sIan increasing in the flrst year after mucuna has been introduced (no dela~ ln 

response, as in the ca se i fi man: agro-forestr;.' sy stem 5 or terraci ng \\ or~ S ) 
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7 The mucuna system allo\\'5 
withoUl a need for fallo\\ 

c:ultivation of the same tield year after year. 

benefits are Issociated with intnnsic propertie5 of 
cropping systems (Bl.lnc:!t. 1994, Thurslon f'f hov.,.e\ er 

(# .2 and panly # 1) Ire specifie to the environment of the Atlantic liuoral or the ecology 
of the mucuna plane and hence, ma)' not be extrapolable to other mulch systems or out
side the Atlantic littoral region 

3.3.2 Main constraÎnts 

Am mentioned by farmers (but not consistenth' contirmed by 
deplh obsen and discussion with fanners). one should mention 

bly fa\ored by the use of mucuna (see discussion in chapter 5). proliferation 
rats and snakes \\'hich may panicularly IIppreciate the on ofTered the mu-

cunt! co\'er. and finally. the high opponuniry coSt of to lea\'e the field under a 
mucuna fallo\\ for the duratÎon of the wet season t!f CIl.. 199:) 

Almost unanlmously, fanners these constraints to \'ery mlnor ones com-
pared 10 the wealth of the mucuna system brings 

3.4 ll'SIOSS 

The mucuna1maÎz<:' rotation Îs a good example of a lo~"·exlemal no-tillage cror-
pi ' .... ·hose management is intimately ÎnterwO\'en with and dependent on natu-
raI ecologieal processes stemming from mucuna Ils main include 
sJashing \\ithout burning the mucuna stand al ilS physiological maturil~, dibble sticking 
of maizf in mucuna mulch. tl:e natural reseeding of mucuna for ilS Tf-

establishment. an untouched mucuna fallow eXlending o\'er 6 months Ihe 
mam ra!ny season 3.3 and Figure 3,1) 

practices throughout the Atlantic littoral ma,!ch c10sely the uniform "techniea! 
or model of crop management (Cerf and Sèbilloue, 1 j 

above The eXlem to which praC1ices differ 
wh!! could be cslled tactical adjustments 10 flucruating agroecologîcal or imra-household 
factors and conditions rather than management strategies 
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From ils key charaeteristics. the mucuna to very close to what may 
be considered an ideal for hillside type of en\'ironment Il com-
bines sorne of the most desirabJe traits a scientisfs perspecti\'e (resource con-
servation, nutrient recyding. productivity. 1994) and from the user's 
standpoim (low investmem. return, wltn knowledge base 
Buneh. 1982; Buckles el al.. 1992; Buneh, l the mas! eloquent proof of 
the desirability of such a consists of ilS spontaneous adoption by imall 
ofNonhern Honduras (at the rate 66% on a basis cf Buekles et 

199.2) Or as farmers put il simpl)', mucuna is a God's blessing. 

Table 3 3 Main farmers' practices in the mucuna/maize rotation. l'onhern Honduras 

Practices Early Criteria Jnput used 
wLate dates 

......................... -.... 
P\G mid !'O\ pod maturity' macnete 

late Jan a\'oid droughl 

1\1 ZE late ~O\ slashing dîbble stick. 
A:'\TI:-\G earh Feb local seed 

~ d a p 1 \\'eed grov-lh. marhete. hoe or 1 or: contrais 
w 60 p labor 8yaîl herbicide 

mid Feb (if deficient na- seed from pre- rareh' done , 
mld \1ar tural reseeding) \';OUS CHie ) -

40 d a p (cash availabîlil) Urea (~5 1060 not used al ail in 
60 p perceived need) of~ kg.ha ') some villages 

mid April household needs 
mid June market priees 

1 d.a p s alter thc maizc. : parcntheses dCfiOlc a practicc flOl donc b~ IOC ma.10nt~ of faml'::!; 
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Chapler -1 

~'ITROGEN C\'CLING IN THE MUCUNA/MAlZE ROTATIO~ 

4.1 I~TRODtCTIO:'\ 

A di sti nCli ve feature of the mucunaJmaize 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 ofthis muldl layer makes the syS1em share many of the characteristics of natu
rai ecosystems possessing liner layers. sl.lch as tropical forested ecosystems (Budelman. 
1988) C ompared to a natura! system however, the dynamics of the mucuna system Îs 
radically altered to accommodate a commercial crop, and the management and beha,·ior 
ofmucuna in the rotation can be equ81ed roughly with that of an improved. shorHerm 
faBo\>' whose main function is to help maintain and build up soil producti,-ity for the 
benefit of the maize CTOp (Sebillotte, 1985) Among the many effects of mucuna on the 
succeeding malze crop (see chapter 3), improved minerai nutri tion constitutes undoubl
edly a major aspect, and one for which quantitati\·e evidence coming from tropical slash
and-mulch cropping systems is still rare, even though numerous studies have dealt with 
related agroecosystems (Huntington eT al., 1985, Ladd and Arnato. 198~. YOSl r:f al. 
1985, Gtover and Beer. 1986. Pichot el al., 1987, IRRl. 1988. Yost and Evans. 1988. 
Sanchez el nr, 1989; \-an der Heide and Hairiah, 1989; Palm and Sanchez. 1990. Sarran
tonio_ 1991. Smyth eTaI. 1991, Kang and Mulongoy. 1991, Mulongoy and Akobundu_ 
199~. Haggar and Beer. 199.3. Thurston, 1994) 

The objecti \e of this chapter i s therefore to pro\"ide baseline information about nutrient 
c~·c1ing in the mucunaimaize cropping system practiced in Northem Honduras. with a 
strong emphasis on nilrogen 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 panicu
lar interest are (1) the synchronization of mucuna deçomposîtion with maize uptake. 
and (1) nitrogen imbalances in the system, potemially created by large amounts of nitro
gen inputs added through the mucuna biomass (supply side), compared 10 the relalÎ\'ely 
modesi outputs achieved via maize harvest (demand side). 

The chapter will present il general framework for analyzing annual inputs and outputs of 
biomass in the mucuna system, followed by a discussion ofbiomass and nutrient accu
mulation by the mucuna crop. as weil as mucuna liner decomposition There foliO\\"5 an 
analysis of the dynamics ofinorganic nitrogen in the sail profile during the maize cycle 
Finally. maize response to nitrogen present in the liner or applied as fei-ülizer is e"Xam
ined The discussion highlights the significance ofthese fmdings for understanding the 
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al work the mucuna system and Îts implications in terms of management by 
and crop performance, 

4.2 MA TERlALS & METHODS 

The general framework for study was reported in chapter 2 This section deals only 
with related to nilrogen cyding, 

4.2.1 E,,'aluation of mucuna biomass accumulation 

Measurements were made mainly Just prior to lime (December of each j'ear 

date for each field as a functÎon of management) ln 1991. 40 
observation plots (2 plots per field) were only). 100 plots in 1 (4 v!l-

lages), and an addîtional35 in 1994 ClAT, 1995) In each vil: 
above-ground total biomass was determined by harvesting 2 ta 4 quadrats (~ :!5 m: 
per obsen'atÎon plot dates up 10 December Total v. as 
into vanous ons. recognizable by eye' matenal. 
liner (Ihis latter simply ail dead organic matter. of decom 

Ai::V;:,3~:.1"",: 

:: :VAS= 

401 

4 01), ln December 93 and 94, funher ;'UU'-I..<:l 

MAIZ~ 

_ -::::"'vX:~:':':;\ 
--Il' If./U:USA MA:Z: STOV::;:; w:;:::s 

of the above-ground biomass in the mucuna system, :--';onh-
ern Honduras 

Additionally. a periodlc assessmem mucuna biomass accumulation from to 
December \"as conducted in only using the above methodology in 7 
whereas apparent mucuna mulch decomposition was followed from ta 
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al so ln (in this later case, quadrat size was 1 m:, and there was 
onl\' one and occasionally one weed fraction) At each date and in each 

sub-sample was taken from each fraction in every observation plot 
nutrient determination. Samples were oven-dried at 60 fOf 

mum. ground in a Wiley mill # 4, and analY1.ed by ICP after dry-ashing 
content (P. K, Ca. Mg, B, Cu, Fe. Zn) and by micro-Kjeldahl for total N 

contenl al the Standard Fruit Laboratory in La Ceiba. Honduras C~ N and isOtope 
\'N) coment "·.'!lS furthermore delermÎned by using a Europa Scientific Roboprep C IN 
anal coupled to a Tracermass mass spectrometer (Europa Sciemific. Crewe, 

al results for total nitroeen differed accordin2 ta the - -
a equation (R l = 092) was developed ta allaw the conversion 

of results obtained by one methad inta the other. 

A ni 
sponse of 

into the 
(mucuna muJch only) 

rfspons~ to l"\-urea and P-TSP 

experiment was established to investigate the re
applied in well-established mucuna fie1ds (i e fields seYeral 

of a simple 2: RCB [actoriaL \Vith 11evels of l\. 0 
applied 40 days after planting. and .1 

le\'els of P 0 (mucuna mulch ha· ' of applied al planting For 
bath ~ and P. the ioto the soiL in a hole a [ev. cm away fram 

hill 

ln the trial was planted in 3 de Saco, whereas in 9319·t il 
from those chosen the pre\'ious year). as was established in 8 

weil as 111 ~ fields in were replications per field. spread out O\'t~r 
topography. Panicular attention was ginn 1(\ 

\\eed in were 
\'S farmer-controlled weed en\'ironments; in 
\\ eed-free. In ail cases. individual plot 
prised the 4 rov,·s of plot Trial 
collaboration with the \'ariaus field owners. 

to a cantrast berv,:een weed-free 
ail Il fields were kept reasonabl~ 

m=. and the harvested area com-
maintenance was done ln 

4.2.3 Monitoring or dynamics d cycle 

The monitoring was done in the sail profile of mast plots (withoul fertilizer ap-
plication) of the abO\'e tri in SFS only a J 4 individual plots were 
sampled. In 92/93, sampling staned in December and ended April. for a total of 7 
sampling dates. whereas in 93/94. sampling staned in and ended in June. a 
total of9 sampling dates An additional 7 plots ofwhich were common to 
monitoring. whereas the others were located in fields) were sampled 
monthly between October and December of J 993 in unction with the ac-
cumulation stud\ Sample~ were taken from 3 depths 10 cm (0-1 ~ cm in q::; 93). 1 ù-

49 



cm (1 in cm, sieved to approximately mm in fresh. ex-
tracted with 2M Kn g soil to 100 ml ofKCI), filtered. and frozen Îmmedi-
ately extraction. extracts were analyzed colorimetrîcally (Keeney and Nelson. 
1 an AutoAnalyzer for both NO, method) and i\'H~ 
(Indophenol Blue method) at Cornel! at the end work. The col-
orimetrie was calibrated against a standard steam procedure 

and Nelson. 1982). Inorganic N coment was using bulk 
fi collected for each field (see chapter 5). 

4.2.4 Determination of maize nutrient uptake 

main indîcator used to reflect maize mineraI staNS was ear !eaftotal nutrient con
tent al flowering. For each observation plot or experimental treatment a sample of } 

health~' ear lea\'es was taken from plants in ki Samples ",ere overl-
al 60=C for 48 hours, the centralleaf on ground in a Wile)' mil!. and anal\zed 

total nutrient content bl' ICP in a manner sirnilar to tha! used for mucuna samples 

Maize total 'S and P content at harves! was analyzed colorimetrically on grain and 
stover taken from the N"'P treatments (93/94 cycle only), follo\\-

with H~SO~ and (Novozamsky el al, 197-4, 1983) 

AS!\l'AL DY~AMICS OF BIOI\tASS AJ'ltD ~ITROGE~ 

In the mucuna/maize rotation, ail or most requirements of the maize 
crop are met via III sim production and of rnucuna bîomass. whîch upon 
decomposition provides the maize crop with an of nutrients. chief among them 
nitrogen Understanding the cornplex biomass accumulation and decompo-
sition affecting release of nutrients a mucuna caver is a necessary step 10 bener take 
advanlage of them, and possibly ta them in a direction more suitable to 
farmers' i nterests 

Thus. this section will firs! analyze the trends in abo\e-ground biornass and 
trogen dynamics over the year. and their relation to availability ofinorganic nitrogen in 

1 profile during the cycle. Management options for meeting maize nitrogen 
will then be by deterrnining the effects of Iimited additions of ~ 

or P fertilizer on maize production 

4.3.1 Tht tht muc:una/maiu rotation 

.J.3.1./ Alain cumponems 

Abo\'e-ground biomass in 

biOn1asS 

whose relath'e împonance (in terms of dry-maner and nutrients) 
ticular phase of the rotation J.l chapter J) 
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As a first simplification, the above-ground biomass can be divided ioto live and dead 
components (Figure 4.01). The live fractÎon comprises either growing mucuna (from 
June to December) Ol' growing maize and ilS accompanying weeds (between December 
and May). Ils biomass content varies wîdely during the year, following the 'Various 
phases of the mucuna/maize rotation, Interestingly, un der the present-day management. 
farmers do not rem ove any biomass other than the maize ears from their mucuna fields 
maize stover is left in place, and mucuna Îs not grazed nor harvested as forage or grain 

The de::od fraction consÎsts of a dead mulch or liuer layer sensu 5'l'iCIII, which com
pletel)' co"ers the soil surface year-round. Components of the liner inc\ude adynamie 
mixrure of decaying rnucuna parts. decaying weeds slashed by farmers during the maize 
cycle or suffocated by mucuna during the summer, and roning maize sto\'er The 
biomass content in this layer is always high, contributi ng consi stently o,'er ~Oo 0 of the 
total abo\'e-ground biomass found in a mucuna field at any given lime It reaches its 
hîghest le'·el s after slashing of mucuna and again follov.ing maÎze sto\'er incorporation 
into the litter 

-1,3, J,:: 7he lm!!/" laya 

43 J,: 1 Functions of the liner 

The constant!y renewed litler sitting above the soil profile fulfills many imponant func
tions, ail of \\ hich contribute 10 the perfonnance and behavior of the rotation in bOlh the 
shon- and long-term Chief among them is ilS role in controlling erosion. as II cushions 
the impact of water drops (chapter 5), At the same time, it helps regulate water flo\\ in 
and out of the profile, by favoring infiltration o'Ver run-otT(chapter 5) and by slowing 
do\\ n e\'aporation It contributes strongly to nuaient 'ycling, both by pro\iding the 
needed substrates for decomposition and by otTering an adequate habitat for the decom
posing flora and fauna. It also pro\'ides the em'ironment in which mucuna ",il! reseed 
ilself Simultaneously. it influences markedly weed dy'namics by altering condition~ for 
weed emergence and by pro,'idîng those which manage to compete against mucuna or 
malze with plentiful nutrients and waler 

43.1.12 Factors affecting biomass accumulation and decomposition 

The maintenance of the liner layer over time is the result of rwo opposite sets of proc
esses. liner formation on one hand and liner decomposition on the other. Among the 
former, maize. weed and mucuna management by farmers codetennine the quantitati\'e 
levels of addition to lhe liner as weil as its timing, in interaction v..ith en\"ironmenta\ 
conditions regulaling plant growth. Each of the three main components added tO the 
liner has distinct initial propenies vis-à-vis decompositlon, for example, mucuna mate
rial has 1~'pically high ~ content and low eN ratio, and includes \ ery leaf~. easiJy de
composable material. whereas the opposite is true for maize stm'er Weeds na"e a com-
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position and behavior depending on the speçies involved and the precise timing of their 
incorporation in the litter. 

Conversely. decomposition processes, even though they probably fluctuatt markedly in 
response to penodic additio r " of fresh matenal te the liner, seem only moderately af
fected by management. They are largely under the influence of environmental factors 
such as moisrure and temperarure (Jenkinson, 1981). These !wo factors continually 
interact to modify the microdimate of the liner layer, and its ability to undergo decom
position. 

4.3.2 Biomass and nutrâen. content at slashing 

Because slashing of the mucuna crop constitutes the pivotaI moment of the mucuna ro
tation, we will no\',,' turn our artention ta two fundamemal aspects of slashing. name!y 
the quantity of biomass present at that moment, and its composition. Il should be 
noted that in the following presentation, easily recognizabl e pieces of maize sto\'er 
(from the previous maize cycle) were systematically excluded from the sampling proc
ess, out of an initial (unwarranted) assumption that only neo-formation of liner during 
the mucuna cycle was imponant for understanding cyding processes: this methodologi
cal fla\\ probably brings about an average underestimation of abo\'e-ground biomass of 
roughly 0 5 to 1 ton of DM ha l

. This omission is rather insignificant in terms of nitro
gen (in the order of 1 % or Jess of the total nitrogen content) 

-1.3.':. J huaI hlOma55 COlllelJ/ 

For ail four villages sampled in December 1993. the levels oftelal abo\'e-ground biomass 
fel J î n a rel ari vely narrow range of lOte 12.5 1. ha'; on a dry-m atter basi s (Tabl e 4 01 ) 
Statistically speaking, these difTerences were highly significant. \\;ith San Francisco pre
senting the highest biomass production. In the two sites for which data is a\'ailable, the 
year-to-year variability was moderate (Table 402), although biomass was signiflcantly 
100ver in December 92 compared tel the t'Wo following cycles in San Francisco de Saco 
The largest differences hov.'ever occurred amollgfie/J..\ within the same year 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 cha " whereas maximas 
exceeded 15 tha' l (Table 4 0 1) The 'Wlrhill-jield \'ariabJ/;ry was low on average (not sta
tistically significant), although in a few cases differences of several t.ha· 1 were found 
between obsen:ation plots within a single field. 

Given the diverse s0il and c1imatic conditions represented by the four sÎtes and three 
years sampled in this study, biomass production across sites and years appears rela
tively stable (overall coefficient of variation less than 15%) This result probably stems 
from a combination of factors. First. total biomass includes a strong semi-permanent 
liner componenL which is only partly influenced by seasonal l1uctuations in cl imate and 
plant grov.1h Also, the length of the mucuna cycle (8 months minimum) probably al
lows the mucuna/weed stand to compensate for any temporal stress v.hich v.ould tran-
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siently reduce gro\Nlh finally, expressing productivity on the basis of total biomass 
usually reduces apparent variabiliry, as this latter is more Iikely to affect specifie com
ponems. and panicularly pod productîon 

Table 401' Abo\"e-ground biomass (tha-I) and its various fractions (in 0'0) present în 
mucuna fields at slashing in four sites. Nonhem Honduras. 11.193 

{cach cell rcpr~sems the 3\'erage fOf the site. follo\\ed b~' iLS standard dC'\iallonl 

______ '''_, _____ "~,,.-,'~,--------~I~ha~·-t ________ ~' __ ._'~ _____ ~~,,~o~f~to~la~l~b~io~m~a~s~s~~---'---
. , 1 ~,\ l' ~ 

Site (n l : tolal bi/"\'nass Min Max ~ green pods- vines' Itter 

-S-n-F-c-('\---~:-~- 12 -1 ± ~ 1 tr' 

Mangas ~9 110±I.4h 

Cuer0 21 l07± 1.6h 

7.0 

8.8 

8.6 

16.3[ 
139

1 
14 5 1 

1 1 ± 5 6±-l J 4 ± -1 69± 6 

10± 5 24 ± 6 12 ±-1 

15 ± 6 7±5 J 8 ± ~ 60 ± 8 

.. ~.~.~.~.~.~~ ........... ~.:. .... : .... ~ .. ~ .... ~ ... ~ ... 1 .. :.~ .. ~.:.~ ............ ~ .... ~ .......... ~.~ .. ~ ... L..~ .. ~ .. = ... ~ .......... ~ .. ~ .. = ... ~ ........... ~.~ .. = .. ~ ........ ~ ~.~ ..... ~ .. 
Al·t'J"lI}.!C /0/ i /1.../:t1.9 :-.0 /6,31 J:l:t6 /3±9 },\-:1:5 5-:tL~ 
-~~'-~Q'", ~ ... ~~.~ 

l Icaf~ malcrial and lcnd~r \ ini:S. : pods include lmmalure 5ccds. 'old slcms. pllnl~ lignifl.:d and posslhl~ 
aboullo Sian TC''' ng. J dcad malcriaL incJuding freshl~ shed lca\(:'s: ' mcans follo\\ ed b~ Ihe samc lcl1t.":T 
III on,: COIUnlll ,01 dûfcr sigruflcanll~ accordmg 10 Tukc~ 's leSI allhe 10"·" fami" TillC 

Table -4 O~ lnter-annual \"ariability in biomass production ofmucuna fields 
al slashin~ lime in San Francisco de Saco. Konhem Honduras 

.... , 0 

Year (n) Tot. Min Max Litter pods Li\'e Weeds ~ total 

1992 4-1 108±23h 6\ 15.9 6J ') (00) 263 ± 7~ 

1993 ~"} 

-'- J2A ± :.1 (1 7.0 163 69 6 lOO) 3 J.3 ± 65 

1994 ..,.., 
1:6±27a 86 J70 64 16 (06) ')..1 

.......................................... _. 

A\'erage 98 11 7 ±:;; ~ 61 170 6-1 la 284 ± 75 

. numbi:r ofplol~ s;mlplcd. : a\'crllgi: :: standard dc\ lai ion. '. parcmhcscs indlCfllC onl: fCI\ plol, !lad 
\\ccd~. or quamlllc~ peT plOl \1 crc IrulglllflCanl: J lab data nOI a\ aîlllbic 'mtons roHo\lcd b~ Ih..: samè' 
lcHcr Hl on.: coluilln do no\ dûfer slgrufl':lmIJ~ accordmg 10 Tukc\ 's leSI illth:: 10"0 f(lmil~ ralC 



ln order to reflec! morphologieal and functional differences. among the vanous compo
nents of the live fraction, the slashed mucuII..! material was subdivided into three sub
iractions: green matenal (mucuna leaves and fine stems). mucuna pods. and mucuna 
vines (i.e. partly Iignified stems) Live weeds were almost atways tnsignificam al slas!·· 
ing lime (weeds present at the end of the maize cycle get incorporated in the mulch/liner 
layer. after being outcompeted by mueuna). 

The proponions of these various sub-fractÎons were also relatively stable (10-15 % for 
green materiaL and 14-22 % for vines). Pod production however was qui te van abl e both 
between and wîthin sites: pods constîtuted as linle as 6% of the total biomass and as 
much as 24% for a gî"en site (the range was wider for comparisons among fields) This 
variabilîty occurred both across sites and acrass years (Tables. 401 and 402) 

The liner (dead) fraction constituted on average close to 60% orthe total dry v.eight. or 
5 ta 91.ha Thus. the annual December slashing added only 4 106 Ions of D\1.ha of 
frL',\" materi al to the pre-existing liner (raots add probably another 1-:2 t of fresh dry 
matter ho\\ e\'er Lathwell. 1990, Hairiah, 199~) 

-/.3, J. '] ('juIIIIClerisllc.\ (?f Thl.! 1''''ïOlIS hlomas,\ ,/racIIOJJS 

The vanous fractions discussed abo\'e presented fairly similar characteristics across sites 
in lerm s of thei r !' conlent and C N ratios (T abl e 403) The pods were ri cher in ni Iro
gen than any other fraction (aboui }% on average). whereas the vines were the poorer 
(Iess than 1°'0), translating into C:N ratios grealer than 10 The liner fraction presented 
relati\'ely high though \'ariable within-site le\'els ofnitrogen, about 2. 65°0 on 3\'erage, 
",ith consequently 10\\ CS ratios of 16 to 18. This fac\. along with a ôl'C \aJue 

(\ 1 ari otti, 1(91) close to -26 tends 10 pro\'e tha! the 1 i tter fracti on al sI a shi ng tI me \\ as 
hea\ il~' dominaled by the contributions made by the mucuna crop. a (.3 pIanI. rather 
than by malle sto\'er (a C -l plant with a bllC value close to -1.3), or b~' (.:j grass \\ eeds 

\\ hich predomînale in numerous mucuna fields scrass :--':orthern Honduras (}(o!lhnellw 

cochlJJchiJlL'IISI,\ in the case of SFS) Con\'ersely, \\ hen mucuna does not reest3-blisl1 
itself praperl~' in a field (as was the case during the 94 summer cycle). the blomass 
found a! the followîng slashing comprises il much higher proportion ofv.,eeds, yielding 
lower)\; content (less than 1°·0) and ô)lC values for the liner fraction (-1 ~ to -20) 
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Table 4 03 Selected characteristics 

site 

Sn 

Feo 

\langas 

Rw 

(uer" 

Amar 

Pl'oper1)' 

t.tample SI1e) 

lofaI N % 

(' A' ralio 

81 'C 

{sali/pIc SI:: l' 1 

1010/ ,\' % 

CA rano 

1.'nll/J'le ,'1':('; 

IOIaI.\' % 

C ,,,. rano 

8"(" 

1.\flIllrle Si::,'; 

1010/ X % 

(' 1"(.11/0 

81 

170 

,8 

{9} 

2,92 

15 7 

-268 

(5) 

:2 65 

169 

-268 

3,83 

119 

-~5 8 

fractions found 
Nonhem Honduras. 1 

149 

5 2 

152 

-257 

(.\) 

288 

150 

140 

vines:l li tter~ 

3 

259 

6 

) 

.:2 09 

16.8 

,5 

(l':» 

:2 68 

16~ 

8 

167 

9 

166 

malcnal <llîd lcndcr \ mes: : pods incJudc Immarurc sceds.' old Stems. panl~ lq;mrlcd and pm,lbl:
aboui 10 sum romll.!! .. dcad malcrial. mcludmg freshl~ shed Ica\ cs 

-1.3.::.3 Numgt!11 emul!/JI 

Total ni content in the above-ground biomass for the different is ln 

Table 4 04 As was the case for total biomass. total N content was similar 
sites. and reached 300 ha'; on average Again, the major source "ariability 
was among fields' in l' content dropped ta as litde as 100 kg ha: ln 

one field. and coo\'ersely 500 kg ha lin another 



Table '" Nitrogen (kg ha 1 
) present in biomass al time 

in mucuna fidds în four sites, Nonhern Honduras. 1 

NI pods l' J vines N 3 liner N 4, 

SnFco 32 39 ± 19 ±13 

Mangas 29 29 ± 17 ± 20 .~ ± 8 ± 

21 41 ± 14 21 ± 13 37±1l 

edras 19 5~ ::!: 21 46 ± 22 42 ± 14 163 ± 

.\ lOI 40:: :;0 42 ± 30 39± Il 17~ ± 59 

1 kaf~ matcrial and lender \ ines. : 
sian romng.: . dCJd m.'llcrial. Inl:'lIInlnl' 

'iJIIIJH rd h\ il.\' s!rllldnrt! deI W!WI!. 

include Immature seeds .• old Slcrns. panl~ hgruficd and about 10 
shed Ica\ cs En,/] cell /"ern'.w?II!S th(' {I\ ('/'(Ige 1i)J' the \I/(' 
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N was more dependent on biomass Jevels tban on N content in the various frac-
in Figure 402 P 56: the overall across for relationship be-

m'een nitrogen and total biomass 0.8 (N= 101). a.nd ail sites presented a 
simi!ar relationship. with the exception of Mangas, where the relationship 
belween the t'Wo variables was slightly (R2 doser ta 0 6, data not 

Because of the domi nance of the liner fraction, and its relalively N 
content, almos! the nitrogen present at slashing is found III The Imer, and not in 
the Iîve fractions pod fraction comprises a low percentage oflotal N on average. 
except in it reached almost of the in keeping \.\.;th the 
high proponion of pod Because mucuna typically itself, mos! of this 

is y nct available however for \'ia decomposition 

-1.3. ::.-1 Of/h" }JI/lnent" 

While nilrogen was ofprîmary in Inis srudy. the mucuna biomass accumul 
Key nutrients Table 4,05 the averare levels of um. 

calcium and magnesiumpresenl at slashing (in kgh~ J. and the proportion ofthem found 
in the liner 

Table other than nîtrogen biomass of mucuna 
fields al slashing time in various sites. Nonhern Honduras. 12/93 

\:utrient Sn Cuero Piedras 

lotal P ha lB ± 6 J 28 ± 5 14 ± :2 19 ± 4 

°'0 Pin ±9 31 ± 7 51 ± 11 ±8 

tOlal K 8:! ± 21 114 ± 24 98 ± 16 113 ± 17 IOO± 

0 0 K in liner ±7 11 ± 3 19 ± 6 13 ± 5 1 B ± 9 
...................................................... -

total kg ha 1 ~,: ± 45 

, Ca in litter 78 ± 5 ±9 ±7 

total Mg ha: ... ., + 
..)- - 7 ±4 ±7 

~o 67 ± 8 45 ± 8 54 ± 9 54 ± 8 ±12 

1 each eell reprcsents lhe a' erage oyer aU fields in cach sile. follo\\ cd b~ its 
standard de, 13UOfi. Sam pIe SILe: 32.29.21 and Sn Fco. Mangi:!~. Cuera .and 
Plcdrds rcspccIÎ\'cl: 



E\en though there was a sizab!e variability among sites, the mucuna "complex" accu
mulated significant quamities of al! of these nutrients. and especially calcium ( 140 kg ha 
on average) and pOTassium (100 kg ha,l) Even phosphorus was found al le\'els roughly 
sufficient to supply the requirements of a rnaize crop, The distribution of these nutri
eOiS in the above-ground biorr,êlss differed for each nutrient ifmost of the Ca (70°'0) was 
found in the liner. most of the K (82%) was in live fractions (and particularly the ,'int 
fraction). with imermediate situations for P (45% in litter) and Mg (5Mô in liner) 

4.3.3 Seasonal bl'ha,'ior of the mucuna co"er 

\\"e \\ill no\\ e'\.1mine in more detail howa mucuna crop accumulates dry-maner and 
nutriems in the first place. and then releases both upon decomposition, 

-l, J 3,1 M/ic/iJlo hlOmas,\ (/cc/ln1ularioJl dl/J'mg "'I! rain)" S#!C7.\OIl 

There are 1\\0 main phases during the mucuna cycle: the vegetati\"e phase. lasting from 
February/\larch (mucuna re-seeding) 10 early October. and the reproducti"e phase, from 
OClober 10 December. al which momenl mucuna Slans 10 die nalurally. e\'en \\ hen 
slashing does not take place Cïimatically speaking. the \'egetati\'e phase spans the dry

season and the tirsl half of the raîny season. whereas the reproducti\e phase takes place 
duri ng the peak of the rain)' season (Figure 31 chapter 3) 

43 3 1 1 From mucuna re-establishment to tlowering 

Afler reseeding itself in February-March. mucuna gro,,'s relati\'ely 510\\ h" under the 
shade pro\'ided by a fully de\'eloped maÎze crop Alsc'!. il has 10 wlIhsland either farm
ers' auempts at keeplng it from compeling too slrong!~ ,' .. ilh malze 1 n \\ el years (see 
chapter 3), or alternati \ely extremely d:;.' and hot conditions if the \\i nter cycl e is drier 
than usual Finally. weeds not controlled by farmers may also compete hea\ily for light. 
nUlrients and water with the young mucuna plants ft is usually not until afH'r maize 
harvest and the return of rains (by end of May - early June) that condilions become 
favorable to mucuna rapid grov..1h. leading wlthin a fev; weeks to full canopy c!osure, 
By mid-summer. a typical field presents a relatively uniform, dense mucuna stand. gi\en 
that malze stover has been pulled down and incorporaled to the litter by aggressiHly 
grO\ving rnucuna vines using the stalks as suppon Weeds have usuaHy been reduced to 

a marginal presence by tha! lime, since mucuna gradually overcompeles mos! of those 
present at the end of the maîze cycle 

\1ucuna stans flo\\ering in early tO mid-Oclober, apparently in response to shoner 
days (it is not clear yet hov.. strictly photoperiodîc mucuna is) Allhis point. a typical 
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mucuna field has "accumulated" about 10 t.ha· ', with close to 401>/0 (i.e 4 cha 1) in the 
live mucuna fraction, and slightly more than 60% in the liner layer (Table 4 06). 

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

(eQ(h figure repreSelHs. the ml?on of? plOls.followed by ils standard dé'\"/QlIon! 

Component umpling date 1 rates kg .ha·l.dar' 1 

: Oc/oher November December. Ou NOl' NOl' Dec Ocr D,'c 
~ ••••••••••••••• 49 •••••••••• 'Uh"" _ •• '~dn ••• ~ ...... •• u ............... ~ •••• ~ •• ~ •• ••••••••• ~ •••••••••••••••••••••••••••• ~"', •••••••••••••• " •••••••••••• 

Total biom tha ' ! 101 ± 14 12.0±22 142± 1.1{ 58±81 88± 118 71 ±30 

"live" bÎom cha" i 3 7 ± 0.8 3 3 ± 09 43 ± Dei 
l ~ 

litterbiom tha'l 64± 1.1 8.7± 1.5 99±]~ 

total ~ kg.ha' 289 ± 54 334 ± 6J 367 ± 51 ~ 13 ± 1 9 08 ± 4 4 1.3 ± 1 3 

liner!\kgha i 
167±35- 235±43 256±491 

1 acrual dalcs 10/15/93. 11115/93 and nlriable in Dec. as a function of actualllming of slashing b\ 
each [armer: : hncar raIes \\ cre calcula!ed for indi"idual plots. using aClua! samphng dates . 

4 3 3 1.2 T owards matun ty. bi omass and nutn ent accumul ati on beyond flowen ng 

Total bi omass i ncreased from lOt. ha" in rnid-October (early flowen ng) to 12 t ha ' onE' 
month later. and 14 t.ha' after another 3 weeks to a month (Table 4.06), gi\'ing a\'erage 
apparent grov.1h rates of 58 and 88 kg.ha·'.day·\ respectively for these two periods (note 
ho\\'e\"er high variabîliry in the figures) Dry-matter accumulation seemed to affect the 
litter layer more than the ]j\'e fractions: in mid-November, the live fraction had appar
ently dropped from 371 ha 1 in mid-Oerober to 3.3 Lha l

, or Jess than 30% of the total 
biomass present There \\'as however an increase in live biomass at slashing ume (+ 1 
cha' between mid-November and s]ashing time), matching closely the biomass found in 
the pods (0.8 t.ha ' ) The observed increase affecting the litter fraction (from 6.4 Lha' in 
mid-Dctober to 8.7 tha· 1 to almost 10 tha" at slashing) may indicate that even though 
mucuna does n01 die massively until Ît is slashed, it however starts decaying before or 
soon aner flowering, by shedding leaves and stopping maintenance of its extensive vine 
network. 

