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Abstraet: This investigation assessed the effects of two tiUage systems and the seas anal distributíon 01' precipitation and 
temperature on weed population dynamics in lhe dry tropies. A field that had heen under eilhcr conventional tiUage (CT) ur no 
lillage (NT) for alleasl f'ivc years was used for the Sludy. Wced populations wcre eslimalcd cvcry monlh from June IlJ95 to 
December 1996. Weed population heterogeneity was estimated with the Shannon and Wiener function and correlations bctween 
weed emergence and temperature 01' precipitation were calculated. The weed cornmunity consisted of 45 species distrihuted in 39 
genera and 17 familics. Higher wecd populations occurred during the rainy season comparcd to the dry scason and total wced 
emergence correlated well with the distribution of precipitation. Cyperus rotundlls L., CYl1odon dacrylon (L.) Pers., CommelinCl 
diff1<!iG Burn. f.. Ageratum conywides L., Croralaria pallida Aiton., Nicandra phvsa/odes (L.) Gaertnel', and total weed populations 
were higher in CT. Aeschyl!o/llene americal/a L .. Cenchnu echinat"s L., Digitaria spp., E/eusine indica (L.) Gaertner. Eup/¡orhia 
hirta L., Richardia scabra L., Kallstroemia maxima (L.) Torr. & Gray., and total grass populations were higher in NT. In addition, 
NT had a more heterogeneous distribution of species lhus suggesting that tillage reduces the diversity of wccds Importantly. 
perennial weeds which requirc fragmentation for dissemination and establishment \Verc more prevalent in CT. 

Index words: Glyphosate. Hutcheson test. paraquat, seasonal distribution, Shannon and Wiener diversity index, weed emergence. 

Resumen: Esta investigacIón evalucí el efecto de dos sistemas de lahranza y la dlstnhución estacional de la precipitaCión y 

temperatura en la dinámIca publaeional de malezas en el trópico. Un campo de 6.5. manejado baJO labranza cllnvencional ¡LCO) 
y labranza cero (LeE) por al menos cinco años fue usado para la investigacIón. Las poblaciones de malezas se estimaron 
mensualmente desde Junio de IlJ95 hasta diciembre de 1996. La helerogeneidad de la población de malezas en LCO y LCE fue 
estimada mediante la función de Shannon y Wiener y se calcularon las correlaciones entre la emergencia de malezas y la 
temperatura o precipitacicín. La comunidad de malezas consisticí de 45 especies distrihuidas en 39 géneros y 17 familias. Más 
malezas existicron en la estación lluviosa comparado a la estacicín seca y la emergencia total de malezas correlaCionó bien con la 
distribución de la precipilación. Cyperu.\ rotundus L., CV/1odon dactylon (L.) Pcrs., Commelilla difjúsa Burn. 1"., Ar;erarwlI 
conyzoides L., Crora/aria pal/ida Aiton., Nicandra physa/odes (L.) Gaertner, y la población total de malezas fueron mayor en LCO. 
Aeschynomene americana L., Cenchrus echinatus L., Digitada spp., E/eusine indica (L.) Gaertner, Euphorbia hirta L., Richardia 
scabra L., Kal/stroemia maxÍma (L.) Torr. & Gray., y la población total de gramíneas fueron mayor en LCE. AdiCIonalmente, LCE 
tuvo una distribucicín más heterogénea de las especies sugiriendo que la labranza reduce la diversidad de malezas y favorece la 
reproducción de malezas perenes que requieren de fragmentación para su diseminacicín y establecimiento. 

Palabras claves: Distribución estacional, emergencia de malezas, glifosalo, índice de diversidad de Shannon y Wiener, paraquat. 
prueha de Hutcheson. 

Publicación DPV-EAP # 658. 

Graduatc Rcscarch Assistant, 2104 Agronomy Hall, Iowa State UniversÍly, Ames, lA, 500 I I 

Profcssor of Agronomy, 2104 Agronol11y Hall, Iowa State University, Ames, lA, 50011: and Adjunct Professor of Weed 
Sciencc, Departamento de Protección Vegetal, Zamorano, P.O. Box 93, TegUCIgalpa, Honduras. 

Pruf"cssor of Wced Science, Departamento de ProteccIón Vegetal, Zamorano, P.O. [lox lJ3, Tcgucigalpa. Honduras. 

