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Abstraet: Thls rcscarch investigatcd the germinalion 01' eight tropical "eeds in response lo seed devcloplllcnt posillon on the mother 
plant, storagc. and GA, (90% (+ )-gihberellic acid). Secos \Vere collecled from agricultural rielos oúring the dry and rainy ,casons 
and ¡¿crminatco In darknc" at 30 "C lor Iwo wcch. Telral.Oliurn (2.3.5-lriphenyl Ictramlillm ehloriLle i lesls werc condllcted lo 
assess sced vlablilly. Abo.tile (lleCI ol·lhree woundmg positlons on the seed \Vere investigated ror Bidel/S pi/osa L. and Sorg/¡1I111 
IlIIlcpellse (L.) Pers. Effect of polymorphism in B. pilosa achenes on germinallon was assessed. In the dry season. Portll/aca 
o/eracea L. seeds that developed on the upper 20% of lhe plant werc less dormant than sccds from the lower 20%. Ch/oris virgata 
Swartl. produced more germinable caryopses from the lower 20% of the spike. B. pi/osa. P. o/eracea and S. ha/epcnse seeds were 
less dormant after storage. whilc C. virgata germination was redueed with storage. Exogenous GA) enhanced the germination of 
Amaran/hus hvbridus L. P. oleracea. Ti/honia tllbaeformis (Jacq.) Cass .. C. virgata, and E/eusine indica (L) Gaertner. while no 
cffect was faund in B. pilosa, Cenchrus echinatlls L, and S. ha/epense. T. rubaeformis aehenes germinated more twa weeks after 

eollection with the application of IO)lM GAJ than 24 weeks after storage. However. E. indica caryopses germinated more when 

10 )lM GA, was applied 24 weeks after storage. Wounding the distal region of B. pilosa and S. Illllepellse seeds increased 
gcrmination. Long-thin /3. pilos(/ achenes werc less dormant that shorl-thick ones. Gcrminalion was highly variable within specics 

and season, This variation may help explain seasonal emergcnce and adaptive features that contributc to their success as weeds. 
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Resumen: Esta investigacIón evaluó la germinación de ocho malezas de los trópicos en respuesta a la posición de desarrollo de 
la semilla en la planta. almacenamiento y GA) (90% (+)-ácido giberélico). Las semillas fueron colectadas en campos agrícolas 
durante la estación seca y la estación lluviosa. Estas semillas fueron germinadas en oscuridad a 30 "C por dos semanas, Se 
realizaron pruebas de Tctrazolium (2.3,5-trifeml cloruro de tetraLOliurn) para determinar la Viabilidad de la semIlla. El efecto de 
lesiones cn tres sitios de la semilla tamhién fue investigado para Bid""" pilosa L. y Sorg/¡w)J ha/epellse (L) Pers. Se evaluó el 
efecto del polimorfismo en la germinaCIón de H. pilosa. En la estaCIón seca. las semillas de Pomr!ac{J o/eracea L. que se 
desarrollaron en el 2Wk supenor de la planta tuvieron menor latencia quc las semillas desarrolbdas en el 20o/c infenor. Ch/oris 
virgata Swartl. produce cariopses con menor latencia en el 20'7c inferior de la espiga. Las semillas de B. piloso. P. olemua y S. 
/¡a/epense fueron menos latentes después del almacenamiento. sin embargo la germinación de C. virgala se redujo con el 
almacenamiento. AplIcaCIones exógenas de GA, incrementaron la germInación de Amar(lIltlllls /¡ybridlls L.. P. o/cmcea. Tir/¡olJia 
tllbaeformis (Jacq.) Cass. C. virgata y E/eusine indica (L.) Gaertner. sin embar¡¿o no se encontró diferencia en la germinación de 
B. pi/osa. Cenchrus ec/¡inarlls L. ni S. ha/ep""". Los aquenios de T. rubacjórmis germinaron más dos semanas después de 
colectados al aplicar 10 flM GA, que 24 semanas después de almacenamiento. Sin embargo. los cariopses de E. indico germinaron 
más cuando 10 )lM GA; fueron aplicados 24 semanas después de almaccnamiento. Las lesiones en la región distal de senullas de 
B. ptlosa y S. halepense incrementaron la germinación. Los aquenIos largos y delgados de B. pilosa germinaron más que los 
aquenios cortos y gruesos. La germinación entre especies y estaciones fue muy variable durante la investigación. Esta variación 
puede ayudar a explicar la emergencia estacional y las cualidades de adaplación que contribuyen al éxito de las malezas. 

Palabras claves: ácido giberélico. almacenamiento de la semilla. escarificación. latencia. polimorfismo somático. tetra/,oliul1l. 
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INTRODUCTION 

While weeds are the most important pest complex in 
tropical agriculture (Akobundu, 1987), little information 
exists regarding the impact of weed biology on 
managemen!. Better knowledge about the gelmination of 
important tropical weed specics may aid in the 
development of altemative weed managemcnt strategies, 
and improve current control tactics. Importantly, somc 
lropical weeds are also important in the temperate 
agriculture and behavioral comparisons between regions 
could expand our understanding about their biology. The 
objective of this study was to assess lhe effects of seed 
developmental positions on the mother plant, season, 
storage, and GA, on the germination of eight importan! 
weed spccit!s from the dry tropies. 

Seed dormancy. Seed dormancy is a period in which 
metabolism declines and germination does not occur even 
under adequate environmcntal conditions (Bcwley and 
Black, 1994). Dormancy is common in many wccd 
species and is an evolutionary strategy for surviva!. 
Dormancy can be described as dissemination in time 
because seeds can delay gennination for several years until 
environmental conditions are suitable for plant growth 
(Bradbeer, 1988; Simpson, 1990). 