The overall accumulation of nitrogen by the mucuna comple:.; matched closely the trends 
obser;ed for total biomass Total)\; for al! fractions increased from 289 kg ha ' in mid
Dctober to 334 l.:g ha" în mid-:\ovember and 367 by slashing time, with an Q\'eral! ralé' 
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of accumulation of 1 3 kg N n. the situation differed markedly for 
each fraction' whereas the live fraction did not apparently accumulate an)' ~ during the 
two-month period (from J 22 ta and then up again ta 111 kg 1. thanks ta the ~ 
found in the pods). the liner fracrion did gain 68 kg and then 21 kgha l

• for a total of 89 
kg over the 

This . is probably 
and would account 
from almost ln 

This trend seems 
mucuna 
nutrient and 
and folio",'" closely 
moment 

transfer ofbiomass from the live to the liner fraction 
fluctuations of the CN ratio of the liner fraction' 

to 18 in mid·November and less than 16 by Oecember 
with the incorporation te the litter oflow CI\ ratio leafy 

shedding) situation may have important implications for 
which would stan significantly hefore mucuna slashing. 

addition fresh, nitrogen-nch material ta the liner layer. at a 
rainfall favors its rapid decomposition 

-1.3. "1 .\1ulch decomposifiol1 dt/ring the dry season 

mucuna stand. decomposition is the major process 
in Table 4,07 shO\\ decompositîon trends 0\ er 

much drier than what is typical for the on, 
apparent rather than actual rates of decomposition. because 

o\'er time ofunconfined material make it impossible to 

of liner per se from ilS renewal via fresh biomass 
control operat ions (cf 5 3 _ 1 ) 

~ .07 Apparent decomposîtion of the litter present in mucuna 
al \'arious limes after slashing. San Francisco 1 

\"ariables Sampling 
..... ~_ ... _ ........ _ .. - ... _ .............. _ ...... __ ............. ~ .............................. " ............... ,.,' ... ,., ..... ',"' ............ , ............... , 
early 12 /93 early 3/94 lale 5/94 

, 

biomass Jeft (tha") 126 ± 1.8 8.6 ± 2.2 la 6 ± :2 2 

tota! !\ len (k!.! ha"')' 316 ± 63 198 ± sa 5± 1 3 ± 1 1 -0.5 ± 1 2 J 

1 actual samplinl! dale \ aries b" Held. : IinCa! ralcs werc calcula!cd mdi\ iduath for cach field based on 
aClual samphng -d,lie: ' APPi'lrént biomasslN. becausc linerlN al an~ da le rcpréscms a mlxtuf"; of liner·); 
aJrcad~ present at slashing and ne\\ I~ addcd ImerIN \'ia \\ sec [(;\:1. L minus sign mdlcalcs an 
apparent gain ln blOmasslN bel\\ ccn the 1\\ 0 samphng dates. \ a/m' rtlpr(!~(!nH r/IL' II1con or JJo, rlol' 
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Liner biomass appeared to drop at tirst, from 126 t.ha' at slashing time to 8,6 t ha' in 
earl)' March, corresponding to a loss of approximately 45 kg ,ha ' ,dayl, From March 10 

end of May. total biomass present in the litter layer seemed to increase. reaching 10 6 
chal Ahhough il ma)" be an anifacl stemming from sampling procedures. this increase 
may also happen as a result ofweed control practices during the February-March pe
riod' slashing the weeds or drying them out with Paraquat (see chapter 3) does actually 
comri bute ne~ bîomass to the li ner layer 

Analysis of ln .sITu labeling provided by natural abundance Ll( values (Balesdent el li!, 
1988) suppons this interpretation, Weed populations in man)' tields are dominated by 
a (4 grass (Rorrhœha cochinchinenslS), giving rise 10 a distinctive average 81.'( value of 

-17%0 for the \\eed biomass (as measured in May), quite different from the 81.'( values 
for the mucuna material (around -25 to -26~oo) Assuming that the liner at any date is a 
simple mixture of weeds and mucuna material, il becomes possible to estimate the pro
ponion of each of these two fractions in the liner by equating the observed 81.'( of the 

mixed liner 10 a weighled average of the ôl.'C of the rwo materials 

Arithmetically, thi s îs equi\'al ent to resolving the following system of simultaneous 
equati on s for any fi eld and sam pli og date i_ 

{ 
Wi 4- Mi := 1 (l ) 

d" ,(Wi) + dm~, (1\1i)::o d", (:~) 

in which Wi and :\1i represenl the \\'eed and mucuna fractions respectively at date i 
(0 S; Wi. Mi SI). and d., , d"", , and d" , correspond to the ÔP

( signatures of the weed, 
mucuna and mixture bÎomass respective!)' for the same date in each tield, Assuming 
constant 81

'( signatures for the weed and mucuna fractÎons over rime. we can get Ihese 
\'alues from weed and biomass samples taken in December for the mucuna fraction 
(because it is supposedly exempt of any subsequent contamination by weeds) and ~1a~ 
for the weed fraction.(only date al which weeds were sampled) 

Based on the abo\'e equations. eslÎmates of how much of the original liner or nitrogen 
\vere left al the \'arious sampling dates. or how much weed biomass there was were cal
culated (Table 408) According te these calculations, the original mucuna liner decom
posed relatÎvely fast from December te early March, losing 43%) by weighl during this 
period. al an average rate of61 kg .ha I,dayl, and much more slowly afterwards. losing 
only an additional 6% of the original liner, at an average rate of 7 kg ha'day" (Table 
4 08) Weeds controlled by farmers contributed significant quantities ofnew liuer dur
ing the maÎze cycle: by end of May, they seemed to represent almost 40% of the liuer 
found (4 t ha' out of a total liner of 106 t.l1a'I), and this tigure does not indude the 
biomass of li\'e weeds, which can range any",here between 0 5- 104 tons of D\1 ,ha 
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Table 408: EstÎmated litter and nitrogen left in mucuna fields at \'arious cimes after 
slashing. San Francisco de Saco, Northem Honduras. 12/93 to 5/94 

Samplîng date 1 a.vg, rates in kgha l day : 

Variables 1 early 12/93 early 3/94 late 5/94 Dec-Mar 1 Mar-May 
••••••••• ~ •• nnhnd ••••• ~ •••• u ••••••••••••• n.~ ••••••••• ,111""" •••••••••• &4~.~~a •• H ••••••••••• U.H •• H ••••••• ~ •••••••••••••••••••• ~ ••••••••••••• ~.~.~bhU ••••••••••••••••••••••••••••••••••••••••••• ~ ••••••• 

o p( liner'~ -24,2 ± 2.3 -226 ± 20 

Est original liner }2,6 ± 1.8 7,2 ± 22 66±26 60.9 ± 38,8 68±351 
left (t ha-) ~ 

Est v.-eed in liner (none) 1.4 ± 1.4 4,0 ± 23 

Est orig :\itrogen 316 ± 63 176 ± 52 171 ± 66 
lefl (kg ha") J 

Est 'released 140 ± 94 (5 ± 76) 1.6 ± 1 1 01±09 

aClual samphng dale \ arics b~ field. : hnear raies were cakulalcd indj\iduall~ for cach fleld bascd on 
acrual samplmg date. ) \\eighlcd <l\ crage (b~ biomass) of 61)C for the \ arious fracllons constl\uung th..: 
huer. . ongmal rcfcrs la huer or nilrogen already presenl al slaslung: see te"l for assumpllons mad.: 
J-."O( Il liglll'(' l'erre'SC/If,' rh(' II/ean of} '" plo/s. 

Clearly sorne of the assumptions are not very satisfactory decaying maize lea\'es also 
contribute 10 the renewal of liner biomass: also, weed population in a gi\"en field may 
change o\er the growing season as a result of weed control hence weeds don 't necessar
ily present a constant oLle signature over time Howe\'er, the calculations seem 10 yidd 
(Il'eraKl' results consistent with the actual environmemal conditions obser\'ed !JI .\ÎII/. 

rainfall was abundant between December and mid-February, aHov.ing moi sture levels 
(and hence potential and actual decomposîtÎon rates) to remain high in the liner layer 
Rains stopped thereafter. creating an extremely dry. hot liner layer. unsuilabte for actl' e 
decomposition, as iltustrated by the visible presence ofundecomposed leafy mucuna 
material 

The situation in terms of nitrogen was very similar ta the one for biomass: total ~ ( in 
kg ha' for the entire liner) dropped sharply between December and March. from 316 la 
198 kgha .10 Încrease again 10235 kgha" by late May. in parallel to the apparent 
biomass increase (Table 4.07) Using the same calculations reported pre\"iously (\'.'ith 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 ta 

176 in ear!: \1arch to 171 kg ha l in late May. corresponding to rates of) 6 and 0.1 
kg . ha' ,da~' ' respecti\'ely o\'er these m'o intervals, About 140 kg.ha' of \" seemed 10 

ha\ e been released b\ the liner on average in the tirst 80 days following slashing. and 
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less than ~ kgha i in the fol1owing 80 days (note however the huge variability associaled 
wîth both estimates) These calculations do not include however the nitrogen released 
upon break-down of the weed fraction 

lt is probable tha! these crude figures, obtained in a very dry cycle. represent lower
than-average estimates of the N released in a typical (ie. wener) winter cycle. especially 
after March. as there are usually at least a few significant rains Howe\'er, the behavior 
in mo 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 

Abo\'e-ground biomass present in a mucuna field was quite variable depending on the 
specifie phase of the mucunalrnaize rotation considered, in tenns ofits origîn (mucuna 
vs weeds \$ maize). its absolute levels (which can vary from 7-8 t ha' 10 about 30 cha 
'), its composition and its seasonal dynamics. which entailed periods ofacti\'e accumula
tion and simultaneous decornposition Figure 4 03 summarizes our present understand
ing of the dynamics of the overall cycle A key fealure of th~, mucuna system resides in 
the year-Iong presence of a dynamic liner layer periodically renewed by addition of 
fresh biomass, as \\ell as actively undergoing decomposition at virtuall~ ail times (i e 
not only after sJashîng), en .... ironmental conditions allowing. 

Trends obsened for nitrogen matched (iosel)' the movements affecting biomass dynam
Îcs There were considerable arnounts ofnitrogen present al ail limes in the biomass 
(and especially in the liner): the accumulation seemed ta reach a peak at slashing, with 
a\'erage \'alues around 300 kg.ha:, Aner slashing, there seerned to be a relati\'ely fast 
though highly \'ariable release ofN by the decomposing liner. which e\'en in a dry ~'ear 
reached 140 kg ha :on a\'erage 

The pre\'Îous anal;.'si s didn '1 deal with the fale of the released 1\: tnere are se\'eral pos
sible sinks for il. from the atmosphere (via volatilization) 10 microbial biomass. sail so
lution and plant uptake We will no\'. examine these two latter aspects in more detail 
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4.4 ~ITROG[]'I.; DYNAMICS Jl'i THE SOIL-MAlZE SYSTEM 

The main objective ofthis section is to gain sorne understanding about the relation be
tween N supply by the decaying litter / soil organic matter and N dernand and uptake by 

the maize crop (in terrns of quantities and synchronization) The analysis is based on 
data from a periodic sampling of the sail profile in well-established mucuna fields at bi

weekly or monthly intervals during or before two consecutive, highly contrasting maize 
cycles (in tenns of amount of rainfall see Figure 4.04), as well as on a point assessment 
of maize total nitrogen uptake Ali fields sampled were located within a radius of less 
than 1 km (chapter 2), and hence can be assumed to have been subjected to approxi
matel)' the same environmental conditions (rainfall, temperature in particular) 
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ons should be kept nd in interpreting these data, ()} mOSI 
probably. a fraction of the nitrogen released by the liner never entered the sail profile ÎI 
was recycled directly in the by the sting fauna and by maize and weed 
roots growing in it or at the the Iitter and the sail proper. 
(2) the sampling recovered both by the decomposing liner and the N min-

ized from the soi! organic maner, with no way of differentiating these two sources, 
(3) since the sampling took in fields with growing ze or weeds. the 
inorganic N reco\'ered from the soil solution corresponds ta what was plant 
uptake, (4) the fact that sampling did not proceed deeper than 60 cm not impl: 
that î norgani c ni trogen di d not occasionally move beyond that depth. (5) 
reasons to belie\'e that inorganic N tells only part of the story about N 
namics in a mulch system, N probably plays a significant role as weI! in t\ 
transpon and anilability for plant uptake. 

4A.1 T e-mporal pauerns of inorganic N 

Ihe em/te sOlI prqfile 

Figures ~ 05a 
the 9~J93 and 

temporal patterns exhîbited by ;-,,; C\î) Q\er 

for a number of well-established mucuna fields (more 
than 5 years of contÎnuous use of the mucunaJmaize rotation) are presented in 
kg ha : of >Ji (sum and ~'H-I-l') for Ihe emire 0-60 cm 

Several feaNres are 'lIn.'\'lI ... "' .... t from these figures. 

a) ail fields a relativel,. homogeneous behavior with 10 v. hen 0:i \\ as 
highest and hov. it with time The similarity of both v.ithin and 
berween years illustrates the homogeneity of management across and also the 
influence of en\'Îronmental factors and conditions in shaping ~ mineraliz3tion processes 

aCter sI 
served 
IIS.mm 
the 

there \\ as a marked peak of inorganic nitrogen 30 da\'s 
followed by a rapid decrease o\'er the neXI 3 to 4 \1aximum oh-

s of values dose to 100 kg,ha 1 for both years (max observed 
70), ncvcr dropped be\ow 30 ta 50 kg. ha' of morganic \: e\en during 
of mum maize uptake 



Rainfal/In mm b,l JO-da,\ per/od. drav,n al/he mid-poinl ofeach period lnorganic S ~ s//II/ofSH.rX 
and SOrSfor the O-JO (0-15 in 92 9S" JO-30 (15-30 in 9293) and 30-60 cm hori::uns, Each poml 
r('presenls Ihe average of 3 t93 94J or .J repllco/lons (92 931, S/ashing refers 10 Ihe approximale dale 
for mant/al cuUmg of the IIIIJClJno moterial, rhereajler Jefi la decompose on the soil surface, Planllng.. 
FJov.·ering and lIarî'esl refer 10 approximafl? dale.tfor the mai:e cycle. 

Figure 405 Dynamics of inorganic nÎtrogen (in kg,ha") in the 0-60 cm soil profile of 
well-established mucuna fields, San Francisco de SacQ, Nonhem Honduras, 
] 992/93 and 1993/94 
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c) synchronizati on between nitrogen release by the decayi ng mucuna mulch and uptake 
by the maize crop seemed satisfactory, as maize 1S 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 luer)" ln addition to maize. 
weeds are also likely to have beneflted from the rugh 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 especîally evident from the 93/94 data (Figure 40Sb), 
which co\'ered a larger time span (from October to June) The slîght increase in Ni ob
served towards the end of the maize cycle for bath years probably coincided approxi
mately with reduced uptake by the maize/weed complex as wetl as with the occasional 
retum of rains after a relatively dry period (particu!arly În 94). Likewise, the relati\"eh
high le,"el s of l\ï (around 60 to 70 kg ha l

) found in the profile in October-)\;o\"ember (l e 
\\eH before slashîng) tend tO indicate tha! active decomposition is taking place in the 
liner layer / SOM cornplex during the main thruS! of the rainy season, while mucuna i s 
still growÎng actively_ This trend is consistent wÎth the observed increase in liner 
biomass during this period (see section 43_3 1.2 abo\'e) 

·l-l J:: Disnihlllioll of illorgc/llic N by hori:oJl 

Figures 4 06" 4 07 and 408 display the levels ofinorganic N for indi\'idual fieldsi~'ears 
by horizon Three horizons were sampled O·] 0 or O~ 15 cm (horizon 1); 10-30 cm or 15-
30 cm (horizon :n and 30-60 cm (horizon 3) They present alternali\'e ways of looking 
al the same information. in Figure 4 06. it is presented in kg.ha 1. with the horizon as the 
central focus Figure 4 08 is simîlar. except that it is based on concentrations (in ppm) 
rather than on kg.ha:. Finally. in Figure 4.07, the focus is on selected sarnpling dates 

In ail cases" il can be seen that ail three horizons presented the sarne temporal pattern 
described in 4.4 1 The apparent difference between the two cycles with respect to the 
le\"el:; of!\ present in the tirs! and second horizons (greater for hor 1 in 92/93. whereas 
the re\"erse is true for 93/94. at least for the first 3-4 sampling dates) are rnainly relared 
10 changes in the sampling scberne: in 92/93. sampling was done on the 0-15 and 15-30 
cm horizons. whereas in 93/94. it was done on O~IO and 10-30 cm. 

As the season progresses (i .e. rnaize going from emergence to flowering 3 firs! sampling 
dates), the profi! e î s gradually depleted of ilS Ni at ail depths (figure 4 07) For al! 
fields. the sampling date doser to maize flowering (mid-February) exhibited the lowest 
le\'els of available Ni. in synchrony with maximum rates of nitrogen uptake by the malze 
crop Towards the end of the maize cycle. availability of Ni tended to increase again" 
especîally in the top horizon. which became the main contributor to total inorganÎc ~, 
e\"en în 93 '9-\ its share reached around 50% of the total N found in the profile 
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The dynamics afTecting the first horizon over lime and the observed dîfference between 
the upper and lower horizons probably reflects the influence of maize J weed uptake 
Roots would preferentially deplete the inorganic N of the superficial horizons Once 
this uptake is Jess acti,'e, înorganic N again would tend to accumulate in the soil surface 

For concentrations (Figure 4 08), there was a suong gradient in the order: hOT 1 > hor :2 

> hor 3, a situation typical of a no-till system with a liner. Concentrations in horizon J 

frequently exceeded 20 to 2S ppm after slashing, and decreased graduaHy thereafter to 
levels around JO ppm. Peaks were less pronounced with depth. less 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 levels of inorganic N around 5 ppm Decreasecl concentrations 
o\'er time may be due to relatÎve availability of substrate for decomposn.on. and also 
moi sture content in the soi! proflle (Figure 4.09) ln bath yeaTs, there was a highly sig
nificant correlation between the concentration of Ni and the gravimetric soil moisture 
content (R: belween OA and 0 5 for over 300 samples) 

-1. -1.1. 3 Form\ {f( /IIorgallic }; 

ln the abm'e presentation. inorganic N was analyzed by summing the \'arious forros of 
inorganic l\ NO.,·:\. NO:-'!\! and NH 4-N h is commonty assumed thal mos! of the 
inorganic >-' in the soil solution is in the forro of NO}-N. However this was not alwa~'s 
the case in this study it seemed to depend in part on the sampling date and on the hori
zon (Figure 4 10) 1'<114-:/': can represent close to 50% of the total inorganic N on gi"en 
sampltng dates, e\'en in the 0-10 cm horizon, and on average (o\'er al! sampling dales and 
years). lended ta be higher proportionally at lower depths and perhaps also âllower 
moi sture contents (30 to 35% NHJ-N in horizons 2 and 3 vs 18 to 23% in horizon 1) 
(Figure 4 10) Influence of sample nandling on these variations was not determined. 
although il may ha\'e played a signiflcant raie (Fruci, 1995) 

4..1.2 Sources of inorganic ]'\; 

.-/. -1. -;.1 ,\' /"I!least?d hy thl! decomposlIIg 1111er 

As described in section 4.332, the decomposing liner alone appeared ta have released 
about 100 kg.ha 1 during the flrst 80 days after slashing (this value differs from the one 
reported in Table 4.08 because il was calculated only on the fields monîtored for Ni) 
How much of this N found its way in the soil solution remains a matter of speculati on. 
as ÎI may have been volatilized (Costa el al., 1990) or immobHized by the fauna inhabil
iog the liner. or simply intercepted by plant roots al the liner/sail interface before e\'er 
entering the soil profile (Schlather, 1996) 
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Given the large amounts ofN incorporated in the liner at slashing time (section 4.3 2). 
it is reasonab!e to suspect however that the peak of inorganic N observed in the profi le 
(section 4 4.!) derived mostl)' from the decomposition of this fresh organic matter for 
the 92/93 cycle, no apparent relatÎonshÎp was found however between the amounts of !\ 
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 lIa). Interestingly, for the 
93/94 cycle, a tight correlation (R2 == 0.76, signîficant at the 1% leve!) was found be
tween the!\: present in the green and vine fractions combined on one hand, and the 
maximum leve! of inorganic N measured in the profile (Figure 4.11 b). No trend was 
found when considering the relationship between total N in the liner or N in the dead 
fraction alone and the maximum N found in the profile. These findings may indicate that 
it is the most recently slashed materiaJ which contributes the most ta the flush of inor
ganic N in the profite, whereas the oldest, semi-permanent liner would rather contribule 
ta the baseline level ofinorganic N found in the profile throughout the year 

-1.4.:3.:3 X released hy ,he mll1erah::arion of 5011 organic nilmgèl1 

An estÎmate of N mineralized from soit organic maner during the maize cycle can be 
deri"ed by estimating mineralization rates for the organic ~ stored in the soil profile. 
For a humid tropical climate, and considering that on average, the moisture content of 
the various horizons remained favorable to mineralization from December until al least 
early March, mineralization rales in the 0-10 cm horizon may reach 1 to l5°,o of the " 
present for this 3-month period (based on a 4A 6% annual rate) Given that \l.ell
established mucuna fields averaged 027% total N in the OAIO cm horizon, this translates 
in!o about 30 ta 45 kg ha" ofN mineralized over the period SimiJar types of considera
tions for the 10-30 and 30-60 cm horizons yielded the figures presented in Table ~ 09 
Summing the contributions of the different horizons, njtrogen mineralized \\ithin the 0-
60 cm profile from the soil organic nitrogen pool alone could contribule in the order of 
50 to 75 kg ha" ofinorganic N between earty December and early !\1arch. thus addîng 
signîficamly (as much as 50%,')) to the levels of:\ released by the decaying liner 

Table 409. Estimates of!\: mineralized from soil organic matter 
between December and F ebruary 

Horizon N~o Min. rate Bulk )\; mÎneralized 
average (3 months) density kgha'i 13 months 

0-10 cm 027 1-1.5% 1.15 30-45 

10-30 cm 0.12 05-075% 125 15-23 

30-60 cm 006 0.2% 1.34 5 
------------------------------------------
0-60 cm ~O-75 
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.J . .J. 2. 3 lnorganic l'S. orgamc A' 

the contribution of organic N to the amounts of N present in the sail solutÎon 
relevant given the the soil profile of a liner layer continu-

releasing new decomposition upon breakdown of dead organic matter 
(Yu el al., 1994), A limited 30 soil extracts for bOlh inorganic N and total N 
showed that on average. N did not constirute more than 45°;0 of the N found in 
the soil extracts. were sizable differences among horizons and (the propor-
tion Ni higher for the upper horizon, and lower as was drier) but 
data is too scarce to test the consistency of d the organic N constitute 
il pool reserve N in the soil solution, in with Ni consumed by plant up-

this organic N move the profile'> Further studies are needed tCl 
verify the general validiry and of these 

4.4.3 :" uplake b~' plants 

Not 

.J. -1.3, J N IIPlake by maJ;::e 

the re-establîshing mucuna. 
for access to the N found 

are 
e, 

Ir was nOt possible to follow throughout the growing season (destructi\'e 
sampling is not welcome 1 n on-farm Data on nitrogen content was ho" e\er 
collected at harvest, allowing a crude approximation of 1\ presem at various 
stages, by assuming that ni curve over lime was of 

a 

l +b'" 
a the maximum Jevel of 

li parameters which determîne ho\\ fast the 
figures. calculated for a 

are presented in Table 410 

(in s) and h and Lare fil-
is reached (Hunt 198~) The 

r-: uptake delermined at harvest 

These figures, even though they probably underestimate acrual uptake by maize 
take by the raol system for is not taken into account), retlect cl 

uptake of N typical of a maize crop berneen 30 80 
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Table 4 la Estimales of cumulative above-ground N uptake by a maize CTOp 
al \'arious moments during its cycle, using a Jogit function 

days after planting ....p. 10 30 45 60 80 100 120 

N uptake 85 kgha 1 0.5 58 26 62 82 85 (85) 

N uptake 100 0.6 68 30 73 97 100 (100) 

N uplake Ils 0.8 8 35 5 84 1 11 115 (115 ) 

typical range: <1 5-9 24-40 56-92 74-122 75-125 75-125 

1 lotal J...: content of Ihe mai7.C crop measured al h.ar'\'csl 
: calculalcd b:- rcsung or adding 10°'010 the range oblaincd for lruee lines abo\ cil 

-1. -1. 3. _~ /1.' upla/œ hy \\ eeds 

Weeds constitute another important though variable source of uptake (see 4 3 1) 1\ 
found in weeds can account from le!>s than 15-20 k12. ha" (rather weed-free fields with 
Jess than 1 t ha: ofaccumulated weed dry-maner) tO more than 60 kg.ha ' (fields ha\'ing 
accumul ated as much as 4 t ha" of DM before weeds were comrolled) 

Weeds tend to affect the 2\'ailabiliry ofinorganic N in the soil profile Using experimen
tal dala from the 92/93 cycle. a consistent trend was detected for weed-free plots 10 

e,hibit higher \'alues of~i in the profile (and especially the firsl horizon) one monlh 
after maize planting. compared te corresponding weedy plots (Figure 4.12) This in
crease coincided with a period of rapid weed gro'Wlh in the weedy plots withoul much 
simuhaneous maiz.e ]\ uptake (see Table 4 10). There was. a concomitant increase in 
"",aler a\'ailability in the profile (data not shown). shov.ing thal weeds also competed for 
water uptake 

lnterestîngly, because of the way weeds are controlled (slashed manually or desiccated 
via Paraquat applicatîon), mosl of the N they take up can be expecled 10 be recycled 
bitter during the growing season (Lambert and Amason, 1989) Even though this mighl 
come tOO laIe for maize (particularly if the winter is very dry). this temporal)' trapping 
of ~ could play a signiflcant role in protecting this nitrogen against leaching earl y in the 
maize growing season, when this latter is unable yet to take il up. but when rains are 
sri li frequent and hea\')' 
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-1.-1.3.3 Synchmm:;ation qfplam uplake 'wilh N 

As earlier, N availabilit) in the profile to be weIl in phase nuni 
tional demand of a growing in inorganic N (between 
kg,ha'l) between days 30 and SO 407) after maize planting coincided an 
uptake of 60 and 100 ha l by growing rnaize (Table 4.10) If root and weed up-
take were funher taken consideration however, Ît would that the accumula-
tion ofN by the exceeded the of Ni in the profile 
by as much as 40 10 60 ha" Probably the organic N în proftle (liner -+ soil) con-
tinued to ize and furnish N needed by the crop, Aiso. if sorne N were taken 
up or \\'eeds without ever entering the profile (because of direct root intercep-
tion în the liner layer fOf example), plant uptake would be greater than the uptake 

by consîdering only the N pool round in the soil solution, 

4.4.4 Syn rhtsis: understand nîtrogfn dynamics in the muruns system 

sections. we have presented of evidence deal-
ing with of the nitrogen cycle. We no\\' rum to a combined analysîs of 
this infonnalion, in order to gel an overall picture of dynamics in the mu-

ze rotation . 

./..1, -I,i ~. hlldXt.!I.\ 

most of the preceding 
calculated al varîous moments 
4.11) various terms 
malze the i 

into consideration include the 
l\: found in the 0~60 cm 

which 
ear interpolations were used to estimaIt? data 
a\'ailable al dates Excluded from 

c !\ storage, beeause no rdiable 
hence these budgets are panial at 

the 
no direct measurements were 

howe\'er is the change in 
were a\'ailable at the îndi\'!dual field 

The 'l\: unaccounted for difference between the total 1'..: for a given 
total N at slashing) is a measure how weil the above 
ment} of the various N holds (Legg and Meisinger, 1982) amounts indi-
cale eilner on of one or several terms, or an underestirnation orthe total 
nitrogen at NegatÎ\'e figures point towards potential N losses from the system 
(vis or leaching) or towards the stenee of other N pools: roots. micro-
bial or soil organic nitrogen 

OveralL the budgets presented in Table 4.11 appear to offer reasonable 
a~ the ;\ unaccounted for relatively small amounts (often a 
l\: at slashing. v,'ith maximum of 10 to 20~o) ln other 
componems taken into consideration in caJculating these budgets (liner. crop and \\eeds, 
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inorganic N in the profile) seem to represent the mast impanant ones, with little room 
or other forms ofN immobilizarion (e.g, the omission of of " seems a mÎnor one). There is a however for more to be found 

towards the middle of the whereas positive ones are found around han'est 

411. Estimated niuogen budgets (in kg ha'l) al several moments during 
the de Saco, winter 1993/94 

(Each ,'alut the mean 

Date liner NI unacc. 5 

. __ ..... _ ....... _ ....... 
a. Chema 

slashlllJ! 0 0 90 4':;, 
30dap 7 30 417 - 8 
50 dao 45 10 54 363 -61 
70 doo 90 20 45 380 -45 
Hon'esl 100 41 458 33 

b. Jacobo 

slashiml 0 0 80 .. 
..) 

JOJap 7 30 376 - 4 
50 da!) 47 10 45 346 -34 
:'0 daJ) 94 20 377 - 2 

Har\'/?Sf 117 105 46 41 J 31 

c. TTMor 

0 0 306 
6 30 318 J] 

41 10 319 22 
83 20 ~., 

.'- 364 57 
92 33 368 61 

:>M>"""""""'~_~ 

311 0 0 379 
7 53 374 - 5 

266 47 10 -l7 
24B 94 15 384 5 

105 17 408 
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mcasurcd. (olal N in weed blOmass esumaled e~cepl fOf han-est, mcasurcd 

1 morgaruc niuogen as mcasured ln 0-60 cm soil profile: 
, l\ uMccounlcd (or. çalculalcd for cach date 1 as. total N (dalc il • tolal N (slastung 1 



-/.-1. -1.:: 

In a nitrogen&rich environment. subjected ta abundant rainfal!, leaching ofN represents a 
likely lor N released by the decomposing liner/sail, and the calculations obtained for 
the above N budgets dîd n01 mie out the possibi ... \ ofit playing a raie Following an 
approach developed by Jones (1975), rates (in mm mm· j 

ofrainf.'~!) 

were estimated by calculating for depth of the inorganic N for the 
various sampling dates. and il against the cumulative amount of rainfall re-

The results of caJculations showed that in both (92/93 and 
was no apparent downward movement of Ni (the rates were i 

I1cgal/l'(!, which would indicate an apparent upward movement the soil pro-

This e\'idence, combined with the indications coming from N budgets, and 
with the e\'idence from the inorganic N to indic81e Jeaching i s 
probably nOI a very significant source loss in the mucuns system. at leasi 
during the is however required, especially the 

at different moments during the year, what proponion of 
oceur through macro-pore flow, and how variable il be 

years 

-/, -/, -/,3 N srored or orherw Ise Immobili:ed 

plant uptake, there are two likely sinks for 1\ by the decomposÎlion of 
liner and SOM: either the soillliner biota. or the soil organic matter itself. No data is 
available on the former, il ma)' expected that microbial biomass in 
should demonstrate a iry, in response to the Încreased availability of 
strate produced by sI al! likelLhood, the turnover ofthis l' should be rela-

fast (Duxbury eT al , J and hence net release of sorne of it is e f\en 
within cycle, still in for subsequent plant uptake, 

WLlh to soil organic maner, evidence ofits Jong-term as a sink is gi\'en b~' 
the general positî\'e trend observed for soi! organic values measured in the 0-1 (1 

cm horizon (see chapter 5): from 0.2% 
been grov..l\ to more than 0.3% for old mucuna fields The graduai increase obser\'ed 
over the years corresponds to an of approximately 501080 kg,ha' l' 
per year on average is some evidence howevel of the system reaching an equiJib
rium level after about lOin the rotation How much of this yearly storage would 
occur itself remains unclear. 

-/.4.4,-/ oiN "S, },.'J fixation 

An interesting issue is to determine how much N merely cycles through \'S how much is 
newly incorporated iOlo the system every losses via leaching and 
volatilization, and assuming stable levels of the mi pools ofnitrogen across ~ears, 
there are two mechanisms by " .. hich annual N cycles are open nutrient remo\"al 
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harI/est (grain ooly), and long-term storage in soil organic maner (at least untîl the sys
tem reaches near-equilibrium) Each term representing approximately between 50 and 
80 k!; ha'l.year', a total of 100 to 160 kg,ha',yea(' of nitrogen must be obtained from an 
external source, Sorne N may enter via rainfall or non-symbiotic fixation (perhaps 20-30 
kg.ha-l ,yr-l. Wetselaar and Ganry, 1982), but most probably the bulk ofit is provided 
via symbiotic N2 fixation by the mucuna CTOp itself. Until direct in situ measuremems 
are made. it appears reasonable to estimate that a mucuna crop must fax anywhere be
tween 70 and 130 kg ha ' of N per cycle. 

Conversely, as mueh 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 mueh lesser extent 
weeds) would appear to be a primary candidate for scavenging any avallable nitrogen. 
because of the large biomass it accumulates. the amount oftÎme it has ta accomplish this 
task (almosl 6 months as the sole or major crop), and also because the conditions are 
highly fa\'orable te mineralization and liner decomposition during this period. In addi
tion. one could expect mucuna to rely as mu ch as possible on the ample suppl\' ofinor
ganic ~ in the envlronmenl rather than to incur the high energetic cost associated with 
fixing ail the mtrogen it needs (Giller and Wilson, 1991) 

~.5 l'lAIZE RESPO~SE TO ~lTROGEN 

After looking at nitrogen cycling from a biologlcal perspective, a remaining issue is to 
determine to what extent maize yields seem to de pend on how much nitrogen is present 
in the soil-plant system. The two main inputs in tenns of nitrogen are the various mu
cuna biomass fractions constituting the litter found on the soi! surface on one hand. and 
the sail organie nitrogen, both ofwhich release N upon mineralization in a graduaI fash
ion Nitrogen fenilizer can constitute a third source for those farmers willing or able 10 

in\'est in such a costly input (as a matter of face 40% of them do on a regional basîs 
Buckles el al , 199~ and also chapter 3) Fenilizer can at best add flexibilit~ in managing 
the mucuna system, as it has the potential to almost instantaneously increase J\ a\'ait
abilit~ for plant uptake beyond what is "naturally" released by the soi!/!itter organic 
complex ]1 could thus contribute towards achieving higher yÎeld goals, for which ample 
N supply must be provided during critical stages, of the crop gro\\>1h. irrespecti ve of i ts 
source (organic or chemical) On the ether hand. given the large quantities of organic N 
found in the mucuna system, adding even more N to the system could \\iell constitute a 
wasteful use of preeious cash and labor resources, as weil as a potential door open 10 

subsequent leaching in the environment. 