121 Cciha, 1997. Volumen 38(2):123-135 



Ceiha 

INTRODUCTIO;-'; 

Wceds are an important agricultural pest complex that 
has coexisted with humankind for many centuries. In the 
tropics, humans spend more time removing weeds and 
weeds cause more yield reductions than in any other part 
of the world (Akobundu, 1987). Many farmers praetiee 
subsistence agriculture in the lropies and weed 
managemenl consists of labor intensive practices that oflen 
result in only Iimiled control, partiaJly to the facts that 
tropical agriculture is technologically undeveloped 
compared to temperate regions and that professionals to 
conduct wced rcsearch are scarce (Young el al., 1970; 
0011, 1980). In addition, little is underslood about the 
diverse aspects that govem the regenerative processes and 
emergence pattems of plants in the tropies (Kcllman, 
1974). Rescarch investigating germination charaeterislics 
and emergenee pattems oí" common weeds will improve 
our understanding of wecd rcproductive behavior and 
could help the development of altemative control taeties. 
The objective of lhis study was lO asscss the effect of 
precipitalion, temperature, and tillage on weed population 
dynamlcs ín a dry tropical environmen!. 

Plant population dynarnics. Tropical regions are 
eharaclerized as having more abundant and varicd plant 
Jife than other parts of lhe world (Krcbs, 1985). 
Population dynamies refer lo shifts in the plant eommunity 
composition over time and these changes relate to the 
number of species and the relative abundancc of caeh 
species in a habita!. Community heterogeneity refers to 
the relative variabi lit y of species in a particular arca. 
Heterogeneity is higher in communities having a large 
numher of species and an eguivalent distribution of these 
species (Krebs. 1985). 

The weed cornmunity is largely influenced by humans 
(Young and Evans, 1976). Agricultural prodllction is 
oriented to monocropping and weeds inercasc thc diversity 
of these agroecosystems by competing for, and using the 
environmental resources assígned for erop productíon. 
The composition of the weed flora in a particular 
agroeeosystem rcflccts the climate. edaphic characteristics 
and past agronomic practiccs (Robet1S, 1981; Frolld
Williams el al., 1983a; Zimdahl el al., 1988). Agronomic 
practices that affect the weed flora include tillage and 
herbieide app1ication (Wmcke and Amold, 1985). 
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Effcct of tillage on cornrnunity heterogeneity. Tillage 
practices alter lhe agroeeosystem and tend 10 change the 
weed community heterogeneity. Several cxpeliments 
indícated that a redllction in tillage wíl! inerease species 
diversity. Cardina el al. (1991) fOllnd that the number of 
speeies in permanent grass sods was higher than in CT 
plots. NT may increase the diversity of annual grasses and 
small-seeded annual weeds bul rnay also decrease the 
diversity of sorne annual dicotyledonous weeds (Pollard 
and Cussans, 1981; Pollard el al., 1982). Large-seeded 
annual dicotylcdonous species are more freguent in CT 
than in NT (Froud-Williams ef aL, 1983b). 

Some perennial spceics may also be a problem in 
reduced tillage because the root system is not disturbed 
and most herbicides are not effectivc on established 
perennial plants (Triplett, 1985). Froud-Williams el al. 
(1981) indicated that NT favors the establishment of sorne 
rhizomalous ¡¡nd stoloniferous perennials. Buhler el al. 
(1994') found greater amI more diverse perennial wced 
populations 111 rcduced tillage systems compared lo él 

moldboard plow system. 
Studies in Central Arnerica found higher di ycrsity 

índices in NT weed cornmunítíes than ín CT (Monroy el 

al, 1993; Godoy el al, 1995). Monroy el al. (1993) 
concluded ¡hat broadleaf weed populations were more 
diverse in NT while grass populations were more diverse 
in CT. These investigarians demonstrated that lInder 
tropical conditions, CT reduces the total number of species 
and favors the establishment of perennial species that 
require fragmentation for dissemination and establishment 
(Monroy et al" 1993; Zelaya et al., 1994; Godoy el al., 
1995). 

