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Abstract: Factors limiting subsistence maize production in Honduras include low soil fertility and the lack of resources for 
adequate fertilization. Crop rotation with leguminous plants to improve N nutrition in maize is known and practised 
successfully in some parts of Honduras. Because of the lack of available land for rotation, intercropping legumes has been 
proposed by developinent organizations. Intercrops of Mucuna (M~icimapruriens (L.) DC. var. utilis), Canavalia (Cnnavalia 
ensifo~-~nis (L.) DC.) and Dolichos (Labia6 purplireus p.)) were intercropped with maize (Zea inays L.) on a Typic 
Ustifluvent in Honduras (14 00' N, 87 05'W). Intercrops did not improve niaize production when compared with mono- 
cropping. The year with least intercrop biomass production resulted in the highest inaize yield. An increase in tlie incidence 
of niaize ear rot (Stenocar-peiia nzoydis (Berk.) Sutton) uras noticed with the Dolichos and Canavalia intercrops in different 
years. Lack of yield response to intercropping inay result from nutrient release from the biomass not being syncluonous with 
critica1 stages of inaize gowtli. In the absence of rotation, intensification of maize systems ~ 4 t h  edible legumes should be 
evaluated and promoted in terms of total crop production. 

ICeywoi-ds: Maize-legume intercropping, subsistence farmiiig, yield and disease effects. 

Resumen: Entre los factores que limitan la liroducción de maiz de subsistencia en Honduras están la baja fertilidrid del suelo 
y la falta de recursos para una fertilizacióii adecuada. La rotación de cultivos con plantas leguminosas para mejorar la 
nutrición del maiz con iiitrógeno es conocida y practicada coi1 éxito en alguiias partes de Honduras. Debido a la falta de 
Jierra disponible para rotación de cultivos, la siembra de leguminosas intercaladas con los cultivos ha sido propuesta por 
organizaciones de desarrollo. Cultivos de Mucuna (A4uc1rna prirriens (L.) DC. var. zitilis), Caiavalia (Canavalia ensifrmis 
(L.) DC.) y Dolichos [Lablnb purpiireus (L.)] fueron intercalados con maiz (Zea rnays L.) en un suelo Typic Ustifluveut en 
1-loiidiiras (14 00' N, 87 05'iV). Los cultivos iiitercalados no aumentaron la produccióii de maiz comparado con monocultivo. 
El año con la ineiior bioinasa de cultivo intercalado resultó con la iiiayor producción de inaiz. Uii aumento eii la incidencia 
de la pudrición de la mazorca del maíz [Stei?ocarpella nzaydis (Berk.) Suttoii] se iiotó coi1 Dolichos y Canavalia en diferentes 
arios. La falta de respuesta a los ciiltivos iiitercalados puede deberse a la falta de sincronización entre la liberación de los 
nutrientes de la biomasa y los periodos criticos cn el crecimiento del maíz. Sin rotación, la intensiiicación de los sistemas de 
producción de inaiz con leguminosas coinestibles se debe evaluar y promover en témiinos de la producción total de ambos 
ciiltivos. 

Palabras clave: Agricultura de subsistencia, cultivos intercalados maíz-leguiniiiosa, efectos en renduniento y enfeimedades. 

Introduct ion cliemical fertilizers (CIDICCO, 1991; Runcli, 1993). 
These intercropping systems are distiilct fiom reiay 

Tliis study \vas coiiducted with tlie goa1 o f  iiitercropping because tlie leguirie is planted before tlie 
evaluatiiig tlie practice of iiltercropping tliat is reproduclive stage of  the inaize, and froin rotation 
'proriioted by some development institutions as a bccause tlie maize is cultivated in tlie saine area in 
coinpoiieiit of  potentially sustaiiiable liillside cropping consecutive growing seasons. 
sysleins. Tlie objectives of tlie study were to Typically tliese intercrop systems are not of  large 
deteriniiie the effect of intercropping maize (Zea m q ~ ~  scale coininercial iinpoi-taiice, and tlie researcli iiito 
L.) witli some of the legumes proinoted for tliis tliein is oriented towarci smaller scale fariners and 
purpose, o11 iiiaize yield and qualily. teilds to be varied nnd dependeiit on  Lhe particular 

Iiitercropping inaize witli legumes has been iiiterests of  tiie researclier. N traiisfer in pasture 
coiisistently proposed iii siilall farm situatioiis iii systems has beeii documeiited (Sterii, 1993), but the 
developiiig iintions t o  reduce aiid replace the use of  esleiisioii to iiitercrop systems iii maize Iias ilot been 
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well vilidated. Tlie analyses of these systems have 
focused on improved crop production in terms of 
improvement of soil properties and increased 
productioii of cdible and saleable product. 