4.5.1 Malle rtsponse to the nitTogen accumulated by mucuna al slashing 

Figure 4 J 3 displays the relationships benveen maize ear leaf"]\ concentrations at silking 
or maize yields and nitrogen found in the live biomass accumulated al slashing lime 
(Figures 4 13 a and b. respectively) and berween the ffiO former (Figure 4 l.3c) 

86 



a, Relationship between ear lea.f concentration (%) at silking and nitrogen 

b 

in the live biornass fraction 
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Figure 413 Maize response to nitrogen found in the liner. Nonhern Honduras. cycles 
92/93 93/94 
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yields didn't depend solely on nitrogen supply, and K in the liner is at 
not N supply), background variability is very high . 

............. r, ... "t on difficult Nevenheless there were highly significant differences 
n • .,· ... I.· ..... sites in terms ofmaize ear leaf concentrations (Figure 4 13.a), with 
cisto presenting the highest values (2.Mo on average vs. for p <: 

0.001). Highly significant differences (p < 0.001) were years in the 

same site' in 93, maize appeared ta have achieved a better nutritional status vis-à-vis 
nitrogen (average N% == 2.81) ta 94 (average N% """ 2.41), These differences 
didn't reflect however potentiaHy available N, as similar ranges of nitrogen 
in the live were both sites, 

between maize ear concentrations and maize yields (Figure 4 l3e) 
with a weak tendency for yields to increase in response to corre-
in maÎze ear leaf concentrations One way of high 

variability is ta adopt an envelope curve whereby points 
of the data cloud are used to detee! the theoretically-known potential CUT\'e 

(see Siband and Wey. 1994) Applied ta 4 13b (with the neeessary caution war-
ranted by the points involved), il can inferred that nÎtrogen supply mÎght possi-
bly have been limiting if than 70 kg.ha') were present in the live fraction (whieh. 
translates into total biomass al below 8 t.ha l

). Above this threshold. 
yields to reach a plateau around 5 ta 55 Lha l Prolongation of en-

op to hypothetical situations with zero N in the live fraction produces 
without mucuna biomass input in the 1 to 2.5 t.ha'i ~omething \l. itn 
actual check yields observed in fields not planted to mucuna (chapter 3). A roughly 
similar interpretation can be developed in the case 4 13 a, threshold le\'els (if 
they exist at ail) appear to differ 

old mentioned 
however levels largely abo\'e the 70 kg ha" thresh

yields much below the alleged plateau 
t to 5 t.ha l

), Therefore, it can be inferred factors other than 
nitragen suppl)' are likely to have been limitîng, O\'erall, Jack of a clear 
figures indicates that potentÎal nitrogen suppl)' did not apparently Il mu 
ds. 

4.5.2 Maize response to added nitrogen fertilizer 

We now tum ta an examination additional response to nitrogen ex-

hibited ln mucuna By additîonaL Îl is meant that nitrogen 
as was not as a replacement ta the N provided by the decom· 
mucuna liner, but as a complement to this organic source. 

..J,5.:!,] ahOli1 experimemal se/rings 

This issue was addressed via simple, replicated the 
of a si ngle. moderate dose of ]\;-urea (50 in v.ell-



established mucuna fields was compared to the yield 
nutrients pro\'ided by the decomposing mucuna liner. 

on the basis of 

lt should be noted that the trial 
60 

also included addition ofphasphorus (applied at 
as a test of whether P could constitute a 

factor ofmaize yields in a situation where N was assumed to be 
There was no sigruficant effett ofP in Las (Table 4 14). even 

though it was consi stent scross years in Sn Feo (P< 0.05' Table 4.12,4.13). In ail cases. 
the yield increase was fairly smalJ (betwee 0 and OA tha· I

), probably that P 
8.\'ailability in the mulch layer was sufficient to provide for (see 
also chapter 5) Furthermore il did not interact with the ta nitrogen. therefore 
il will not be discussed further this chapter 

The trial s were conducted during two consecutive cycles (cf earlier rainfall data' Figure 
4 04). a total of 14 di fferent Il of which were clustered 10 eaeh 
other in one (San Francisco de Saco). and 3 were in another site more than 160 

east of the first one (Las Mangas. 93/94 only). Data losses were important 
due to hea\'y damage by winds In 93/94, one field was uded 

sis, because of se\'ere plant stand deficiencies. in plantîng amang 
the remaining fields (as a result offarmers' involvement in planting of the triaL or as 
in Las Mangas. because to spp ) prompted that plant density 
be used as a ca\'ariable of variance (Neler eT al, 1985). AI sa. missing 
data (9:2/93) and in design (93/94) compelled the use of Type III sums 
of on el ul.. 1991). 

"1 "1 Afai;!? r/?:iJlome 10 mll'Ogel1femJi:er 

\'ariability in respanse among and also within fields (from one block to another) \\a5 

important (Tables 4 12a. 4 13.a and 4.14.a), given rise to sums of for the block 
factors far greater than any sum of ln lerms. il reflecls the facl 
that whereas cenain fleldsblocks did not respond at ail to N (or weakl~'), others 
responded sharply (yield 1 tlha were obtai blocks) TI'Hee 
ofthelOanal in in none in shaweda statisti-
cally significam se to N when analyzed îndividually (at a le\'el varying between 
1°'0 8(/0). seven did not respond apparently (reflectîng partly the low 

of experi ments) 
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Table 4 12 Yîeld of a maize crop ta the application of fertilizer in 
well-established mucuna fields, San Francisco de Saco, cycle 92/93 

a Treatment means across weed treatments 1 (response expressed 
as ,ncrease over the treatment without 

Treal Gal damez Site mean 

No fen. 3,67 3.35 3 80 ± 072 

o 03 Ils 6 ilS 0,02 0,02 ± 0,56 

+P 0,15 ns 007 ns 0,09 ± ° 
..;..p 034 JJS 0,17 liS 1.26 0 ±O64 

, , mean of 2 reps: ' 1 Tep. only. 
, 

mean :: std,dc\, 
incti\ldual ANO\'A, ns nOI sigruficanl 

b ANOYA Table across 

Source D F Sum Squares Mean Square F value Pr > F 

14734 1.5 025 

9 88319 09813 

N 0.3 03346 l, ° 21 

P 0 0.9244 4 

j'\"'P ° 0.2631 1.39 

trat"'weed 3 5 0,0112 006 098 

error term ~ 21 3.9856 0,1 

III sum of squares (SAS) to accommodale data, plot faclOf al 
farmer-" ccd control H. \\ced-free agamsllhe mam plot MS, Imc bc-

cod 'aI .. 12'1/0 
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Table -1 13 Yield respanse a maize fertillzer in 
well-establîshed mucuna 93/9-1 

a Treatment means, 
the treatment 

Saca expressed as yield increase oyer 
uncorrected for density 

Treat Chema 

o fen 406 3 43 4.15 3.34 3 ± 060 

089,5 - 04051 07655 0,5011.'; 058115 0.45115 O. nt; 1 ± 0,59 

+P o :5 m 014 s5 0 30 Ils 0.42115 "1'\ ± 0.66 

-p 08:; Jl.\ 09911.\ 0.77 11.\ 0,79115 053 o ± 071 

l' . J 
rnctln of .; reps .. mcan of:1 rcp~ (+p trcalmenl omit'lcd in thesc fields). . rncan :!: sld de'. Slalisilcai 

slgrurlcilncc for mdlndual A~O\'A ns nOI slgniflcanl. s5 and si slgmf al the :,\"'uaOO l'''..lc\ cl. respect 

b A>':CO\"A Table aCTass fields 
....... ""'Ul .. \hl"' .. olai,.".;""...".. .. ~ . . • .,ulI .. 
Source DF Sum Squares' Mean Square F value Pr> F 

"" .............. ", ............... ,_ ••••••••••• _ ........... __ ~·_ ..... n 

fann 7 20.3895- 2.9128 1604 

black( farm) 12 $,2712 04393 108-1 0,01 

!\: 3.8083 38083 2909 <001 

P 08758 08758 4 . .26 0 

P 00029 0.0029 I.ll 090 

plant 05757 05757 11.61 0.08 

errer term J 48 8,7164 o 1816 

aS CO\ 

(SAS) 10 accommodalc unbaJanced design and müsing dal.<! 
cocr \ al. "" 10<1" 
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4,14 eld ofa maize crop te the application offenilizer in 

well-established mucuna fields, Las Mangas. cycle 93/94 

a Treatmem means (response expressed as yield increase over the treatment Wl1hout 
renilizer. uncorrected for effects) 

Tr Site mean2 

No fen ),21±0,82 

-, 0 J1.~ .' 047 115 ns 0,53 ± 0,82 

-p 0,07 JI\ O. 115 040± 1 

.... 1'\~p 029 JlS 0 510 0 I1S 0 ± 

1 mcan of :; rc p..; , : mC3n ± std,dc\' . ' stallslIcal ror indi\ldual 
A~OVA' ns nOI signîficanl. slO and 55 al 

b A'CO\'A Table across fields 

Source DF Sum F value Pr> F 
_ ........... i_ ...... _ ... _ .... ~_.~ .... _ ............ _. __ , .. __ ""_._ ..... ,.. ___ . .."". __ •• # ........ 

farm ... 0,6574 ° 017 

block(farm ) 6 172014 1,8671 <001 

1\ 1,0434 1.0434 6,08 

P 00013 0,0023 0,01 091 

N'"P 02265 0:165 l 32 0 

plant densil)' : 08267 0,8267 4 004 

error term ...... 
... -' 3,9465 0,1716 

. pc III sum of sqU,arcs (SAS) 10 accommodale unbalanced design and rnîssmg data: 
, uscd'as co\ariablc,' coc(, nT, :: 12°u 
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When considering the response hy site, a comparison hetween Tables 4 12 
4.13 shows that to N was markedly different among cycles. ln 92/93 (a rela-
tÎvely wet winter cycle Figure 4.04), was no response ta nitrogen (p == 

0.21, no yield increase on average). Conversely, 93/94 (a rather dry cycle), oYt'!rall 
to nitrogen was significant in both Sn and Mangas (p < 001 and p == 

reaching almost 0.5 t.ha-1 on a regional s. same differential 
for maize nutritional status vis-à-vis nitrogen symptoms 

almost in 93, were widespread in 94, and ear N concentra-
tÎons al \Vere lower 94 compared to 93 (cf 51). as weIl as 
cantly affected hy the application fenilizer (231 % without 1'\ vs 2.50 with N in 
93/94. p < 0 OOOl) 

fact that fenilizer would be a relatively year may appear para-
Bul il Îs hardly surprising if one considers the pattern and the soils 

1 n l\ onhern Honduras. allowing winter mai ze to stan v ... ith a soi 1 pro-
up ta 300 mm of stored water (henee there is water al least a good month 

of consumption, assuming an evapotranspiration of about 5 mm.day-I . 
1980) MNeoveL it is also CI consequence of the abiliry of a mulched profile ta conser"f.' 
this slored '" ater efficiently 994) 

-1.5.:.3 Pos.Hhle caU.les of Ihe differemial response 10 N among .lites and ,l'Jar., 

The marked \'ariability detected in malze to nitrogen (confinned funher by the 
obtained in a series of 15 nitrogen trials conducted in Sn Fco and Rjo 

the 94/95 cycle: Barreto, pers. com.) invites to the 
cause or causes, which would make a given mucuna field or block 

nilrogen set assembled in this srudy, it was only to e,-
plain the yield mcrease upon N fenilization (adjusted for plant , as 
suggeSled by the of in the analysis of covariance) as a funclion 
ofpOtentia) explanatOry \'ariables as yield le\'els and nitrogen status in the 

internl berween sJashing planting. }\; inputs from the various fractions com-
the Iiuer at sJashing times. inorganic and N levels and also the rainfall 

... c· .. "·,..,, during the maize cycle. 

No satisfactory multiple regression using yield increase as the 
be (maximum R: around 0.20), demonstrating that 
in our one or overwhelming factors related to 
A qualilatÎ\'e sense for could influence the response was 

variable could 

does nOl appear 10 e\:Îst 
to added nitrogen. 

analyzi ng the val ues a selecti on of these variables for three incremental 
of response ta nitrogen (from no to response higher than 0 7 t.ha 1) (Table 
4.15 ) 

This rough analysis yielded statistically 
fields belonging ta class 0 (no ..... ""ru ... ., .. 

1 and': (moderate and hi gh response. 

93 

(at a le,'el of 10co or 
on one hand \s. fields belonging to 

on the other hand par-



ticular. fields presenting the highest maize yield levels, hîghest maize nitrogen status and 
highest soil organic N levels appear not to have responded to added nitrogen fel1ilizer 
lnterestingly, these fields have been on average cropped for more üme in the mucuna 
system than the ones responding more markedly to fenilizer (10 years for the former vs 
7 for the latter) Converse!y, there wert; no differences among classes with respect to 
the amount of nitrogen found in the various mucuna fractions. orto the amount of rain
fall received during the maize cycle (either during the initial pan of the cycle. or during 
the period of rapid growth) 

Table 4 15 Selected variables associated with three classes ofyield increases measured 
in individual experimental blocks upon application of 50 kgha 1 of Urea-', 
Northern Honduras. cycles 92/93 and 93/94, 

Foc li \'0/11/:' rC'pr(!,~e/JIS Ih" m'ernge for Ihe "n,u follo\1 et! hl' Il,\ s/(md(l/(/ dl.! \ '/(ll/o!l , Il/l/lIncr III 

5o!llpll.'s. 11. J 7 and" for daH 1. } and 3 reSpeCfI\ï!h' 

Data unit c1ass 1 cl ass .2 c\ass 3 
« 03 cha") (03 - 0.7 t.ha ') (~ 0 7 t ha ') 

_ ••• ~ •••• ~~~'U",- •••••••• _. __ ~.~""~,,, 
""'_"~......u_._. __ .... ___ -....-' .... ~.~ ... ~ ............. ~ .... ~.~"' . ...... ". 

A \erage yield increase 1 t ha ' -0.18 ± 0.34 043 ± 0 Il 090 ± 0 1-1 

Yield w/o nitrogen ~ t ha" 4.4I±OA7 3.32 ± O~8 3 74 ± 0 48 

Soil total N~'o (0-10 cm) % 018 ± 0.04 0.24 ± 0.04 0,25 ± 002 

ear leafN% al silking % 1,73 ± 040 136 ± 0,41 ~4~±017 

N total at Slashing \ kg,ha' 309 ± 57 268 ± 34 '297 ± 35 

!' green at Slashîng 4 kg.ha'i 38 ± 17 31 ± 18 40 ± ~3 

~ liner at Slashing ~ kg ha ' 183 ± 68 161 ± 39 \90 ± -18 

1 calculalcd fOf cach block as (a\ g ~ ield wl nitrogcn • 3yg, "Îeld ,,10 rulrogent : éI,'cragc yicld or 
the blcd; for lrcalmcms in" hich 00 nitrogen l'as apphed, ) lotal N in abo,'c-ground biomass al 
slashmg lime: 'N in green fraclion (leaycs .;..tender stems) ~ N ln dcad fraction 

After analyzing mucuna and nirrogen dynamics. and maize response to nitrogen, it i s 
possible te examine the overall dynamîcs of the mucuna system over a year 



4.6.1 How does thf mucuna system work? 

At the hean of the mucuna system lies the mucuna crop: acting alternatively as a major 
collector (when growing) or supplier (when decomposing) of nutrients, its natural sea
sonal dynamics dictates the major fearures of the mucuna system, Figure 403 (page 63) 
presents a schematic view of this dynamîcs for a number of key phases of the cycle and 
for the various companments or fractions identîfied throughout the analysis. live frac
tion (maize. weeds, mucuna) or dead (liner) fraction. The multi-Iayered structure of the 
mucuna system is a key to understanding its dynamics At any given moment in time, 
there are always at least !:wo distinct layers (or companments) functioning in concen 
One layer is constituted b)' the groMng. live biomass (in effect, a crop/weed mixture), 
which can accumulate nutrients, un der the driving force of photesynthesis Depending 
on the preei se phase of the cycle, the crop is either mucuna or maize and ilS associaled 
weeds (figure 4 03)_ Whereas maize function in the system is relatively straighlfor
ward, the function of the growlng mucuna is more complex, ranging from controlling 
existing v.eeds to recycling or fixing N te shielding the underlying liner or sail from di
rect exposure to the hea\'y rains of the major rainy seasoo, 

The other layer corresponds te a semi-pennanent "dead" liner layer serving (together 
with the first few centimeters of soil proper) as CI. major provider of nutrients for the 
growing biomass. The liner originates from the narural or fanner-induced decay of mu
cuna. maize or weed biomass, Ils continuous presence and multiform acti\'îty thf(\ugh
out the year makes it a prime regulater of nutrient fluxes. acting bath as a substrate for 
decomposition and as an almos! ideal habitat for the host of decomposing flora and 
fauna which thrives in this mÎcro-environment protected from brutal variations in tem
perature and moi sture 

4.6.2 ~ utrient c:;'clt's 

The d\namic relationship betv..-een nutrient release by the liner and simultaneous nUlrÎ
enl uptake by the growing crops determines the yearly partitioning of nUlrients ben\ een 
the various sinks levels of nutrient exponations via maize harvesl (typically in the 
range sa ta 80 kg ha- '), levels of temporary immobilization by the various decomposers 
(e g microorganisms) or "pure'" scavengers of nitrogen (c_g. weeds, maize). levels of 
long-tenn storage În the soil organic maner (perhaps more than 50 kg.ha'.yea(l) and 
finally. !e\els orlosses by leaching or volatilization (apparently relatively small) 

The mucuna system appears to recycle large quantities of nutrients throughoul the year 
For a dry cycle like 93/94, it was estimated that more than 200 kg.ha:' of njtrogen were 
recycled. a magnitude which ranges it aJongside a number of natural forestry or agrofore
stry ecosystems (\ïtousek and Sanford. 1986). As in natural ecosystems. the losses of 
nilrogen not related to crop exports (i e, leachîng. volatilization) seem relatÎ\'el) limited 
at least for the conditions under which data were gathered Losses by leaching ma~- be 
higher in \ery wei winter cycles, during which decomposition is probably fairl~ 8C1i\ e, 
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and profile drainage consequent and the possibiliry of significant losses by volatîlization 
after slashing cannet be ruled out. 

Beside recyclin,f.!, acquisition of extemal N2 (via symbiotic fixation) remains impol1ant in 
balancing the ni:i ogen budget, contributing perhaps bet:vv'een 80 and 150 kg,ha 1 of nitro
gen per annurn 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 ofrecyclable N has been 
constituted, remains unknown 

4.6.3 Fertilizer use 

Organic nitrogen suppl y in the mucuna system is roughly adequate to meet the demand 
of a moderately yielding maize crop without the need for adding externa! nitrogen fenil
izer, particularly when mucuna has been used for many years in the same field 

But because overall environmental conditions strangly influence the processes of nutrÎ
ent accumulation and release in the mucuna system, the mucuna liner remains a some
what irregular supplier of nutrients to the maÎze crop. lt was shown thaî the drier the 
cycle. the more limited the supply to Il succe('ding maize crop, This observation is 
hardI y surprising, given that N supply in a mucuna field is primarily the result of the 
complex break-down of organic fOnTIS ofN (found in the liner or in the soil see section 
4.4), a process which is in tum influenced by flucruating environmental conditions be
fore or during the maize cycle (Jenkinson, 1981) 

Hence supplemental N fertilization may have a smalt raie to play in boosting maÎze 
yields in dry years But until reasonably accurate and practical ",'ays of predicting nu
trient release by the liner can be derived (by incubating mucuna material for example 
Quintana el al, 1988), trying to advise farmers with respect ta where, when and ho\\" 
much 1\ tO apply will probably remain a fairly futile exercise 

An interesting issue is to consider what would happen if farmers were trying 10 aim for 
higher yields than what they are presently getting in the mucuna system (say 5-6 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 involve using improved germplasm and increasîng plant densities, there is a good 
chance that a higher-yielding maize crop would require instantaneous nitrogen supply 
above the rypical supplying capaciry of the mucuna liner. Under these conditions. 
supplemental nitrogen fertilization might have a bigger raie ta play than what was men
tioned earlier. Whetner a maize crop could respond to fertilizer nitrogen above the sîngle 
50 kg,ha,1 dose tested in this study remains to be determined, prelimînary evidence 
(Barreto. pers corn) 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. testi ng 
the potential response to other nutrients such as P, Mg. or Zn mîght also pro"e usefu! in 
the long-run In ail the se fertilizer srudies, placement offertilizer would a1so need 10 be 
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as it has been shown elsewhere (Schlather, 1996) tnat nutrient uptake dî
in the liner layer may be significam, 

ln 10 examining direct of a maize crop to fertilizer. other approaches 
be employed One would to test whether applying fertilizer to the mucuna 

crop itself could boost its productivity (biomass andlor nutrient accumulation), with a 
subsequent benefit for tne crop This strategy would particularly sense ln 

fields mucuna no! grow very weil "naturally", or one or two 
cycles introduction in a field, in order to he]p its establishment. An-

inquiry would be to test aJtematives for slashing the mucuna. wlth the 
ve of' subsequent nument release the decompasing liner. For one 
il could be wanhwhile ta try advancing the timing of slashing (which would re-
that an area of the field be set aside mucuna seed production), with the 

th~' the proportion of material may increase. Another test ln-

volve the actua! sJashing technique itself, and in particular the size of the cuni il 
could be e\:pected tha! a size (if aChievable without laboT use too 
much) would possibly liner decomposition 1981) 

4.6.4 Bt'nt'fits and conSlrainu to the main crop 

A benefltS in man)' ways the environment and general dynamics of a 
mucuna system, First. the system seems fairly stable over time. allowmg respectable 
yield levels (usually between 2 and 4 t.ha· l

) to be obtained every yeu ln 
drough! stress appears to or at much diminished, thanks to af 
the mulch layer on water on (Steiner, 1994; see chapter With 
fer around. nutrients but also phosphorus, potassium. 
etc) are in good synchronization with ofmajor crop 
uplake (1\1yers, l ln addition to pra\"iding the mucuna system creales a 

trouble-free environmem for maize most weeds (with the notable e\:-
on of R01!hot?lio c(x.:him:hiuensls) have a hard flourishll'lg in this system. 

mucuna physically prevents them from germinatinglemerging or from sUI\'Î\'ing 
long during ilS cycle. or sre casier to contraI. thanks ta a shallo\\ 

rooting in the Iiuer layer/soil itself. And pesls and 
cuna seem to be fairly minor the system. pennitting on of maÎze 
without running ioto or having to invest in pesticides. 

of minor constraints however, One is the tight coupling of maize 
planting Until alternatives are found (via introduction 
gennplasm different maturit)' dasses for example), there is a 

a date (in practice, it Îs restricted to a 6-week periad in early 
December). Also. il is unclear at this venture if could be plamed successfully al 
ally other li m e the year. wÎthout most of the ad\'antages with 
the mucuna system as il presentl)" works Another problem Îs the tough competi 
pro\'ided certain years to the ng maize crop by a fast re-establishing mucuni3. 
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obligi farmers ta euro its grov.1h via pruning. Finally, the 
dictable (up-to-now at least) variability in the at which nutrients are 

may be seen as a especially if it turns out Thar 
more and more of farmers' agenda. 

practical knowledge about nutrÎent dynamics 

the inorganic N monitoring showed that by deliberately pJanting 
aner slashing, farmers were their crop in a 'Sood 

pre
available 

the flush of Ni entering the eifeet reaching an almost 
synchronization of the crop demand with the environmentaJ offer. Other considerations 
than nurnent availability constrain the choice of a slashinglplanting date: slashing to 
be until viable seeds are produced 3), and the interval during which 
il is desirable to is born out on the other need to avoid possible droughl 
or weed competition. these constraints, one claim that farmeTs contenled 
themselves ",ith patterning their management according to the ecology of mu-
cuna, without to modify ilS basic parameters 

With regard to ~ many fanners don 't use il at ail when growing maize in rota-
tion with mucuna, even though il is generaHy available locally, and ilS use is l'lot un-
known to them 3) When asked about their rationale (nol) using nitrogen 
fenilizer, man)' stated clearly that a major reason (even considering cash 
availability) for l'lot applying urea ta their malze in rotation with mucuna W3S 

"it didn 't need il" In effect, they consïder mucuna as an manure, \vhich 
replace..,· external it is no coïncidence that na me for mucuna is "frijol 
de ahono'·, or C onversely, that mai ze pl anted 
without mucuna did ta nitrogen fenil applications. 

Hence il appears even though they did l'lot formally experiment much wlth mucuna 
decomposnÎon patterns and/or fenilization. man)' farmers in Nonhern Honduras ha\e 
for the most part already integrated the bulk of the pra.ctical knowl related te these 
issues in their management of the mucuna system. Under conditions, researchers 
and extensionistsinterested in contnbuting something the mucuna 
system should focus their attention and resources to novel not yet pan of 10-

day's management, such as alternative slashing techniques or means of in
creasing yield levels, 

4.7 CO!'lCLUSIONS 

Throughout this chapter, we have alternatively examined the mucuna system from a 
biological perspective, deciphering its over time, and Ihrough a much more 
practical viewpoint looking at yields levels in relation to nitrogen inputs in the 
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Perhaps mas! imponant conclusion so mucuna a 
of how to exploit dynamics of a "naturar' ecosys-

benefit of commercial (Gliessman et al., ] 981). ln par-
ticular, a way to optimize mucuna management to derive substantial 

for their maize crop. They achieve this result by lening mUCL 
ale in siw the biomass and nutrients for the succeeding dry winter 

cycle. which are then gradually released duri decomposition of the mucuna mulch 
by slashing and maÎntained by a deliberate decision l'lot to bum il The 

on mucuna N2-fixing and recydîng abilîties in practically eliminates the 
costl). impractica! (in a hliiside context) external without compromising yield 

s. and without incurring significam nutrient to the environment 

It is difficult to daim that the mucuna Îs primarily an elegant way of 
pro\<iding nutrients Besîde there are a host of other 
benefits associated with the use of mucuna. which ail contribute signi fieantl)' to the suc-
cess rotation they include reduced labor soil eonsen'ation and 
soil fenility build-up chapter 5), There are among farmen; and locations 
regarding ta which the mucuna system is helping them accomplish these \'ari· 
ous l'lot ail mucuna fields accumulate quîte enough biomass and nu-
uients to satisfy ail nutritional requirements. Simii3r1y. management decisions 
(from the timing of slashinglplanting to the choice of plaming densities or the ttmeliness 
of weed control). ho\\' much farmers take production potential 
that the mucuna creates in their fields. 

BUI the facl is. without the nutritional benefits, the mucuna system 
would undoubtedly satisfactory 
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Chapler j 

LONG-TERM CHANGES IJ\ SaIL fERTILJTY 
l~DER TIŒ MUCUNAlMAIZE ROTATIO~ 

5.1 I~TRODLCTJO:'\ 

Seant exists in the scientific literature which finnly demonstrates on the basis 
of ",;hole-farm data that slash-and-mulch systems do indeed eonstitute a viable, 
producti\e Irm/!-ferm option for cultivation without concomitant ion 
of the resource base (Sanchez, J994) On one hand. agreed-upon, unambîguous indica
tors whîch would c1early documenl the processes (and effeets thereof) al v.ork during 
the long-Ierm f\'olutîon of systems are harely emerging, the recent 
InlereS! ln (Harrington, 1992) A long-time favorite such as the 
eharacter'Ï2ation organîc matter remains open to "ridely divergent methodological 
inquiries and data Interpretations (Duxbury et al. 1 Swift and Woomer. 1993), And 

lm threshold levels of organic matter in which \vould cause a 
10 become unsuslainable, or in analytical tenns the main attributes of a 
soil frorn its indî\'idual and finding appropriate ways of 

s than letual possibilities (e g , 1 Doran and 
Parki n. 199..+) The rough whieh been proposed up to nov. n mosll~ 
empirical. and qualitatÎ\"e when authors venture to tackle the whole field level at ail 
maintenance of le\'els of soi 1 organîc maner. or "good" structure. or achie\'ernent 
of sustai o\'er lime (Swift el al., 1991), etc, are funhermore more suited 
for Identîfyi wenl wrong a posœriori (lohda. 1 ), th an for identifying in a 
predic1Ï\e fashion v .. hat precise!)' should be and hov.' 

the other hand. the historieal databases to investigate the long-tenn 
of cropping systems are fairly and logislica.lIy difficult to assemble 1 
resources and frequent typical of most research institutions in the 
world makes long-tenn and historieal lime-series, two major tools for 
long~tenn studies, even rarer also much harder to when exist al aIl. 
th an similar conducted or svailable in developed countries (Pieri, 1989; Steiner. 

Notwithstanding the pOlential for using properly calibrated computer models to 
SI behavior of complex over (Jones el al.. 1993" Uehara, 199-t 

199 ... ), the only alternative at hand with the capaciry ta deliver rapîdly sorne of 
the rnuch-né'eded quantitative e\'idence long-tenn trends consi StS of 
approaches such as chronosequences A chronosequence a1l0\\'s inferences to 
about the suspected e\'olution o,"er time of a system by comparing al a a sel 
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of fiel ds assumed to represent successive hi storical states of the system _ Thi s space
for-time substitution scheme is common practice in ecolog)-' (Pickett. 1988) and sot! 
genesis studÎes, because the time frame involved (typically hundreds to millions of 
years) precludes experimental approaches_ It is much rarer however though oot un
known in cropping systems studles (Staley et al.. 1988: Feller et al.. 1991. Kleinman. 
1995). probably because conditions favorable to the proper use of such schernes are 
difficult to find. and also because this approach entails a fair level of assumptions and 
risk offailure. with the potential to undennine the very significance of the results 

Under these conditions, the objectÎve of this chapter Îs rwo-fold First, the chronose
quence approach itself is scrutinîzed, and methodological consideratÎons and guidelines 
are developed with a view to provide a better appreciation for such approaches Sec
ondly_ a case study is presented wherein long-term trends in soil fertility under the mu
cuna'maize croppîng system in Northern Honduras are analyzed using a chronosequence 
approach 

5.2 l'lA TERJALS A~D l\fETHODS 

Many of the specifies about the study area, the mucunalmaize croppi ng system. or the 
general agronomie measurements ean be found in chapt ers two and three 

5.2.1 Reconstitution of field history 

Dating of the indi\-idual fields maling up the chronosequence was facilitated by the fact 
that the mucuna system has been adopted relatîvely recent!y by the farmers of:\onhem 
Honduras mos! of them introduced it sometime during the 1980s, \\iilh the oldesl re
ported adoption taking place in the mid-70s (Buckles el al_ 199:2) Hence. e\-en Ihough 
there v..ere no """Tillen records of adoption, Ît was possible to use farmers- oral recal/cc

rions about when they had introduced the mucuna rotation in their fields In spite of ilS 

associated constraints. oral hîstary has been recognized as a \alid methodologic:'!1 ap
proach for în\'estigating contemporary Events, especially in circumstances \\ here \\ rinen 
evidence is scarce (Dunaway and Baum. 1984) 

A tirst step consisted of selecting villages with al least 5 years of adoption of the mu
euna system. in order ta allow a meaningful exploration oflong·term effeCls POlential 

. sites v..ere selecled along an East~West transect representing a broad range of 
agroecological and socioeconomic conditions typical of the Atlantic linoral region of 
Nonhern Honduras Out of 10 villages initially considered, only 6 were selected for 
funher study, based on the results of collective serni-struetured interviews. In each of 
the 6 villages, individual interviews were condueted with farmers whose fields span Ihe 
entire range of adoption dates detected during the collecti\'C inteniev. Check fields (n0 

adoption of the mucuna system) were Înc!uded in each village ta pro\-ide a basis for 
compari sons \\ ith mucuna tields Cropping history \Vas reeonstituted staning "ilh the 
rotation followed prior to the adoption of the mueuna system. and going as far bac\.: as 
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the lasi significan! fallow period preceding adoption whenever possible. Il should be 
nOled tha! reconstitution was hampered by the fact that Nonhern Honduras is an acth e 
migratory are;a. with a fast turnover offarrners and field ownership. Cropping histof'} 
was carefully scrutinized for disqualifying events which would threalen the val idity of 
the assumptions listed previously (examples -of such events include buming of the field. 
transitOT)" abandonment of the rotation, canle invasion, etc) Also. particular care was 
taken to detect within-field heterogeneiry in history, leading the way to the independent 
sampling of several plots wlthin the same field whenever appropriate (see sUNe)' in
strument in Appendix AI). Aner one year, 2 of the 6 villages were discarded com
pletel) from the study. owing mainly te insufficient confidence in the quantitative data 
coltected (see be!ow), as weI! as for logistical reasons. At the end of the tv.Io-year field 
study. a second hlstorical survey. both collective and individual, was conducled in mOSl 
of the fIelds of the 4 remaining villages 10 cross-check the results of the initial sUf\"eys. 
and ta fdl information gaps about various aspects of the mucuna system. including po
tential changes in management which would have taken place as time spent in the rota
tion increased (see survey instruments for final SUT"\'ey in Appendices A.2 and A3) 

~.2.2 General sampling scheme 

lndependent chronosequences were construcled in each of the four villages To mini
mize \'ariabilit~ not related to fIeld history, care was taken to select neighborlng fields 
v.hene\·er possible. with the objective ofmatching their geomorphological backgrounds 
and properties Also. only fields located within a narrow altitudinal stratum (typicall~' 
less than 200 m between lo\\"· and high-Iying fields) were selected in each "illage (see 
Figure .:!.5) Furthermore. il was decided nOI to work at the scale ofwhole fields 
(\1illeville. 1972. Moormann and Kang, 1978), but rather to focus on sma!!. unifom1 
observation plots (10 x 10 m:) selected on linear backslope topographical positions 
(Ruhe. 1960 in Hall and Oison, 1991) Representativeness of the chemical propenies of 
backslope positions was nevenheless examined by comparing them 10 those measured 
for a number of footslopes and shoulder positions in 4 fields Two observation plols 
were selected in each field. as a way of accounting for potentîal \\"ithin-field heterogene
ily Slope in the observation plots was kept as much as possible within the range:: 5° 0 

to 700 o. representlng the most rypical conditions under which farmers grow maÎze on 
the hi Il si des. 