Effcct of tillage on scedling erncrgence and seed hank. 
The effeet of tillage on weed ell1ergence is not clear. 
Some studies indicate that more seedlings and faster 
emergence occurs in tilled plots (Roberts and Neilson, 
1981; Bridges and Walker, 1985), whereas other studies 
found more elllergence without tillage (Cardina el al., 
199 \; Mohlcr and Callaway, 1992) Additionally, the 
effeet of t1l1age vaties all10ng species (l3uh1er and Daniel, 
1988). sites (Froud-Williams el al., 1983a; BlIhler and 
Mester, 1991) or between years of research (Wi Ison. 1981; 
Wi Ison, 19851. Dick and Daniel (\987) estimated that 
tillage systell1s rcguire flOm four to ten ycars to reach 
\Vecd population and soil characteristics eguilibrium. 
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Weed emergence attributable to tillage practices 
represent a small percenlage 01' the seed bank reserves 
(Roberts, 1963: Robens and Potter, 1980). Culti vation 
lwo to four times ayear promoted lhe emergcncc of 7% 01' 
the viable seeds in the top 23 cm of lhe soil (Roberts and 
Potter, 19HO) and intensifying the frequency of cultivation 
increased weed emergence to only 10% (Roberts, 1963). 
Weed cmcrgence attributed lo tillage may be explained 
because of exposure of dormant sccd 10 radiant energy, 
improved soil aeralion, or loss of volatile soil germination 
inhibitors (Egley, 1986; Zimdahl el al., 1988) 

Roberts (1968) calculated that tillagc reduced the seed 
bank 30% 10 60% annually and predicled that the seed 
bank reserves could be depleted in 30 years. 
Replenishment of the seed bank is accelerated if weeds are 
not effíciently controlled (Moss, 1985; Bumside et al., 
1986) and if escaping weeds produce large numbers of 
see¡]s {Cavers and Benoít, 19RCJ 1. 

Secds in NT are found near the surface (Pareja et al., 
1985; Triplett, 1986) and as deplh increases, the 
concentration of weed seeds declines logarithmically. 
Yenish el al. (1992) indicated thal more lhan 60% of all 
weed seed could be found in lhe 10p I cm of NT soils. 
This seed surface accumulation may favor lhe 
establishment of annual species because weed emergcnce 
from the soil surface is less difticult (Herr and Stroube, 
1970; Aldrich. 1984) 

CT practices mix the soi! and lends to provide 
uniformity to the vertical distribution of the seed bank 
(Roberls, 1981; Cardina el al., 1991). Tillage buries 
seeds, induces dormancy and increases seed longevity in 
the soil (Roberts and Dawkins, 1967; Stoller and Wax, 
1974). Small seeded species with prolonged dormancy 
periods survive longer with deeper seed burial (Zimdahl el 

al., 1988; Mester and Buhler, 1990). Hard seed coats may 
also enhance soil seed surviva! after buria] (Stoller and 
Wax, 1974), however, subtle variations in soil 
environmenta] conditions may influence their survival 
period (Conn, 1990). Knowledge of seed survival can be 
used to predict the severity of future weed problems and 
to estimate the feasibility of eradicating a particular weed 
by eliminating seed production (Roberts and Feast, 1972; 
Dawson and Bruns, 1975). 
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The experiment was localed at El Zamorano, in lhe 
Yegüare Valley, Francisco Morazán, Honduras. This area 
has a mean elevation of 800 m above sea Icvel, an average 
temperature range of 18 oc lo 29° C and annual mean 
precipitation of 1100 mm. The region is characterized as 
a dry tropical environment where thc dry season extends 
from December to May, and the rainy season from Junc to 
November. The mean accumulated precipitatian for each 
month and maximum and minimum temperaturcs during 
1995 and 1996 are presentcd in Figure l. The research 
was conducted on San Nicolás, a maize (Zea l1lavs L.) 

production fíeld managed by lhe Department of Agronomy 
of Zamorano. 
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Figure 1. Monthly accumulated preClpltatlOn and 
maximum and minimum temperatures from January 1995 
lo December 1996 at El Zamorano, Honduras. 
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Previous management 01" San Nicolás. San Nicolás is a 
6.5 ha field llndcr CT for at least 30 years that has a loam 
to sandy loam soil type with 2.2% organic matter and 5.2 
soi! pH. In 1990, San Nicolás was divided in nine plots 
and three main treatments were replicated three times: CT, 
NT and a yearly CT:NT rolation (Dejud and Pitty, 1991). 
In 1991, lhe covcr crop velvet bean (Sriz%hilllll 
deeringianum (L.) Bort.) was intercropped with maize on 
half of all plots (Vega and Pitty, 1992). In 1992, the 
tillage rotation treatmen! was eliminated and changed lo 
tillage equipment using water buffalos (Buba/l/s buba/is 
L.) (Ze]aya. ]994). 