Greeiilioiise aiid pot studies have shown the 
possibility of N transfer from legumes to inaize iii 
iiitercropping systeiiis. Transfer of N iii low fertility . 
situations is expected to be greatest wlieii growth of 
flie leguine does not suppress inaize growth (Senaratne 
and Ratnasiiighe, 1993). Patra et al. (1986) found that 
16% of total N uptake by maize was from N fixatioii 
contributed by legnme intercrops, and increased N2 
fixation of cowpea (Yigna ui?gtriculata) iii 
iiitercroppiiig \vas fouiid. Tlie recovery of "N W ~ S  

greatesl witli suppression of tlie intercrop, with little N 
coiitribiitioii from the roots of tlie legume (Jordan et 
al., 1993). Estiinates of N transfer iii intercropping 
sysieiiis mlist be regarded witli cautioii dile to tlie N 
sparirig effect of the legume tliat inay be mistakeii for 
transfer to iiiaize (Clialk and Sinitli, 1994). 

Estiinates of N preseiit iii the biomass vary from 80 
kg N l i d  from iiitercroppiiig altemate rows (Siiigh et 
al., 1986), 97 kg N 1ia-' witli Muc~ina (Maiidiinba, 
1995) aiicl 120 lcg N l i j i  (Sanginga et al., 1996). 
Management practices also vary greatly in tlie 
literatiirc. Wani et al. (1995) fouiid that, even with tlie 
removal of tlie bioniass, iniiieralizable N contents 
could be iiicreasetl, while Power ct al. (1998) found 
tliat ninize residue alone iiicreased yields. The aniouiit 
of N2 fixcd by legumes increased wlien int'ercropped 
willi iiiaize, soggesting tliat coiiipetition witli maize 
iiiflueiices tlie proportion of N froin fixatioii (Saiigiiiga 
ct al., 1996). To take advaiitage of the N2 fixing 
ability of tlie legume, tlie basic l~rincipal is tliat tlie 
releasc of iiutrients iiiust be synchronized witii crop 
resl~oiisc niid iiiitrieiit requirenieiit (Mandimba, 1995). 

Gencrally, no iiicrcase (or a decrcase) in niaize 
productioii is fouiid uiider iiitercroppiiig systems 
co~iipared wiili iiioiio-cropping. It is tiie land use 
cfficiency, tlic total usable procluctio~i froiii a given 
aren, tliat iiicreases, dile to tlie co-production of an 
edible legiiiiic (Siaine el al., 1998; Adliikaiy et d., 
1991; I<Iiaiidkar aiid Nignni, 19%; Maiidiriiba, 1995; 
Arias aiid Mulioz, 1983; Aliined aiid Gunaseiia, 1979; 
Cliowdli~iiy aiid Rosario, 1993). Most iiicreased 
ecoiioiiiic beiiefit coiiies froiii tiie adclitioiial 
prodiictioii of a salcable legiiine (Khaii et al., 1996; 

Abbas et al., 1995; Ahmed and Gunasena, 1979; 
Francis et al., 1986). Benites et al. (1993) found tliat 
no intercrop was more productive than mono-cropping 
its individual componeiits, suggesting the need for an 
evaluatioii of the spatial patterns of the cropping 
systems. 