The di stribution of fields and observation plots according to the adoption date of the 
rnucuna system Îs presemed in Table 5 l_ The range of field/plot ages explored by each 
chronosequence depended on the panicular village: only in one site (San Francisco) did 
the chronosequence include fields as old as ] 5 years Conversely. în one sile (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 mucunaJmaize rotation, Northem Honduras 

rEoth paîr ofl'olues mdicote5 the number of fields plols ,çompled for Cl 811'('17 c.ol('gOr\1 

site Total # of check 1-2 3-4 5-7 8-10 ~ II avg, years 
fields/plots l fields l years years years years years wl mue' 

-._~ ..... _-_.~--- ~_._. __ •• __ ....... _hv""v, .» ••• ~.~_~ __ ._ 

Sn Feo 55/101 8/15 9/14 5/9 11119 13/26 9118 7.8 

Mangas 40/62 8110 6/9 7/11 14/25 416 1/ 1 5.3 

Cuero 32/ 32 6/6 8/8 13/13 5/ 5 3 4 

Piedras 11/22 1/2 2/4 2/4 3/6 II :2 2/4 5.7 
..................... , ........... ", .. , .. , ............. u.u ............ u ••••••••••••••••••••••••••••••• ~ ••• ~ ••••••••••••••••• •••••••••••••••••••••••••• ••••••••••••••••••••••••••••••••••••• ~ •••• + •• ~ ••••• ~.~ •• ,. " 

Region ~ 138,'217 23/33 25/35 27/37 33/55 18/34 12113 6,2 

: includi ng fields/plots sampkd more than ooce: : mai 7.C fields where mucuna \\ as OC\"Cf plantcd. ' 3\ cmg..: 
umc lm ~ cars) samplcd r10ls ha\ c bccn ln the mucuna s~ Slem, 'combmcd samplc o\'cr Ihe -1 sucs 

5.2.3 Soil ferti!it~· measurements 

5.::,3. J ClII!/IIical pl'Operlle s 

Composite samples (12 to 15 sub~samples) were taken in every observation plol at each 
of the four sites with a 2-cm diameter tube auger in March 1993 (!\tarch 1994 in a fe\~ 
cases) from 3 depths 0-10 cm. J 0-30 cm and 30-60 cm, air-dried and sie\ed al :2 mm 
Ali these samples (hereafter referred 10 as "sampling ,..\") were anal\zed for pH (1 ~ 

water). P. Al. exchangeable bases and micronutrients (extracted \\ilh Morgan's solution) 
and exchangeable acidity (barium chloride/triethalonamine extrac!) in the ComeH ~ulri
enl :\nalysis Laboratory (Comell "'utrien! Analysis Laboratory. 1989) A separale 
sample (hereafter referred tO as "sampling B'") was collected in March 199~ in 17 fields 
in San Francisco de Saco from the 1.5-5 cm depth. and analyzed for pH. P (Olsen Dabin 
HI), exehangeable bases and total CEC at the sail natural pH (cobaltîhexammine method 
Fallavier el al , J 985) in CIRAD analytica! laboratory În Montpellier (France). 

5.:!.3.:! Soil Orgal/le A1cmer 

Characterization of soil organic matter was approaehed in se\'era! ways First. ail 0-10 
cm 1993 or 1994 samples. and a subset of the 10-30 cm samples v..'ere analyzed for Of

ganic C. total ~ and stable isotopes (De 15N) content using a Europa Scientdic Robo
prep CI}.: analyzer cou pIed tO a Tracermass mass spectrometer (Europa Scientitic. 
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Cheshire, England). Also. carbon distribution in the soil profile was 
by collecting composite samples from 36 observation plots (17 fields) b) ~ ~ 

(from 0 to 15 cm depth, as pan B) On these air-dried sam~ 
C WBS by a classi c Walkey and Black procedure (Nel son and 

Sommers. 1 ). A subset of the se s.amples (3 complete 0-15 cm profiles from 
plots or young mucuna and 3 l'TOmeS from old mucuna fields) was funher 
jected to N'O fractionation one chemical by acid hydrolysis el 0/ . 
1963: Egoumenides, 1989), one physical (Feller el al.. 1991: Feller, 1 
physical fractÎonalÎon consisted of a mechanical water dispersion. foliowed 
by the of rwo fractions by wei fine « 50~.i) and coarse (50-2000 Il)· 

( ::\ was determined for each fraction an automated (IN analyzer 

5.~. 3. 3 P/~nIC<lI propanes 

Ali J es were analyzed for texture using the Bouyoucos method ( 
Bauder. 1 ) Granulometry for sam pIe B was determined following 
tlon an ultrasonic treatment 

C) covering the enliTe 

and 
destruc-

Francisco ln JanuaT)' 1994. rainfall sîmulators/infiltrometers calÎ-
braled to deliver a constant 100 mm,hou(' via small capillary drip tubes on an area of'" 
x cm:; (Ogden et a! , 1996). Eight positions were in each field (4 backsl 
4 shoulders). in position, infiltration was in a pair-wise fashion. with or 
withoui mulch, this condition being created gently removing the mulch presenl 
abo\'e the A cable tester was coupled to the infiltration measuremen! 
10 f\'aluate initial wetness of the upper profile as weil as water in 0-5 cm 
layer after one hour of rainfall applîcation. 

Macroporosity was determined for same fields and positions (sampling C) using il 

table methodology (Bail and 1988: Topp el 01..1993) Suctions applied 
from 0 (fully saturaled sample) 10 -10 (100 cm ofwaterhead). correspondi 

10 15 and 390 Ilm. The undisturbed cores used for this study (6 Î 

x 7.5 cm height) were collected from rv.,'o ) cm and 11-18,5 cm. 
using a hammer-dri"en core Bulk density was on the same samples 
by oven-dryi the cores for 48 hours al 110°C (Blake and 1986) 

5.2.4 Olhtr mU!iurfmtnts 

be able to relate of propenies to plant response and crop 
was colleCled in each observation plot on mucuna biomass production and 

content at slashing time. maize yield and yield components, and farmers' practices (see 
details in 3). Also. slope, approximate ele\'stion were 
determ obser\'allon plOt. as a way of controlling for a fe" commonly en-
countered sources of I,'ariabiliry in hillside environments 
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From the onset of the study, logistical l'I'\,.,,,,t,,,,,. 
ta selected soil ehemiea! and physica! properties. as 
soil structure and soil biologieal properties were left undocumented. 

5.2.5 Data an:tlysis 

Data was ana!yzed for trends associated with the 1 of time individual observation 
plots had been in the mucuna rotation PIOIS were grouped in six age classes as follo\\ s 
class 0 for plots without mucuna; c1ass 1 for plots ln their first or second year ioto the 
rotation (establishment phase); 2 their third or founh year, class 3 for 
plots berween their fifth and seventh year, 4 for plots between their eighth and 
tenth year: and finally 5 for old mucuna with Il years or more into the rota-
tion. Age classes rather than were used first of ail because they better re-
flec1 the degree of precision attached to determination of field hi st or ... (see section 
5 31) Also, Interpretation is 
ingful than individual 
years to gel mucuna properly 
establishment phase the 
ne,t are Jess and 
justified Finally, 
smal!. and funhermore 
ail 0\.\ s for more accurate 

are agronomica!ly more mean
that it takes one to 1\\ 0 

in a field. and hence c1ass 1 represents the 
time passes, ditTerenees from one year to the 

lumping together 3 or more years beeomes 
on individual years was frequemly 

grouping together several consecutÎ"e 
and more solid comparisons between classes 

Most long-term trends feniliry were detected qualitatively, by plottîng a 
soil property spent in the mucunalmaize rotation (the latter being some 
times referred to as the field). Statistical tool s such as analysis of 
multÎ pie or mean separation were applied whenever possible. although 
tÎon OrmOS! tests was the high levels ofvanability found in the data and 
small sample involved As pointed out in chapter 1, chronosequences are mosl 
useful al not al testing them. Also, because dala colieCiion \\ as 

more and bener controlled in San Francisco ln 

any other site, the subsequent analyses will emphasize these results. 
three evalualing the general validity of the ftndings. 

A word of about the general interpretation of trends in a 
. quence infer long-term trends by companng among them the 
or individual measured on the plots making up the various age m.\Umm}Z 

lhallhe chro}1oJequellce is a \'alid \fa)' of/demifying lhe.\e lrends, \.1 httlher or 110t 1111.\ 1.\ 

potential bias introduced in the analysis varies with and 
been obtained independently from each other. and hente may 

ectory of the mucunalmaize rotation o\er time in 
it should be kept in mind that the plots wilnoui mucuna . 

. valent of a check treatment in a conuol 
do IUJI a fixed set of initial conditions rst, the limi 



in this study preduded their funher stratification into 
correspondi to different lenglhs of the previous fallow for y 

plots may exhibÎt low soil feniliry (as could be in submîtted to 
repeated cycles ofmulchless farming. or 
soil fenility if fallowing balanced the 
example <Nye and Greenland. 1960) 
erty measured on 
e>.:pected 

by canle) as weil as good 
in fertiliry due to previous cropping for 
a signifiesnt variability for an)' soil prop

Qver ta young mucuna plots may be 
the very nature of observational 

1Z1NG THE CHRONOSEQUENCE SCHEME IS 
~CISCQ DE SACQ 

Because chr0nosequences are potentially ambiguous tools. we will examine in this sec-
tion sorne of the mner the the one site (San F ranci seo 
de Saco) for v.hich the most information was collected 

Re-Iiabil ity of tht- l'l'collection of field cropping histor~ 

som volatile recollections of cropping hislory and inlef"\'iew internai me-
s frequently cause data on cropping history to lad: (Banlett l 

1er HI 1 Hoffman, 197-1). Ta minimize thîs pOlentia! source error. IWO 

\'je\\ son cropping history were conducted with field ov .. ners, one al the onset of the 
C'\o\ember J 992) and one towards the end Ouly 1 ve results for 

the length oftime thal fields had the mucuna rotation are presented in Figure ~ J 

(R2 "" 0.81, and :: 0.93 excludin[! the 
the fael that mucuna fields' aged' bemeen the t\\ 0 

not differ significantl~' from the t!xpeclI.'d 

recolleclions were perfectly sccurale from the sIan ( in 94 = 

that on average, farmers kept an accurate accounl of hi 
are a fe\\ obvious oUlliers (Figure 5.1), corresponding 10 

age did change markedly from one survey ta 

The conclusion is thal while reasonably lecurale, our of the different fields is 
appro\:imate. not exact in terms of dasses 
(companng young mucuna fields to .. -........... to old mucuna fields) seems as legiti-
mate as doing il in terms () old vs. 5 vs. 12). 
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Figure 5 1- Comparative results of 1"\VO successive recollections of field cropping his
tory, San franci, ,de Saco, 1992 and 1994 interview data 

5.3.2 Cropping hÎ5tory prior 10 the establi.!ihment of the m ucuna rotation 

IlIIlIal condiffOm (Pickett. 1988). and particularly cropplIIg In\IOIy "f/o/" {n Ihl' t!\wn
Iishmellf vf CI gTl'elll'OlallVI1 (Sèbi 1I0tte, 1989) can be of O\'ern hel m i ng influence in cre
ating durable dîfferences among the various components of a chronosequence Il îs 
likely for example that a field presently without mucuna might potentially have been 

. exposed to more degradi ng conditi ons (erosion particularl y) over the past 10 years than 
\\-hat was the case for a similar field 10 years aga. by the simple faci that more j'ears of 
mulchless annual cultivation have passed. 

Evidence that paSI cropping history Îs not entirel~' similar between check plots and 
older mucuna fields is presented in Table 5.2. Many check plots ha\'e had one or more 
cydes of annual cropping priorto the cycle in which the sampling took place. whereas 
none of them was under medium or long-tem fallol>..', contrary 10 a number of Ihe older 
mucuna fields Also, the proportion of fields which were used as paslures in the recçnt 
pas! is higher for the check plols than fOf any other group of fields O\"erall ho\\e\ er. 

107 



the in prior history do not appear to be not for the high fre-
quency of pre\'iou~ly fields found În the check plots, test 

not detect any signi!icant among age classes in their frequencies 
for the various precedents, meaning that all age classes are roughly equÎvalem in terms of 
their "pre-mucuna" cropping hi 

Hence il can be concluded Iha! the scheme used in this 
em a slightly skewed picture of the over as the check plots (and to a 
extent the more recent mucuna fields) present probably slightly more degraded condi-
tions conditions prevailing in fields which the rotation 10 or 15 years 

In words, our chr0!îosequence analysis would a n tendene)' to 
slightly the efTecls of the mucuna rotation, based on historyalone 

t'.3.J Ahistorical sources of \'uiabilit} 

of the potential difTerences not related 10 cropping history (like those anached 10 

position or ele\'ation) were uded OUf sampling scheme 
because we v.ere dealing with a hill em:ironment factors such a!\ 

slope or orientation could have confused the historiesl 

Table ~ 2' (by age class) of the for the chronosequence 

no mue 

I-~ us 

3-4 yrs 

5·7 HS 

10 H 

2' 1 1 

ail 

study to the onset of the mucunalmaize rotation. Saco 
~orthem Honduras «(2::: 37 6 with 2S df. signiticant al the 

1; of annual 
fields crops 1 

8 4 

8 

3 

10 

13 

9 

51 4 

pastures 
~ 

3 

:2 

., 
3 

4 

2 

16 

4 

med,-tenn 
faUows~ 

long-term 
fallo\\s~ fallows 

3 2 

5 ' 
2 

13 4 9 5 

! " malze (\\'!nler and/or summer) gT'O" ri for one or more years prior to present 0'cJC, . long-Ierm paSlurcs 
includmg (bu.sh~ \ egctation regrO\\lh>. ~ 1 or 2 years of Calla\\, J ~ -t years of fallQ\\, ' 5 
10 10 ~ cars rail 0\\ • undclcmuncd durauon oHallo\\" or cases (\\'ild banana and Gua\ a fallo\\ s \ 

108 



check and lO a }esser extent young mucuna were located on smoother 
ail other plots on average (Table 5.3), a condition which could have affected 

the intensiry of past erosion processes for example (with check plots being Icss suscep
tible to erosion than other plots). Differences in plot orientation were less pronounced 
(Table 5 3), although there was a plots and young mucuna plots to 
have more of a Northem orientation mucuna plots with more th an 3 years into 
the rotation had a more one. Altogether, these differences to be 
rela1ively minor. and should not be a significant cause of noise in the 
analysis 

Orientation and slope of the plots making up the chronosequence 
by age class, San Francisco de Northem Honduras 

of the plot <-- sJope ----> 

dass SW :N"W 
(0-90°) (90-180") (180-270°) (270-0°) 

_ ... _ ...... _ .. _.- .. __ ._- ------------~_._---,,..~ .. -._._ .............................. . 
no mue 14 

12 

yrs, 9 

5-7 ws 17 

8-10 yr. 20 

~ Il yr . 16 

29% 

67~/O 

"l"ll) . 
__ II) 

31 

29% 

17% 0% 

6% 

75% 

38 

22% 43 

4-1 

47 

10 

8 

Il 

18 

9 
.. _ ............ _-" ..... __ ._ .. _.~. __ ... _-----------_ .. _. __ ............................... _ ............... .. 
ail fi el 48% o 41 15 

• __ ~ __ ~ ___ ............... __ ....... _____ ,.J-.,, __ ~,_, __ ,., 

rcprcscms the propomon of plOts in each age class prcscnlmg a gl\ cn onCnllHlon ~E:: 
North-East. SE .. SOUlh-Ea51. SW = South-West. l\:\V = l\:orth-\,'C51 L me Surn .. \!Ill"" 

5.3.4 Influence of topographie position on soil chemical propertits 

As indi our was limited ta backslope s as a 
way of potential sources of confusion A limited srudy was 
ducted in 4 to detect the representativeness of the backslopes com to ether 
commonl)' found positions such as footslopes or Results indicated that there 
were no overall systematic trend in soil chemical ated with topographie 
position for the firs1 tv.,·o horizons (0-10 cm 1 For properties such as ex-

changeable AI and K. were among positions bUI the 
obtamed \\35 field-specifie For the horizon (30-60 cm). exchanl!eable AL 
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and Mg were higher for backslopes than for the other positions, al the differences 
were only moderate (033 \'s 0 12 vs 0.18 cmol(+) of Al, and 1,7, Il.7 and 13 5 meq 
of for backslopes, footslopes and shoulders respectively) 

O\'eralL lack of consistency, or the limited extent of the few difTerences detected. 
indicates that backsJ positions did not represent a soil chemical envÎror,ment signifi-
candy from that other topographie locations. allowing cautÎous extrapolation 
of the chronosequence analysis on backslope positions te whole field 

scrutinizing the very construction of the chronosequence in one site. we have 
to n a bener sense for the potentia 1 caveats associated with its use one 

of the different fields is known only approximately. Also. initia! conditions 
in the c in this study such as cropping histOry. slope or 

talion appear to di in fields where adoption of the mucuna rota-
tion lOok place a decade or so have nad or still ha\"e an unknown im-
pact on sorne of the soil properties in this 

These findings are quite natural for an observational which the experimental 
structure (i.e the chronosequence scherne) is sliperrmposed on a ity thaï lends f 
only imperfectly to this manipulation This does not in\'alidate our approach, it is 
e\"er a on of limits and nsks such an approach entails. which to 
into account and extrapolating the results of our srudy 

5.4 CHA"'GES.'" L ORGAl'lC l'lA rrER 

504. t Onrall changes in thl' 0-10 cm 

o\'er lime in C and :\ content as weil as in the Cl' 10 C!' honzon 
(sampling A) are presented in Figure 5.2 for Sn Feo at the level ofindividual 
plots the ability within each age c1ass îs high, but the trends 

C l' content àre sufficiently stem to be statistically significant. ln ferms of 
a\"erages. from 2, Il Cio to 2 5% over ] 1 years, an overall increase of 
20%) (], 7% change content Îs stronger, from 0.21 % to 0.28°;0, a 30°'0 
increase (2.5°'0 yearly) This betWeen the pace ofN and C accumulation in 
the upper profile explains the in the CN ratio' from 10 te 95. 

On a regÎonal basis, the tendencies observed in are not rel)' confirmed in other 
In a site su ch as Mangas, no change in C or N content ta have taken place 

O\'er in Cuero. the changes seemed quite even only 7 years 
the mucuna rotation 53) Also. the levels of C or ~ found plots 

var:. significantly across reflecting undoubtedly difTerences in edaphoclimatic con-
ditions and perhaps also 10 cultural hi SI ory at the \illage le"el (the 
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chat San FrancIsco lowest both elements appears consi stent both 
with lts lower ele\'ation and oldest human settlement). 

3.5.-------.---------------------------------~:---··~··· .. -.. ~ 
Sn Feo 

0.7 

3,0 

20 

,5 

o 

0,5 

0.0 

2 

pOim 

on ... 

y 00358x ... 2.1486 
.. 0.2545 ..... ... 

: + ... 1 .. i--*---"-_r.· ..... -__ ~. . '--+0-1'" . ... .. 
+ + ... t... ... 

.. 

+ ... à & 

l __ : t -t--I--.l-~_J-t' -t-;-J.--2--t-.... --. 
r f.6 .6 1 nltrogen 

y .. O.OOSh. .. 0.2104 
Al .. 0.3135 

o 2 4 6 8 10 1 2 1 4 

Yea,a ln muc::una 

one OhSeJ1'OllOn plof. DOfled Imes 

5 .2 in total C and l\: content of the 0-10 cm horizon over 
influence of the mucuna system, San 

0.6 

0.5 

0.4 

o 3 ~ 
o 2 

a 1 

0.0 

1 6 

IJJln 

unL;:rthe 
Honduras 

ln al! cases. no sÎte exhibited a tendency for the aider mucuna plOIS to ha\'e less Cor:\ 
than the check plots Stated in a conservatÎ\'e , it can mucuna 
rotation appears 10 allov. conseryation of the initial of con-
tinuous an nuaI culti\'ation 

faet that observed trends agree closely with agronomÎe m the upper 
zons. no change below) strengthens our contention that the chronosequence con-

structed in San Francisco de Saco is indeed a reasonable of the long-ternI 
beha\lor of the mucuna system. 
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a. Changes in C% content 

'i: 130"1. 

• 'i: 120"/. 
(1 
u 

'lit 1 \ 0"/. 
t.) 

! 100"/ .. 

90% 
Sn Fec CU&fO P\&dras AVERAGE 

b Changes in content 

150"'/0 
'i 100% ... 140"/0 

'i 130% CI 
u 

120"/0 
~ 
Z 110"/0 

'ii 100% .. 
90% 

Sn Feo Mangas Cuero Pied ras AVERAGE 

c. 

C 5~ 7 yr. • 8- 1 0 yr .• ~ 11 yr. 

~ 110""0 .. .. 
:il!!: 

100% 

Ü 
90% 

! 
80% 

Sn Fec Mangas Cuerc Pied'as AVERAGE 
elt. III 1'1 cl 111138 ela •• 

Each bar reprl'Unls ,IIf! o..,era$,f! fo}" (] glven. age drus and Sile. lopped by if standard ermr. 

5.3 in total C and N content of the 0-10 cm horizon over 
of the mucunalmaize rotation in four sites, Northem 

li ~ 



5.4.2 Distribution of SOM in the upper soil nr,Mall4> 

ln a no-tillage cropping system, changes in soil feniliry are to affect mainly the 
top centimeters of the soil profile (Follett and 1988, 1 Dalal!!1 
al., 1991) Toverify this in the case of the mucuna sail samples were COllectea 
by cm increments in the upper 15 cm of sail (sampI i ng B). 5 4 shows 
that il is indeed in the first 5 cm of soil profile {ha! changes in carbon content were 
nmcaT1lt. and especially in the 0-2.5 cm layer, for which the relative Încrease reached 

cJe(~ad.e (from 3% ta 4.5(%). For the 2.5-5 cm layer, the over 
the same reacne:a 40~'Q, with a peak of 2.8%. In bath cases. il was possible 
ta fit a sec:oncJ-clegree polynomial ta the data = 0.56 for the first layer, R2 :: 0 36 for 
the second regres~SIOl1S are highly slgfllt!(:ant 

The facl that the quadralic term is would tend la indic31e 
that there is a leveling-off of the about 9-10 
as an equilibrium is reached (see no apparent , .............. ""(:"'.:0 

tected for layers between 7.5 cm and 15 cm, for which ail pl,'fS unifonn 
C coments regardless of thei rage 

5.0 
4.5 Y .. 0.950x + 1.990 t 

R; '" 0.56 ! l 1 
4.0 

3.5 y = -0.047)(2 + OA48x + 1.757 
R2:: 0.36 

GO 3.0 'tiI.I 1: 
:t ~, 1[ 8: Œ 

- 2.5 

:::e .:1 2.0 
U 

1.5 

1.0 

0.5 • l'lor. 1 0 hor.2 hor 3 

-e--hor .4 -'IIfI- h or. 5 ..........,-·hor 6 
0.0 

no mue l - 2 3-4 5 - 7 8 - 1 0 ~ 11 

Vears in mucuna 

rt?tlil.:al hal's standard erl'Ol's. Hor. 1 .~ ",5 cm, Hor. ::. J.5-5 cm. Hor.3 
'. 5-.-.5 cm. Hor.-I 7.5-/0 cm. ,5 cm. Hor.6 . 12.5-15 ''ni 

Figure ~4 Changes in the distribution of ce cm increment in the first 1 ~ 
cm of sail profile O\'er time under the influence mucuna rOta-
tion, San Franc; seo de Saco, Nonhern Honduras 
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5.4.3 SOM pools 

Although the above assessmenl reflected overall changes in terms of total Cor N con
tent, it didn '{ differentisle among the various fractions which make up total soil organic 
maner (Duxbury el al, 1989; Christensen, 1992), Both a c1assicaJ chernical fracti0nation 
scheme based on acid hydrolysis (Stewan el al, 1963), and a physical one (after Feller, 
1994), probably more satisfactory, as it relates conceptually ta sail architecture (McGill 
and Myers, 1987, (hristensen, 1992), were used ta examine thîs laner issue. ln this 
laner case, 'Iv.:o fractions were distingujshed a fine fraction (panic1es < 50 I-I) and a 

coarse fraction (panicles > 501-1) Detailed results are presented in Appendix D,l, 

ln a tirs! siep. only extremes of the chronosequence were contrasted, i,e fields without 
mucuna or Wllll one year into the rotation (hereafter referred to globally as check plaIs). 
''s, old mucuna fields: 14 to 16 years of continuous mucuna rotation (Table SA) 

Table 5~. (omparison of soil profiles ofold and young mucuna fields ,'is-à-vls t\\O 

methods of fractionation of soil organic maner, San Francisco de Saco. 
Nonhern Honduras, 199-t 

"". chemical -, "" a __ aa_ physical fractionarion ......... --- ...... _ ......... - ,. 

Age hori- Nhd Nhnd (°/0 (% C fine N%, N° /0 N fIne 
cJass 1 INhd: fine :1 coarse -1 

< fine ). coarse 4 
< zon repart ' repan' 

- •• __ -vo,,-,_ .... 

0-1 0-5 588 179 274 1.27 79°"0 0.280 0,08: 85° () 

years 10-15 390 1 52 141 0,32 90°'0 0173 0035 91°·/) 

~ 14 0-5 965 1.79 3.34 3,39 80°'° 0365 0.267 84°0 

years 10-15 513 1 45 1 42 06J 91°'0 o J91 0050 95°0 
....," ....... 

'h~ droh/.ablc disllllablc nitrogcn. : ratio of hydrolizab1c lion-dlSlil!ablc 10 h~drol distil nitrogcn. "C"" 
or 1"°'0 in the fraction < 50 ).lm: 'C% orN% in \.he fraction> 50 j.lm: ~ %C (%N) in fme fraction as a 
percent of C (1") in the rum of the fme aru.l coarse fractions Each celJ represel1l.\ Ihe ml"an ol6 I·all/t'.\, 

The chemical fractionation scheme did l'lot pick up any differential beha\'ior between the 
\'anous fractions distinguished by the acid digestion (Table 5.4) The physical fracliona
tian on the other hand showed that the fine and coarse fractions hehaved differemlv O\'er 
time (Table 5 4 and Appendix Dl). Due to a confounding effect of texture on the re
sulu; however. it remains unclear whether the change affected preferentially the coarse or 
the tine fraction, A preferentia! increase in the coarse fraction may indicate the accumu
lation of relali\'el) free organic maner (perhaps e\'en organic debris) al or \·er;. close 10 

the soil surface (on\'ersely, a preferential increase in the fine fraction as o~ser\'ed \\hen 
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limiti the analysis to mucuna fields than 10 years old (Appendix DI) would indi-
formation relatÎ\'ely stable organic maner. as it is întimately bound to the 

on (Tisdall Oades. 1982) 

5.4.4 RaitS 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 for 0-10 cm in the four villages. 
either (';'; Il relative basis (%) or on an absolute basis (kg of Cor N per hectare) (Tab!e 
5.5) The calculations are imprecise. as they were based on average values 

C N content for age c1ass (see formula on top of next page) 

5 5 Annual rates (relative and absolute) of chamzes in carbon content 
of the 0-10 cm soil profile four sites in the 
Konhern Honduras 

Fil/' ecu.-/) <.dl. fheJirsf 1111(,1,\ expr('s.\ed (JJ percent change, wlu?reas Ih" second 1." on (l 1IIn.~,' h(J.\'/,\ ',(!n/ll 
ore' lli" \' 1/) kJ! lin .l''!'(1r/tw Ihl! /wrl:/ll! .1 /)(!gatH'1! SIf?!! md/cale,' 011 apparent decl"l'(!\('J 

......................................... ~:,:: .. ,.:;e::.: .. ".,,',:.",::,,',:.' .................... ................. ~J.{,P.:()gf.!.LffJ!.f!.~:.tŒ ............. oc, 

site mean mean ~ max mm 
rate 1 rate 2 rate 1 rate 1 rate ~ rate: 

SnFco L9~o 59U o 
(·06) 

.............................. , ................ : ............. .. 
06° 0 

(1 &5) 
Man-

ciras 

,,1/ 

sires 

20% 
(538J 

5 3° ° -1 9°/0 
(1546) (-618) 

55% 
(1./93) 

01% 
(- 2-1) 

, 

(9) 
2 X"" 
( '10) 

5u% 
(1 

-0 AI)" 
( -201 

-1 h"" 

05% 
(OY) 

1 mcan rate to annual raIe of in C or ~ conlCnt Slnec the Inlro-
ductlOn or mucuna ln each maximum and nurumum rates obscl"\ cd bel\\ ccn am 1\\ 0 
consccu\!\ c age classes (from class n to class n..,..l) . 

115 



Rates in Table 5.5 were calculated according to the formula 
1" - 'N-] }' 

1/-1 

\vhere Y" is the average ( or N% of c1ass n (n E {l, 5}), ~ is the average age of the age 
class. and A == 1 for rates in %, and A::: mass of soil for rates în kg,ha l, 

Estimated rates differ rnarkedly among sites, from a low ofO,5% in Piedras, to a high of 
nearly 5% in Rio (uero This Jatter seems rather improbable. because mucuna does not 
appear to produce sufficient biomass to generate the physical quantities of carbon or 
nîlrogen that these rates would imply, if. following Larson et al. (1972), one considers 
tha! about 10% of the carbon present in rerurned residues evenlually ends up in the pro
file Applying such an estimate ta the Rio Cuero case. about 25 ta 30 t ofbiomass 
would ha\'e been needed annually (cf mucuna biomass is about 40 to 45°;'0 carbon). \'s 
an actua! JO 10 12 t.ha" The average across sites however seems ta provide a value (538 
kgha' ofC) alleasl roughly consistent with biomass production. Similarly. the mean 
annual raIe of accumulation of nitrogen (75 kgha ') seems a reasonable figure ln/erest
ingly_ the maximum annual raIes of change calculated between consecutive age classes 
\\ ere generall~ obtained in the first few years following the introduction of the mucuna 
rOlation, ""hile the minimum rates (some seemingly negalive) were generall~ observed 
for the oldest mucuna fIelds This evidence may again îndicate that the mucuna system 
is reaching an equilibrium state 8 te 10 years arter ilS introduction in a gi\'en fIeld 

SoS CH_-\~GES J~ SOIt CHEMJCAL PROPERTIES 

5.5.1 pH. exchangeable Ca and ~tg, and soil acidiry 

At the \'ery începlion of this study. it was hypothesized that in a \"el tropical em'iron
ment. pOlential imbalances between an ample supply ofnitrogen by the mucuna 
biomass and moderale uplake by the maize crop might rapidly induce sif-'nificant nitro
gen leaching along v.ith ilS accompanying cations, leading e\'entually te sull acidificalion 
(Bouldin, 1989, Cahn eTaI. 1993), 

Sail test results for h0th pH and exchangeable Ca and AI do not however present an)' 
e\'idence to support lhese fears (Figure 5,5 and 5.6) ln San FranCISco de Saco. after 15 
years of continuous use of the mucuna rotation, pH appears to have remained fairl)' 
constant in the entîre soil profile (up to 60 cm), with even a slight (not significant) ten
dcncy for pH to increase over time (Figure 5,5) There were significant differences in 
pH among sites (from li low site average of 5,7 in Cuero, to li high of 6,5 in Mangas). bUI 

not among age classes (Figure 56 a) 

Le\'el s of exchangeable Ca (Table 5,6 and Figure 56b) and Mg appear to ha\'e increased 
o\'er time al al! depths in 3 out of 4 sites, Piedras was the only site with n{'l consistent 
trend onr lime. whereas in San Francisco, the increase was panicularly clear (p < 

0001) 
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Figure 56· Changes in pH, exchangeable Ca and AJ over rime in the 0-10 and 30-60 cm 
horizons in four sites under the influence of the mucunafmaize rotation, 
Nonhem Honduras 
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Table 56 ln and content (in cmol( +) kg 1) over ti me 
in the 0-10 cm horizon in four Nonhern Honduras 

no mue yrs 3-4 yrs 5-7 

8.7 6.9 88 10.7 Il.! 1:2 0 
, 

186 206 194 18.9 20.9 . 

cu 6.9 8.7 7.5 8.4 

pl 98 13.6 ILS 10.2 8.5 

sfs 29 2 1 3.3 3.4 3.7 39 

\ 4 1 45 4.3 39 c, ... _ . .:1 (5 7» ~ 

cu 1 8 2.2 22 2 7 

pl 2.6 4.4 4,0 3 5 30 ' ., J _ 

1 sfs Sn Feo mg .. Mangas. cu .. Cucro. pi .. Picdras: ~ one in for (hl) 

age class 

also observed in other mulcned systems (LaI, 1 le el ,,1 1990) 

\'Îa the mucuna 

of more (han 0 6 

attributed ta the large yearly additions of calcium 
biomass (reaching more than 150 kg ha" yea(' for or 
cmol(+) of Ca if applied ta the 0-10 cm horizon) How 
mucuna crop mobilize this Ca remains a matter of 
increase apparentk affected ail depths would indicate that 
nying anions such as nitrates: Cahn el al . 1 ) do 
(but not necessarily out of il), as tnere does not seem ta 
pable of supplying them ta the soil profile other 

Gîven the pH and exchangeable bases values, it was 
exchangeable Al throughout the sail profile (Figure 5 
concentrations were high were assocÎated with 
something not uncommon in Cuero, but ost 

the faet that the 
(and accompa-

n the profile O\'er time 
a source of or \1g ca-

low levels of 
cases in \\'hich AI 

pH. 10\,,; base status, 
other sites (Figure 5.6c). 

absence of soil acidification is consistent with the observations made in Chapter 4. 

indicated that whereas availability of potentially leachable Ni was high during the 
malze cycle. inorganic N leaching was' small. 
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5.5.2 Othrr exchangeable bases 

levels of K were roughly similir and seemed to remain fairly 
around 02 to 0 4 cmol(+).kg'. 

sodium was not analyzed in this srudy, except on a limited number of 
samples (sampling B, San Francisco de Saco). As for potassium, levels 
stable. remaining close to 0.5 ta 1 cmol(+).kt These high that the 
soils are fairly young. having had linle tO weather (Oliver. com.) 