TilIage evaluation. Wced population dynamics were 
monitored for 19 months in CT and NT systems. One 100 
m' plot was assigned to each tillagc systcm and replicated 
three times. Tillage was done on May 22 and May 23, 
1995 and glyphosate (N-(phosphonomethyl) glycinc) was 
applied on May 24. 1995. The CT treatmen! involved one 
moldbaard plow pass and twa disc passes, while:'\TT was 
trcated with 1.5 kg ai/ha of glyphosate. The first weed 
sampling was conducted one month after the treatments 
were applied. Weed populations were determined by 
counting the number of specics and indi vidua1s per species 
that emerged from each plot. The sample area was 0.5 m' 
and for each plot, five arbitrari]y assigned subsamples 
were taken. Amaranthus, lpomoea, Desmodirtm, Ch/oris. 
and Digi/aria species were not separated beyond the genlls 
level due lO diffículties in distingllishing seedlings llndcr 
field conditions but mature plants were identi ried (Table 
1). Acalypha and Isocarpha seedlings and mature plants 
cou Id not be identified beyond the genus leve!. 

After sampling, treatments were re-applied to climinate 
existing vegetation and promote new seedling cmergenee. 
In CT, plots were prepared by manually hoeing and 
mixing the top 20 cm of the soil and NT plots receivcd a 
uniform spray of paraquat (1, I '-dimethyl-4,4'-bipyridinium 
ion) al 1.0 kg ai/ha. Weed samples were taken every 
month from June 1995 to Deeember 1996, exeept far 
October 1995 and 1996 when plots were f1ooded. 

Data wcre analyzed as repeated measures with tillage 
system as the main plot and the sampling date as the 
repeated measure. Data analysis was condueted by 
analysis of variance (ANOV A) and means were separated 
wilh Fisher's least significant difference (LSD) test and 
reported (Ps 0.05) significance Icvcl (SAS, 1987). 
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Spearmall' s correlation eoefficients were calculated to 
describe weed emergence as it related to mean month]y 
temperature and precipitation (SAS, 1979). 

Population heterogeneity indexes were calculated for 
grasses, broadleaves, sedges, and total weed species. The 
Shannon and \Viener flllletion was llsed lo cstimate lhe 
population diversily in bolh tillage syslems (Krebs, 1985) 
This function measures the amount of uncertainty and 
estimates distribution of indi viduals between species. 
Population diversity measured by the Shannon and Wiener 
function is higher with greater and more equitable 
distriblltion of species (Krebs, 1985). 

Statistical diffcrcnces between the species diversity 
index obtained in CT and NT were determined by a 
Hutcheson test (Zar, 1996). This test evaluated the nllll 
hypolhesis that the divcrsities in CT and NT were egua!. 

Table 1. Generic groLlping of weed species al San Nicolás. 
El Zamorano, Honduras, 1995-1996. 

Weed ¡zroup Family Species 
Broadleaves Amaranthaceae Amarant/¡us hyhridus 

Amaran/hus spinoslIs 
Amaranthus viridis 

Grasses 

Convolvulaceae Ipo!l1oea nil 

Fabaccac 

Poaccac 

lpo/l/oea purpurea 
DeSJlIOdill111 ('({l/UnI 

DeSlIllHlillll1 (or1UOSll111 

Ch/oris radiata 
Ch/oris virgata 
Digitaria horizolllalis 
Digitaria sanguinalis 

RESUL TS AND DISCUSSION 

Effect of tillage on weed population dynamics. The 
weed commllnity consisted of 45 species distribllted in 39 
genera and 17 families. More scdges and total weed plants 
occurred in CT while grasses were prevalent in NT (Table 
2). Cyperus rotundus L. was the only sedge species 
eneountered but accollnted for 74% of the total weeds 
found in CT. Stoller (1975) cited that C. rotundus 
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propagation in cultivated fields was almost entirely by Table 2. Continuation. 
tubers. Pitty and Muñoz (1991) indicated that moist soil ..::..;::.;:;.;.;:...::.:........::::...:.:.===:..:.:...------------
conditions and tillage promoted C. rotundlls propagation. 
Tillage divides the tuber chain and eliminates the apical 
dorninance exerted by the distal tuber thus promoting the 
germination of many tubers (Smith and Fiek, 1937; Muzik 
and Cmzado, 1953) Compared to the dry season, greatcr 
C. rotllndus population differences between CT and NT 
were obtained during the rainy season (Figure 2). C. 
rotundus emergenee in CT was eorrelated to the 
distribution of precipitation suggesting that this species 
requires humid conditions to establish (Table 3). 
Rochecouste (1956) reported that C. rotundus was a more 
serious weed in sugar cane (Saccharum officinarum L.) 
fields when growing in wet soi!s. 