The reductioii of competition with maize by 
intercropping in strips, aiid choosing legumes of 
greater N2 fixing ability to substitute natural resources 
for purchased inputs (Midmore, 1993) accounts for 
much of tlie variation in promoted maizeilegume 
intercrop systems. Myalca (1995) found increased 
intercrop production with paired rows compared witli 
single rows and earlier iiitercrop plaiitiiig; and alternate 
rows increased maize yields and lowered legume 
yields (Francis et al., 1986). Intercropping practices 
may also be more stable over different environments 
(Rezende and Ramalho, 1994) than mono-cropping. 
Increasing the density of the legume intercrop 
increased N in maize plant tissue (Senaratne et al., 
1995). Legume intercrop productivity decreased witli 
lower intercrop populatioiis and increasing maize 
deiisity (Cliowdhury and Rosario, 1993; Tonye and 
Titi-N~vel, 1996). Different crop arrangeinents lielp 
control soil erosioii as well. Coinbiiiing surface cover 
witli contoiir strip cropping significantly reduced 
erosioii (Francis et al., 1986). 111 steeper liillside 
eiivironinents, improviiig cover can complement, but 
iiot replace, other erosion control measures (Walle and 
Siins, 1998). Considering tlie relevaiit socio-ecoiiomic 
factors ofresource availability aiid risk aversion. Peter 
aiid Runge-Me.kger (1994) deterniined tliat a 
coiiibination of moiiolintercropping and rotation were 
optimal, fiirtlier complicatiiig tlie intercropping 
panorama. 

Tlie application of cliemical N fertilizer lias beeii 
fouiid to doininate the intercrop benefits to rnaize yield 
(Sianie et al., 1997; Power et al., 1998). Effects range 
froin zero with N fertilizer applicatioii at plaiitiiig 
(Rainirez, 1972) and no respoiise to intercroppiiig 
witliout fertilizer (Hesterinan et al., 1992); to aii 
iiiteractio~i helweeii intercrops aiid N fertilizer (Po\ver 
el al., 1998; Siaine et al., 1998). Increased fertilizer 
use efficieiicy Iias been observed (Obiagwu, 1995), but 
sensitivity aiialysis of N fertilizer costs is always 
reqiiired (Nair et al., 1979) for aii adequate ecoiioiiiic 
aiialysis. 
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Despite improved soil properties from cover 
croppiiig, a need for fertilizer for tlie succeeding crop 
is recogiiized (Adliikary et al., 1991; Obiagwii, 1995). 
Coiiiparison of practices labelled orgaiiic may be 
rnisleading, wlieii inadequate comparisons are inade 
(Mausolff and Farber, 1995). Reeves et al. (1997) 
found 100 kg N h a i  incorporated froin leguine 
bioinass iiicreased inaize yield coinpared with 100 kg 
liál ferlilizer N, presuiiiably due to tlie additioii of 
otlier iiutrients present iii tlie biomass as well as the 
benefits of incorpornting a legume into the soil as in a 
typical crop rotatioii. Zinproved soil fertility status 
does iiot always raise succeediiig inaize yield 
(IChaiidkar and Nigain, 1996) aiid requires furtlier 
iiitensificatioii witli fertilizer or irrigatioii (Khan et al., 
.1996). Leguiiies otlier thaii Piinseolzls spp. that fis 
greater quantities of N inay be needed to raise yields in 
succeediiig inaize crops (Pilbeain et ol., 1995). 

Rlatcrials a n d  Mcthods 

Tlie study was coiiducted at the Pnii-American 
Agriciillure Scliool, Fraiicisco Morazán, Hoiiduras (14 
00' N, 87 OS1\&'). T.he soil is classified as a Typic 
Ustifluvent, loaiiiy, isoliypertlieriiiic. Maize was growii 
i i i  tlie traditional way as practised by local farmers: 
two seeds pcr plaiiting locntioii, witli n rol? spaciiig oi 
0.9 in aiid iiiter-plaiitiiig distaiice of 0.4 ni, to give a 
seediiig rate of 55,555 11%'. Leguine iiitercrops of 
Muciiiia (Mziczma p~iri~ici7s (L.) DC. var. iitilis), 
Caiiavalia (Canavnlin cnsifor17?is (L.) DC.) and 
Dolichos (Lalilob pzirpurezls (L.)) were sown betwceii 
.~laiitiiigs ofinaize witli a seediiig rate of 55,555 1 1 ~ '  7- 
31 days afier inaize einergeiice, depeiiding oii raiiifall. 
Iii 1996 aiid 1997 a inulch of ciit Vetiver grass 
(Velii~eria zizailioides (L.) Nasli) was applied, at 
npprosiinately 3 t l i j i  hioiiiass, as aii additional 
trentiiiciit to blocks 5, 6 ai1.d 7. 