5.5.3 Phosphol"Us 

with nitrogen. phosphorus i5 a common lîmiting factor În crop production 
and in systems including Il legume as the N source, il freequently 

a obstacle to the obtention of sustained yields over long periods of time 
(Schlalher. 1996). Hence maintaining an adequate supply of available P over lime is Il 

erilieal concern În the mucuna system 

Results with an Olsen extraction on a small (San only) 
indicated that P 8\'ailabiJity seemed 10 have fairly constant over tÎme. with 
levels around 15 to 20 ppm in the upper soil profile (data not shown). was hO\\-
ever a siz.able variabililY were examined using a Morgan extrac-
tion (Fi 57). In there to be a consistent yet small 

in P i\"ailabiliry over time in the 0-10 cm honzon (P < 0.003). although ail val-
ues were Jow forthe site Jess than 2 ppm) (Figure 5.7.a) ln Las 
the P levels were markedly higher than in an)' other site (average about 7 ppm) and 
seemed to remain stable overtime. In Cuero, there was a small. but not 
crease over time. whereas in Piedras, no consistent d 
57b) 

together. il can be conduded in a conserv:ati\'e 
manner that P 8\'aÎ seems to fairly stable over lime in the mucuna system. 

of yearly ex ports harvest) amounting to approximalely 15 ta 10 kg ha 
'As ail other nutrients, decomposition of the muc:una biomass i s a major 

source available P: yearly additions of P via the above-ground biomass 15 
10 kg ha'! (chapter 4) 

5.5.4 Otber nutrients 

Table 5 7 presents the results ln content (Fe. Zn, 
Cu. Mn) over lime in the various though the average levels of each nutrient 
\Nere among there was no consistent tendency detected Q\'er lime within 
each site . n, a safe conclusion would be to conc\ude a.t the slabil of avail-
abilit\· of micronutnents in the mucuna system 
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Figure 5 7, Changes in le\."els of a\-ailab!e P (Morgan) over time under the influence of 
the mucunalmaize rotation. Nonhern Honduras a 0-10 cm horizon. San 
Francisco de Saco, b, 0-10 and 10-30 cm horizons, ail sites 
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Table 5.7' Changes in micronuuient content over time in the 0-10 cm horizon 
in four siles, Nortbem Honduras 

el ement si te no muc 1-2 yrs 3 -4 yrs 5-7 yrs 8-10 yrs ~ 1 1 yrs 

Fe sfs 1.9 15 21 15 2,1 1.S 

prm mg 05 0.5 06 05 0,7 (00) 1 

cu 

pi 

:t\1n sfs 

ppm 

cu 

pi 

07 

24 

41 

46 

103 

I-t 

1.1 

0,6 

78 

33 
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5.5.5 Summary 
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A consef\'ati\e conclusion from this examination of changes in soil chemical properties 
is that the continuous use of the mucuna system is not accompanied by a depletion of 
the a\'ailable nutrients in the soil profile. at least ~ithin the lime frame adopted for this 
study ( lOto 1 S years) This maintenance of the resource base (or increase, in the case 
ofea or Mg) occurred in spite of consequent yearly exportations of nutrients in the 
maize han'est In the case of phosphorus, expons amounted te approximately 15 to 20 
kg.ha·.year'i (average P content of the grain 053%" average maize yields of 3-4 tha l

). 

Hencl.'!. there has tO be a mechanism allowing the mobilizationJextraction ofnon a 8vsilable 
nutnents from the soil matrix The mucuna crop is a prime candidate for fulfilling lhis 
function. via the capture of nutrients in its biomass 11 has been demonstrated elsewhere 
(Schlather. 1996) that fallow species (including mucuna. which is a special case offal· 
10\\). can e\:tract unavailable P 



5.6 CHA:\GES J~ SOIL PHYSICAL PROPERTJES 

Historieal trends were analyzed for one site only (San Francisco de Saco). and for a sub
sample only (sampling C made up of7 fields) of the fields analyzed for chemical prop
enies or soil organic matter. As could be e'\pected for soil physical propenies measured 
on CI micro-scale, within-field variability wa:; fairly high. creatîng a high level ofback
ground noise in the analysis (see Horowitz, 1995) For example, time to run-off for a 
given field varied from CI few minutes to not detected after an hour of infiltration. 
whereas bulk densit:y could vary by as much as 30% within a gÎven field This situation, 
combined v..ith the limited sample size (one to rwo fields only for each age class) and 
geographîcal coverage makes the anaJysis presented below akln te a semi-qualitatl\'e 
assessment of the changes over time, 

5.6.1 Soi! erosÎon 

No quantitati\'e assessment of soil erosion was conducted. Sorne general commenlS are 
in order howe\'er, given the overwhelming imponance of soil erosion in hillside farming 

The cnaracteristic signs of erosion at the field scale were virtuaHy absent t'Hn in the 
oldest mucuna fields (more than 15 years of continuous cultivation) Gullies or ri Ils 
were sel dom observed, except for very localized areas where rilt erosion seemed more a 
result of marginal management errors than anything else Also. the upper horizon did 
not present the typical enrichment in coarse materiaJ associated with signiflcant surface 
run-otT (Foster el al, 1985) And the chemical analyses (section 5,5) demonslrated 
there was no depletîon of nutrients over time. and that the upper profile \\ as accumu
lating actively organ!c marrer, and was comparatively much richer in nutrients than the 
underJ~'ing horizons. observalions \lihÎch ail point la the absence of acti\€ erosion 

On a larger scale. small creeks collecting water al the bottom of slopes culti \'ated in Ihe 
mucuna rOtation remained ... ·e!'y clear even during or after intense rains, in contras! 10 

what could be obser\'(~d in neighboring unprotected slopes. for \\ hieh the sediment load 
\lias usuatly high 

There is one issue however for which evidence is more difficult 10 interpret As much as 
40% of farmers interviewed by Buckles et al (1 99:!) reponed that the mucuna system 
might i nduce local i zed landsl ides in areas of .... ery steep 51 opes (su peri or ta 60- 70<> 0) 

Discussion wlth farmers confirmed that such landslîdes occur once in a while (net t\'e,:; 
year) during the peak of the ralny season (anytime between September and 1'\ovemben. 
under very heavy rainfall conditions (several hundred mm in a few days: see Figure .3 3) 
A possible explanation would indude a combination of the heavy weight of the \vel mu
cuna biomass. a loosening of the upper soîl proftle as a result of the shallow rooting 
habits of the mucuna plant. and/or a state of supersaturation of the soil resulting from 
increased infiltration (see later), inducing a lower shear strength and higher o\erburden 
\\eight (\'an Es pers com), Sorne farmers 21150 indicated thallandslides might result 
from the lad; of deep rooting or anchoring caused by the substitution of the traditional 



bush-fallow rotation for one with a fairly shallow-rooted specÎes such as mucuna. 
faet that mucuna can trees if left unpruned (in much the same 
as it suffocates weeds) may contribute to this phenomenon 

But these alleged are nct completely convincing. A tirst argument 
in recognizing that in the mountains of Nonhem Honduras ap~~ears to be 
geologically very young, stabilized, Hence there are numerous areas 
where mass redistribution to take place "spontaneously", and sectors of 
abrupt slopes are among the prime for being affected by thîs gra\"ity-driven 
redistril1ution (whether such a ever be subjected to large seale 
cultivation is definÎtely a relevant one could argue that wnen quantîties 
ofwater pouring on any landforrn l'each hundreds of mm in a few hours or days. some
thing dramalic is poised to happen, role of the mucuna cover in eausing a 
landslide is probably msignificant compared to the role played by the sh(,~: masses of 
water obliged to find their "vay downhill S may explain why. landslides when they 
take place affect lands under aIl kinds of land use, from virgin forest 10 pastures to fields 
culti\"ated \"'ithout mucuna, \.IlÎthout obvious preferential impact on any one categor:- of 
land use This could dearly be seen in November 93 when 400 to 700 mm fell in a 1 ~ 
hour period on October 31 SI, causing ln hillsides 

SUf-

asked about the occurrence of lands1îdes in their introduction 
of the mucuna rotation Of 34 fields having of a total of 4-1 
fi el ds i ncl ud ed in the sune\"), 62% 1) had had mucuna was 
e\B introduced Funhermore.only 1/3 nate mucuna in the 
occurrence oflandslides Perceptions strongly from viII to village in Piedras. 

landslides are common, eoincided in blaming mucuna ng Ihings 
worse. In Francisco de where landslides are rare. most experienced 
mucuna users \'ehemently opposed this viev. 

, il is fair to say that globally, the mucuna is efficient at 
damage, thanks to the creation and maintenance of a thid: 

protecting the entire soi) surface from the direct impact of 
With regard to the landslide issue, evidence remains in eltner 

on, and funher assessmenl is needed 

Bulk dt'nsit~· & macroporosit)" 

.5.6.:J. J ENIk demi/y 

was measured at three depths' 1-8 5 cm, ) 1-18 5 cm 41 .5 cm (thi s 
in conjunctÎon with inorganic 1\ monitoring see 

the relationship between gravimetric moisrure content at the 
bulk must be considered briefly. as two \\ ere 
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related (Figure 5 8) the r-square reached 0.7 on 75 samples for horizon 1. and OA3 for 
horizon:2 (p < 0.00 1 in :- ,th cases) Measured bulk density values were consistently 
!oHer under high moi sture content (i .e. shonly after a good rain), and vice versa This 

may be reJated te the marked tendency for soÎls in San Francisco de Saco to shrînk or 
swell in response to dry or wet moi sture conditions. respectively In a swollen state, 
measured bulk density values would tend ta be lower, and higher ""hen shrunk. a condi
tion further reinforced by the fact that large visible cracks were s~ ~;ematîcally avoided 
durîng 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 is not possible to rule out a measurement anifact. 
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?: 
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:i:i 1 .1 
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:!.1.0 
:::r 
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y -1.1455x + 1.6257 
Ff == 0.6978 +m 

0.20 0.30 0.40 0.50 

Gravimetrie moisture at sampling (g.g-1) 

0.60 

Figure 5.8: Relationship between gravimetric moi sture at sampling and bulk density in 
the 0-10 cm horizon. San Francisco de Saco. ~onhern Honduras 

With respect to the effeet of lime in the mucuna rotation, it was found that for ail three 
horizons sam pIed, average bulk density values at the field le\'eJ tended ta decrease O\'er 
tÎme (Table 58) In the first horizon, bulk denSÎty dropped sharply from an initial value 
of 1 35 to about 1 :20 in old mucuna fields (the regression of bulk density on years in 
mucuna was highly significant. with p < 0.0 1) For the lower horizons. the drop was 
smaller: from 1 -t0 ta about 1 32 in horiz.on :2 (:\!S) and from 1 45 to 1 37 in the third 
horizon (p < 00-1) These trends are consistent v.ith the measured increase in soil Of-



ganie matter content ovef time, and also with the qualitative increased "Iooseness" Of 

"softness" of the upper profile reported by farmers. 

Table 5 8 Changes in bulk dens; ;:' ovef time for the 0-10 cm and 10-20 cm horizons in 
the mucunaJmaize rotation, San Francisco de Saco, Northem Honduras 

horizon 0-10 cm 10-20 cm 40-50 cm 
. __ ...... 

no mucuna 1 36 ± 0.145 lAI ± 0.065 

1-2 years 1.32 ± 0.066 1.32 ± 0.072 1 45 ± 00~1 

4- 7 years 1.20 ± 0.075 1.32 ± 0.124 1.40 ± 0067 

8- J 1 years 1.28 ± 0.083 1.37 ± 0.066 1.41 ± 0.076 

;;::11years 1 20 ± 0091 133 ± 0.064 137±0070 

Eaeh \aJuc rcprcscnlS the 3\Crage fOf a gl\cn age c1ass and dcplh. follo\\cd b~ liS standard de\ u'IIlon 

5.6. J. J A4acroporosif)' 

Regardless of what happened to the total porosity (as reflected in the bulk densil)" fig
ures), shifts in the distribution of pores of differem sizes may take place as a result of 

mucuna use This hypothesis was examined by quantifying the porosity associated 
\\ ith pore sizes ranging. from a diameter of 0.395 mm forthe larges! to about 0 015 mm 
for the smallesl The study was conducted in the same fields and approx[mate positions 
within each field for which infiltration was measured 

Reflecting the changes in bulk density. total porosity increased o\"er time. especîally ln 
the 0-10 cm horizon Furthermore, there was an initial increase both in the porosity 

above 15 IJm and abo\'e 133 IJm following the introduction of the mucuna rotation (from 
Jess than gO/o of the soil volume ta about 10%, and from about )% to about 5°,à respec
ti\'ely). sner which the values obtained remaîned vinually stable (Table 5.9. Figure 59) 
F or the second horizon, with the exception of one one-year old mucuna field presenting 
a higher porosity than any other field. porosity was essentially identical for ail fields. 
and quite high in ail cases. The same data can also be analyzed in terms of the relalil'l' 

pore size distribution for the various fields and age classes ln both horizons, the po
rosîty abo\'e 133 IJm increased from about 40-42% to about 55% of the porosity abo\'e 

151Jm. whereas conversely. the porosity between 15 and 133 !-lm decreased from 58-

60°" to 45°" 
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5.9 Changes in sail "",...~.,... ........ , over rime. San de Saco 

(values urt!.""""u in % soil volume occl/pied by each pore SI:C da.BI 

hori:on 0-10 cm cm 
......................................................................... ~ .... " .... M .... :.;.:;.:.;·.:;.:;.:.; ••• ; .. ; .... -;; .. ~ .. ,,;.; .. :; .. • ......... • .... 

pore 
Alle c1ass 

no mucuna 

pores total 
~ 15 2 ~ 133 2 ~ 395 2 

7.6'%, 32% 

pores 
:?: 395 

o 2 1 ~ 0 1 years 

4-8 years 

~ 12 ~'ears 

103%) 5.6% 

9.7% 5.2% 10 7~ 0 .5 , 7~ 0 2 

Q 

~ IOlal porOSlt: bascd on buLk ,alues 
. soil \ alume by 011 porcs (han 15. DJ and ~95 )lm. 

en 
CI) 

"D cu 
Cb-._ U 

C-
::1 cu 
U N 
U .-o en 

cu cu ... 
E 0 
::1 Q. 

Horizon 0-10 cm Horizon 10-20 cm 
12%:> pore slze 

classes I-Im 
1 

SOlo 

6'% 

t. "1 0 

~/o 

age class (years in mucuna) 

c '5·18 

c 18·35 

III 35·68 

III 68·133 

0133-395 

II::: 395 

Changes in macroporosity (pores> 15 Ilm) ovef time in the 10 and 10-20 
cm horizons influence of mucuna/maize rotation. Fran-
cisco de Saco. ~orthem Honduras 



Jt should noted that the only checil. plot sampled in this study was probably not very 
"'the usual conditions found in fields without mucuna: il had been in 

long-term pasture (likely to induce a cenain compaction of the upper horizon) ratner 
than in arbusth'f fallo,"". Hence the apparent increase În porosity associated with the 
larges1 pore sizes might nOl be widely extrapolable. What is most striking is 
tha! the mueuna rotation appears to allow the maimenancf? of large 
pores, without an)' tendenc)' for degradation of this 

5.6.3 Infiltration 

Orthe various variables measured during the infiltration study, sfeady-.'.Iale nffiln'arion 

ralf is tne parameter most directly related ta a Întrinsic profile lIel. 1982) 
Il was observed thal these rates Încreased markedly with lime in the mu-
cunalmaize rolalion (Figure 5 ] 0), even though variability withîn fields was 
quite high (see also Horowitz. 1995). 

1'.10s1 other variables related te the infiltration proces!> (such as run-off raies or lime te 

run-off) dei" on the measurement protocoL and panicularly of a 
(about 100 mm hr") and hence their cannot 

time spent in the mucuna rotation, a number of factors and conditions tmre/aJed 
10 plOl or ra1J~fall rail! may potentially influence infiltration rates in this stud~, 
wc considered topograrhîc position (shoulder \'5. backslope), nl"I",pl'\('P 

mulch (this laner condition beÎng created artificially Immediately 
and initial upper profile wetness as possible 

infiltration rates Average values taken by these variables for the different included 
ln fields are presented in Table.5 10 

codeterminants of infiltration raIe!> unreJated to plot hislory, only 
and initial profile wetness were found to ha\'e a detectable influence 

infiltration was slîghtly but consistently higher (about 7 
positions compared lO backslope ones Similariy drier initial con

upper profile (found particularly, but not exclusive1)', in the unmulched 
10 i infiltration, as a result ofincreased capacîty for \\"aler 

Conversely, neither the local slope (measured al the exaet when 
were installed) nar the presence of a surface muich at the time of 

measurement to affect infiltration rates, 

Wi th respect to the mulch, fact that it presents a very open architecture makes it a 
fairly improbable to infiltration compared ta the sail propeL Also, one would 
need 10 lake inla deration the aetual orientation of mulch fragments on a micro-
scale ta accouot on water penetration. The lack of effecl of slope is some-
whal surpri but it d be a of the very smali scale used meas-
urement (area of infiltration 1er than 0 1 m:), unsuitable the of the in-
fluence of m aero-sea 1 f' as slope 



[agressioo of mean 5s-inf on years in mucuoa 

ss-inf = -0.2738 • age "2 ... 7.097 • age ... 29.77 (R"2 '" 0757) 
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Figure 510 Changes in steady-state infiltration rates o\'er time under the influence of 
the mucunalmaize rotation. San Francisco de Saco. Nonhem Honduras 

Table 5 \0 Changes in infiltration and related variables over time in the mucuna system. 
San Francisco de SacQ. 1994 

"'.'(1(11 (('II rcrrl'SeHlJ fhc (II'erogefnr Ihe age class. /olloll'ed hl 1/.\ Sf(IIl(/nn! d('\'I{)fltlll 

Yariable no mucuna 
(j\;==8) 

slecujY-SlnfL' lJ!filr. (mm.tl/·';) 22.5 ± 11.4 

1-2 yeaTS 
(N=40) 

37.1±28.7 

4-8 \"ears 
(:\=3-i ) 

65.0 ± 260 

~ 12 years 
(:\=32) 

74.9 ± 282 

'~~ï~p~~"'(~ij""T""""""""""""""""" ······T···"ï6~··~··±·5~;~······_·i7·~:~·±· .. ï5·~·~ .... · .... ·3'6~,.~'±"8'~::"""""·40~:·~··±"9~··~""" 
lime mm~ff (mil) 

imflal \'o/. soil mO/SI lire -' 

1:::.0641 ± 0117 0925 ± 25"49 2923 ± 47.47 

0.21 ± 003 034 ± 0.08 0.34 ± 005 

2733 ± 45 27 

035 ± 006 

slOrage 0-5 cm (mm) : 92 ± 2.8 4.2±2.1 44 ± 2.0 43±J7 

i measurcd on the cxacl Spol \\ hen:: infiltration took place. : dctcnTlll'lcd on thc 0-:' CIll hon/on b-' TDR 
prob.-: rcadmgs takcn bdorc and aflcr mfiluaLion \\ :11er \\ as apphcd 
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Table 5 11 Multiple Regression orthe steady-state infiltration rate (mm.h(l) in the 
mucunalmaize rotation against various predictors, San Francisco de Saco, 
NOl1hem Honduras (N= 110, R-square == 0.523, P < 0.0001) 

Prediclor 

constant 

years in mucuna 

topographie position) 

lime to runoff (mn) 

mm water stored in the 0-5 cm hOT 

coefficient 

14.00 

2.22 

7.34 

0.382 

3 5\ 

1 calcgoncal ,anablc. backslopc '" O. shouldcT == 1 

Std. De\! 

6.23 

0.38 

4.33 

0.055 

1 03 

t-value Prob 
~---~~~-_ ............. "" 
215 0027 

5 83 <0.001 

170 0093 

6.95 <0001 

3A1 0001 

Unsurprisingly. time 10 run-off had a slrong relationship with infiltration l'ales (Table 
5.1 J) As the profile was able te absorb water v.itnoul entering into run-offmode. the 
obseryed steady-state infiltration raie was higher No measured characteristic could be 
found in our data that would "explain" time to run-offmore than marginaHy (besl R
square less than 0 1). although both length of lime in mucuna and slope seemed 10 ha\e a 
significant. though \'ery small influence. 

Once allthese factors ha\"e been accounted for. the "rea!" influence of time spent in the 
mucuna system on infiltration and run-off rates can be assessed more precisely h v. as 
found that on 3\"erage. infiltration rates increased by 2 to 3 mmh(: for each year spent 
in the mucuna rotation (Table 5. Il) Over fifteen years, thîs lead to a increase of more 
than 30 mm hr 1. which corresponds approximately to a doubling of the initial rates 
measured În no or young mucuna situations Converse!)', run-off raies (at 100 mmhr' 
rainfall intensity) decreased by about 2 mm hr ' yr l on average, from 72 mm hr ' ln no 
mucuna fields ta là la\\" 26 mm.hr' in old mucuna fields 
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From a mechanistic \'"iewpoint. one may expect to find a 
between steady-state infiltration and porosity lndeed, 
o\'er lime was consistent with the trend in the infiltration 

mong relationship 
in bulk densit~ 

bulk density decreased, and hence total porosity . 
rel ationshi p was found .. etween infiltration rates and 
01/ rhe same siTes (Figure 5.11), reflecting either measurement 
the fact that macroporosity was high enough in ail situations not to 

lîmilation ta infiltration, On the other hand. factors more 
tinuity th an to pore size may play an imponant role No-titi mulched 

or possibly, 
constituted a 

1 s of eanhworrn and other soill1iner biota activity, which can contribute ta the 
of a dense netv.ork of channels and pores to 

(Hulugalle el or, 1994; Lavelle et al, 1994) 

120 pore size 
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Figure 5, Il: Steady-state infiltnnian (mm hfl) in rel on ta parasîty in the 0-10 cm 
Honduras, San seo de 
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Several soil physical were measured in a limited fields representing 
the mucuna rotation al The mucuna system induced ficant im 

ments in infiltration rates over time. Although the conditions under which meas-
urements were made not realistically what would happen natu-
rai raÎnfal1 al the landscape !evel. the detected probably have a number 
practical consequences in terrns of water water circulation at the level 

di scussion section 5.8) 

Soil to have increased globally by densi ty) 

while were maintained or slightly increased Finally. erosion was no! 
measured. \\as however converglng qualitative evidence ta tha! il was non-
existent in mcs! mucuna fields. only apparent problem. OCCUT-

n in eenain Sites after rains, do not seem to represent an issue 
Cl related to the use of the mucuna system. 

CROP PROOfCT1\ln- A~DfARMERS' E\'ALl~ATIO:'\ OF LO~G-TER'I 
;\~ 

Does maintenance or on a number of soil 
fenility components) Încreased crop or mucuna) producti"ity'l 
Thi s question was looking al trends in maize yields or mucuna 
production as time spem the mucuna increases. Farmers' O\\'n evaluation of 
the long-term changes in soil fertility will also presented. as a supplementary 

\·alidit,· of our analvtical fi . . 

in anrage maize }'ields and yield compone-nts ony lime 

the average trends obser\'ed for eaeh site in the dif-

There are four main conclusions that can be drawn from these 

(l) axer age maize yield markedly by site (from a low of than :2 t ha" 
Rio Cuero to a high of 4.4 Mangas in 1993) The ranking seems to ec1 al 
least panially the di ln soil fenility (pH, availability of 

in particular). 

(2) yiel presence of mucuna were doubled those obtained wÎthout 
mucuna (Rio 
study lfl this 

constituted an exception. witn an increase of 40~ il only. but the 
mcluded only one check plot). 

(3) once the mucuna rotation i s well-established (more than 3 seemed 10 

remain fairly constant over In particular. there was no for 

VI to decline o"er lime 

l "> 



(4) maize yie!ds have a tendency ta be maTe stable in the aIder mucuna fields: the stan
dard deviatÎon across sites in fields 8 years or aIder dropped from 1.5 t ha'] in 
younger mucuna fields to 0 73 tha' l În 92/93. and from 1.0 te 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 l nomu-l 1-2 3-4 5-7 8-10 ~ II 
! cuna 1 years years years years years 

samnle si::!? .J j 7 .J J.J 21 15 
51n Fco yie!d 1 9 b [22 b 3 7 li 3 0 ab J.5 a 3 6 A 

~';(:::;:,~';i~~~:;;;~';{~T~L~{~~~:;Z)'o 

b. Cycle 93/94 
1:tit:LUIMMIi di liLiiAiiiM::i1M: ± 

site Data no mu- 1 1-2 3-4 5-7 8-10 ~ 11 
cuoa ~ vears 

~ . \' ears years years years 

samnle J/:::e 10 i 1 5 3 10 la 

.:~·~.~ .. ~,,~·.~ ........ ?:.i .. ~~.~ ................... ~ .... ?:.? ... ~ ..... P ... ~ ... ~.~ .... ? .. :' .. ~ .... : .. :.,,~.~ ...... ~ ... ~ ... ~ ....... ~ .. ~ .. ~ .. . 
samn!e .\i::e l .J ~ j 6 J 2 -1 -1 

Mangas yield i 14 b P 8 ab 3.1 a 3.2 a 39 a 3.1 a 
........... ···············;~;~;~ï:··;·;;~····r····· .. · .. j···········j·······6················(i .. ·············(;················0··,············0 
Cllero yield ~ (14) j22 os 20 ns 1.7 ns 

•••••••• __ •• ""._ •••• , ••••••••••• _""_., ••••••••• , •••• ~ •••••••••••••••••• ,.;;.: ••••• _ ••••••••••••••••••••••• A • ••••••••••••••••••••• 

sallm/e .\/::e l '0 ] 0 6 ") fi 
PII!drm yield 1 l ::: 1 b L6 b ~ 8 ab 3 0 a 

Figures (nl/olt'et! by Ilu! SOIll(:' Jener 011 Ihe same Ime are no/ dl}}erelll Dccon/mg 

ln Tflk(\ 's test al Ihl! IO~o famll\ raIl!. 

Differences in plant densîty can help explain the apparent yi ~'Id drop in fields 5 ta 7 
years into the rotation (cycles 92/93 and 93/94). and also the fac! that old mucuna fields 
did not outYldd the medium-tenn ones in 92/93 The fact Thal p!ant densîties \\ere 
lov.er in check plots than in fields planted te mucuna is probably a consequence of 
farrners < deliberate adaptation to perceîved soil fel1i1i~' (see 5 73) Together. years in 
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rnucuna and plant stand were significant predictors ofyield levels in a multiple regres
sion approach in ail sites/years with the exception ofCuero (Table S, 13), Based on the 
slope of the equations obtained in the various cases, it can be concluded that on average. 
e\'ery additional year in mucuna yields an extra 50 to 170 kg,ha of maize. whereas 
every additional 5,000 plants harvested yields between 250 and 500 kg,ha ' ofmaize 

Table 5 13' Multiple regression ofmaize yields on years in mucuna and plant densities. 
Nonhern Honduras. 92/93 and 93/94. 

du porel1/hesJ.<', s)~Il{fkaJ1ce 1e1' .. lfor eoch regresslOl1 ("oefjiôelll) 

year & sile years in mucuna plant stand Multiple F value df 
(kglha'yr) 1 (kglhalOOO) 1 R-square error 

,~_~-"-""-""·········n 

93 SFS 9~ (0,1%) 54«01%) 0373 1845 «0 J~o) 6: 
9~ .' J\lG 169 (05°0) lOI «01%) 0.625 2084 «0 1(0) 2~ 

94 SFS 50 (l 0° 0) 47 (lOlO) 0.309 826 (0 1 O~o) 37 

94 MG 169 (0,2~0) -28 (27%) 0.320 7,05 (0.3°'0) 30 

94 (LE -58 (54 0 0) 65 (22%) 0.127 1 16 (34°'0) 16 

94 PlE 104 (0 9~0) 0(99°0 ) 0.428 4.87 (~ 6(0) 13 

1 panial coeffICIentS ln rcgrcssion Mai:,e yield '" a + b (\"IUIfS) -+ c (plant sumd) 

Other maize yield components (Table S 14) provide an additional way of analyzing the 
effert of soil feni 1 ity on crop productivity (Fleury el al. 1981) Indicators of fa\'orable 
gro\\ îng conditions prior ta flowering such as the nurnber of ears per plant. or number f 
kemels peT ear C"ÜI\'arro Garza. 1984: Fleury. 1991) demonstrate a significam imprO\e
ment with time in mucuna for the 9.2/93 cycle The situation i s not as clear-cui howe\'er 
for the 93/94 cycle 

From il qualitative "iew point. the apparentl}' greater stability provided by the mucuna 
rotation in the face of adverse c1imatic conditions is perhaps especially striking During 
the drieHhan~usual 93/94 cycle, man)' maize fields sufTered from drought suess, and in 
sorne villages. yields in fields v.ithout mucuna dropped to very low levels (less tnan 1 

tha 1. or e\'en complete crop failure), whereas nearby fields planted to mucuna around 
the same lime were faring reasonably weil (2 tha- ' or more) The implied improved ac
cess 10 waler by maize in mucuna fields can be ascribed to a combination of reduced 
e\'aporation and better infiltration (see section 5,6 above) 
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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 92/9_, 

Component 

maize yield (t ha') 
· .......................... u.~ ....................... 

plant dens (000) 

~ ear/plant 

N Kemels'ear 

Weight 1 K. (mg) 

~,Kernels/m1 

Weight 1 ear (g) 

Component 

maize yield (t ha ') 

plant dens (000) 

N ear/planl 

l\:Kemel siear 

Weight 1 K (mg) 

l\' Kernels/m: 

Weight 1 ear (g) 

nomucuna 1-2 yrs 3-4 yrs 5-7 yrs 8-10 yrs ~ Il yrs 
(N="') (N=5) (N="') (N=l-l) (N=11) (N=15) 

1.9 b 2.2 b 3.711 3.0ab 3 5 a 36 li 
.......................................................... ···.~.·.···+n···~u~ ....................................................................... , .. 

26.9 ab 

079 ab 

296 b 

300 ilS 

636 b 

89 b 

26.1 b 39.8 a 34.4 ab 33.7 ab 

0.72 b 079ab 079 b 086 ab 

366 ab 381 ab 351 ab 388 a 

312 ns 307 ns 308 ilS 
...... 
.)-~ ns 

842 ab 1225 a 960 ab 1106 a 

116ab 1l7ab II0ab 115a 

323 ab 

091 a 

39l a 

315 liS 

1 US a 

114 ab 

nomucuna 1-2yr5 3-4yrs 5-7yrs 8-10 \TS ,;::: 1 1 \TS . . 
('=10) (1\:=2) (~=5) (N=3) (~=JO) l'=!O) 

20b 3 3 ab 3 7 a 27 ab 3.6 a 

150 b 39.4 a 369 ab 17.0 ab 31 4 ab 386 a 

o 87 ns 088 ns 0 84 ns 084 ns 092 ns 0 89 ns 

32J os 326 ns 336 ilS 347 ns ~68 ns 

32 J ns 299 ns 356 ns 355 ns 3-\.8 ns 

678 b 1121ab 1075a 795ab 1051a 

103 ilS 98 ns 120 Ils 124 ilS 117 ns 

3~ 1 ns 

306 liS 

1163 a 

108 ns 

Flgllres/v/hm ed by the same /elfer on the sarne line are nar diffc:relll anvrumg /0 

71lkey 's II! SI al the 10% jamil)" rale. 
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5.7.1 Changes in a\'f'uge mucuna biomass productÎon over time 

Mucuna productîon\ a hidden output from the fanners' perspectîve, may potentially 
afTected by enhanced soil conditions, which in tum would influence malze productiviry. 
The evidence is not clear however (Table 5.15) For the 92/93 cycle, the 
mucuna fields included in the srudy significantly less biomass than other mu-
cuna fields, but this was not observed In 93/94 ln two sites however (San 
and Piedras), the highesl biomass production was obtained in the oldeSI mucuna 
A fairly similar situation was observed with to nitrogen accumulation 

5.7.3 Fumen' e\'aluation of long-term changes 

Farmers usîng the mucuna rotation were to yields they could reasonably 
hope 10 gel before usîng mucuna and after il was finnly in their fields In the 
most extreme cases. fanners that mucuna tripled yields or e\'en re-
claim what the\' considered to produce a mail.e crop On the other hand. 
sorne farmers reponed no minor yield increases Averaged 
across the 1 5 tha l to 26 t.na : (il is 
nOI the here 10 analyze the discrepancy yield data obtained via sUI\'e~ 5 

\'s the field see chapter 3 1988) 

Il is interesting 10 note tha! an overv.'helming majority of farmers (43 out of 46) 
dered that the soil quality of their fields had impro\'ed qualitatively (soil was 

"bener'" or '"much better" by equal proponions them) upon introduction of 
mucuna Many ofthem daim to deliberately use plant densities in mucuna fields. 
as the~' feel that the soil is capable of producing more. And no farmer e\'er reponed a 

on ln collective interviews conducted at level. farmers were explic-
itly 1O consider any negatÎ,'e behavÎor or characteristÎc which would stan to affect 
mucuna ftelds with the passing of time, but they could nCt identify any single specifie 

of beha\'ior (not even the seem to preferably old 
mucuna fields,) Another solid indication is given by sale or rentai values 

mucuna compared 10 average farm can reach 50° <) 

el al , 1992; Humphries, 1994), 

mucuna farmers are extremely satisfied with the agronomie results associated 
mucuna use A final proof is perhaps that none of has ever abandoned a mu-

cuna agrononuc reasons (the few cases reponed were related to issues of land 
tenure or to of land use). 
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Table 5 15 above-ground mucuna biomass productîon (cha") and 
ha l

) over time in the mucunalmaize rotation. Nonhem 
and 1993/94 winter cycles. 

a. Cycle 92/93 

site Data 3-4 10 ~II 

years years years 

samole s/:e 3 3 9 16 13 
Sn Feo total biomass (t.ha") 6,9 b 10.4 ab 11.2 a 110 Si Il :2 a 

total N ' ) 111b ab a 263 ft ft 

b Cycle 

site 3-4 5-7 8-10 ~ Il 

years years vears vears 

.mmpll! sb! 2 5 3 JO JO 
Sn Feo total biomass (t ha'l) ab 12.8 ab Il 8 ab 118 b 14.2 a 

total N (kg ha 1) 3:!Oab 314 ab :!86 b ... a ,) 

•••••••••••••••••••••• " ••••••••••••••••••••••• 4-

sample si:e 6 lY ..f -1 
A1angm total biomass 10,8 ns lIOns 116 ns 10,9 ns 

total 1'..: 294 ns 272 ns 291 ns 276 ns 
•••••••••••••••••• 4 •••••••••••••••••••••••••• • ••••••• , ...................... 

sam pIe .n:e 6 6 0 () 

CIleJ"O total bÎomass 104 os II 5 os 

total N ns 301 ns 
................................. ••••••••••• ~ .............. ii ••••• i •••••••••• 

sanlDJe si::e 0 5 "1 1 6 - -
Piedras total biomass ns 10 7 ns 10 l ns 12.3 ns 

total N os 1 ns 351 ns 

Figures fol/ml ed by ,he sarne Jeuer 011 Ihe same are }lOI di.ffim!11t otcord-
mg fO f/lke) 's lesl af Ihe JO%family rate. 
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5.8 DJSCl1SSION AND CONCLUSIONS 

After looking at individual soil propenies, it is now possible to examine the general sig
nificance of the apparent trends associated with the continuous use of the mucuna sys
tem Again, this discussion will that our main methodological tool (i.e the chronose· 
quence approach) did indeed yield valid insights about the rime trend 

5.8.1 Infiltration and water balance in the mucuna system 

A key consequence of higher infiltration rates and porosîty relates to the induced in
crease in bath profile recharge and water holding capacity_ The rwo former mean more 
water is availab!e to the maize crop and to support biologiesl activities such as decom
position and mineralization. This may be particularly important during winter cycles 
with a marked dry season. and would be Even more so in drier environments than 7'orth
ern Honduras. in which water balance becomes a enüeal parameter in crop production 

More infiltration ma)' also induce higher drainage rates under certain circumstances 
Thi s woul d in tum affect the downward movement of ni trates and exehangeable cations. 
an outcom e consistent wi th the observed Încrease in Ca content at depth (see 5.5 1) An 
e\'aJuation of the fraction of water subjected to preferential flov..- would be needed ho\\
ever to judge the leaching nsk associated wjth Încreased infiltration (Bouma. 199\) 

Consequences of decreased mn-otT rates and Întact porosîty on erosion should nOI be 
underesti mated. As mn-off is reduced\ the Erosive action of rainfall is also drastically 
decreased. AIso, as the mucuna system provides a 100% coyer of the soil surface year
round. f\'en occasional high levels of runoff do not translate directl)' into high erosion or 
soil structure degradation (such as surface sealing Bielders and Ba\·eye. J 99~). as runoff 
waler flows on top of or in the mulch layer rather than over a bare surface 

5.8.2 l\1echanîsms of changr 

While this sludy documented signjficant changes in soil propenies. processes and 
mechani sms driving these changes remained 1 argely undocumented What raie play deep 
mucuna roots and mycorhizae in recycling nutnents and/or making Them 3vailable year 
aner year (Rosemeyer and Gliessman. 1992). Perhaps one has to look also at the sig
nificance of the uptake tak.ing place directly in the litter layer (Schlather and Duxbury. 
1994). as evidenced qualitatively by bath the impressîve amount of mucuna roots found 
in this layer, and by the numerous rnaize reots Iying directly at the soil/liner interface 

On the other hand. soil fauna feedîng on the liner and the 5011 organic matter play cer
tainly a key role in bringing fresh organic matter into the soil matnx and eventually in 
maintaining or increasing the Slock of soil organic malter And as hypothesized earlier. 
they may contribute greatly to the maintenance of a net",ork of continuous pores 
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5.8.3 Is the m sustainabl~? 