CT had more total weeds than NT but this difference 
was a result of the higher C. rotundus populations found 
in CT (Table 2; Figure 2). Weed emergenee was 
eorrelated to precipitation (Table 3). The avai!abi!ity of 
moisture has been reported to be an important resource for 
eompetition between erops and weeds (Everaarts, 1993). 
Zimdahl et al. (1988) reported that tillage favored weed 
emergenee by exposing buried seeds to radiant energy that 
promoted germination. 

Table 2. Plants per m' that emerged in conventional (CT) 

and no tillage (NT) systems from J une 1995 to December 
1996'. 

Famil~ Sl2ecies CT NT 
Scdgcs 

137.8 a' Cyperaceac Cypems mll/ndl/s 2.2 b 
Total scdgcs 137.8 a 2.2 b 

Grasses 
Poaceae Cenchrus echinatl/s 0.1 b 5.3 a 

Chloris spp. 0.0 a 0.2 a 
Cynndon dactylon 1.7 a 0.1 b 
Digitaria spp. 1.5b 14.6 a 
Eleusine indica 0.2 b 1.3 a 
Leptoc!Jloa filifnrl1lis 0.6 a 4.6 a 
Panicum maximwn 0.0 a 0.1 a 
Sorghul1l halepense 1.6 a 2.7 a 
Total grasses 5.7 b 28.9a 

127 

Famil~ S]2ecies CT NT 
Broadleaves 
Aizoaceae Mol/URO verricillClta 0.2 a 0.1 a 
Amaranthaceae Amaranllws spp. 0.2 a 0.5 a 
Asteraceae Axeratum cony:.oides 1.l.H a (l. 1 h 

Bidens pi/osa (J. 1 a Ola 
lsocarpha spp. 0.0 a 0.1 a 
Melampodium divaricatum 0.1 a 0.1 a 
Sclerocarpus phyllocephalus 8.0 a 9.3 a 
Sonclllls oleraccus 0.0 a 0.1 a 
Spilanthes ocvmifolia 2.7 a 2.2 a 
Tithonia tuhaeformis 11.6 a 19.2 a 

Commclinaceae Commelilla diffusa 2.6 a 0.0 b 
Convolvulaceae Ipollloea spp. 0.1 a 0.1 a 

Mcrrcmia quinquefolía 0.0 a 0.2 a 
Qual1loclit cholulensis 0.1 a 0.1 a 

Euphorbiaceae Acalypha spp. 0.1 a 0.1 a 
Euphorbia hina 0.0 b 0.2 a 

Fabaceac Aeschynomene america¡-w 0.0 b 0.1 a 
Crotalaria pallida 1.8 a 0.0 b 
Desl1lodiul1l spp. 0.0 a 0.1 a 
Mimosa {mdica 0.1 a 0.1 a 

Malvaceae Sida acuta 0.1 a Ola 
Oxalidaceae Oxalis comiClI/alo 0.0 a 0.1 a 
Papaveraceae A rgemone mexicana ODa 0.1 el 

Portulacaceae Portu/llca oleracm 0.0 a 0.2 a 
Rubiaceae Mitracarpus hirtu.\ 0.0 a 03 a 

Richardia scahra 0.2 b 1.8 a 
Scrophulariaceae Scoparia dulcis 0.6 a 0.2 a 
Solanaceae Nicandra physalodes 0.3 a 0.0 b 

Physalis ignora 0.1 a 0.1 a 
Zygophyllaceae Kaltstroemia maxima 0.0 b 0.1 a 

Total broadlcaves 42.4 a 35.1 a 
Total weeds 186.0 a 66.1 h 

, Data are averaged troll1 all sall1pling dales. 
, Means in rows fallawed by the same lener are nat sigmticantly 

different at the P " 0.05 level deterll1ined hy Fishcr's LSD test. 