Dormancy can occur because 01' an immature embryo, 
honnonal balance, mechanical restrain or seed coat 
impenneability to water and oxygen. Much research has 
in vesligated the hormonal control of dormancy by 
interaction of gibberellins and abscisic acid (ABA). 
Literature indicated that gibberellins release seeds from 
dormancy and enhance seed germination, while an 
antagonistic effect on germination is described for ABA 
(Groot and Karssen, 1992; Hsiao, 1993; Ni and Bradford, 
199.1) 

Dorrnancy variatíon on the rnother plant. Dormancy 
variation related to the seed development position on the 
mother plant has been reported for several grass species 
(Simpson. 1990). Wellinglon (1956) showed that 
Triticwn uestivwl1 L seed dormancy increased from the 
apex toward lhe base of lhe spikes and was correlated with 
variations in grain moislure conten!. In addition, Gosling 
el al. (19il 1) diseovered that extended anthesis and 
maturity pcriods increased the temperature range for 1'. 
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aestiVltl12 gennination. Temperaturc and photoperiod can 
arreet gene express ion of inflorescence morphology and 
lhus intluenee lhe degree of donnaney in earyopses 
(Simpson. 1990). Twenlyman (1974) reported that 
Cenchrus IOIl¡;ispinlls (Hack,) Fem. seeds in the upper 
section of the raceme germinated within one year of 
collection, while lower ones remained d0ll11ant. Basipetal 
or acropetal dormancy within lhe tloral structure has been 
reported for A vena fatua L (Raju and Ramaswamy. 1983), 
Acgilops kotschvi Boiss. (Wurzburger and Koller, 1973), 
Cenchrlls IOllgispillllS (Hack.) Fem. (Twentyman, 1974 l, 
e. tribuloides L (Anderson, 1968), and Poa pratensis L. 
(Phaneendranath el al., 1978). 

Sornatic polyrnorphisrn. Somalic polymorphism refcrs 
10 the production of different seed morphologies on the 
same plant and is reported in Asteraceae, Chenopodiaccae, 
Poaceae, and Brassicaceae (Harper, 1977). Pitty and 
Muñoz (1991) reported that Bidens pilosa L produced 
two achene morphisms. Achenes from the circumferencc 
of lhe capitulum were longer than lhe ones developed in 
the interior of lhe capitu1um. Forsyth and Brown (1982) 
discovered that shorter achenes were more dormant than 
longer ones and repOlted thal exposure to red light, 
hormones or scarification was needed to break shoIt 
achene dormancy. A single ChenopodillllJ albllll1 L plant 
can produce black and brown seeds: brown seeds have a 
thinner seed coat and are less dormant than black ones 
(Williams and Harper. 1965). Somatic polymorphism has 
been described for Xanthiwll slrumariWll L, Calendula 
spp., Avena fallla. RUllJcx uispus L, and Atriplex 
heterosperma Bunge (Harper, 1977). 

MATERIALS AND METHODS 

Seeds from eight weed species were collected at El 
Zamorano, Yegüare Valley. Department of Francisco 
Morazán, Honduras. This area is 800 m aboye sea level 
and has an average lemperature range of 18 oC to 29" C 
and annual mean precipitation of 1100 mm. The region is 
characterized as a dry tropical environment where the dry 
season extends from December to April and the ramy 
season from May lo November. 

Seed collections. Four broadleaf and four grass species 
were selected because of their weedy importancc in the dry 
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tropics (Table 1). Seeds were collected from arbitrarily 
selected plants from com fie1ds or horticultural erops. The 
fie1d was divided in quadrants and random numbers were 
generated to determine the samp Iing area within the field; 
all mature plants in the sampling area were harvested. 
Seeds were collected from June to July, 1995 in the rainy 
season and from December, 1995 to January, 1996 in lhe 
dry season. Cenc/¡rus echinatus and Tit/¡onia tuhaeformis 
were collected only in June and Dccember, 1995, 
respectively (Table 1). Plant height ol' broadleaves and 
lenght of the inflorescence ol' grasses was measured and 
seed collections were taken from the upper and lower 20% 
01' the plant or inflorescence measurements. Seeds that 
shed from the mother plant when gently rubbed were 
considered physiologically mature, colleeted in plastic 
bags, cleaned and air dlied for two weeks al room 
temperaturc. Seed c1eaning ror C/¡Ioris virf:a/{/ Swartz 
and Eleusine indica (L.) Gaertner inc\uded separating 
caryopses from glumes, lemma and palea, and in C. 
echinatus, removing the caryopses frorn the concealed 
spiny bur. For Sorg/¡um halepellse (L.) Pers., caryopses 
were incubated with the glumes. After the drying period, 
seeds were tested for iniual germination and then stored in 
glass containers under dark conditions at 5 oc. 

Table 1. Dates and crops were seed collections occurred 
at El Zamorano, Honduras. 