Perhaps it is lime to restate the challenge of continuous cultivation in fragile 
ments when long-term fallowing cannot be relied on anymore as il means of 
restoring soil fe:-:ility A in many of the se situations (and '! 
side context) is a rapid decline of soil fertility associated with heavy losses of nutrients 
and soil caused by erosion and mining of the resource base without restitutions. 1 

fenility decJines, and noxious start competÎng strongly with crop yields 
drop and fanning becomes rapidly tedious and unprofltable. leading to 
donment of the fields. This is the background against which to judge the 
of the mucuna system 

The anal ysi s of long-term 
concl ude that after lOto 15 

conducted in this provided ample evi to 
mucuna/maize rotation. the 

system was doing very weil clearest sign of success is that maize 
yields were actually as high or ev en old mucuna fields compared to young ones. 

on a\'erage about double those obtai plots not planted to mucuna From 
an viewpoînt a number of ve were observed. \',;hich were 

across sites, in spi1e of sizable differences among sites in initial soil 
tÎons and in rates al which changes were seemingly taking place (perhaps an ani-

slemming from the differences ln the construction eaeh chronosequence) 

one thing, there was practically no active on in the mucuna fields. thanks to the 
protective cover provided by the mucuna biomass throughout the year (erosion rates 
were not quamified however) Soil organic content nitrogen in particular) 
increased markedly over time. espeeially in the 5 cm of the soil profile 1\0 signs 
of aci diflcation were detected, something congruent wilh the efficient cycling of nu

{rients (panicularly nitrogen) reported in Chapter 4. Soil physlcal propenies such as 
and infiltration were maintained or improved, even though no measure-

ments \I,'ere biologieal activity in the mucuna qualitau\ely iOl-
as a host of anhropods. eanhworms. and could found al or close (0 the 

the mulch layer and the soil matnx 

from a strictly agroecological perspective. the mucuna seems indeed sus-
over at flfteen years, al a reasonably high leveJ productivity (about 2-4 

J in its present management) Clearly, conserv! or ev en !mproving the re-
source not in itself guarantee the global sustainabilîty of a cropping system. 
(Humphries, 1994, chapter 6; Kleinman, 1995) But the mucuna system offers at least 

option of continuing ifthey wish to do 50. they decide to shift to 
another land use, fields which ha\;.; been in the mucuna 

fenility. 
condition to 

based 

factors frequently associated with 
or pest pressure. comp3ction. etc) they are 

the successful impk:nentation of any 
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Chaplel' (; 

GENERAL DISCUSSION 

This chapter offers an open discussion ofmajor agronomie and socioeconomic issues 
related 10 the use and performance of the mucuna/maize rotation The objective is to 
explore issues which have a direct impact on how the mucuna system could be im
proved. why improving it is necessary, and more generally what Îs the probability that 
this or similar systems may play a positive raIe in the long-lerm improvement of farm
ers' standards of li\>ing and in the simultaneous conservation offragile em·ironments. 

This anal~ sis relies on interpretations presented in chapters 3,4 and 5. as ","ell as on 
discussion \\ ilh and wrÎlings of social scientists who ail have an intimate knowledge of 
the mucuna system, such as D Buckles, S. Humphries and G. Sain 1 have also used 
qualitative insights gained through my extended interactions, formaI and informaI. with 
many mucuna users and other specialisls in the Atlantic littoral. 

6.1 AGROSO;\UC PERFOR'I\l.\~C[ OF THE MllCl'NAIJ\1AlZE ROT ATIO~ 

As \\ as demonstrated in earlier chaplers, the mucuna system is a fairly successful crOf:!
ping system: this study did not delecr significant flaws from an agronomie viewpoinl. 
considering the resources farmeTs using the rotation have access to But from a socio
economie perspecti\'e (see 6.2). higher average yields would make the system mueh 
more attractive to present-day users The best yields observed in farmers' fields 5-6 
cha' vs. a regional 8\'erage of 2-3 t ha' l praye that this can be achieved Management 
issues 10 con si der if average yields are 10 be increased are discussed below 

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

Deciding on a slashing date is perhaps the single most important decision a farmer has 10 

make in the yearly management of his mucuna field The decision is constrained by twc 
quîte distinct factors on one hand. farmers must wail unri! rains taper off and mucuna 
has produced viable pods and seeds, while on the other. they have to avoid the risk of a 
potentially se\'ere drought stress during the subsequent maize cycle Additional consid
erations relate 10 the synchroniz41tlon ofmaize uptake with the release ofinorganic ni
uogen following mucuna slashing: it was shovm that the sooner after slashing that 
planting oecurs. the more nitrogen would be potentially reeovered by a malze crop 
(chapter 4) F inally. weed dynamics must be consi dered' the weed~free conditions cre~ 
ated by slashing do not last very long. especially wnen ROllhoel!j(1 or other grasses. are 
present. as Ihese species benefit as much as malze from the fa\'orable grov .. lh conditions 
offered by the mucuna system (see !ater) 
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Under the circumstances, it cleu that ( 1) as long as on natural re-
there is a relatively narrow window for planting (December!early Januar)) 

which most factors conditions are compatible with the reproduction of the mu-
cuna system, and (2) the choice of a planting cannot be considered independentl:y 
from the choice of the slashing date, as the timing has strong implications on 
the conditions a maize crop will find, 

The issue of mucuna every year (inSlead of natural 
ining briefly and labor issues (collecting 
finding the labor, etc.) that su ch a move would imply, it undear what 
exact benefit(s} would accrue 50, Would the added flexibility in di on a 
slashing/planting date be advantageous in terrns of nitrogen cycling (by being able 10 

slash a 'sreener' mucuna), br cycle" Controlling mucuna stand 
increase biomass production, nutrient 8vailability, and 

more options for a successful weed management later) Also, inasmuch as 
mucuna (different maturity fOf specifie inseci re-

sistance or lesser amounts of levadopa in the seed, etc) were ta be introduced. replant-
ing would be al most a On the other hand. it may add a ne\~ risk. i e that 
failing to reestabltsh mucuna properly, somethîng which if it happened would probabh 
ha\'e dramatic consequences on the followi m3Jze cycle 

6.1.2 Culth'ar and plant density 

Man~ of the )lclds recorded in this were obtained by farmers using second 
or third ons of an improved open-pollinated cultivar (Honduras Planta Baia), 
rather than Additionally, plant densit) in W2S also hîgher 
than average (abo\'e 40.000 pl vs. about 3\ ,000) (see 3 5) The 
practical significance of two observations combined shouid not 
A major difference bet\veen i and local genotypes relates to plant heigh! doser 
tO m for the former. and above 3 m for the Jailef Reduced plant 

the maize plants Jess while ail 0\\ ing planting al hi 
Con\'ersely. increasing the density at which local cuhî\"ars are planlcd m 

lodging rather than malze yields, 

As bath mi nutrients and water are readily available in the mucuna system. tnere 
seems 10 be room for introduction of improved gerrnplasm. including hybrids. 
planted al relatively es (50,000 Of more) This cantlv boas! 
maize yields in mucuna al the cost of a modes! increase in 
sponding ta the cost of buymg commercial seed, whicn can be found 
Atlantic littoral 

In aIl cases. e\'idence a\'ailable, alongside farmers' own perceptions about ho\\ to 
in the mucuna system suggest that \\;ould be much to be gained 
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from on-farm tests of irnproved germplasm and higher plant stands SimultaneousJ~'. 

effons 10 improve farmers' strategies for seed selection should be undenaken 

6.1.3 Weed control and the Mucuna rotation: the Rottboellia puzzle 

Being hardI)' a km away from the main axis of dissemination of ROllbve/l/O co

chim:hille1J'iiis (Munguia, 1992), San Francisco de Saco has been an unfortunate and cer
tainly unwilling witness of the damage this obnoxious weed can produce That 
ROllhoelha 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 lîke 
ROllho{!/!Ja, most other weeds (and especially broadlea\'es) have been de faClo eradicated 
over the years by mucuna itself Furthermore, nutrients, light and water are largel)' 
a\'ailable, especially just after slôshing. when maize is growing very slowly, Also. farm
ers' casual comrol o\"er mucuna re-establishment allows gaps to develop in the mueuna 
stand Finall~, RUflhoe!!w can complete its cycle in a very shon rime. producing mas
si\'e amounts of seed with an excellent longel,'iry (Bndgemohan el al., 1991) 

Farmers in San Francisco de Saco recognize that the cost ofweed control has increased 
marked!y in response to the presence of ROllboellia, while maiLe yields have pro~ahly 
dropped significamly (perhaps by as much as 0.5 t.ha" on average~) Under the clI.:um
stances, IwO questions of great practical significance come to mind: (1) can farmers not 
yet affected by a RorrhoeJJia im'ôsion protee! their fields against a future Îm'asÎon'1 and 
(2) whal can farmers already affected do about il') In both cases, answers are nOI 
straigbtforv.:ard lt seems next to impossible 10 establish and enforce quarantine-like 
standards Stnct enough to li mit the diffusion of ROllboellia seed on a regional scale 
Also. constant mo\'ements of population and animais (including birds ' ) in the region 
make il probable that ROllboellia seed will reach more and more sites in the near fUlure 
And unless farmers are bath knowledgeable and extremely prompt at eradieating any 
ROllhot!lha stand that may appear community-wide (whether in cropped fields, fallo\\"s. 
along paths. l pastures), chances are that Ronboellia will indeed ln\'ade mam· field!> 
With respect lv the second question, expenences reponed in the [iterature do not gi\'e 
great cause for optimism. expen si ve chemi cal control or li liage seem to be the onl y 
methods that work, whereas mulches ha\'e apparently failed (Fisher el (II., 1985: 
Bridgemohan and BrathwaÎte. 1989) Antunez el al. (1994) hô\'e shown that systematic 
replaming ofmucuna (instead ofrelying exclusively on natural reseeding) may help re
duce the population of ROllbnellia in mucuna fields, but the deparrure and added COSI 
this would represent vis-il-vis CUITent practices males it an unlikely candidate for adop
tion (see 6.1.\ page 140) Perhaps one should sccept that as ROllhoe/lw continues Îts 
colonization of the hillsides of Nonhern Honduras, il will probably be an unavoidable 
part of the mucuna system As many [armers perceive il. the added cast and încon\'en
ience its presence implîes is a smal! pnce to pay compared ta the great benefits den\ ed 
from Ihe use of mucuna Besides. it may actually play sorne useful role in helping wllb 
nutrient recycling (Lambert 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 imponant in 
a disease-prone humid tropical environment. Two distinct aspects are invo\ved. the 
health of the mai ze crop, and that of the mucuna crop 

Malze in the mucuna system appears to suffer very linle from economically significant 
incidences ofpest and diseases. Arnong the few cases observed, there was a localized 
instance of damage by Phyllophaga sp, which affected !wo fields in Las Mangas Losses 
of seed or seedlîngs 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 
10 retne\'e the seeds in the mulchless plot Overall, maize health in mucuna fields 
around planting lime seems quite satisfactory (Arneson, pers. com ). Later durîng the 
cycle, significant incidences of Spodopfera sp, are more ubiquitous throughout the en(ir~ 
region, panicularly in 93/94. hs effect on maize yields has nct been determÎned ho\\
ever. Losses due to ear diseases were almost always însignificant at hal"\'est tÎme Jess 
[han 1% of the total han'est by weight in nearly ail cases. something În sharp contraSllO 
wha[ is observed for maize planted during the rainy season (Buckles and Sain, 1995-). 
Of aU sources of Josses. posl&harvest losses incurred in long-term storage (6& 7 months or 
more) may well constitute the most senous issue, ev en though their quantitative impact 
has not been measured. These losses are related 10 management of the hal"\'est (absence 
ofpre-storage screening ofinfected ears, inadequate storage conditions) and em'iron
mental factors such as the high levels of ambient moÎsture. 

For the mucuna crop, tosses ofbiomass or pods due ta pests and diseases aIse appear 
marginal. possibly owing panl)' 10 mucuna chemîcal composition (Duke, 1981). Farm
ers ha\'e reponed i solated instances of what ma)' be viral diseases (locally known as 
"hielo" Bentley, 1991). but up to nov., the Atlantic littoral has been a relati\'ely dis
ease-free em'ironment for mucuna 

As a general statement. pesls and dÎseases appear to consIitule a minor concem in the 
mucuna/maize rOtation, probably as a combined result of mucuna' s own biology, fa\'or
able rotatîonal efTects and control of a number of soil-borne pathogens allowed by the 
presence of a rnulch (Galindo el al , 1983, Abawi and Thurston, 1994) Whether this 
",·ill continue to be the case in the future remains a matter of speculation howe\'er A 
particular concern invoh"es the probably fairly narrow genetic basis of the mucuna 
grown in the Atlantic littoral. owing to ÎlS common ongin and autogamous habits (Duke, 
1981, Buckles, 1995), This combined with ÎIS widespread use would p!ace the mucuna 
system in a very weak position in the case of a sudden appearance in the region of a 
major pest or disease for which mucuna would present no resistance. Cnder the cîrcum
stances. strategies which "'ould v.iden the genetic basts of mucuna. or increase biodi\ er
sity by introducing other legumes should be considered in the future 
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6.1.5 Soil erosion and soil fertility 

We will nct elaborate on this important aspect of the mucuna system. as it was the fo
eus of chapt ers 4 and 5. hs ability to protee! the soil against erosion in the long-run is 
certainly one of its mas! striking features, and leaving aside the issue oflandslides. it 
does not seem there is much room for improvîng thîs aspect of the system The mueuna 
system provides and recycles nutrients (nltrogen obviously but others as weil. such as 
phosphorus and calcium) in a fashion quite favorable to the maize crop. making it as 
efficient as the best agroforesuy systems (Kang and Mulongoy. 199~: Haggar and Beer, 
J 993) lt mai mai n s or i mproves chemi cal, physical and bi ologi cal soi 1 properti es in the 
long-run 

As. l'et there are no systematic studies which define conditions under which response to 
fenîli zer \\ ill be obtained lt was shov..m however that Iimited additions of nitrogen fer~ 
tilizer could boost maize yields by as much as 0,7 to 0.8 t ha\ under certain conditions 
(chapler 4) As pointed out earlier. changing varieties and plant stand may be necessary 
conditions for the mucuna system to achieve ilS full potential But yield increases ma\ 
not occur consistemly unless nutrients are added al a pace or in quantities abo\'e the 
em'ironmentally-dependent supplying capacity of the mucuna mulch Alternatl\ely. 
any change ln mucuna management tha! would increase rnucuna biomass production or 
mucuna decomposition rates may increase nutrient i!lnilability for the subsequent maize 
crop, thus making fel1ilizer additions less necessary, Provided proper ways of deler
mining in which situation 10 use fenilizer are devîsed, the risk of failing to boost yleJ d~ 
should be limited, as soil water is relatively available in the mucuna system e\'en in dry 
years A costlbenefit analysis factoring the steep transponation costs of fertilizer (from 
commercial supplier to commul1iry to field itself) needs ta be conducled on this issue 

6.2 SOC)OECO~Oj\jIC JSSrES 

Understanding the impact 1hat socioeconomic conditions haH! on both the extrapol ahil
ity of the mucuna system and also its future existence in the Adantic littoral ma~ con
tribute to defining reali stic lines of agronomie inquiries about the system 

6.2.1 Who can adopt the mucuna system? 

Considering the desirabiliry of using cropping systems similar ID the mucuna/maize rota· 
tion in other regions, a key question is who is likely to adopt su ch an inno\'ation E\'i
dence available from the Atlantic linoral underlines severa! impol1ant issues with re
spect to the pat1erns of adoption of the mucuna system 

(1) adoption was greater among farmers possessing or exploiti ng rel ati\'ely large acrea
ges eompared to smaller farmers (respectin farm size' J:: ha \'s. 5 ha) HO\l:e\'er faml 
size per se was nOI an absolute constraint te adoption - 56°'0 of farmers wilh les5- than 
1 6~ ha had also adopted the mucuna system (Buckles el 01 . 1992) 
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, 

(2) there was a positive relationship between adoption and the fonn of land tenure. 
Those wÎth legally titled land or at least with secure access to it were more likel) to 
adopt the mucuna/maize rotation than those with precarious access ta land (Buckles f!1 

ar, 1992) The laner are reluctant to use mucuna because they can promptly lose ac
cess to the field in whîch they would plant Îl However, it was observed in Sa.n Fran
cisco de Saco that a number of fanners had planted mucuna În land rented to them. with 
the blessing or even under the strict recommendation of the landowner. keen on pre
serving or împroving his capital Finally, sorne farmers may use the mucuna rotation 
simply because they rent out fields in which Ît Îs already planted (Humphries, 1994) 

(3) there is a marked relationship berween local availability of land for anoual cropping 
and adoption of the mucuna system (Buckles el al., 1992). ln eifeeL many of the small
est landowners appear ta plant and use mucuna on their own land because they can ha\ e 
access la land for remal during the summer cycle. whlle theiT own field is under mucuna 
fallow COn\'erse!y, 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 (If 
farmers planting a summer maize in their mucuna fields because of lack of ether op
tions). 

6.2.2 Opporlunit)' cosl of land and land use intensification 

Ho\\· imensi\'e can or should land use be in the mucuna system'! The preceding sections 
louched on this key issue. which surfaces in many discussions about the potenttal and 
limitations of slash-and-mulch systems The mucuna system represents a significant 
step towards intensification compared ta the tradltional fallow/rnaize rotation (Buckles 
el (//. 1992). as farmers are abl e to culti vale the same field year after year whi 1 e pre
sening its future capacily to produce. But the short-term imperative of generaling al
v.ays more incorne makes the 6-monlh long mucuna fallow appear an increasingly unaf
fordable lu"Xury. ail the more so as population pressure increases, land a\'ailabilily 
decreases and more attractive shon-term land uses emerge. Transposed 10 areas of land 
shonages and shoner growing cycles (100 days or less). it appears necessary ta de\'ise 
more intensÎve land uses (Buckles and Barreto, 1995). by relying on mtercropping rather 
than on retational schemes, or by using legumes Vv1th an immediate economic \'alue as 
food or as feed (see for example Solomon and Flores. 1994). Alternatively. inclusion in 
the rotational or inlercropping scheme or elsell hue on IhefarnJ ofhigh \'alue-added 
production seems highly desirable 

There is however another side to the issue of land lise intensity when dealing with fragile 
hillsides Increasing land use intensity may place undue pressure on hillsides towards 
producing more lhan what is safe in such erosion-prone en\'ironments This Vvould in 
tum expose society at large to very high potential risks related to off-site eITects 
(Harrington, 199~) gradualloss of sources of drinkable water for the cities. silting-up of 
hydroelectric dams, episodic dramatic damage in the flatlands. or mass migration of 
bankrupt farmers lowards the cil) or the national parks. to cite a fev. typical symptoms 
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associated with fai!ed hillside management Therefore, promotîng (or preserving) a more 
benign, less intensive use of land in the hillsides may constirute a desirable socÎal goaL 
and eeonomîc incentives could perhaps be created to help reach this goal This coHecti\"e 
contribution towards ensuring a responsible management of hillsides would ideally com
pensa.te fanners for abiding to a Jess intensÎve land use. Far from being a subsidy, it 
would explicitly acknowledge that a production system should be valued according to ilS 
total productivity (Harrington, 1994): not only short-term physical yields bUI also long
term sustainability and a clean environrnental record Conversely, the absence of such a 
financial mechanism would be a de facto admission !hat if small hiJlside farmers are nOt 
willing or capable of absorbing the encire cost associated with environ mental conserya
tion, it will probably' not happen. Unless, as discussed by Humphries (1994), coerci\·e 
enforcement of em'ironmental protection policies is put in place, which would create 
grea! social tensions and cost society significsn! resources. There is deftnitely a priee ta 

pay (lff or on -si te for environmental conservati on (or the 1 ack of il), 

6.2.3 Comparativf profitabilîty of the mucuna system 

The absolule profltabili!y of the mucuna system is only rele\'ant in comparison to \'ari
ous alternatives a\'silable to farmers to invest their resources or generate disposable in
come ln this section, the mucuna system will be compared mainly ta the traditional 
maize/fallo\\ system. Il logical choice given the conte'.:t in which the mucuna rotation 
de\'eJoped BUI as farmers are 1101 restricted te maize production. we will also auempl 
to position the mucuna system vis-à-vis alternatives such as bean or liveslOck produc
tion 

AgronomiSlS ha\'e routinely favored the yearly return per unit of land as the standard 
yardstick ta measure protitability, but this choice may not reflect the \arious strategies 
behind farmers· technieal choices. nor the appropriate lime horizon, especiall~ for rota
tiona1 cropping systems eXlending over severa1 cycles ln manual agriculture for v.hlch 
labor i s likely ta be as or more limiting than land a\'ailability, return per unit of labor 
may be a more meaningful measure ofprofitability. On the other hand. if a\·ailability of 
capital or cash îs a crucial factor. return per unit capital may be more telling ln ail cases. 
il would have been highly desirable to evaluate the mucuna system from cil' tnree per~ 
speclives. but dala cUITent!y available does not provide insight on more than one. and 
rarely tw~ of these criteria simultaneously. 

Sain el al (994) have compared the mucuna system to the traditional fallow/rnaize o\'er 
a six-year period, thus taking into account the actual dynamics ofthese two rotations 
over time They estimated tnat the profitability peT unit of land was superior in the 
mucuna system only aller the firs! three years (considered the investmenl period) had 
elapsed. whereas returns to lahor became superior from the second year onward They 
concluded that as the mueuna system had diffused very rapidly in the Atlantic littoral. i! 
\Vas probabl~ the superior reruTn to labor which nad triggered adoption. something con
sistent with farmers· own eyaluation of the svstem These results \\ere ho\\e\·er based 
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on unrealistlcally low yield estimates for both systems (see chapter 3, section 3 1 3), the 
mucuna system being particularly penalized. 1 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 tl";;;o very first year on both land and labor counts. 

Humphries (1994) cornpared 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 thase denved from the winter slash-and-mulch system, whereas 
the summer maize cultivatÎon was returning a small loss The profitability ofbean pro
duction was estimated to be three tÎmes (summer beans) to four times (winter beans) 
greater than that of the maize/mucuna system' $300-400/ha vs $100lha However risk 
ofbean crop failure was greater as weil, and risk of environmental degradation \Vas \'ery 
high. panicularly for summer beans. Calculations denved from data based on the higher 
whole-field yields obtained by fanners in San Francisco de Saco (Matute. pers. corn ) 
showed that summer malze production was once again not profitable, whereas the mu
cuna system allo\\'ed profits of $300/ha similar to those obtained with summer bean 
production in Rio Cuero. and about four limes as profitable as winler slash-and-mulch 
maize production Wîth e\'en bener average yields (32 t ha l instead of:2 7 1 ha!). farm
ers can pod:et as much as $4001ha by growing maize in the mucuna system 

ln a funher analysis. Humphries (1994) estimated that a farmer with only three mil~lng 
cows could realize yearly profits as high as those obtaîned by a typical hillside producer 
of maize and beans (three ha of maize, of which two in the mucuna system. and 1 ha of 
beans o\er the two bean cycles). with Jess effons and risk, but on more land ho" e\ er 
th an chis latter (because productivity of pasrures is low), Tabasco chile peppers sold 10 

a near-by factory v.as by far the best î ncome-generati ng enterpn se (S2000 Iha or se\ en 
times the profits of summer beans. 20 times those of the mucuna system) but capital 
costs and ri sk of crop failure ~ ere extremely high Buckles and Sain (1995) estlmated 
that a farmer managing a herd of 10 cows can generate an income 10 times hîgher than a 
day laborer working 200 days during the year For his part, Flores (19931 concluded 
from a comparison of the mucuna system to a mechanized fenilizer-based system, both 
beÎng used on fiat cooperative land, that although the latter provided farmers with 18° 0 

higher net profit per ha, the return per unit capital Învested was 30~/O higher for the mu
cuna system He also observed that the way expenses were incurred in the two systems 
was radically different in the mucuna system, 52% of the cost went back to local farm
ers in the fonn 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 \'ie\\ point ofretum to Jabor. land and cash expenditures. Fur
thermore. this source of income îs both relatîveJy stable and sustainable o\er time 
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(2) bean production, either summer or wimer, can be greatly superior te 

mucuna system, panicularly if maÎze yields remain moderate (.2 tha' or 
(en\'ironmentaL crop failure). 

can access enough land and/or capital te buy and maintain even a few 
an easy way to market mille or cheese. the income from livestock 

15 many limes superior to that from annual cropping. at a lower cost in labor 
al a verv 5mall ri 

a\'ailable, and farmers are willing/capable oftak.ing big risks, 
as chile peppers can produce incomes an order of magnitude 
den\'ed from or beans The issue remains howe\'er to kno\\ 

it would ta.ke to saturate this l)'pe of smal1-niche market. 

6.2..4 An eronomir future for th€' muc:una system? 

beans). as il 
cuna/maize to 
199~}. and allowing the 

of the mucuna system i5 whether a typîcal household of 6 to 
on income derived mainly from the cultivatÎon of maize (or 

to now. Assuminl.! the avenUle acreal.!e in mu· - ..... -
thal in summer beans to be 0,6 ha (Buckles and Sain. 

level5 o(profits for both crops ($400/ha, see 6.23). the 
costs of production, including household labor. are paid total di sposable 

fOr) \>.ould be $1000 lu . i.e. a meager $100 lO $160 per capita 
This di 

The preceding 
ways that farmers could 

ti\'e strategies so 
6 t.ha" (i,e double their 

why sorne farmers (those who ha\'e a 
their use of the mucuna system. in 

Under economic hardships and 
to grow and sel! maize for a Ij\·ing. 

b) a winter harvesl 

one the strongest reasons for looking 31 

the rotation to\\'ards bener income-generating capaci!y. 
<"",,n., .. bene fils olloched 10 Ils presem mallagL'II/I.'JII Effec

boosting average malze yields towards ~-
: see 6 1), economical uses to mucuna 

livestock} 50 that the rnucuna faltow would no more 
be "wasted" time. or high such as fruit or timber trees 
(ramboutan. manogan)') in or olll!ilde mucuna fiel which would simuhaneously add 
diversît~· and perhaps even durability ta hillside ze farrning Another a\"('!-
nue would be to devise a mechanism by which at large would contribute lO the 
incarne derh'ed from using em'ironmental (see 6,:!.2) 

Even though our discussion has focused hea\'ily on what m 
income-generation capacity of the mucuna stem il 
ternati"e that \\ould bring about a sustainable lncrease in 
be \\elcome 1 \\,ould argue that perhaps the' of 
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allow achievement of durable food secunty by hillside communities. as 
they would rel, on a productÎ\'e, environmentally-friendly. system to produce 
what they need for home consumption on a relatively small On the remainder 
of the farm. other sustainable systems based on perennials. 
canle nsing. or harvesting of forest products may contribute to income generation as 
efl"tciently. or more efficiently, than the mucuna system or a modification thereof ln 

words. diversification and astute exploitation market the 
advantages of hillside environments may a a blind 

in the unlimited wonders of the mucuna system 

6.3 EXTRAPOL\.BIUTI· Of THE FINDINGS OUTSIDE 
HOSDl'RAS 

ln this we """il! distinguish what in the success of the mucuna to 
and performances specifie to the Honduran Atlantic li 

pnnciples or features of any slasn-and-mulch 
af environments and circumstances. Although it may 

. we will distinguish betv.-een agroecological and socioeconomic 
in the belîef that such dichotamy will help separate the 

systems from their acrual adoptability by 

6.3.1 Be ha\"Îor performance specifie to Northern Honduras 

The AtlantÎc linoral is endowed \vith fertile, largely undegraded sails. and abundant rain-
faIl. thus favorable to a rapid initial establishment of mucuna 
crop in a field. a leveJ of annuaJ biomass production and a relati\'e!y 
yielding e Such conditions, even though they occur e!sc\,\here are reJati 

(Buckles and Barreto, 1995) ln tha! sense. the 'natural' 
of JIIï!CI agroecol 
ingly, spontaneous 

extrapolability of the mucuna system is rather IImited 
on of mucuna-based systems very si 10 one in place 

in Nonhern has already taken place in these regions 
America and Mexico 
Buckles and Barreto, 1 

How wel! mukh 
there 1 s li nie daubl that 
1975, Steiner, 1994). 
rates (see chapter 
achieve a 
limited. and \\ 
(Scopel. 1 

pre\'ented il 

1 Guuerrez ,'f al., 1985, Garcia-Espmosa el al. 1 
Buddes and Perales, 1995, Guerrera t!T al , 1995) 

ma)' perform in drier environments is unc1ear On one hand. 
greatly ta reducing evaporati on (LaI. 

water balance through greater infiltration 
producing in suu the biomass needed ta 

itself be a challenge when water availabilir;. is 
uses for an)' available biomass (fodder. fuel) 
could intercept or immobilîze a fraction of the 
the and increasing evaporation is debatable 



Assuming the presence of 5 t.ha ' ofmulch absorbîng 5 times its weight in water, the 
maximum potential interception would be less than 1.5 mm, a rather negligible amount 

ln ail cases, the general tendency for lower levels ofbiomass production seems inevitable 
(Jess than 5 t.ha· ' oflegume biomass vs. more than 10 tha" in humid environments) 
lnterestingly, mucuna itself, as weIl as DoUchos lablab or Canal'alia emiformis have 
proved among the best-growing legumes in semi-arid climates such as Soulhem Sinaloa. 
Mexico (L0aiza. 1994) Conversely, many srudies have documented the negative effects 
that Il legume intercrop could have on the yield of a companion maize crop when it was 
planted Jess than 40 to 50 days after maize planting (Zca el al.. 1991, Barreto. 1994). A 
solution to this dilemma might be to plant the legume at the end of the wct season, as 
severa! legumes species have been shown to survÎve weil a prolonged dry season (Lobo 
Burl e et al. 199~) This planting scheme avoids the risk associated with early inter
cropping as \\'eH as the high opponunity cost implied by a biennial rotational scheme 
(one year oflegume followed by a commercial erop the next year) 

Influence of initia! soil feniliry alone has not been assessed, but it seems reasonable la 
expect that this would also lew,er levels of legume bîomass production in the tirs1 years 
of establishment. at least until legurne-derived nutrients could stan being recycled ac
ti\'ely. This would in turn affect the rates of accumulation of carbon and nitrogen On 
the other hand. the mulch layer may shiel d the crop from man)' eonstraints associated 
with the soil proper. Schlather and Duxbury (1994) have shown that bean plants 
3\'oided P deticienc:- ~ypical of Andosols by grov..'ing roots which take up a\'ailable P 
directly in lhe mulch layer 

Agroecological fearures are only a panial determinant of the success of the mu
cuna1maize rotation Among socioeconomic factors, a key role was apparently played 
by the 10\\ opponunity cost of land associated to the moderate pressure existing (until 
recently at least) on hillsides land resources. As land saturation and competition for 
access te a\'ai!able land increase. adoption of a relatively extensive rotation such as the 
rnucuna system appears less likely (Humphries, 199 .. 1, Buckles and Barreto. 1995), or. 
as noted earlier. can actually pro\'oke its abandonment 

The role of regional migration panerns does not appear essential to the success of the 
mucuna system. although it most probably shaped the spatîo-temporal patterns of 
adoption (rate of adoption and number of communities impacted by the adoption) 
Sîmilarly. the existence of a market niche (maize priees 50% higher for winter maize than 
for summer maize Buckles er al. 1992; ehapter 2) seems more of an added Încenti\'e 
than a determinîng faclor in adoption, as many farmers weTe aJready producing winter 
maize before adopting the mucuna system 