Grasses predominated in NT (Table 2; Figure 2) but 
emergence did not corre late well with the mean 
temperature and precipitation fluctuations (Table 3). 
Several investigations reported that NT favorecl the 
establishment of annual and perennial grass populations 
(Pleasant et al., 1990; Godoy el al., 1995). Froucl
Williams et al., (1983a) suggested that because most seeds 
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in NT are near the surface, small-seeded grasses are 
exposed to light that promotes germination, Buhler and 
Pitty (1997) indicated that more annual grasses emerge 
from NT and seed hunal as in eT, reduces seed survival. 
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Figure 2. Sedges, grasses and total weeds emergence from 
June 1995 to December 1996 in conventional (eT) and no 
tillagc (NT) systems in Zamorano, Honduras. 

In the tropies, Cynodon dactylon (L) Pers. and 
Cornrnelina diffusa Burm. f. are perennial weeds that 
reproduce by seeds or stolons (Pitty and Muñoz, 1991). C. 
dactvlon and C. diffusa popu lations were higher in eT 
with greater l1uctualions in emergence during the rainy 
season (Table 2; Figure 3). However, there were no 

In 
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significant interactions between C. dactyloll or C. diffllsa 
emergence with temperature or precipitation. Godoy el al. 
(1995) observed greater C. diffusa popu1ations in eT and 
suggested that tillage segmented C. difjitsa stems thus 
promoting disseminalion and reproduction. Holm el al. 
(1977) reported that ti lIage enhanced C. dactyloll 
dissemination in the fie1d and suggested that cultivation 
segmented C. dittilsa stems thus promoted I'oot regrowth 
from the nodes. In addition, C. dittitsa estahlishment was 
favored by wet soi 1 conditions and was reported to be a 
greater competitor in heavi Iy shaded habitats (Goldberg 
and Kigel, 1986; Pitty and Muñoz, 1991). 
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Figure 3. Cyllodoll dactyloll. Commelina diffusa and 
Ageratl/tll CO!lyzoides emergence from June 1995 lo 
December 1996 in conventional (eT) and no tillage (NT) 
systems in Zamorano, Honduras. 
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Ageratum conyzoides L. populations were more than 
100 limes greater in CT than In NT and cmergence 
increased in July and ceased in November (Table 2: Figure 
3). The emergence in CT correlated with precipitation 
(Tablc 3). Tilis spccics is well adaptcd lo lillage ano water 
availability is impottant for growth (Macie!, 1980) 

Crola/aria palLida Aiton. was found only in CT ano 
significant oifferences in emergence ocurred during the 
rainy season (Table 2; Figure 4). The cmcrgcnce in CT 
correlated with precipitation (Table 3). It is possible that 
under NT, seeds at the soil surface were exposed to greater 
predation. Moare (1978a; I 978b) reported 20% to 100% 
C. pallida seed predation by phytophagous insects. 

Nicandra physalodes (L.) Gacrtner was only found in 
CT and populations were higher in June, July and August 
of 1995 and 1996 (Table 2; Figure 4). Emergence 
correlated with the distribution of rain (Table 3). This 
species is well adapted to tillage (Kelly. 1964) ano higher 
populations occur with high rainfall (Hawton, 1976). 

Aeschynomene americana L. populations were higher 
in NT compared to CT, however, significant differences 
were only observed for June 1996 (Table 2: Figure 4). 
Precipitation and temperature did not effect the emergen ce 
pattern. The emergence 01' A. americana io epigeal thus 
cultivation can easily control genninated seedlings (Thro 
el al., 1990) and may contribute to 10wer populations in 
CT. 

Cenchrus echinatus L. populations in NT were 53 
times greater than 111 CT but significant differences 
between NT and CT were only obtained in July 1995 and 
June 1996 (Table 2; Figure 5). The emergence in CT 
correlated with temperature (Table 3). Zelaya el al. (1994) 
found greater C. echinatus populations in NT than in CT. 

Digitaria spp. populations in NT were almost 10 times 
higher than in CT and greater NT populations occurrcd 
during the rainy season (Table 2; Figure 5). Emergence 
correlated with fluctuations in rain (Table 3). Teasdale et 
al. (1991) found higher Digitaria sanguinalis (L.) Scop. 
populations in NT and indicated that crop residues did not 
affect populations. D. sanguinalis is nonnally an annual 
in temperate regions, but can behave as a perennial in the 
tropics. This is a prolific seed producer with short innate 
dormancy thus seed accumulation at the soil surface, 
typical in NT, may favor emergence. D. sanguinalis 
emergence is highly influenced by soil moisture (King and 
Oli ver, 1994). 