1995 rainy 1996 dry 
Weed sEecies season season CroE 
Broadleaf weeds 
Amaranthus hybridus Jun,23 Jan, 22 Tomato 
Bidens pilosa Jun, 19 Jan, 15 Tomato 
Porrulaca oleracea Jun, 12 Jan, 17 Cucurnber 
Tithonia tubaeformis Unknown Dee, 13 Corn 
Grasses 
Cellchrl/s echillC/lIls. Jun,6-7 Not done Corn 
Chloris virgata Ju\, 7 Jan, 29 Pepper 
Elel/sine indica Ju\, 3 Jan, 25 Carrot 
Sorghum halee.ense Jun, 27 Jan, 19 Citrus 

Germination tests, Tests were conducted on sarnp1es 
arbitrarily selected from tbe seed coJlections. Sorne seeds 

produce allelopathic chernicals that are detrirnental to lhe 
germination of other seeds (Rice, 1974). Thus, to reduce 
pOlential allelopathic interactions, seeds werc cvcnly 
distribuled in 100 x 15 mm plastic petli dishes and 
processed in batches of 50 secds with two batches 
representing onc replication. Three replications of 100 
sceds were used per treatment and percent genninatcd, 
dormant and non-viable seeds was dctcrmined. The 
expcriment consisted 01' five main trealments: a 
scarification treatment, three concentrations of 90% (+)­

gibberellic acid (GA,) and a control treatment. 
The control treatment consisted of secds placed in test 

tubes for 12 hr with 10 mI of distilled water. The test 
tubes were drained, sccds dried in a papel' towel and 
placed in 100 mm diameter sterile plastic petri dishes on 
a #1 Whatman tilter papel'. Two mI nI' distilled waler werc 
added to moislt:n the filter paper and the petri dishes 
placed in a growth chamber under darkness at 30 oc. 

The GA1 concentration treatments were 0.1, 1.0 and 10 
JlM For each treatment, 100 seeds were placed in test 
tubes with 10 mI of a GA) solution for 12 hours. Test 
tubes were draincd and seeds handled as described 
previously. 

Seeds were considered germinatcd when the radic\e 
was observed, The petri dishes were inspeeted cvery t\Vo 
days for two weeks, germinated sccds were counted, 
removed and distillcd water added as needed. Sceds that 
did not germinate were dissected and placed in a 1% 
tetrazolium (TZ) staining solution to determine viability 
(Moore, 19X'i) (Tah1c 2). Sccds werl' complclcly covcrcd 
with the TZ solution and slained in darkness at 30 "c. 
After the staining period, seeds werc placed in cold 
distilled water and evaluated for viability. Secds that 
displayed a light pink to red stain in the embryonic axis 
and scutellum were considered dormant but seeds without 
stai ns were considered non-viable. 

Seed developmcnt position on the mother plan! and 
treatmenls were considered main plots ami germinatinn 
dates subplots. Data were analyzed as rcpeated measures. 
Data analysis \Vas conducted by ana1ysis of variance 
(ANOV A) and means were separated with Fisher' s least 
significant difference (LSD) test (P.,; 0.05) (SAS, 1987). 

Effect oC wounding position on S. halepense and B. 
pilosa germination. This experiment investigated the 
effect of wounding position on the germination of S. 
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ha/cpellse caryopses and B. pilosa achenes. The 
trcatments consisled of a control and seeds punctured 
through the proximal, central, or distal seetion. Proximal 
location was the section where secds adhere to the mother 
plant and distal location referred to the seed apex. The 
cxperiment was conducted in May. June and July 01" 1996 
for B. pilosa, and in June ami July for S. ha/epense. Seed 
samples were drawn from eollections made in January 15, 
1996 for B. pi/osa and January 19. 1996 for S. halel'f'JlsI 
(Table 1). Each trealment had three replicalions ol' 100 
secds. The germination test was conducted as described 
previously. The data were analyzed as repeated measures 
with treatments a, the main plots and germination dates as 
subplots. Data analysis was conducted as previousl) 
descrihed. This experiment was only realized in 1996. 

Table 2. Staining period and seed eutting procedurc for 
the eight weed species (adapted from Moore 1985) 

Staining 
Species hours Seed cutting procedure 

Amaranthus hl'hridus 18-24 Center ,md oUlward betwecn 

Búlells pilosa 

Portulaca ()/eracea 

Tithmlia tubaeJormis 

CCl1chrus echiliatlls 

Chloris virgata 

E/eusine indica 

Sorghum halepcnse 

8-12 

18-24 

8-12 

10-16 

14-18 

10-16 

10-16 

radicle and cotyledons 
Longitudinal and compktely 
through mid section 
Centcr and outward hetween 
radicle and eotyledons 
Transversal and completely 
through mid section 

Longitudinal and completely 
through mid section 
Longitudinal and completely 
through mid seetion 
Longitudinal and completely 
through mid section 
Longitudinal and completely 
through mid seetion 

Germination of dimorphic B. pilosa achenes. Achenes 
developing in the peripheral region of the eapitulum are 
short-thick and less numerous than the ones dcveIoping in 
the middIe of the capituIum. This experiment investigated 
the germination of these two morphisms and was 
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conducted from achenes collectcd in January 15. 1996 
(Tabk 1). Trcatmcnt were hoth achcncs morphisms and 
was replicated four times. The germination test was 
eonducted as d~scribcd previously and repeated in June, 
July. and August 01' 1996. Data were analyzed as rcpeated 
measures with seed morphisms as lhe main plots and 
germination dates lhe subplots. Data were analyzed as 
previously described. This experiment was only realized 
In 1996. 

RESUL TS AND DISCUSSION 

Effcct oC seed devclopmcnt position on seed dormancy. 
Germination of seed, developed on the lower or upper 
<;trata of the plant was similar for A. hyhridlls, B. pilosa. 
and T. wbllejórl/lis nor was any difference found for lhe 
dkcl of mtloreseence strata for C. echillallls. E. illdica. 

and S. ¡w/epellse. Germination position differcnces wcrc 
only found for colleetion5 made in the dry season for P. 
o/eracea and C. virgata. 