6.3.2 Principles which Sfem u.trapolable 

Clearly. many beneflcial agronomie effects associated with the presence of a consequent 
rnulch Ja~'er are not specifie to the Atlamic linoral of Honduras or 10 the mucuna sys-
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lem. In many contexts, erosion control (or the lack of il) is the cornerstone of any lntent 
productive agriculture The almost penee! on control brought about 

of no-tillage and continuous mulching of the surface in the mu-
cu na system proves the potentia! of cover creps to substitute for costly erosion control 

An associated bem'fit Învolves watfr circulation and În a 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 the net 
benefit being that crops are less susceptible to the impact of An-
other major beneflt derives from the ability of a cropping system including 
to durably extract and mobilize nutrients (nitrogen, phosphorus, calcium, etc) through 
the gro\Vth and restitution of large quantiti es of 
coupled to the creation of a suitable habitat, promotes the development a 
soil/mulch biota. which becomes a major mediator in the recycling of nutrients. 
cl nutrients contribute both to increased crop yields in the shon-term 
improvemenl of soil fenility (by staying or becoming more the root 
Similar whose magnitude depends more perhaps on mulch 
acrual composition, have been reponed for ail sons of annual or perennial 
mulches (LaI. 1 Ok.igbo and LaI. 1982; Wade and Sanchez, l ,Kamara. 1 

1 Haggar and Beer, 1993), mixed fallow mulches (Galindo el 

. 1994) or for mulches made of crop residues (Larson et al 

Albens and ~eibling. 1994, Schomberg et al. 1994), 

are În essence labor-saving is also \\>ell-documenled (e g 

It stems from the replacement of a hard-to-cut shrub or 
an annual regro\\lh of mainly Jeafy, easily slashed vegelalion, as \\ ell as 

induced by the presence of a mulch, 

of the mucuna system is the reliance by farmers on 
ous to optimize the management of the system and reduce the em'Î
ronmental and production ri Trying to extrapolate this point. one may contend that 
any poorly in phase with such processes "il! probab!~ :::ntail mher-

of potential mismanagement, as one or several ke~ prat.:lices mal' nOt 
of such problems include summer bean 

production or livestock in hillsides. two land uses which frequently lead to high 
rates envÎronmental degradation or fa li ure (Humphries. 1994) 

How much of the instant success 
nearly immediate effect on ze 
ers these short-term benefits to 
cornmunitÎes in adopti 
to convÎnce skeptical farmers tha! 
sence of shon-term benefits m j 
alternatÎ\'es. such as agro-forestry 

the mucuna rotation with ne\' users is due to us 
is debatable Bunch {l982; 1 

IS 

the adoption of 

1 ~ 1 



Another importam aspect of the mucuna is that it Îs a multi-purpose innovation. 
in the sense that the introduction of one single "technology" (the mucuna fallow) pro~ 

answers to simuhaneous constraints. from sail conser.,.'ation to weed con-
trol, or labor use, Whereas il has been that have a 
tendency to l'lew "extemal" technology in a step-wise fashion ratner th an in pack-
ages (Byerlee and Polanco, 19&6). the concept of a single multi-purpose 
nology is perhaps an alternative model to fotlowed in the design sustainable crop-
ping systems (Francis, t 993), much in same way that agroforesters have come to 
recognize the necessity of mul trees, 

l'lot least. farmers' complete control over the technological agenda seems a nee-
ingredien! for a successful technol ogy , The Iinked to the need 

external capîtal. training or comple" Înfonnation ail but di i:1 the case of the 
mucuna as II relies strongly on farmers' past empi knowl-

(Buc\des el al.. l ' Holt-Gimenez and Pasos Cedeno, 1994) 

6.4 CRlTICAL OF THE MITHODOLOGICAL CHOleES 

6.4.1 On-farm rtsearch techniques 

.... "' ... "', .. " .... the mucuna'maize rotatÎon had been by thousands offarmers in lhe 
Atlantic littoral. and ln the absence of precise hypotheses about the system. an on-farm 
research full Y justified to decipher ihis cropping A wide aITay 
of tools was farmers \ interviews (collective or individuals). ll!l'f'f\\"\,{,\T"r\ 

monitoring. yield and crop-cut SUl"\'eys, on-farm experiments. and an asson-
ment ofsoil samphng activities. srudy developed al several Jevels: the region. the 
village. the field and the on plot. A key concern throughout was to ereale a 
sample scherne allowing for reasonably inferences in spite of the high \'ariability 
typically associated with hillside and manual agriculture For that reason. 
il was decided ta shield our slud: from of factors such as elevation (ooly a 

ele\ations was permined within si (slopes lower than 
th an 70°'0 were excluded), and topographie (only linear 

) An effan was made to control type. bUI it was 
onl)' panly was purposive rather than as a major 
criterion for field ~el was field cropping hîstary with respect to the introduction of 
the mucuna/maize rotation. 

ln retrospect. it can be said variability remained very high in spite of the precau-
tions taken. and thi s transI lOto a which no conclusions 
could reached. This may stem from insufficient effons to construct our survey the 
form a quasi-experimental protocol (Gras, 1981). to faclors and condi-
tions to u as co\'ariables in the interpretaüan Conduction an ini-

tiai exp! oratory of the mucuna system would cenainl~ hel d a 



better study Also, a bener balance betv;een a purely (as v.. as the 
case in the . monitoring) and a more experimentaJ inquiTY c 
treatments are imposed, as was the case with the fenilizer trials) would have , 
yielded more dean-cut answers. Similarly, the balance between an in-depth 
'"mechanistic" exploratÎon of a few carefully-chosen fields and a coverage broad enough 
ta satisfy the st3~istical requirements extrapolability of the conclusions was not satis-
factory: t0'1 few sites were for anaining the laner, too few observations 
were made to achieve the This be an unavoidable conse-
quence of the relatîvely broad objectives 

Given the mixed results outlined above, a legitimate question is the benefits 
wlth agronomie monitoring are worth the comm an 

imp! is undoubtedly great value in a routine that v..ill 
oblige the and observe fields at several moments during the 
growing season. allow an intuitive understanding or at leasl an apprecialion 
to develop for what i s the field. something tha! no amount of statistical 
manipulation of data v.. il! ever allow 
selves in the agronomie monitoring would constitute a 

nomie monitoring conducted exclusi\'ely hy the 

more heavlly the farmers them
ÎmprO\'ement o\'er an agro-

With respect to the various le\"els at which this de\"el one could regret that 
were created allowing the passage of one le\"el to the other no 

the imponance ofbaekslope positions was done. 
similarly difficult to the representativeness of the four villages 
the Atlantic littoral relative flaw stems from the facl that the ,·ariou:i 
were integrated in the survey on the considering the implications that such a 
move would ereate in fenns of sampli and coni:eptual frame\',;ork (cf tht 
discussion ofhierarchical mooels in et al. l ), 

6.4,2 Chronosequence approach 

long-term effects was based on the use of a chronosequence 
a substiruyion following the terminolog)' of Pickeu (1988) 

it was impossible ta test conclusions wÏthin the framework of this study. it seems 
fair to state that our approach was in our main research site (San FranCISco 
Saco) insofar as it was possible ta geographically dose-by plots with contrasling 
cropping histories and we were the historical information b\ 

contact with the farmeTS. such conditions appear 
consistent with agronomie experience something. which 

an indisputable solidity to our conclusions, When the scheme 
was i more rapidly howfveL results were mixed. In panicular. it became 
to know \vhether to trust trends detected, or to question the construction the 
chronosequence 



Il seems than a chronosequence approach should be con-
scious of the hi rements in terms of data quality and quantity. Possible con-
foundi factors from the sample as much as possible, or 
for by characterizîng them as covariables, and large samples should be constîtuted, 
lowing potentially for ex-post stratifications of the initial simple These requirements 
disqualify chronosequenees from being considered low-cos1 alternatives to direct long
term smdies. e\"en though their abiliry to deliver conclusions and working 
a relativel)' time frame remains very attractive 

It appears desirable to use empirical ehronosequence approaches in ('(')njunction "";lh 
both modeling and simulation at the level of the whole-field soil 
lem el al" 1993). carefully desi gned field studi es focusing on 
mechanisms processes of change. By combining empirical data with 
potheses mechanisms. the quality of the construction of the chronosequence itself 
could hypotheses about the nature and quantil)' of 

«(assman et al, 1995), Also, simulation and field trials 
would ail 0\\ one te the effect of factors or faclor levels other than encoun-

fields (Cehara. 1994) Such a combined approach would 
e\'er baseline information be available al the onsel the 

simulation model (Addiscon, 1993), ta 
treatments 

6.4.3 Soil fe-rtility musuremtnfS 

In . the \'ariables chosen in this study seemed to of 
temporal changes at the seale of the maize cycle (inorganic 
carbon and nitrogen, ex changeable bases, infiltration). A number 
ho\\ e\eT be m For one thing, il seems 
bio1 properties, at least in terms of overall the mucuna 
cycle. as this is a critical area \\'here changes seem to o\'er lime. Meas-
urements and sampling pr01ocols should also reflec! the fac! tha! much of the system' s 

ics is aled te the functioning of the liner profile. example. 
it seems necessary ta characterize decomposition the liner layer, perhaps b) 

appropriate liner bags and ion-specifie resin techniques ta follow nutrient 
ation al the base of the liner layer raIner than in the soil Dynamics of 
nitrogen should be fvsluated concurrently with that of N. as it may 

play an imponant role in the redistribution nitrogen in the system. Weed dynamics 
seem to special anention as one important mechanism for nutrient recycling 
(Lamben Arnason. 1989). Soil sampling should distinguish clearly the f!rs! 5 cm of 

1 profile from iO\l.;er depths. 

Conceplua!l~. il seems 
specti\e. b~ focusing on the 
199~. Pan\..hursL 199-4) al the 1 

ty from a more holistic per
soil qua1it~· (Doran and Parkin 

lliner/planl stem ralher Ihan on 



static, individual variables whose remain unknown. A careful examî-
nation of the va.rious sca.les at which soil is determined would certainly be 
needed in study, we focused on sm ail lOxl0 observation plots rather arbitrary 
unit), whereas <'natural" supenor scales 11': g. landscape) or inferior ones aggregates} 
were in spite oftheir potential importance in determîning 

Myers, 1987; Lavelle el aJ., 1993). 
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SUMMARV Al':D CONCLt:SIOSS 

interdependent objectives were delineated at the onset () document 
the main (earures of the mucunalmaize practi by the hillsides of 
Northem Honduras. (2) detect 1 propenies under continuous use 
of this rotation. and (3) understand cycling in such a system. 

7.1 l\LAI~ OF THE MUCUNA SYSTEM 

mucuna'maÎze rotation is a low external input, no-tillage rotation a summer 
mucuna fallO\v and a winter maize crop. It radical conlrasts 
"ays ofgrowing maize Compared 10 a typical low or 
long-Ienn fallow with trees or shrubs is repl \!vith a short-term herbaceous fallo\\ 
Whereas for the tree fallo\\", bumÎng is perhaps almost a necessiry. the mucuna fallo\\ is 
l'lot bumed. simple for a of the mass of slashed material 
ta a liner layer no more a cm thick, to waiL: over, and fasl-decomposing 
under usual em'jronmental conditions prevailing during the maize cycle 

(ompared te conventional input-based maize production on the other hand. 
system is characlerized by ilS reliance on no-tillage (a in 

a modes! use of extemal inputs (none in many cases, and at mos! r 
herbicide and nitrogen fenilizer). Organic inputs are 1 in the fonn of 
slashed mucuna and weed biomass and crop residues are integrated 
with and dependent on the natural of the mucuna of mucuna 
takes place at about the same as mucuna would die naturally. and farmers rely on 
spontaneous for Maize nutritional requiremenls are 

met br upon decornposilion of the mucuna mulch, \vhich 
Honduras seems to be controlled mostly by moi sture availability. 

of the mucuna rotation appeared faîrly uniforrn across fields and sites 
throughout the Atlantic littoral of Honduras, in spite of local fluctuations in Is. rain-
falL slashingJplanting dates or weed management es. This two imponant 
implications. First, the effects of the rotation on physical environment in a gi\"en 
sile can be gned mainly to the number years spem in the rotation. not to differ-
ences ln And the about mechanisms limitations 
reached in and fields can be readily extrapolated to the mucuna system as a 
whoJe 

on of a date by the farmer was shown to constitute the key 
option in the mucuna system, as il also detennined planting dates and rel a\ ailabil 



ir)' of nutrients for the maile crop However, as long as natura! reseedlng remains the 
favored option to ensure reestablishment ofmucuna (and as long as there is no usable 
variability in mucuna germplasm maturiry dass), 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 fertiliry were positive and yields were satÎsfactory. at least 
compared to other alternatives for producing maile in the hillsides (2 to 4 t.ha'i with 
mucuna vs less than 2 t.ha- I without), There are however a number of concems One IS 
weed control. Aggressive annual grasses such as ROllboellla cochil1chinl?lIsis 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 
pro\'ide hillside farmers with a bet1er income-generation capaciry in the future E\'en 
though planting basic grains îs certainly not the best avenue for generating income. use of 
the mucuna system could relati\,~!\: easily lead to maize yields of 5 to 6 t ha,1 in many 
well-established mucuna fields, !::-,\en the high soil fertility and warer a\'aîlabîlity But 
achie,'ing high yields would imply increasing plant densities significantly above presenl 
stands (around 30,000 plants/ha). which in turn would probably require a shift av-.ay 
from tal! loeal 1 and races suscepti bl e to lodgi ng. and towards improved genn pl asm, 

7.2 ~ITROG[l\Ii CYCLI~G 

A panial study of nitrogen cycling confinned the extremely dynamic nature of a mucuna 
stand Periods of net accumulation of biomass and nitrogen Ci _e when mucuna i s gro\\
ing) alternate with periods of net mineralization (after mucuna has been slashed). al
though there is overlap between these wo processes At any given rime. there is al
ways at least sorne vegetation actively growing, and sorne recently-formed liner 
decomposing 

Large amounts of nitrogen are cycled in the mucuna system e\'ery year, A.n a\'erage of 
more than 300 kg, ha 1 of ni trogen could be found in the above-ground bi oma ss of mucuna 
al slashing, Following slashing. there was a marked increase in the quantit)' ofinorganic 
nitrogen found in the soil profile (from 50-60 kgha-' before slashing up to 120 kg,ha" in 
the 0-60 cm profile), This peak had mostly disappeared aCter 4 to 6 v.-eeks. under the 
combined influence of maize and weed uptake, lt was estimated that a maize crop 
yielding about 4 tha l accumulated around 100 kg ha l În its above-ground biomass 
whereas weeds could mobilize up to 50 kg_ha" before they were controlled, and even 
more th an this after fanners had stopped controlling them. A fraction of the nÎtroeen. 
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 Josses of nitrogen by 
either ièaching or volatilization were playing an imponant role in the mucuna system 
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Considering the a\'ailability ofinorganic N in the soil profile on one hand. and the quan
tities of nîtrogen exported via maize harvest or stored in the soil on the other hand, it 
was argued that yearly 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 soillliner biota. This latter would accounl 
for about 200 kgha" vs, no more than about 100 kgha' l for biologieal fixation 

8ased on the results of a series of N x P fel1ilizer trial s, it was concluded that use of 
chemical fel1ilizers in the mucuna system was for the mosl pan unnecessary, as the 
abundanl mucuna mulch (more than 10 t.ha'i of above-ground biomass on CI. dry-matter 
basis in most cases) provided quantÎtÎes ofnitrogen. potassium. and phosphorus (about 
300 kgha:. 100 and 20 kg ha· l on average respectively) weil above or at least equal to the 
nutritional requi rements and exportations of a maize crop However, and especially if 
maize yields are to be increased. supplemental N fertilization might provide the maize 
crop "'lth access 10 inorganic N above the limited inslamanem/S supplying capacity of 
Ihe mulch. which vary markedly in response to environmental conditions ln a relalÎ\ el:
\vet cycle. this supply was adequate to meet maize niuogen requirements (no response 
to added nitrogen was obsfrved) Conversely. in a drier cycle. supply by the muleh W3S 

reduced. and a significant response to nitrogen fertilizer was obtained There was hO\\
e\"er a sizable variability in the amplitude of the response. which remains largely misun
derstood at this moment 

7.3 LO~G-T[R'1 TRE~DS n, SOIL PROPERTIES 

By using a chronosequence approach consisting of a comparison among fields ha\'ing 
been subjected to the mucuna rotation for various leng1hs of time. from ne\"er la more 
than 15 years of cominuous use, a number of important conclusions \. .... ere reached 

First. there v.ere no signs of Bctin sail erosion in mucuna fields. the dense mucuna can
opy protecls the soil surface during the period ofintense raim (numerous single rain" 
abo"e 100 mm) and there is a continuous litter layer year-Iong. The potential role of 
mucuna in fa\'oring localized landslides on very steep slopes remains ta be elucidaled 
however. This near-perfect, low-cost sail erosion control is cenainly a major contribu
lor to the agroecological sustainability of the mucuna system in an erosion-prone em'î
ronment 

NOl only,is sail conserved, but soil fertility seems to increase over time in many fields. 
ln our main research site. levels of soil organic matter increased by as much as 30 ta 50~ 0 

in the upper soil profile (first 5 cm)" Levels of exchangeable calcium and magnesium 
increased throughout the sail profile (sampled to a deplh of 60 cm), probably as a result 
ofmucuna' ability 10 accumulate these nutrients (150 kgha" of calcium were present on 
a\erage al slashîng lime in the above-ground biomass). Although the large amounts of 
nilrogen mineralized by the rnucuna mulch seemed to ereate a potentîal rÎsk for graduai 
soil acidification. no such trend \',,"as deteeted 

158 



Solt physical properties also showed positive trends: steady-state infiltration rates ap
peared to inerease marked!y over time with the use of the mucuna rotation, whereas 
total porosity inereased. especially in the upper profile Old mueuna fields had as man)' 
or more large pores as fields where no mucuna had been grown. 

Finally, even though biologiesl activity was not measured, there was abundant qualita
tive evidence to indicate that the liner layer and upper soil profile were the site of in
tense biological actÎvÎty frorn a variety offungi, arthropods and earthworms. among 
ether organisms 

7.4 THE QVEST FOR SUSTAINABILITY rs HILLSIDES 

Two central questions regarding the mucuna/maize cropping system are (1) is it sustain
able") and (1) can it (or its prineiples) be extrapolated to other regions or em'ironments" 

1 would anS\\ier yes to both questions, with the following restrictions, Sustainability 
cannot be judged only bl' the fine agroecological performance of the mucuna system 
(HarrÎngton. 1992), The capacity to produce a marketable surplus beyond the house
hold food consumption requirements is essentiallo guarantee household survi\'al and 
development, The mucuna system. while undoubtedly superior te other alternatl\'es. 
hardi)' generates more than subsistence income, This stems from li!. combination of the 
lov.- market priee 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 
Perhap~ a better solution would be to intensif)' mai::.e production on a small area under 
the mucuna1maize system (thus meeting the objective of food security cheri shed b~' 
man)' farmers) while engaging in other environmentally-frienè\. high value-added pr0-
ductions on ,he remainder ofthe/arm, Alternatives may include introducing livestod:. 
together \\.ith impro\'ed pastures (thus bypassing the need for large landholdings), or 
planting vegetables. fruit trees or timber species with a good market value If thi s \\ ere 
te happen. the farm-wide adoption of the mucuna system obser\"ed presently \\ould be 
a necessary, transitor)' phase on the way to diversified, sustainable farming 

With respect te extrapolabihty, areas of the humid tropics (not necessarily hîllsides) 
with a short dry season and relatively low pressure on land could benefit mosi from a 
direct transfer of the rnucuna system. However, a number of principles are \"alid in nu
merous other environments Combining no-tillage. mulching and crop rotations to con
trol erosion. weeds and other pests. to supply nutrients, te optimize water use and ta 
maintain or rebuild soil fertility over time is undoubtedly criticaL As rainfall becomes 
Jess abundant however, accumulating enough biomass to produce these various effects 
becomes an imponant issue. A number of alternatives for maintaining a minimum soil 
caver exist in extreme cases. it has been shown that e\'en a modest :2 t ha" of crop resi
dues used as mulch ma)' oITer advantages cornpared te clean culti\'ation (ScopeL 1 gg .. i, 
linger. 1994) Other worth\\. hile fearures of the mucuna system include the reliance b~ 
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farmers on narural pro,ces.ses to optimize crop management, the 
la\\' cost (in capital, labor i associated with the 

the control farmers exercise on the technology introduction of a legume fallow, 

Î.5 EST ABLISHISG A ."-L".,;;;JLJ1~1I''
AGRlCUL TIJRE 

AGENDA ON MULCH-BASED 

The principles embodied in the mucuna system are hardI y ne"", even though they have 
not been widely in the conventionaJ agronomie literature of the past 40 
years 1 The mucuna system Îs one of numerous successful slash-and-
mulch cropping sorne centunes old, developed by farmers throughout the 
tropics (ThurstOn, ) other examples include the Frijol Tapado system used exlen-

man\' 
ily 

(Bell ows, 1992; Araya V" and Gonzal ez M, 1994), or the 
found in the highlands of Honduras (Solomon and Flo-

ln spite their merits, these systems are no panacea for smallholder agrlcul-
acute pressures on the resource base observed in most tropical countries" 

systems to withstand intensification without 10sÎ the 
they entail remains uncenain (BuckJes and Sain, 1995) 

de\'oted to study and improve these systems, considered by 
marginal, archaic or hopelessly law-output This is nct necessar

case howe\'er" Schlather (1996) was able to increase bean yields three-fold in 
by braadcasting moderate doses of P fenilizer ln the mulch. Also. 

from chemical-input based agriculture and towards more 
ronmentally-sound forms of farming in developed countries (Sanchez, 1994) 

validation of many of the same principles at work in tropical 
Throughout the tropics however, govemments 

tions ha\"e been very slo", at integrating the principles of sustainable 
routÎne actions, in part because of the weakness of the actors involved. and 
liti structures have been hardly responsive to the and concerns poor house-
holds living in marginal environments Hence the fight to promote sustainable 
agriculture has been mostly the domain of re\atively organiza-
tions not prepared to conduct the research needed to farmers in their effons 
10 innovate and adapt their practices to rapidly 

ln man)' ways, small resource-poor fanners are stiB communiry in 
having devised durable ways offannîng difficuh environments. lt is ml' deepest belief 
that if more sciemific srudies were conducted on the processes conducive to a 
more sustainable agriculture, alongside a documentation offarmers' pasl and 
present experiences in thi s area, much useful practical knowledge may be 
gathered tha! would add 10 what scientists and have already formalized about 
these issues 
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There Îs an infinite array of tapies that need to be addressed from a variet)' of angles and 
disciplines. For example. changes in soil biology (from soil biots composition to rail!S of 
various microbial activities) needs to be examined in relation to the establishment ofa 
quasi-perennial mulch or liner layer on the soil surface. Sîmilarly, soil structure 
(structural stability, aggregate distribution, eK) and its relationship to crop root devel
opment and uptake patterns would need to be assessed to understand the significance 
for the soil-plant system of the detailed changes in ind.ividual soil properties from a 
functional perspective Water balances and their relationship to shon- and long-term 
nutrient balances and crop groWlh also need to be determined Another line of inquiry 
would be to modify experimentally (and vÎa computer simulation) existing slash-and
mulch systems in order to detennine the actual plasticiry of their performance in re
sponse ta changes in a number of important factors and conditions, such as initia! soit 
conditions, raIes of annual biomass inputs, available rainfali and its distribution. length 
of the faUow cycle, levels of nutnent exponations by har\,'est. etc. 

Similar amounts of research should aIso be dedicated ta socioeconomic issues such as 
understanding farrners' decision-making about the use and adoption of sustainable tech
nologies. boosting the profi tability of small-scale production systems by means of in
tensification and diversification. or devising practical methods for quantifying the IOta! 
productivity ofa cropping system (Steiner el al., 1995), among other tapies 

ln al! these studies, using and formalizing farmers' present knowledge, perceived con
straims and objectives seems a necessary staning point, ta avoid învesting scarce re
sources in tapics or areas with linle potential for generating a positive impact on fann
ers' practices and standards of living This also implies that a systemic. interdîsci
plinary and panicipatory approach to research on sustainabJe agriculture and slash-and
mulch systems should be used, v.ithout which ail the typical caveats associated v.ith 
scientist-driven disciplina~" research will plague this promising field of srud:-
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APPE1'iDlX A: SlIRVEY I!'lTRl'l\I[~TS 

A.t) INITIAL Sl'RVEY OF FIELD CROPPING HISTORY (11192) 

Agricultor 
Locali 
lib! on Parcela 

Cuamos ano) tiene esta parcela de tener frijol 
(Si no es abonera a la :j 5) 

AMI 

") Siempre fue Ud el dueno esta desde que se ecio la abonera) 
Si no identificar quien era el anterior y ir a hablar con el 

la toda la parcela en F A el 

Si no icar donde empezo primero. y donde se ( dibujar 
ser uril ) 

-i Se alguna \ ez la abonera desde la 

Si si Cuando'" ------ (Quema/Sequia/ganado!etc 

5 Antes de la (la que rotacion habia tenido esta 

_ ). potrero. 0 

continuo) 

6 Antes de establecer la abonera (0 hoy mlsmo. SI no ). coma era la 
esta parce!a (buena/regular/rnala)" __________ _ 

7, Que tanto ha me jar ad a la 
Rendirniento/rnz antes ---

en 

en 

8 riene L:d algun problema en esta parcela en relacion con la tierra (erosion. derrum
)'1 -----------------------------------------

L'd alguna diferencia importante de un! a olra dentro la 
en cuar.:o a coma se \e la tierra, 0 como creee la milpa" 

(Si si' e'\plicar donde y a se debe [a di 
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A.2) FINAL SVRVEY Ol'i CROPPING HISTOR\' AND MANAGEMEl'iT OF 
THE MUCUNAlMAlZE ROTATION (7/94) 

Agricultor: Aldea: ___ ---

Parcela total, manzanas ---
Fecha Encuesta' 

1. Historiai parcelas muestreadas 

LI ana se sembro frijol de ab ana en esta parcela"> 

\leees que se chapiè el FA) (si no es abonera. pasar directamente a la pregunta l ~] 

1 2 a un tiempo en la parcela tal como la tiene hoy" 

hacerse los -# anos siembra, con ref a los cuadros de monÎtoreo' 

cuadro l, ano ~_ cuadro 3. ano' ---
Si la parcela no pertenecia al establecer la abonera, indicar 
con quien obtener esta InliJrrI'laCIOn ----------, en la 

] .3,a (,Se dia bien el FA en esta desde el nnm~'r ana en que se <i:p>n"lnrA' 

<.(uantos anas para se establezca bien'> __ _ 

13.b (,Hubo anos durante los cuales la abonera no desarollo bien"> 

14. i.Alguna vez se perdio total mente a bastante la desde que se sembrà" 

Quema - Sequia - Ganado - Plagas - Cambio culti\'o - Olros 

Quema - Sequia • Ganado - Pl agas - Cambio culti,'o - Ouos 

reestalblecer la abonera"> Nada. se compuso solo - resembro par parH's 
-todo 

1 ~ Antes de CPf'f"'If":U en esta 081'Cf.la (0 antes este cielo, para los tesligos). t.que 
cu lti\'aba" 

a nada. era montai'\a que no habia cultivado 

b. nada, ers un guam il que rumbé (en milpa a chnect,am,entle" 

c. habia sembrado maiz de primavera - nA<:II"I"'rJ:l ana 

d. habia sida potTera desde ha ce _ anos 

1.6 es la ultima vez que quedè enguamilado esta parcela"> 

continuos se quedo enguamilado: 
despues de tumbarlo? __ 6Saco troncones'l __ 

1 7 Antes era la tierra en esta parcel a"> Buena - ReguJar • Mala 

rendimiento sin (rango) cargas en orO-luza'mz 
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1.8 Desde que sembre FA, ~como ha cambiado la tierra'1 mucho mejor - mejor igual 
- peor 

Niveles de rendimiento a1canzados con FA (rango) cargas en oro-tuza (mz. 

1 9 "Ha observado problemas de erosi6n / lavado de tîerra 0 derrumbes en esta parcela 
a antes de haber sembrado FA 'J 

b despues de haber sembrado F A" 

Si sÎ en h .• en su opinion, estos problemas se deben al F A') __ (hacerse explicar) 

1 10 (,Como considera Ud las panEs donde teniamos las estacas comparado con 10 
demàs de la parcela (la pregunta se refiere a la calidad de tierray> meJor - mas 0 

menos similar - mas peor 

(sÎ ex; sIe diferencia entre cuadros, mencionar por separado cada cuadro') 

2. Postrera 93/94 

2 1 fecha aprox de chapia (semanalmes) inicio. duracien' 

(Algun problema con la chapia'1 ___________________ _ 

1,1. Fecha aprox de sÎembra (semana/mes) inicio duracion. 

CJase de maiz ______ semilla. Propia - \'ecîno - Comprada afuera 

(,Algun problema con la siembra'1 ___________________ _ 

::u Jenilizo'1 _ Si si. producto: dosis/mz. area total abonad0 

:2 4 (,Cuantas limpias hize'1 (,Cuando" ira la. 3a 

Use veneno para las limpias'1 __ vprodl.lcto'1 ______ (,cual limpia) 

t,Considera que hizo las limpias a buen tiempo'1 Ira: __ 2da 3a 

ilogro controlar bien el zacate 0 el monte'1 _______________ _ 

.2 5. (Cual es su opinien sobre esta postrera'1 Muy buena - Buena - Regular - -'laJa 

(Que es 10 que le fa\'erecio este cielo'1 

(,Que es 10 que le pe~udico'1 . 

.2 6 (..Cuanto sace Ud cargas Imz 0 cargasitoda la pareela 
en la parcela'1 l1nidad (,en tuza 0 en oro" 

.: 7. Toda\'ia se acuerda Ud de cuanto sace de esta misma parcela en an os anteriores. 
(, hace 1 an 0 (postrera 93)'1 cargas / mz 0 _ cargas 1 tada 1 a parc. 

(,hace .: anos (postrera 92)" __ cargas / mz. 0 _ cargas 1 toda !a parc 

"hace 3 anos (postrera 91)" cargas / mz 0 _ cargas 1 toda la parc 

[unidad. cargas en !Uza 0 en oro')] 

3. Manejo de la abonera y dei maiz en abonera 

3.1 Forma de sembrar FA (10 mas comun para el agricultor) 
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i.en la milpa (invierno'l postrera'"l) a directamente despues de tumbar guamil"l 

i.cuantas libras de FA par manz.ana'l regado a sembrado"l __ 

i,Distancia entre macanazos' x __ (i,en cuadro 0 surceado"l ___ _ 

semillas/golpe __ clase de semilla: 

.3.2 Una vez sembrado. camo hace para que se resiembre el FAde un ana para otro'"> 

8.. de jar que nana solo b resembrar par partes c. resembrar todo cada ana 

3.3 Chapia 

(.epoca mas comun para chapiar'l _________ (ej: mediados de dic) 

"criteria para decidir de empezar la chapia"l 

(.algunas h~cnicas especiales que emplea Ud . 

.. para C0n',' ,,1 ar ratones"l 

.. para dislribuir las vainas'l _____________________ _ 

.. aIras particuJaridades 

.3 4 Sifmbra dt' maiz (10 mas habituai) 

.. (cuanto tiempo espera despues de la chapia'l 

* {.siembra surqueado'l distancias de siembra. "\ 

'" semillas/ macanazo, 

.. siembra con cabulla"l 

maiz hinchado"l 

con mozos'l 

.. c1ases de maiz que acostumbra sembrar en abonera'"l 

* compra semilla de fuera a es propia'"l 

'" hay diferencia entre la forma de sembrar en aboneras y donde n0 hay FA'"> 

Si hay. hacersela explîcar (distancia de slembra. c1ase de malz. fecha. etc )' 

.3 ~ LimpiSis 

a t.cuantas limpias hace en general durante la postrera"l 

b, (llenar el cuadro siguiente, tlsando los codigos correspondientes para cada limpia) 

"cuando? (en dds) 

;,como? (ver eodigos) 

l,a limpia 2da limpia 3'(1 limpia 

la solo con azadon 1 b solo con pando le. machete 2: solo gramoxone 
3. solo 2-4 D 4. gramox y 1-4 D 5 manual y gramoxone 6 manual y 2-4 D 

c Zacates 0 monte màs 
dificiles de controlar 

1 
3 

2. -------

d (Puede Ilegar el FA a perjudicar el maiz cuando se desarolla bastante"l _____ _ 

"Si si como hace para e\'Îtar este problema'"> _______________ _ 
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3.6 LHay 
con 
\'enenos, 

as entre la forma de limpiar en parcelas donde hay FA 
00 hay" ~. explicar (# limpias, '# . 

J 7 (solo para agriçultores que tienen Invasor en su parcela l 

.. ,.desde cuando tiene Iovasor en la 

'" i,a que se debe la aparicién dei Invasor en su opinién' ________ _ 

.. ~ha tenido que cambiar su formar de limpiar desde que tiene Invasor".! 

Si si' expllcar la entre antes y ahora. ___________ _ 

el aûn en aboneral) 

b. c.,Todos los anos" ___ _ 
,Cuando'l(dds) _____________ _ 

Producto 

c. Si es lodos los anos 
(,criteno para decidir 

en al la la abonera') ----------------

d. dei fado razones (no necesita!costo/otro) __________ _ 

3.9 F A en la parceJa donde estacas, sembrado 
en otra pane'l 10 sembré por primera \ 

3 10 Alguna \'ez 

"En que 

dejado de culti\'ar donde 10 habia sembrado'" 

Si si i,despues tuantos anos 
GPor que 

3 \ 1 a (Culti\'a mail sin FA'l t.cuantas manzanas'l 
b. t>Culti\'a maiz sin FAI) {.cuantas manzanas 'l 

3 1:; a l.Cada culti\'a mas 0 menos la misma cantidad mail postrera' __ _ 
Si no de area y razones de \'ariacion. ________________ _ 

que fin~ (gasto. \'enta, seguridad) 

3 12.b (.Cada ano cultiva mas 0 menos la mlsma cantidad de maiz de primaHral) __ 

Si no' rango de area y razones de 

i.para que fin') (gasto. \'enta, 



A.3) COLLECTIVE St:R\'EY (VILLAGE LE\'EL) CROPPI~G HI 
TORY & MAl'iAGEMEl'iT OF THE MllCUNAlMAlZE ROTA TIO~ (7/94) 

J. {.Antes de empezar a sembrar FA en esta aldea. no quemar" 

., (.Antes de empezar a sembrar FA, acosrumhraban sembrar maiz posuera" 

3, i.,Antes de empezar a sembrar 
en sus parcelas de maiz" 

4. {.Aproximadamente 

5. "Hay alguna diferencia entre 

era la rotacion mas comun que seguîan Uds, 

usan FA ho)' dia en la aldea') 

empezaron a sembrar comparado con 
en las parcelas de los primeros que 

que solo 10 adoptaron desde hace poco 
la aldea, etc )f) tiempo (fenilidad. 