129 

Table 3. Spearman's correlation and probability between 
weed emergence and mean monthly temperature and 
monthly accumulated precipitation in conventio!lal (CT) 
and no tillage (NT) systems, El Zamorano, Honduras 1995-
1996 
Weed species Ti 11- Temper- Precip-
or group age Statistic ature 

Ageratum conyzoides NT correlation 0.00 
probability 0.98 

Crutalaria pallida 

Nicandra physalodes 

Cenchrus echinalus 

Digitaria spp. 

Richardia scabra 

Total sedges 

Total grasses 

Total weeds 

CT cOtTelation 
probability 

NT conelatíon 
probability 

CT correlatton 
probability 

NT correlatian 
probability 

CT correlation 
probability 

NT correlation 
probability 

CT correlation 
probability 

NT correlation 
probabi I ity 

CT correlation 
probability 

NT corrclation 
probability 

CT correlation 
probability 

NT correlation 
probability 

CT correlation 
probability 

NT conelation 
probability 

CT correlatioll 
probability 

NT correlation 
probability 

CT correlatioll 
probabilitv 

0.01 
0.96 
0.24 
0.34 
0.26 
0.30 
0.31 
0.23 
0.30 
0.23 
0.24 
0.36 
0.44 
0.07 
0.1 I 
0.66 
0.02 
0.93 
0.45 
0.07 
0.32 
0.21 
0.23 
0.38 
0.35 
0.16 
0.16 
0.53 
0.03 
0.89 
0.20 
0.43 
0.28 
0.26 

itation 
0.15 
0.57 
0.52 
0.03 
0.14 
057 
O.l6 
0.15 
0.13 
0.61 
0.53 
0.02 
0.40 
01 I 
0.21 
0.42 
0.47 
0.06 
0.17 
0.50 
0.5 I 
0.03 
0.39 
0.12 
0.34 
0.17 
0.56 
0.02 
0.36 
0.15 

-0.16 
0.44 
0.54 
0.02 
0.55 
0.02 
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Figure 4. Nicandra physa:odes, Crola/aria pallida and 
Aeschynomene americana emergence pattem from June 
1995 to December 1996 in conventional (CT) and no 
tillage (NT) systems in Zamorano, Honduras, 

E/eusine indica (L) Gaertner populations were higher 
in NT but statistical differences were only obtained in June 
1996 (Table 2; Figure 5), No significant interaction 
bctween emergence and precipitation or temperature were 
observed, Teasdale et al, (1991) reported higher E. indica 
populations in NT than in cultivated plots. Seeds at the 
surface on NT soils may have been exposed lo Iight which 
promoted germination, Holm et al, (1977) indicated that 
E, indica germination was stimulated by Iight. Hawton 
and Dreennan (1980) found that burial beyond 8 cm was 
detrimental to E. indica emergence suggesting that CT 
created adverse conditions fOf seedling emergence. 
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Figure 5, Eleltsine indica, Digitaria spp, and Cenchrus 
echinatus emergence pallern from June 1995 to December 
1996 in convenlional (CT) and no tillage (NT) syslems in 
Zamorano, Honduras, 

Euphorhia hirla L was only found in l\'T and 
populations were higher during the rainy season (Table 2: 
Figure 6), However, no significant interactions between 
emergence and precipitation or temperature were 
observed, Singh el al. (1937) obtained positive 
eorrelations between precipitation and E. hirta populations 
and concluded Ihal weed densily was delermined by 
precipitation, In addition, Ramakrishnan (1960) reported 
that the oceurrence of different E. hirta ecotypes depended 
on the edaphic eonditions and indicated Ihal ereet eeolypes 
predominated during the rainy season, 
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Figure 6. Kallslroemia maxima, Euphorbia hirla and 
Richardia scabra emergence from lune 1995 to December 
1996 in conventional (CT) and no tillage (NT) systems in 
Zamorano, Honduras. 

Richardia scabra L. populations were nine times 
higher in NT when mm pared to CT and significant 
emergence differences were observed in luly 1995 and 
June and July 1996 (Table 2; Figure 6). Population 
distribution correlated with precipitation and temperature 
(Table 3). Biswas el al. (1975) indicated that R. scabra 
emergence in the field was highly dependant on moisture 
conditions. Seeds in NT are found near the surface (Pareja 
el al .. 1985) and R. scabra germination may be enhanced 
because of exposure to light. Biswas el al. (1975) reported 
tha! littk R. scahra emergence occurred when seeds were 
deeper than 1.5 cm thus suggesting that tillage may 
enforce dormancy. 