P. oleracea seeds lhat developed on the upper sU'ata of 
the mother plant had greater germination and were less 
dormant than the ones from the lower .,trata (Table 3). 
These results contradict Egley (1974) who reponed that 
variations Il1 1'. o/emcf!a seed dormancy were not a rcsult 
of the devclopmental position on the plant. In the tropics, 
P o/eracea can genninate at vanous dates (Miyanishi and 
Cavers. 1980) ¿¡nd tlowers throughout the year (Matthews 
et a/., 1993) which rcsults in seed that have experienccd 
different maturation conditions. Dunn (1970) indicated 
that seed maluration started from lhe centcr 01 the plant 
and extended toward the peripheral branches. Thc aboye 
literature supports lhe nOlion that P. o/eracea dormancy is 
highly variable and that changes in dormancy are 
attributable to environmcntal conditions or intrinsic 
characteristics of the species. 

C. virgata caryopses from the lower 20% of the spike 
germinated 15% more and tended to be less dormant than 
ones from the upper strata (Table 3). Spikelet maturation 
and spike abscission in C. virgata starts from lhe apex and 
cxtends toward the base of the spike, thus upper spikelets 
may experience different environmental conditions 
n:sulting in dormancy ditrerences. Variation in seed water 
content and environmental conditions influence the degree 
of dormaney within wheat spikes (Wellington. 1956; 
GosIing el al., 1981). Temperature and photoperiod can 
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interaet with the genes to detennine int10rescence 
morphology and influence the degree of dormancy in 
caryopses (Simpson, 1990). 

While environmental conditions dming seed 
maturation were not monitored during this investigatian, 
these conditions may have influenced the results. Climatic 
conditions (Koller. 1962; Guttennann, 1973). defoliation 
(Mann and Cavers. 1971). or honnone trealments (Black 
and Naylor. 1959) during seed development have been 
demonstrated to influence seed germination. 

Table 3. Effect of two seed development positions on 
gennination of Portulaca oleracea L. and Chloris virgata 
S wartz seeds collected during the dry season, El 
Zamorano, 1995-1996. 

Species 
Development 
position 

P. oleracea upper strata 
10wer strata 

C. virgata upper spike 
lower spike 

Genni- Dor­
nation mant 

Non­
viable 

____________ % 1 _______________ _ 

35 a 39 b 26 a 
25 b 49 a 26 a 

53 b 22 a 2S a 
68 a 8a 24 a 

Means in columns wirhin species followed by the same lerler are not 
signit1cantly different at rhe P ,; 0.05 level detennincd by Físher's 
LSD test. 

Effect of seed storage on gerrnination. The storage 
period affected B. pilosa. P. oleracea. C. virgata and S. 
halepense germination. but not A. hybridus and C. 
echinarus. Abo, interactions between storage and seed 
treatments wcre found for T. tubaeformis and E. indica. 

Expenments on B. pilosa were conducted on natural 
ratios of long-thin and shott-thick polymorphic achenes. 
Storage enhanced the gennination of B. pilosa achenes 
(Table 4). Holm el al. (1977) reported that fresh seeds 
may genninate from 35 to 60%, hawever. three years after 
storage lhe.ir gennination increased by at least 20%. 
Forsyth and Brown (1982) reported that storage enhanced 
the germination 01' long achenes of B. pilosa more than 
,hOIt achenes. 

Storagc also enhanced germination of P. oleracea 
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seeds (Tab1e 4). Scventl investigations indicate that 
storage increases P. oleracea germination (Canloria and 
Gacutan, 1972). Fresh P. oleracea seeds require a light 
stimulus to germinate. however this requirement vanishes 
al' ter three months of storage (Cantoria and Gacutan, 
197'2). In addition. Zimmerman (1977) obtained 909c 
gennination 01' 2.5 years old P. oleracea seeds and 
Darlington and Steinbauer (1961) determined that seeds 
remained viable after 40 years of buria!. 

Table 4. Effect of season and storage on Bidens pilosa L. 
and Portulaca oleracea L. germination. El Zamorano. 
1995-1996. 

Species 

B. pilosa 

P.oleracea 

Starage Gcrmi- Dor­
Season (weeks) nation mant 

Non­
viable 

____________ % 1 ____________ 

dry 2 69 b 6a 25 a 
24 75 a 3b 22 b 

rainy 2 50 b 16 a 34 a 
24 66 a 5 b 29 a 

dry 2 21 b 52 a 27 a 
24 39 él 36 b 25 a 

rainy 2 6b 71 a 23 b 
24 33 a 39 b 28 a 

1 Means in columns wírhin specíes and season followed by the same 
letter are not signilicantly difIerent at Ihe P , 0.05 level determined 
by Fisher's LSD lest. 

C. virgata gennination dccreased with the storage 
periodo Seeds collected in the rainy season germinated 
twice as much and were 10'1,; less donnant than befare the 
storage period (Table 5). This tropical species seldom 
experiences temperatures below 10" C, thus cold storage 
may have induced secondary dormancy in the caryopses. 
Lodge and Whalley (1981) stored Chloris truncara R.Br. 
seeds at room temperature and observed no significant 
changes in gennination during a three-year periodo 

SJwlepense seeds genninated more after 24 weeks of 
storage for the dry season collections (Table 5). More 
dormant seeds were found after two weeks of storage 
campared to 24 week, regardless of .season. Thcse seeds 
are highly dormant when shed fr0111 the mother plant 
(Monaghan, 1979; Warwick amI Black, 1983). HalTington 
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(1916: 1917) reported that four or fíve months of dry 
storage al room temperature overcame the dormancy of 
most S. halepense seeds. Nevertheless, Huang and Hsiao 
(1987) had almosl half of lhe seeds dormant afler six 
months of dry storage. Taylorson and Brown (1977) 
recommended storage al 50 'C for 14 days to improve the 
germination of fresh S. halepense seeds. 