6 (,Hay diferencias en la forma de una milpa en abonera comparado con una 
milpa donde no se 
uera) 

(primera de jar que contesten 
densidad. clase de maiz), control 

7 (..Hay diferencias en la forma 

8 Empezando cuando une 
como \'a cambiando la 

a t.cuantos 
hasta 

r ciclos de prima\·era y de pos-

lema' siembra (fechas. 

trabajar en aboneras vie jas Ys. jovenes" 

por primera vez y obseryando 

se puede decir que van subiendo los rendimÎentos 

b t,Habrà momento en que los rendimientos empiezan a bajar" 

c problemas al cabo de cieno numero de silos que no se 
varian normalmente en parcelas sin FA 0 en aboneras jovenesl') 

9 Jos primeros inos en que empezaron a sembrar FA en esta aldea y hov con-
la a que han ganado poco a poco con este 

haber cambiado en algun aspecto su forma de trabajar con 

[de jar conteslen lîbramente, despues preguntar especificamente y 

establecer FA, formas y epocas de chapia, formas de manejar el FA que va naciendo 
solo. # yepocas limpias] 

JO diferencia de un ano para otra en cuanlO a cantidad de fol-
que produce el F A al momenlO de la si se 

estas diferencias segun Uds " 

11 tan rapido logra el FA ahogar las malezas despues de la 
tan variable es de un ano para OtTO" 

1 ~ cJases : ~ tierra donde segun su experiencîa no se da bien el [Si si: hac-
erse r sus caracterisllcas y Cl\'eriguar si otros cuhÏ\'o!\ se dan bien en estas 
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13, ' el algunas desventajas serias'1 

14 el al gunas desventaj as leves'1 

15. hacen 0 podrian harer Uds, para superar estos 

16. un agricultor en su parcela produccion 
a los que se dan presentemente en 

experimentos han realizado Uds, cuenta para mejorar su 
trabajar en aboneras? 

b, . han obtenîdo" 

18. rentable producir maiz en ahonera') 

19, i,Cual es el minimo de producciôn/mz, para pagar los 

20 (.eomo la que une puede sacar de un! manzana malZ con 
comparado con (1) una manzana de maiz sin FA '1 (2) una manzana potrero junto 
con sus (3) una manzana de frijol de corner') (4) una manzana (':;) 
algun atro culti 

21 (..Puede iente uno al culti\'ar maiz con FA para no tener 
l] "Que dicen los jovenes al respecta" 

ir a 
jar a la ci udad'1 a 

21 Sabemos bien la producciôn no es la misma de un ano a otro esta comuni 
dad. y con la 
mero de 
produrcion 
parcelas en postrera 

a ,,# 

Razones 

a de todos Uds. ~podrian decimos 
ares y que va a en 1 
cada de i,que tanto podria sacar 

y en primavera'> 

/10 Prad post _ cargas/mz Prad prim 

-----------------------------------------
b L # alios .:..::..I:::t.::.:.:;.;.;....;:..;;. 110 Prad. post _ cargaslmz Prad prim 

Razones 

el nu
a la 

sus 

----------------------------------------------------------
b L.::: ailos.;..;.;..;..;.;;.;;;.;;. 110 Prod post _ cargas 'mz Prod prim 
Razones ________________________________________________________ ___ 

e Ejemplos 

mu)' buenos: 
regulares 

ultimos ailos han sido: 

buenos: 
malos, 

::3 ~Hay fechas de siembra (en pomera) mas favorables que ou as en esta comunîdad" 
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APPEr\DIX B: REPRESENTATiVENESS OF BACKSLOPE ONS 

Soil samples srudy came almost exclusively from observation plots located 
in backslope positions (chapter 2. section 2.3 and 2.4 page 25 & following. 

5. .4. page 142; see also Figure 25.c. page 31) A limited study was 
conducted in four fields in San Francisco de Saco to detennine whether soil 
prapenies ofbackslopes were differem from that of either shoulder or footslope posi-
tions Selecled results are presented in Table B 1 (next ) 

E\en thaugh there are a of amang topographie positions. 
trends are nOt consistent Hence, il can concluded thal backslape posî-

in thi s srudy exhibited soil propenies typical if nO! represemative 
...... rI' .... "".,'es al the whole field le\'el 
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Table 8.1: Variability of soil properties as a function of the topographie position 
in four fields, San Francisco de Saco 

prope1't)· 

0-10 cm 

pH 

Cu ml!q 

AI meq 

Kmeq 

Pppm 

10-60 cm 

pH 

Cil meq 

AI me" 

Kmeq 

Pppm 

S 
B 
F 

S 
; 

B 
1 

F 
i 

1 

S 
B 

! F 
S 
B 
F 

1 

s 
B 

1 F 

S 
B 
F 

S 
B 
F 

i 
s 

1 B 
1 F 

S 
B 
F 

S 
B 

F 

chelllo 

6,25 
626 

6 ~-I 

1 1 -1 

17,5 
10<) 

0,07 

009 
009 

1 

(J,19 

0.23 
1 O,::!2 

\ 
-16 

1 

"j ~ - .' 

1 -16 

6 ~8 
6,0:' 
6:: 1 

166 
17 3 
12 .~ 

i 027 
1 o,n 
1 

0.10 i 

i 
0,07 

0,08 

i 
01-1 

0.0 

00 
0-1 

" faruler 

ga/dallle: obed 

627 6.16 
6.25 5.94 
6.20 63-1 

152 I·U 
1-1...1 HA 
II 5 14A 

0,12 (l,lU 

008 0.16 
o IR 0.20 
0,10 (JIU 

o 13 017 

0,10 011 

01 00 
1 7 1 2 
o l ) o,n 

6,2-1 6 1-1 

6,2) 606 
658 609 

1-1.1 13-1 

160 15 :2 
115 ln 
008 0.11 
02] 0,-10 

(1,07 0,10 

021 0,19 

00-1 008 

0 .. ') 0,17 

1 -l 07 

0.0 11.0 
06 u.5 

SIal. slgnjf. : ~ 

jnrlll pos, jnrlll'èpos, 

5.98 6.16 ) 

.5.97 6.09 ~ Ils Ils ns 
6.11 6.150 J 

9.0 12.5 1 

13.0 14.8 ~ Ils Ils fiS 

126 12.3 1 

046 CUI 1 

0.17 0.13 r <O,onl 0,00..\ <() (lO ! 

0, li 0.16 1 

0.27 0.17 1 
0.1-1 ! 0.17 r 0,02 ns (l, Il R 
0](1 1 0.13 J 

00 1 

1.2 1 

2A f 0.01-1 -1. -1 ns ns 
00 1.1 

6.03 6.2U 

I~ 579 6.02 0021 ns fiS 

5,9 1 6.22 : ' 

JO,U 13.5 l' 
l' 

1'" 6 1 !'.7 l' 
0076 (l.on:; , ) fiS 

1 

112 11.8 Il 

o 2S 0.18 : 

OAII 0.3-1 f fIS [) (1)"1 ilS 

o 1-1 o.n J 

0.36 0.21 1 

008 1 0.07 
1 f 0,0-12 <U.OO 1 () ()O 1 

0.13 1 0.20 J 

1.2 0.8 1 

0.0 0.0 f o 1-13 <0 001 0.0:>9 
0.0 OA J 

1 probabilHY that the farro. topographie position or interaction term are significant in the ANO\'A 
for cach soil propem' (:; reps pc r postion and per farm·. ru nOl SI gnifica nt l 

: S = shouldcr positioru B :: backslopc postions. F '" fOOlslopc po mi ons 
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APPESDIX CS: INORGANIC N MONITORING 93/94 (ppm) 
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APPENDIX FERTILIZER EXPERlMENTS 92/93 

UlllmlD! 1 d lflllâ &Qmw:tDIDls JW...lu.I Pl4Ilm 
IIha !haus g g final 

Fllrm., bloc: WHd tr ... , III P yI.ld 611'11 !\lEu/pI. NK/e.., Wl.a, 1111</",2 Wll( N'J. P% h.lghl 
ALFARO 1 0 1 0 0 4.31 34.4 106 431. 2 \ Il! 4 1569 ;., -\ :) 15 0.29 242 () 
AlFARO 1 0 2 1 0 4.13 35 7 o 95 4532 1214 15<11 26 Il :1 21 033 264 e 
ALFARO 1 C :1 0 1 4.U 37 0 L03 4H.6 127 4 1693 28 :7 :) 19 0.3!> 281.8 
ALFARO 1 0 " 1 \ ~L22 37.0 , 00 401 7 1142 1482 284 :1 24 0.34 271 :1 
AU'ARO 1 1 1 0 0 4.tH 409 067 449 <1 124 9 1601 :ne 331 0.28 267.3 
/AiJARQ 1 ; 4.' 1 0 4.34 36 1 092 439 : \28 5 1463 29.3 32J O.JO 2&$ 7 
ALFAFlO 1 \ :) 0 \ 10.33 40.8 1.00 492.3 \31 1 2002 26 6 3 26 O.ll 295 6 
ALFARO 1 1 <1 1 1 &.06 37.:) 0.98 441 " 137.4 1625 31.1 3 24 0.32 2869 
AlFARO ? 0 1 0 c :1.60 32 :. o 114 4169 121 " 1267 29 1 25\ 0.32 .. ?6 3 
ALFARO 4.' 0 .. 1 0 3.U 32 4 091 392.8 1132 11~8 288 :1 51 0.27 261 6 
ALFARO 2 () l 0 1 :2.54 30 .• 0.88 354.3 95,1 974 26 1 241 030 268,8 
ALFARO .2 () <1 1 1 3.4:1 )0.0 1 1 \ <lO? 'l 103 1 13!>!> :!!i3 :2 !SA 031 al3 
AUARO 2 1 1 0 0 3.26 31 0 o 9S 3&1,3 109 7 1130 28 Il 248 0.28 2/8 1 
/AiJA110 :.> 1 " 1 0 3.&9 27 1'> 1 00 HS 11 129 $ 1320 27.2 '2 !>5 022 303 li 
ALFARO ~ 1 .1 0 1 3.a 30 1 0,86 431 $ 12~ (, l1î 9 29 1 2 ~3 028 284 ~ 
ALFARO 2 1 A 1 1 4.00 288 , 03 .SI 9 13!> 1 1339 29 ,. 248 027 275 8 
AUARO :1 0 1 0 0 2.1>6 46 1 O.SIl 361.$ 990 971 21 " 217 022 277 9 
/AiJARO :; 0 :- 1 0 3.10 40 :.> 016 .31 1 1020 1311 .237 :2 32 o ;<'1 287 1 
AUARO J 0 :) 0 1 3.64 390 0,84 396 1 1108 1302 2110 2 &4 025 314 :1 
ALFARO .1 0 A 1 333 298 092 4028 120 SI 1108 30.0 2.39 025 296 Il 
Alf"'RO -3 1 1 0 0 IDSI~ :2 51 ON 33!'- 6 
ALFARO :3 1 2 1 0 losl' :1 62 0,24 333 1 
ALFARO l 1 :1 0 1 losl' :1 71 o 27 341 ~ 

ALfARO ;) 1 4 1 1 10iil~ 2 56 o 27 338 l 
GAl..DAMfl 1 0 Î 0 0 los" 306 O,:1~ 32i. 7 
GAlDAMEZ 1 0 2 1 0 3.89 309 o !l9 424 1 127 1 1299 30.0 3 O~ o 28 Z9~ 2 
C:.AI..DAME.Z 1 0 3 0 1 10$1~ 3 13 030 318 (; 
GAl..DAME.Z 1 0 4 1 1 10'1~ 302 027 3Ù4 0 
GAlDAMEl 1 1 1 0 0 l.81 34 :. o 92 413 7 ln 6 130;' 29 li 293 029 312 :J 
GALDAMEZ 1 1 2 1 0 lost' 2 !le 025 314 ~ 
GALDAME2 1 , 3 0 1 4.30 281 o 9S 4480 1$58 1237 34 8 30J o 34 318 ? 
GALDAMU 1 1 " 1 1 ".or. 3U. 1.01 A37 0 123 :1 14 \2 28 7 J 04 030 337 1 
GAl..DAMEZ " 0 \ () 0 4.26 32:> 0.99 431 3 13\ Il IJ~2 JO (, 3 , b on 306 6 
GALl)AMU '2 0 ? 1 0 ",H 341 O,g, 4'763 134 3 1:'79 282 3 04 0;>9 323 0 
GAl..DAMEZ 2 0 :1 0 1 lost l 2 86 O.2/! 31' ~ 
GAl..DAME2 .. 0 4 1 1 lost! J 11 o 3e 320 8 
GALDAM!:l " \ 1 0 0 ".&0 3:<'.9 o ilS <146 '1 1:'1 6 1413 33 (;> :1 06 () II 3~a ~ 
GALD4MU 'l 1 " \ 0 4.64 339 1 01 433 ~ \35 2 \487 31 ;( lOi 030 30:' 3 
GAlDAM!:2 4' \ 3 0 1 ".H 33.5 o 99 40(:> 6 1350 Il~l 330 J 08 029 318 !. 
GAlDAMEl " 1 " \ \ 4.92 BI 0.98 459 :) \ &2 " 1484 :n '2 '2 9? (1 31 296 l 
Œ..t' \ 0 1 0 0 10=1~ 3 01 033 281 C> 
CI3é.D \ () ;( \ 0 10'1' 314 029 279 j 

œE.D 1 0 3 0 1 IOIlI! 3.23 021:' 276 S 
œE.D \ 0 .. \ 1 1011>1' 325 031 2466 
C8ED 1 1 1 0 0 IOBI~ 3 2<1 036 263 il 
œE.D 1 1 '2 \ 0 10&1' 3.23 o 3!> 247 6 
c:ero \ 1 :) 0 1 lo,l~ 309 0,30 274 3 
œE.D 1 1 .- \ \ 10AI! 3 38 031 266 il 
œE.D 2 0 1 0 0 2.71 27 7 092 J$!> 1 1066 853 31 Il 304 o 2S 2.l1 ~ 

œE.D ;( 0 i? 1 0 3.04 JS ;1 0.80 371 .8 107 0 IOSé 281> :l oe 0.26 241 7 
œE.D " 0 3 0 1 3.10 373 079 H? 9 1120 1030 32,2 '2 83 O.l? 2<14 1\ 
œrn 2 0 <1 1 1 4.21 359 099 3767 1208 1339 31.9 '268 o 30 243 ~ 
œED 2 1 1 0 0 3.911 3!. ,. 0&6 424 1\ 126 4 1337 29 ? 3 21 0.29 284 0 
œro 2 1 " \ 0 li 71 35.8 o 95 351.1 1093 1213 30 S 306 024 2800 
œE.D 2 , 3 0 1 3.45 33 6 o 92 l-8 6 11 j 7 1017 321 3 "0 03\ 266 ? 
œer: '1 , 4 i \ 4.95 33 3 1 04 'k~ ,. 1390 lS~~ 30 .. :1 Hi o JI 2Ill !> 
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APPESDIX C.7; FERTILlZER EXPERlMENTS 93/94 

trtatmtnl l,a 
,,1'1 Il Ihous, ( 1 5°,.) ear leM 

.11, FllfmilllF ,ep Trlll.t. N P Iylela d..,. NElIt/pL NKJell' Wleaf NK/m:! W1K N% 

sIs DON CHf MA AVAlA 1 l 0 0 4.SI JS 7 0.92 411 139 13!>! 33 9 243 
sis DON CHf MA AV AI..A 1 2 , 0 5.3D 400 0.98 383 137 1504 35 8 2 )4 

sis DON CHE MA AV AI..A 1 3 0 , 5.Hi 363 0,90 420 1$8 1377 37 6 :2 51! 
sis DON CHEMA AVALA 1 " 1 1 " .10 llU 098 350 128 1336 365 2 39 

sis DON CHf MA AYALA :2 1 0 0 3.114 : 36,S 0,91 3S0 IHI 1162 34 1 2 79 
siS DON CHf MA AYALA :2 :2 1 0 ... U 36 :1 o 9 1 375 139 1244 37 1 2 92 
Ils DON CHEMA AYAlA :2 :.1 0 1 3.113 36 9 086 351 128 1 Ils 36 :.1 2.66 

sis DON CHEMA AYALA :2 " 1 1 lU:! 38.11 0.98 4 \ 1 139 1510 339 :2 58 
sis DON CMEMA AYALA 3 1 0 0 1,67 Je 1 0,90 335 107 1150 321 2 34 
silO DON CHEMA AV ALA 3 2 1 0 •. &7 397 091 3Hi 134 1361 35,7 2 64 
SIS DON CHE MA AV ALA 3 3 0 1 3.&2 311.2 0.88 352 115 111$1 32 5 221 

SIS DOl\! CHE MA AVALA :1 4 1 1 4,10 38 Il {) 9S 397 \29 1460 325 250 
sU: ro IACœo 1 1 0 0 • 00 365 0.90 Ils ln 1032 387 2n 
!IlS ClO>-. .JACœO 1 2 1 ° •. S, 38 9 O.e7 417 137 140!> 328 2 36 
SIS ()(:Y-.IJAcœo 1 :1 0 1 4.011 34 Il o 9S 33!1 122 1125 35 \ " OJ 
sIs ()(:Y-.IJAcœo 1 " 1 1 5.12 36 Î 098 426 145 \525 34 0 2 60 
siS ()(:Y-.IJACœo 2 1 0 0 4.23 35 7 0,90 349 III 1 12 ! 37 6 Ê 24 
sis ()(:Y-.IJAcœo :2 :2 1 ° •. 16 36 <1 088 420 15 :1 1347 362 2 44 

SIS ~JAcœo 2 3 0 1 4.61 35 li 09\ ;)95 145 1280 36 Î 2 H; 
sIs DONJACœo 2 4 \ \ 5,03 3S 4 093 40S 152 1324 37 ô 2 21 
SIS l.'.XlN JAcœo 3 1 0 0 3.60 34 2 086 390 123 1149 3! 5 222 
SIS l.'.XlN JACœo 3 :2 ! 0 366 31 Il 0,87 323 114 1 O~ 1 3~ J 20? 
SIS r.:x:lN JACœO 3 3 0 1 3.82 388 078 380 12 ? 1144 336 2 06 
SIS r.xlNJACœO 3 4 \ 1 4 62 37 6 o 98 392 12 ? 144 :- 323 :2 07 

siS 11 MORALES 1 \ 0 0 3.'1!1 37 8 084 309 \:20 984 39 0 2 15 
sts TT MOIiALES 1 :2 1 0 4<17 36 1 0,90 394 136 1296 34 4 :2 64 

sIs TT MORALES 1 3 0 1 .1.07 37 4 090 JS1 122 1204 34 1 2 20 
$1$ TT MORALES 1 4 1 1 4.02 311 " 0.'9 394 \34 1189 34 2 2 ) 1 

SIS' 1 1 f.4ORA!..f. S 2 1 0 0 3.43 35 \ 08\ 326 122 926 37 2 2 16 

siS TT MOI1ALES 2 Ê \ 0 410 39 4 oee 330 1 1 7 1149 35 :3 2 ;'6 
sIS TT MORAU:S 2 :1 0 \ 3,14 37 1 082 267 10;'> el 1 36 :2 :;> 01 

SIS TT MORALES :;> " \ \ 4, li 1 40 " 087 346 12~ 12Hi 374 " 4B 
51$ TT M0AAI.i5 3 1 0 0 3,08 36 1 o 8 ~ 35B 107 1041 :>!.' !? :;> \0 

sis TT MORALES 3 2 1 0 4.00 JI} 1 o ~. 337 116 11:':> 34 3 <' 34 
sis 11 MOFW..ES 3 :) 0 1 399 36 7 09'; 364 115 1245 3\ S Ê 03 

SIS IT MORALES :1 4 1 1 4.0$ 361} 0,64 404 134 1251 33 1 2 48 
SIS 10NOAVALft 1 1 0 0 3.73 36 1 081 331 1 \ 6 104~ 34 5 '2 J' 
sIs TONOAYAU 1 :> 1 0 •. S 1 40 1 o 1!6 :ll8 , 3 1 11;3 38 1 211( 

siS TONOAVALA 1 3 0 1 2.7S 39 2 090 316 lOS 1 1 \ 7 33' ;.> (,..l 

51$ TONOAVALA 1 4 1 1 4.U 374 092 l79 14 \308 36 S :;> :;6 
SiS TONOAVALft 2 1 0 0 •. 55 398 011" 374 I.?l 14 15 324 2 28 
sis TeNO AV"Lft 2 2 1 ° 5.03 390 0.93 413 14 1 1494 34 1 2 29 
SiS TONoAVALft 2 3 0 1 S.U 38 e 096 414 149 154 :; 35 \1 2 :1 i 
SIS TONOAYALA :> 4 1 1 •. 56 38 5 096 344 122 1265 35 6 :1 61 
sis TONO AVALft 3 1 0 0 •. 17 38.2 O,IIS 32$ 1 1 :1 1191 J4 7 232 
SiS TONO AVALft 3 2 1 0 4.40 37 1 () 87 389 13S "52 34 8 :1 4ll 
SIS TONOAVALA J :1 0 ) •. 40 36 0 () 89 38S 13B 122B 35 8 :1 45 

SIS TONOAYALA l " 1 \ !LU 36 1 094 451 160 1536 35 5 2 61 
sIs INOA.lECIO MEJlA ! 1 0 0 359 37 9 086- 353 111 Il ~4 31 " 241 

sIS lNC\J\.l..E.CIO ME.IIA ! 2 1 0 l.U 365 091 32& Ilô 109l 35 -4 267 
sts lNOAJ.1:CIO Mt:.JlA 1 4- 1 1 ".02 344- o 91 391 1;12 1304 31 :1 2 74 
SIS INOAJ.1:CIO MEJIA :1 1 0 0 3,011 " 1 0 089 298 85 1088 284 2 56 
SIS INOAJ.1: CIO MEJIA :1 2 1 0 3,l1li .la 0 0118 310 98 1254 31 6 :> 99 
sIs INOAI..ECIO MEJlA '] " 1 1 373 42 .. 086 302 1~1 1 101 34 1 286 
sis OBELSé~ 1 1 0 0 "73 153 1 02 327 112 soa 34 ;1 2 64 
SiS OBE L SE AA.AN:l 1 2' 1 0 , 90 \S 1) 098 318 129 581 34 1 2 Il) 
sis OBEL SERRANO 1 " 1 1 1..7 \3 4 098 340 \ 18 448 34 8 '1 7i 

SiS OBEL $ERFW<) '1 1 0 0 262 19 S 1 Il 367 IZ 809 331 2 : 3 
Sl~ OSE l SE F!P.AN:) ;; :1 \ 0 2.02 16 7 l 18 l4J 102 677 2~ Il '] 9:1 
SIS 08EtSE~ 2 4- 1 \ 2.03 169 o 94 3H 1)(1 6ll 32é 2 6 
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APPENDlX C. 7 (c:ont.) 

liMa filous (1 so, j aar leal 
aile FIII,mer ,.p Trul. N P yi.ld Mn" Nhrlpl. NKI •• t W1u, NK/m2 W11( N% 
IIls hEGr'-OR.11IERA ) 1 0 0 3.50 506 on 276 9iI 1008 35,5 ;1-37 

Ils t.EG • o RIVERA 1 2 ) 0 5.51 45,$ 086 414 142 1628 3~ .2 2,74 

!Ils IlEGAfTO AIllERA 1 <1 1 1 '.U 4& 9 (' 89 3116 U9 1706 386 2.63 
ils t€GAITO AllIERA 2 1 0 0 4.U 406 0116 373 132 1302 353 :2 66 
sIs t€GAfTO AllIERA 2 2 1 0 34.3 o fl2 343 129 1078 37,5 300 
su. t.E GAIT 0 RlIIERA 2 4 ; 1 37 6 089 366 147 1222 402 :1 60 

Sis MART R .l\NCf'W.)( 1 1 0 0 4.HI 32,,3 0,9A 43!'> 143 1323 328 2,H 

sis MA.RT R AN'I):\ADE 1 :1 1 0 &.U 3~ !i 099 44 ) 169 1425 38 ::> 2,63 
SIS MA,RTRAN~ 1 4 1 \ 6,01 334 () 96 416 159 '""O!'> 364 2 71 

siS MA.RTR .I\N~ 2 1 0 0 5,45 31 41 1.04 500 169 1616 33 8 ::> 70 

sIs MA.RT IR ANŒ\ADf ::> 2 1 0 i.U 3LII 0,94 446 HIO 1321 40,3 273 
Sis MA,RTIR ANOAAN ::> 4 1 1 6.21 36.3 l.oo 47A 112 ni!! 36 :1 28\ 

mg ANASTACIO AM~"1 A. 1 1 0 0 :'-111 35,0 0,99 364 1 ) 5 1262 31 6 ::> 28 
mg ANAS,ACIO AMAVA 1 4 1 0 4.31 35 2 1 02 513 120 183!> 23 " 2 ~6 
mg ANAS1ACIO AMAY;' 1 3 0 1 4.09 36.3 095 372 l16 1285 31 3 201 
mg ANAS1ACIO AMAYA 1 2 1 1 4.03 Je 0 D.eS 383 III 1380 ;>9 1 .. 12 
mg ANAS1ACIO AMAYA 2 1 0 0 3,U 41 7 092 321 103 1227 32 2 232 
mg ANASTACIO AMAYA '( :2 1 0 •• !oO 440 09& 363 104 1657 27 ; 2 S 7 

11'19 ANASTACIO IWIlYA :2 J 0 1 3.24 420 o 117 285 8:- 10AO 29 ~ 19;' 
mg ANASlIlCIO AMAYA :2 " 1 1 '.;Hi 398 090 34 S Il 1 1"39 26 .3 " 34 
mS) ANASTACIO AMAY A :1 1 0 0 2.04 321 081 296 75 778 2!>!> '} 1? 

mg ANA ST ACIO AMAv A ;\ 2 1 0 3,61 41 4 0,68 309 98 1122 31 9 1 1? 

mg ANASTACIO AMAY" :1 .3 0 1 2.1S 42 7 0,85 254 16 919 300 206 
mg ANAST AC 10 AMt. \ .:. 3 , 1 1 :1.25 4~ 5 0.92 213 67 &66 ;\ \ ~ ~ 11 
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mg JJAN ALBARENGA 1 .3 0 1 4,41 46 $ 093 313 102 13:'1 32 :; 2 ee 
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mg .}JANAl..BA~ENGA ~ 2 1 0 3,11 :<'9., o S7 321 \18 831 36 li 258 

mg .}JAN ALBARfNGA 2 :1 0 1 3.71 4() 2 0.93 281 98 \051 35 1 :1 SL' 
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mg .}JAN ALBARENGA 3 ~ 1 0 3.U s3 ft O,PO 33B 118 1033 35 0 ., 42 
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mg AN'!ONIO HERNAIIIDE2 1 4 1 1 4.711 49 !) 088 405 110 1765 1? 1 " 43 
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APPE!'\DlX D.l: FRACTIOl\iA TJO~ RESl!L TS 

NOIe: This appel/dix preselll5 dala summari:ed in chapler 5. section 5, -l, 3. page 11../ 

Changes induced by the use of the mucuna system may not affect ail fractions or pools 
of the total soi! organic maner similarly (Duxbury el al., 1989) To examine this possi
biliry, twa parallel approaches were used: a dassical chemical fractionation scheme 
based on acid hydrolysis (Stewart et al., 1963). and a physical one (after Feller. 1994). 

this latter being probably more satisfactory, as it relates conceptually ta sail architec
ture, for which size of the aggregates is of prime importance (McGill and Myers. 1987. 
Christensen, 1992) In this case, two fractions were distinguÎshed a fine fraction 
(partiel es < 50 Il) and a coarse fraction (particles > 50)..1) 

ln a fi rSI step, onl y extremes of the chronosequence were contrasted. namel y fi el ds 
without mucuna or only one year into the rotation (hereafter referred ta g!oba!ly as 
check plots), vs old mucuna fields 14 to 16 years of conlinuous mucuna rotation 
(Table 54 page 148). 

The chemical fractionaoon scheme did nOt pick up anj' differential behavior between 
the various fractions distinguished by the acid digestion: Nhd (nitragen hydrolizabJe 
distillable). Knh (nitrogen non-hydrolîzable), and Nhnd (nitrogen hydrolizable non
distillable) Old mucuna fields presented a marked increase in N content in ail fractions 
compared ta check plots, and this increase was especially strong in the upper layers, and 
marginal at greater depth (Figure DI) 

The physical fractÎonation showed that the fine and coarse fractions behaved differenlly 
over lime (Figure D 2) The coarse fraction seemed to accumulate C and ~ much more 
rapidly over time than the fine fraction' the relative increase in C conttnt of the coarse 
fraction reached 250% in the first 1. 5 cm. compare.:! to 30°·0 for the fme Thi s ma~ 
indicale the accumulation of relatively free organic matter (perhaps e"en organic debris) 
al or \ery close to the soi 1 surface However, the relative di stri buti on of C bet\\ een 1 he 
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 ail depth increments (O to 15 cm) (Figure 03) This te\
tural gradient is somewhat puzzling. although it would be relatively consistent with the 
hypOt.hesis mentioned in 532. i e. that young mucuna fields. having been subjected 10 

more cycles of unmulched cropping than old ones, may have suffered sorne erosion 
damage o\'er the years. while the old mucuna fields did not Alternative!)". it ma)" re
fleet a built-in bias in the construction of the chronosequence, aIder mucuna fields pre
senting a heavier texture than young ones 

In a second step, the whole chronosequence. not only the extremes. was considered, bui 
Iimiting the analysis to the:; 5-5 cm layer (the first layer was not selecled to bypass any 
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bias potentially associated with the unavoidable mixing of organic debris together with 
the soil proper when sampling this layer) 

Again, the chemîcal fractionation did not dîscnminate markedly among the various 
fractions, a~ they a11 presented graduaI increases over lime of a similar magnitude Fo
eusing only on mucuna fields younger than 10 years (thus avoiding the texturaI gradient 
menuoned earlier), the physical fractionation showed that it was the fine fraction, nOI 

the coarse one where most of the inerease in C or N content was taking place (Figure 
D 4). This would indicate the fonnation ofrelatively stable organic matter. as it is inti
matel)' bound ta the minerai fraction (Tisdall and Oades, 1982). 
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Figure DI: J\itrogen cament of chemical fractions of soil organic matter in the 0-1) 
cm sail profiles of old \'s. young mucuna fields, San Francisco de SacQ. 
'l'onhem Honduras 
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APPfNDl'\ D.2.b: SOIL ORGANIC CARBO~ (Walkt~· & Black) O-IS cm 

%C 
hor.1 hor.2 hor.3 hor.4 hor.S hor.S , 1a 3.33 2.04 1.60 1.34 1.06 0.90 

2 1b 3. 2.49 2.15 1.69 1.67 1.43 
1 2a 2 1.78 1.49 1.33 1.16 1.02 

2 2 2b 0 2.66 2.28 1.83 1.60 1.45 L 16 
3 1 3a 1 2.53 1.85 1.47 1.39 1.18 1.03 
3 2 3b 1 2.16 1.73 1.49 1.28 1.12 1.08 
4 1 4a 2 3.40 2.57 2.' 6 1.77 1.38 1.26 
4 .2 4b 2 4.22 28 2.58 1.64 1.44 
5 , Sa 2 3.03 2 6 2.00 1.78 1.56 1.25 
5 2 Sb 2 3 92 3.01 2.59 2.08 , .82 1.61 
6 1 Ba 3 4.32 2.78 2.18 , .72 1.44 1.23 
6 2 6b 4 3.79 2.45 2.09 1.56 1.24 , 10 
7 , 7a 4 4 07 2.84 2.06 1.48 1.24 , .05 
7 2 7b 4 4. 2.95 1 1.44 1." 1.00 
7 3 7e 4 4 35 2.82 1.97 1.54 1 21 0.89 
B 1 Ba 9 4.92 2.97 2.12 1.70 1.38 1.21 
8 2 8b 9 4.45 2.76 1.97 1.62 1 49 1.27 
8 3 8e 9 4.59 2.46 2.31 1.82 1.6:? 1.25 
9 1 9a 7 3.99 2 55 1.65 1.35 1.0:': 0.97 
9 2 9b 7 4.13 2.59 1.88 , .40 1.21 0.96 

1 0 1 10a 7 4.02 2.49 1,74 1.49 1.19 1.05 
10 2 10b 7 4.75 2.78 1.94 "51 1.27 1.19 
1 1 1 11 a 9 5.39 3.29 2.40 1.85 1.53 1 30 
1 1 2 11 b 9 3.98 2.96 .2 3 1.86 1.51 1 .19 
1 1 3 1 1 c 9 5.10 3.23 2.09 1.73 1.43 , .22 
12 12a 9 4.93 2.99 2.04 1.63 1.45 1.31 
12 2 1.2b 9 4.43 3.06 2.0 , 1.63 1.35 1.27 
13 1 1 , , 5.01 2.77 2.04 1.67 1.46 1.31 
13 2 13b 1 1 4.02 2.46 1.75 1.54 1. 19 1. 1 a 
14 1 14a 14 3.95 2.67 1.93 1.62 1.38 1 09 
14 2 14b 14 4.23 2.65 1.87 1.63 1.36 1 24 
1 4 3 uc 5 4 26 2.66 1.88 1.52 1.29 1.08 
1 5 1 15a 15 4.23 2.76 2.n , .72 1.45 1.22 
15 2 15b 1 5 3.97 2.64 1.94 , .50 1.21 1.07 
16 1 16a 1 3 4.01 2.52 1.84 1.59 1.40 1.22 

'6 2 16b , :3 4.05 2. 2.20 1.85 1.60 1.37 
, 7 , 1 16 4.92 3.10 2.31 1.77 1.34 1.21 
17 2 17b 16 4.79 2.75 1.98 , .54 1.30 1.10 
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APPENDIX D.3: SOIL CHEMJCAL PROPERTIES ACROSS 
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