A basa1 fcrtilization typical of fariner practicc (42 
kg N liñ', 13 kg P lia-') \vas applied iii tlie forin of 
diaininoiiiuiii pliospliale after inaize einergeiice and 
iirea after gerininatioii of tlie intercrop. Lorsban (0,0- 
dietliyl O-(3,5,6-tricliloro-2 pyridinyl) phortliioate) was 
iised for coiitrol o£ Spodoptern spp. pests wlien they 
appeared. Pre-plaiitiiig wced coiitrol ' was wiUi 
glypliosnte O\J-(phosplioiiomstliyl) glycine). Botli 

clieinicals vvere applied at rates recommended by the 
inanufaclurers. 

Tlie experimental desigii comprised randomized 
coinplete blocks vvitli seven replications. Each plot 
measured 5 m by 7 in and consisted of 7 maize rows. 
Additional areas were sown for destructive sampling 
of tlie iiitercrop contiguous to eacli plot. Maize yield, 
biomass production of tlie legumes and tlieir N conteiit 
were ineasured, aild the incidente of disease recorded. 
Al1 inaize was bent over (doblado) as is local practice, 
to prolect llie cobs froin rain and birds. The five inner 
rows of maize were harvested at physiological 
maturiíy, and grain yield adjusted to 14% moisttire. 
The biomass of tlie l e y m e  iiitercrops was ineasured 
by saiiipling Uiree lilants at random from each plot at 
approximately two week i i i te~als .  Dry inatter was 
deteriiiiiied by dryiiig at 60 C for 4s hrs. N content 
was ineasiired by niicro-kjeldahl, for foliar samplings 
of tlie legume intercrop. Otlier macro-nutrients (P, K, 
Ca, Mg) were determined by atomic absorption. 

Tlie results werc aiialysed using ANOVA and 
treatineiits coinpared by LSD (aS0.10) aiid ortliogonal 
contrast (iiitercrop vs. iiiono-croppiiig). 

Results 

Grain yield 
Differences occiirred behveeii years, but no 

treatinent by year interaction was fouild (Table 1). In 
the first year, 1995, inoiio-cropped maize and inaize 
iiitercropped with Canavalia yielded inore tlian tlie 
otlier intercrops. No difference was found behvcen 
iiioiio and iiitercroppiiig treatinents in 1996. Al1 yields 
were greater iii 1397 thaii in the two previoiis years, 
~vitli inono-cropped maize yieldiiig more tliaii 
i~itercropped ii~aize. Ortiiogoiial contrast betweeii 
treahients slio7,ved ihat interciopping iowcred inaize 
yields overall. 

Intercrop productivity 
Biomass: Doliclios produced less biomass tliaii 
Canavalia in each of the years, and less Lhaii Miicuna 
iii 1995 aiid 1996 (Table 1). Decreases in iiitercrop 
bioinass for 1997 were a result of lirnited raiiifall afier 
inaize eiiiergence, delayiiig sowiiig of tlie iiitercrop 
aiid slowing early devclopinciit iii relation to tlie 
iiiaizc. Reduced intercrop bioniass iii 1997 correlates 
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with overall liiglier maize yields in that year, further 
suggesting that competition favoured maize. Under 
conditioiis that favour tlie maize, sucli as the later 
sowing of the intercrop in 1997, Canavalia produced 
more bioinass tlian the other legumes, suggestiiig that 
it is a iiiore versatile legume for intercropping. When 
conditioiis favoured the intercrop, Mucuna may 
produce more biomass during inaize growth tlian 
Canavalia, sucli as iii 1996. 

Nutrient content: N content in the intercrop biomass 
decreased at mat~irity, altliough tlie accumulation of 
bioiiiass sliowed significaiit potential addilions of N to 
tlie croppiiig system. Accumulatioii of oilier iiiacro- 
iiutrients in tlie biomass contribute to the recycling of 
iiulrieiils ~vithiii tlie systein. Estimates of iiritrieiits in 
tlie iiltercrop bioiiiass are presented in Table 2, for 
coinparisoii witli cliemical fertilization. 