Loss of light requirement for gemination and 
biosynthesis of germination promoters may explain the 
enhanced germination after storage. Germination was 
enhanced over time because seeds no longer required a 
light stimulus (Cantoria and Gacutan, 1972). Seed 
hormone balance may also change over time and 
decreased dormancy of several grass species has been 
attributed to increased gibberellic acid biosynthesis 
(Simpson, 1965: Mott, 1974). 

Table S. Effect of season and storage on ehloris virgata 
Swartz and Sorghum halepense (L) Pers. germination, El 
Zamorano, 1995-1996. 

Storage Germi- Dor- Non 
S¡:ecies Season (weeks) nation mant viable 

------------ % 1 M _________ • 

C. virgata dry 2 58 a 19 a 23 b 
24 63 a 11 a 26 a 

ralIly 2 20 a 53 b 27 b 
24 7b 63 a 30 a 

S. halepense dry 2 9b 69 a 22 a 
24 15 a 63 b 22 a 

rainy 2 9a 72a 19 b 
24 11 a 59 b 30 a 

1 Means in colulllns within sp~cics anu seasun followcJ by lhe sarne 
lener are not Slgnificantly differen¡ at the P , 0.05 le"el determmed 
by Fi,her', LSD te,1. 

ECCect oC GA, on germination. No significant 
interactions between storage and GA) treatment were 
obtained for A. hyhridus. P. oleracea, B. pilosa, C. 
echinatus, C. virgata, and S. halepense, thus results are 
presented as the means of both storage treatments. 

A. hybridus. Seeds had a high degree of dormancy 
(Table 6) Baskin and Baskin (1987a) and Fenner (1980a) 
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indicated that fresh A. hvbridus seeds are highly donnant. 
Taylorson (1970) observed no gcrmination fmm one lot of 
fresh Amaran/hus retroflexlls L. seeds and reported that 
lhis donnancy was overcome when exposing seeds lo red 
light. Scarillcation enhance gerrnination 01' A. rdroflexus 
L. (Kigel el al., 1977), A. alhus L., and A. spil10sus L. 
(Santelmann and Evetts, 1971 l. Pal el al. (1990) round 
that seed coat formation in A. hybridus occurrcd from the 
outer integument and suggested tha! tanniniferous deposits 
in secd coat cclls could be related to the low germinalion. 
Kigel (1994) reported that the seed coat imposcd 
dormancy was not él result 01 reduced water uptake. 

Table 6. Effect 01' season and GA, 011 Al1l11wlllhu.\ 
hrbridus L. gennination, El Zamorano, 1995-1996. 

Season Treatments Germination Dormant Non viable 
---------------- % 1 --------------

dry control 5b 80 a 15 a 
0.1 JlM 5 h 80 a 15 él 

IJlM 5 b 83 a 12 a 

10 JlM 50 a 33 b 17a 
rallly control 3 b 83 a 14 a 

0.1 JlM 7 a 81 él 12 a 
IJlM 8a 78a 14 a 

IO!;!M 11 a 74 a 15 a 
1 Means in columns within season followed by the same Icttcr are nat 

significantly dilTer~nt al the P <; 0.05 I('vd dctamincd hy Fishcr's 
LSD test. 

Compared to the control, 10 JlM GA, cnhanced 
germination by 45% for dry season seeds (Table 6). 
Similar GAJ responses have been dcscribed in A. lividlls 
L. (Teitz el al., 1990) and A. re/rof/exus L (l-iolm and 
Miller, 1972). These investigations suggest that acti\'ation 
of germination in pigweed species requires the presence of 
GA3· Potassium nitrale (Enge1hardt er al., 1962) and 
sodium hypochlorate (Santelmann and Evetts, 1971) have 
al so been reported to enhance A. Izyhridus gennination. 

Low gem1ination rates in the control lrealment may be 
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in part attributable to the incubation conditions. Several 
investigations indicated that dark conditions limited the 
germination of several pigweed species. Most pigweed 
species produce photoblastic seeds and their germination 
is controlled by phytochrome and temperature (Taylorson 
and Hendricks, 1969; 1971; Kigel, 1994). Kigel (1994) 
reported that light and temperature synergism was required 
to promote (he germinarion oC fresh seeds. Optimum 
germination eonditions for fresh pigweed seeds inelude 20 
to 40 oC and light (Weaver and MeWilliams. 1980). 

B. pilosa. Experiments on B. pilosa were eonducted 
on natural ratios of long-thin and short-thiek polymorphie 
aehenes. Achenes were almost 80% viable and 
germination was at least 59% for dry and rainy season 
achenes (Table 7). GA) had no effeet on the gennination 
of B. pilosa achenes, nevertheless the control had more 
dormant achenes when eompared to the 10 mM GA,. The 
incubation eonditions may have affeeted the response of B. 
pilosa achenes to GAJ. Forsyth and Brown (1982) 
obtained greater responses lO GA when achenes were 
germinated under iIIumination. B. pilosa achenes can 
germinate under dark eonditions (Reddy and Singh, 1992) 
but white and red light considerably enhanced germination 
(Forsyth and Brown, 1982). 

Table 7. Effect of season and GAJ on Bidens pilosa L. 