Kallstroemia maxill1a (L.) Torr & Gray populatiom 
were higher in NT. but significanl differences were only 
observed for June. August. and September 1996 (Table 2: 
Figure 6). No significant interactions bctween emergence 
and precipitation or temperature were ohtained. K 
maXill111 is an annual weed with a deep root syslem thal 
provides resistancc to droughl cOlldulons. This species 
can grow throughout the year with adequate moisture 
conditions (Porter, 1969). 

Weed population heterogeneity. No sÍE!nificant 
differences were obtained bctween the di versity index 01' 
sedges, grasses, and broadleaves in NT and CT (Table 4). 
Nevertheless. lhe diversity indcx for lotal weeds was 
higher in NT than in CT. indicating that NT had él more 
heterogeneous distribution of species. The equitability of 
the diversily index in CT was lower than in NT indicating 
that CT had reduced by almost 70%, the total possible 
diversity (Table 4). Lower equitable diversity index in CT 
may be attributable to the C. rotundus populations which 
accounted for more than 74% of the total weeds found in 
CT (Table 4). Several studies in Central America found 
higher diversity index for the total weed community and 
broadleaf weeds in NT thus suggesting that tillage reduces 
the diversity of weeds in the tields (Monroy el al .. 1993; 
Godoy el al .. 1995). In addition. studies in temperate 
regions repon more di verse weed populations under NT 
(Cardina el al., 1991: Buhler el al.. 1994). Repeated 
tillage practices tend to reduce the diversity of spccies. 
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CONCLUSIONS 

Greater weed populations occurred in lhe rainy season 
compared lo the dry season and the total weed emergence 
correlated better with the distrihution of precipitation, Ihus 
indicating that moisture availability is an important 
determinant of weed emergence in the tropics. In lhe 
temperate regions weed emergence is promoted by warm 
temperature, however temperature had little effcct of lhe 
emergence of tropical weed species. C. rutundus. C. 
dactyloll, C. dijfusa, A. conyzoides, C. pallida, N. 
physalode.l', and the total weed population were higher in 
CT systems. Farmers with C. rolundu.l'. C. dactyloll. or C. 
d(ffusa infestations should manage their fields under NT 
to prevent further propagation and dissemination of these 
species. A. conyzoides emergence occurred in July thus 
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represenlS a potential problem in traditional Honduran 
relay crops as dry beans (Phaseolus vulgaris L.), A, 
americana, C. echina/lIs, Digitaria spp., E. indica, E. 
hir/a, R. scabra, K. maxima, and the total grass population 

werc higher in NT systems. Grasses represent a greater 
weed problem and the accumulation of surface residue 
may reduce the efficacy of pre-emergcnce herbicides in 
J\'T. 

J\'T had a more heterogeneous distribution 01' spccics 
thus suggesting that tillage reduces the diversity of weeds. 
Reproduction of perennials which require fragmentation 
for disscmination and establishment was favored in CT. 
Weed conlrol should rely on herbieides but mechanical 
and cultural practices are to be considered as important 
components to the management of weeds in the tropies. 

Table 4. Population heterogenei ly comparisons 111 

conventional (CT) and no tillage (NT) systems, El 
Zamorano, 1995-1996. 

Till- Plants/ 

age m2 51 l/mal.. 3 H4 ES 
Sedges 
NT 279 0.00 0.00 a 0.00 
CT 17579 0.00 0.00 a 0.00 

Grasses 
NT 3696 8 3.00 1.99 a 0.66 
CT 727 7 2.81 2.15 a 0.76 

Broadleaves 
NT 4475 29 4.86 2.01 a 041 
CT 5413 23 4.52 2.52 a 0.56 

Total weeds 
NT 8450 38 5.25 3.11 a 0.59 
CT 23719 31 4.95 1.60 b 0.32 

I Total nurnhcr of ~pecies per tillage system 
~ Ma.xirnum species diversity index 

df" value 

355 O 

1329 -3.9 

8105 -14.6 

19085 66.3 

4 Shannon and Wiener diversity indexo Indices in colurnn within 
group followed by (ln C4ual ¡cttef are not significantly differcnt at the 
P, 0.05 level delernuned by Hulcheson's tes!. 

') Equitabihty of the Shannon anJ Wicncr diversity index, 
ti Dc.t!rees of freedom 
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