Tlie possible N contributions of tlie legume 
iiitercrops raiiged from 27-88 kg N ha-', but did not 
iiicrease iiiaize yield. Tliis is roughly equivalent to tlie 
application of 45-135 kg urea liál, rates at \vliich a 

positive crop response would be clear under local 
conditions. 

Disease incidcnce: No significant difference for pests 
was noticed behveen croppiiig systems, although there 
were significant block effects in the incidence of 
Spodoptera and Mocis spp. An important problem iii 
Honduras is the incidence of maize ear rot, 
Steizocarpella lnaydis (Berk.) Sutton. 
h 1995 tlie incidence of maize ear rot was less in 

Canavalia and moiio-cropped maize than in intercrops 
of Mucuna and Dolichos (Figure 1). In 1996 tlie 
iilcidence of ear rot was greater in Dolichos than the 
other iiitercrops niid iuono-cropped inaize. The 
application of Vetiver mulch gave the lowest iiicidence 
of maize ear rot. This may be accounted for by the 
lack of a previous season's inaize residue iii the plots. 
Iii 1997 Canavalia produced the liighest incidence, 
there \vas no differeiice between the other treatments. 
Sigiiificant variations betweeii years were noted with 
maize ear rot iiicreasing for Canavalia and decreasing 
for Mucuna. Adequate explanations for the variations 
are iiot available from tlie data. 

Riblc 1. Maize yield and iiitercrop biomass (kg !la-'), 1995-1997, Fraiicisco Morazán, 1-Ioiiduras 
1995 1996 1997 

Treatme~it Legtirne Maize Leguiiie Maize Legume Maize 
Moiiocrop 3311 a 1745 5060 a 
Muciiiia 6761 a 1134 b 8147 a 1521 1189 b 3464 b 
Canavalia 7501 a 2353 ali 6410 b 1591 2966 a 4178 h 
Doliclios 2965 b 1562 h 4156 c 1428 1178 h 3768 b 
h4eaiis witliiii a coluinn followed by a differeiit letter are differeiit by LSDo.io. 

Tnblc 2. Foliar aiialysis and iiutrieiit conteiit o£ legume biomass, 1997, Francisco Morazán, Honduras 
Legiiiiie N P K Ca Mg 

'yo 
Caiiavalia 2.97 0.32 2.70 0.82 0.23 
Mucuna 2.88 0.3 1 2.14 0.67 0.26 
Doliclios 2.33 0.23 2.54 0.73 0.24 

........................................... ............................................ lig lis-' 
Caiiavalia 8 8 9 80 24 7 
Mncoiia 34 4 25 8 3 
Doiiclios 27 3 3 0 9 3 
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Cobertura 

Figure  1. Iiicideiice of  niaize ear rot, Steizocarpella 
nzaydis (Berk.) Suttoii, 1995-1997, Francisco Morazán, 
Honduras. Error bars represent LSDo,io. 

Conc lu s ions  

Intercropping niaize with the studied leguines inay 
not improve maize production in tile ustic areas of  
Honduras. Caiiavalia, Mucuna aiid Doliclios did not 
increase inaize yields, and iii hvo of  tliree cropping 
,oeasons suppressed thein. Altliougli the leg~iiiies 
studied accumulated significant amounts of N in the 
bioinass, tliis was iiot traiislated into greater maize 
yields, dile to coinpetitioii witb tlic maize and a release 
of nutrients tliat \vas iiot syncliroiious with crop 
growtli. 

Wliere otlier factors sucli as land availability and 
rainfall periiiit, tlie legumes iii tliis study sliould be 
considered for use iii rotation systeins to improve soil 
fertilily aiitl crop production. The iiiteraction witli 
additioiial clieiiiical fertilizer, botli N aiid P becanse of  
their Iiniited quaiitities in Ilie bioinass, sbould be 
coiisidered, rather than insistence on the replacement 
o i  cheiiiicnl feifilizer to iiieet non-agricultura1 
objectives. Wliere rotation is iiot feasible, edible 
legumes sliould be coiisidered for increasing total food 
procluctioii o11 available laiid. 
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