P. oleracea. Seeds demonstrated a high degree of 
dormaney bu! compared to the control, 10 J.1M GA) 
enhanced P. oleracea germination 19% ror seeds colleeted 
during the dry season (Table 8). Most studies indicate that 
P. oleracea seeds are donnant when ,hed from mother 
plant (Cantoria and Gacutan, 1972; Baskin and Baskin, 
1987b). The dark incubation conditions may have 
prevented seeds from germinating because 01' a red ligh! 
requirement (Cantoria and Gacutan. 1972: Duke el al., 
1977). Singh (1973) germinated seeds under dark 
conditions and obtained littJe response to variolls 
temperature ranges. Duke el al. ( 1977) found that the red 
light ilTadiation periods that gave high germination rates 
also resulted in high phytochrome far-red (PFr) activity. 
Guttermann (1974) reported that the photo-stimulus 
reqllired for P. o/eracea germinations may be affeeted by 
the light conditions during seed maturation and suggested 
that seed germination was influenced by the photopeliod 
during tbe last eight hrs 01' seecJ cJevelopment. 

Table 8. Effect of season and GA) on Porlltlaca oleracea 
L. gennination, El Zamorano, 1995-1996. 

Season Treatments Germination Donnant Non viable 
------------------ % I ----------------

dry control 21 b 59 a 20 a 

0.1 ¡lM 24 b 58 a 18 b 

IJ.1M 27 b 53 ab 20 a 
40 a 43 b 17 b 10 J.1M 

control 15 a 66 a 18 a germination, El Zamorano, 1995-1996. rainy 

Season Treatments Gennination Dormant Non viable 

dry control 

0.1 J.1M 
lJ.1M 

lO¡lM 

_________________ % I ______________ _ 

77a lOa 13a 
80 a 7 b 13 a 
85 a 
86 a 

3 e 

1 e 

12 a 
13 a 

rainy control 59 a 18 a 23 a 
0.1 J.1M 65 a 15 a 20 a 

1 J.1M 68 a 12 ab 20 a 
10 )lM 70 a 8 b 22 a 

I MC'an~ in column!:' w1thin "eason followcd by the same letter are nol 
,ignllicantly different at the P " 0.05 level determined hy Fisher's 
LSD test. 
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0.1 J.1M 17 a 66 a 16 a 
IJ.1M 15 a 69 a 15 a 

10 )lM 21 a 64 a 15 a 
Means in columns within season followed hy the sarnc letter are not 
significantly different al the P <; 0.05 level determined by Fisher's 
LSD test 

T. tubaeformis. Achenes coJlected in the dry season 
were highly dormant and viability was at least 87% (Table 
9). Muñoz e( al. (1995) reported high cJormaney rates in 
T. (Jfhae.formis achenes collected from three locations in 
Honduras. Compared to Ihe control treatment, 10 J.1M 
GA, increased T. tubaeformis gennination 52% and 15% 
for two and 24 weeks of storage. Ortíz (1991) enhanced 
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T. tubaeformis gelmination with a prechilling treatment 
and GA immersions for five days. GA3 has al so been 
reported to enhance Tithonia ro tu ndifolia MilI. 
germination (Upfold and Staden, 1990). In addition, T. 
tubaeformis achene response to GA, decrcascd with the 
dry-cold storage. Compared to 24 weeks of storagc after 
collection, achenes with two weeks of storage germinated 
more when 10 ¡.LM GA, was applied (Table 9). Upfold 
and Staden (1990) discovered that storage indueed a light 
requirement for germination uf T. rOIl/lldifolia aehenes. 

Table 9. Effeet of storage and GA 3 on the germinatiun of 
Tilhonia lubaeformis (Jacq.) Cass. after 2 and 24 weeks 
on seeds cullected during the dry ,eason, El Zamorano, 
1995. 

Treatmcnt Germination Dormant Non viable 
2 24 :2 24 2 24 

e' ----------.------------ 70 
I ----------- --------- -----

control 1 b 3 c 90 a 84 a 9a 13 a 
0.1 flM 3b 2c 86 a 86 a II a 12 a 

IflM 3b 4b 87 a 86 a 10 a lOa 
10[!;M 53 a 18 a 34 b 73 b 13 a 9a 

I Means in columns wuhlIl slorage periou followcd hy lhe same leuer 
are not SlgmllCJnlly diflerenl al Ihe P . 0.05 level delcrmincd hy 
Fisher's LSD lest. 

C. echinatus. Caryopses collected in the rainy season 
were at least 93% viable and compared to the control, no 
response to GA, was observed (Table 10). Bhupathi el al. 
(1983) reported no effect uf GA, on the germination 01' 
Ceflchrus ci¡¡aris L. seeds. Nevertheless, they obtaincd 
good gennination when applying potassium nitrate and 
thiourea to C. ciliaris seeds. Pandeya and Lieth (1993) 
suggested that anthocyanins in sandbur glumes may be 
responsible for the dormancl' in fresh seeds and indicated 
that seed storage mal' help uvercume dormancl' in several 
sandbur ccolypes. 

C. virgata. Caryopses collected in lhe rainl' scason 
demonstrated higher dormancl' than caryopses collected in 
the drl' season (Table 11). Compared to the control, 10 
¡.LM GA, enhanced C. virgata germination 20% and 13% 
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for caryopses collected in the dry and rainl' seasons, 
respecti vell'. Lodge and Whalley (1981) rcported 20% 
germination from CMoris l/'l/flCma R.Br. seed~ collected 
in April and indicated that seed storagc enhanced 
gerrninalion. Anderson (1968) enhanccd Ihe gennination 
of C. truncala Swartz 60% when seeds were incubated 
under illuminatiun. The presence of glumes, Jemma and 
palea determines the germination of fingergrasses 
(Anderson, 1968; Lodge and Whallel', 1981). In other 
grass species, the lemma and palea reduced oxl'gen uptake 
or mechanically restrained radicle protrusion (Mott, 1974). 

Table 10. Effect of GA) on the germination 01' Cenchnts 
echinatlls L. col1ected during the rainy season, El 
Zamorano. 1995. 

Treatments Germination Dormant Non viable 

control 
0.1 ~lM 

I¡.LM 

10 [!;M 

___________________ % I ____________________ _ 

33a 6la 6a 
43 a 51 a 6 a 
31 a 
32 a 

62 a 
64a 

7 a 
4a 

1 Mean .... in columns foIlowcd by the same !cHer ~rc not signilicantly 
diftercnt al lhe P " 0.05 level determined hy F"her' , LSD le,1. 

Table 11. Effect of sea son and GA, on Chloris virgata 
Swartz germination. El Zamorano, 1995-1996. 

Scason Treatments Germinatiol1 Dormant Non viable 
____________________ o/c 1 __________________ _ 

drl' control 69 b 25 a 6a 
0.1 ¡.LM 66 b 27 a 7a 

I¡.LM 75 ab 18 a 7a 
10 ¡.LM 89 a 4a 7a 

rainl' control 14 b 72 a 14 a 
0.1 J..lM 13 b 76 a 11 a 

I¡.LM 14 b 76 a 10 a 
10[!;M 27a 63 b 10 a 

I Means in eolumns wirhin season followed by rhe same letler are nor 
significantly differenl at rhe P s 0.05 level determineJ by Fi,hcr's 
LSD lesl. 
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E. indica. Caryopses were highly dormant and 
viability was at least 84% (Table 12). Hawton and 
Drennan (1980) reported thal E. indica caryopses were 
highly dormant when shed from the mOlher plan!. E. 
indica caryopses viabilily was approximately 90% after 18 
months (Horog and Leu, 1978) and 2.5 years (Egley and 
Chandler, 1978) of storage. In Africa, seeds huye been 
reported to remain viable after five years of burial 
(Schwerzel, 1976). 

Compared to the control, 10 ¡.¡M GA, enhanced E. 
indica germination for caryopses with 24 weeks of storage 
82% in coJlections during the dry season (Table 12). This 
promotion of germination by GA) was affected by the dry­
cold storage periodo Hawton and Drennan (1980) 
enhanced E. indica germination with 0.1 % solution of 
GAJ. Other seed-applied chemicals have been reported to 
enhance E. indica germination (Toole and Toole, 1940; 
Hawton and Drennan, 1980). 

Table 12. Effect of season, storage (2 and 24 weeks), and 
GA) on Eleusine indica (L.) Gaertner germination, El 
Zamorano, 1995-1996. 

Germination Dormant Non viable 
Season GA¡ 2 24 2 24 2 24 

_____________________ % 1 _____________________ 

dry control 13 a 1 b 80 a 86 b 7a 12a 
0.1 ¡.¡M 13 a 2b 82 a 89 a 5a 9a 

IflM 12 a 3b 82 a 87 ab 6a lOa 
10 flM 40 a 83 a 53 a 5c 7a 13a 

rainy control 1 a 7a 88 a 77a 11 a 16a 
0.1 ¡.¡M Oa 7a 94 a 77a 6a 16a 

IflM 1 a 7a 89 a 80 a lOa 13a 
2a 20 a 87 a 66 a 11 a 14a IO[!M 

i Means in columns within season followeu by lhe same letter are not 
signiticanlly differenl al the P < 0,05 level determined by Fisher's 
LSD tesl. 

S. halepense. Seeds demonstrated a high degree of 
dormancy and were at least 82% viable (Table 13). 
Several investigations indicated that S. halepense seeds 
have high innate dormancy when shed from the mother 

plant (Weir, 1959; Warwick and Black, 1983). Taylorson 
and McWhorter (1969) reponed great variation in the 
germination characteristics of 43 S. /¡alepense ecotypes. 
The low germinatian rate obtained in this investigation 
may be u resull ol" the incubatian condilions becuuse dark 
condiLions have been demonstrated to reduce germination 
(Monaghan, 1979; Warwick and Black, 1983). 
McWhorter (1972) reported thal phytochrome activation 
was an important componen! of S. hnlepense dormancy. 

No significant effect on S. halepense germinallon was 
observed for GA] (Table 13). The seed coat may have 
prevented the diffusion of GA j into the embryo. Huang 
and Hsiao (1987) promoted S. halepense germination by 
exposing seeds lo 5¡.¡M GA), 16 hr light, and 35° C. 
Further studies by Hsiao and Huang (1988) reported that 
the interaction between Iight, GA j , and sodium 
hypochlorite produced a synergistic effect on S. halepense 
germination. 

Table 13. Effect of season and GA, on Sorghwll 
halepense (L.) Pers. germinabon, El Zamorano, 1995-
1996. 

Season GA¡ Germination Dormant Non viable 
___________________ % 1 _________________ 

dry control 6a 82 a 12 b 
0.1 ¡.¡M 3a 81 a 16 a 

I¡.¡M 4a 82 a 14 ab 
10¡.¡M 5a 82 a 13 b 

rainy control 2a 82 a 16 a 
0.1 ¡.¡M 2a 80 a 18 a 

I¡.¡M 1 a 85 a 14 b 
IO[!M 3 a 80 a l7a 

Mcans in columns within scason followed by the same lctter are not 
significantly different at the P < 0.05 level determined by FIShcr', 
LSD test. 

Effect of wounding position on S. halepense and B. 
pilosa germination. More B. pilosa germination was 
obtained with the control treatment and wounding the 
distal region of the achene (Table 14). Compared to the 
control, wounding the proximal and central region of B. 
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pilosa achenes reduced the germination and increased the 
proportion of non-viable achenes. Henry-Vian el al. 
(1995) reported that wounding the cotyledon of B. pilosa 
seedlings enhanced polysomal mRNA that signaled the 
inhibition of hypocotyl development. Central wounding 
may have damaged the embryo axis and possibly promotcd 
lhe synlhesis of planl growth inhibitors. 

S. halepense seeds demon;,tratcd high degrees of 
dormancy and less than 10% germinated in the control 
treatment (Table 14 l. Wounding enhanced S. halepense 
gennination and bul al so increased lhe numbcr 01' non 
viable seeds. At least 16% more germination was 
obtained when wounding the distal section 01' S. halepense 
seeds compared lo other wounding positions (Table 14 l. 
Harrington (1923) associated S. halepense dormaney wilh 
the presence of glumes during germination. Bennett 
(1973 1 reported that S. halepense dormaney was largely 
imposed by the seed coat which contained tannins that 
reduced water permeability. In addition, Taylorson and 
McWhorter (1969) indicated that seed dormancy resulted 
from a mechanical restraint imposed by the seed eoat and 
suggested lhe dormaney was genetically controlled by the 
integuments during seed development. 

Germination of dimorphic B.pilosa achenes. Long-thin 
B. pilosa achenes germinated five times more and were 
twice less dormant than short-thick achenes (Table 15). 
Forsyth and Brown (1982) reported that long achenes 
germinated under a wider range of environmental 
conditions and suggested red light or scarification 
enhanced short achene germination. Compared to long 
achenes. short achenes have a thicker seed coats that may 
limit imbibition. oxygen diffusion or radicle protrusion. 
In addition, seedlings originating from short achenes 
displayed lower survival rates and slower initial growth 
development (Forsyth and Brown, 1982). 

Zelaya (1997) suggested that germination differences 
between dimorphic achenes 
may be evolutionarily advantageous because B. pilosa 
germination could extend throughout the growing season. 
Under erop eanopies. long aehenes lTlay be favored lO 
germinate because exposure to far-red radiation inhibiled 
the germination of short achenes. However, Fenner 
(1980a: 1980b) reported lhat B. pilosa germination was 
reduced by shading. Fenner (1 980c) indicated that one hr 
e.lI.posure lo leaf shade promoted Ihe devclopmcnt of a 
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light requirement for gemination and thus prevented dircct 
competition with established plants. Fenner (1980b) 
suggested that seed sensitivity lo canopy shading is an 
important determinan! of changes in the composition 01' B. 
pilosa populations. 

Table 14. Effect of wounding positions on Bidens pilosa 
L. and Sorghutn halepense (L.) Pers. germination. El 
Zamorano, 1996. 

Wounding Germi- Dor- Non 
S~ecies ~osition nation mant viable 

-------------------- % 1 ------ ---------- ----
B. pilosa no woundi ng 63 a 9a 28 e 

distal 63 a 11 a 26 c 
central 32 c 2b 66 a 
proximal 50 b 3b 47 b 

S. halepense no wounding 7c 75 a 18 d 
distal 48 a 14 b 38 c 
central 26 b Id 73 a 
~roximal 32 b :; e 63 b 

I Mcans in cnlumns within species followeJ by the same (CHer are not 

slgnifjcantly dirfcrclll at the P ·c 0.05 level determined by Fisher's 
LSD test. 

Table 15. Germination and dormancy of dimorphie Bidens 
pilosa L. achenes, El Zamorano, 1996. 

Morphism Germinalion Dormanl Non viable 
_____________________ % 1 _____________________ _ 

short and thick 11 b S6 a 33 a 
long and lhin 56 a 23 b 21 b 
I Means in columns foll0wed by the same letter are not significantly 

diffcrent at the P " 0.05 level detcrmi ned hy Fisher' s LSD test. 

CONCLUSIONS 

The getmination characterislics varied within the eight 
weed species and may result in greater plasticity 01' the 
wccd community to emerge al different times of the 
growing season. B. pilosa and C. vir¡;ata seeds 
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demonstrated liule dormancy, thus represent species that 
emerge readily with the arrival of the rainy season. A. 
hybridus, T. tubaeformis. E. indica. and S. halepense had 
high percentage of dormaney thus their seeds may remain 
viable in the soil seed bank for several years. Seed 
developmental position on the mother plant only had an 
effect on P. oleracea and C. virgata germination. P. 
oleracea seeds that developed on the upper 20% of the 
mother plant were less dormant that seeds developed in the 
lowcr 20%. However, C. virgata caryopses germinated 
more when developed on the lower 20% of the spike. The 
seed storage conditions promoted the germination of B. 
pilosa, P. oleracea and S. halepense but were detrimental 
to that of C. virgata. 

The germination of A. hybridus, P. oleracea, T. 
tubaeformis, C. virgata, and E. indica was promoted by 
GAJ. A. hybridus, P. oleracea, and E. indica collections 
in the rainy season were less responsive to GAJ. T. 
utbaeformis achenes germinated more when 10 ¡J.M GA, 
was applied to achenes with two weeks of storage after 
collection than 24 weeks of storage after collection. E. 
indica caryopses germinated more when 10 ¡J.M GAJ was 
applied to caryopses with 24 weeks of storage. Wounding 
the distal region of B. pilosa and S. halepense seeds 
resulted in more germination. Long-thin B. pilosa achenes 
germinates better than short-thick ones. 
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