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ABSTRACT - This work aims to carry out a comparative analysis using RAPD molecular

markers in four Commelina weed species from the state of Paraná and C. benghalensis

populations from the states of Paraná and São Paulo, Brazil. The genomic plant DNA sample
was extracted from the leaves, separated, randomly fragmented and amplified by PCR. Random

amplified polymorphic DNA fragments (RAPD markers) were analyzed by using POPGENE

statistical program. Eighty-five primer sequences were tested but only three were suitable

as molecular markers producing 37 DNA polymorphic fragments for comparisons among

four Commelina species and 22 polymorphic fragments for comparisons among C. benghalensis

populations. The results showed that there were inter-specific and intra-specific genetic
variabilities among Commelina plant genera. Genetic diversity analysis between species

indicated four mono-specific clusters and it was suggested to keep C. villosa as one species.

Regarding the intra-specific genetic variability of C. benghalensis alone, three groups were

verified, although there were 13 populations from two geographical areas. However, these

clusters do not correspond to the distinct characteristics verified.
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RESUMO - O presente trabalho procurou analisar a variabilidade genética, utilizando-se de
marcadores RAPD, comparando quatro espécies de Commelina procedentes do Estado do Paraná
e entre populações de C. benghalensis procedentes dos Estados do Paraná e São Paulo. Foi
amostrado o DNA genômico extraído das folhas, o qual foi separado, fragmentado aleatoriamente e
amplificado por PCR. Os fragmentos polimórficos de DNA (marcadores RAPD) foram analisados
pelo programa estatístico POPGENE. Oitenta e cinco primers foram testados, mas somente três
sequências foram consideradas marcadores moleculares, produzindo 37 bandas de DNA polimórfico
para comparação entre as quatro espécies de Commelina e outras 22 para comparação entre as
populações de C. benghalensis. Os resultados mostraram que há variabilidade genética inter e
intraespecífica nas plantas do gênero Commelina. A análise da diversidade genética entre as

espécies indicou quatro agrupamentos monoespecíficos, e isso sugere manter C. villosa como uma
espécie. Considerando a variabilidade genética intraespecífica somente de C. benghalensis, apesar
das 13 populações provenientes de dois Estados geográficos, três grupos foram identificados.
Entretanto, esses agrupamentos não correspondem às características morfológicas distintas
observadas.   

Palavras-chave: biótipo, Commelinaceae, marcadores moleculares, planta daninha.
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INTRODUCTION

The importance of some members of the
Commelinaceae family was emphasized by
Holm et al. (1977) since Commelina weed plants
occur in more than 100 countries in soybean,
bean, corn and other cultivated plant crops.
Weed species of such family grow in crops and
compete for light and nutrients with cultivated
plants and might be an alternative host for
viruses, fungi and nematodes (Wilson, 1981).
The success and spread of Commelina weed
species in many crops may be attributed to
their high environmental adaptation, mainly
because their vegetative and seed reproduction
systems are highly efficient (Maheshwari &
Maheshwari, 1955; Wilson, 1981).

Investigation on the genetic variability of
cultivar plants has been conducted for species,
variety,cultivar and biotype characterization.
Although few studies have been carried out
on the genetic diversity of weed plants, some
of the more important taxa have been
evaluated, such as Cyperus esculentus (Horak
& Holt, 1986), Cyperus rotundus (Silva et al.,
2000), and Commelina benghalensis (Ahanched
& Gasquez, 1992).

In Brazil, four Commelina species occur
as weed plants, with C. benghalensis being
considered the most important one because
it is the best known, infesting different crops
(Silva et al, 2009a, b). However, three other
species, C. diffusa, C. erecta and C. villosa, are
also important because of their tolerance to
glyphosate (Santos, 2002; Rocha et al., 2007).

Some investigations were carried out on
the genetic variability of Commelinaceae
using enzymatic markers. Ahanched &
Gasquez (1992) observed two genetic patterns
in C. benghalensis populations from Northern
to Southern Benin, Africa and Godt & Hamrick
(1993) analyzed enzymatic variability among
13 Tradescantia hirsuticaulis populations in
three US states.

The present work aimed to conduct a
comparative analysis using RAPD molecular
markers of four Commelina weed species
naturally occurring from the state of Paraná
and matching C. benghalensis populations
from the states of Paraná and São Paulo,
Brazil.       

MATERIAL AND METHODS

The genomic DNA from leaves of C. erecta,
C. diffusa, C. villosa and C. benghalensis

populations from Paraná was compared.
C. benghalensis populations from Paraná and
São Paulo, Brazil were also compared (Table 1).
The plants were collected from agricultural
fields and grown in pots to evaluate their
development under greenhouse conditions at
the Department of Botany, Biosciences
Institute of Botucatu, Universidade Estadual
Paulista (UNESP), SP, Brazil.

RAPD analysis protocol was performed as
reported by Ferreira & Grattapaglia (1996).
Genomic DNA was extracted from matured leaf
fragments for maceration in liquid nitrogen.
Eighty-five primer DNA sequences (Operon
Technologies) were tested, 1 to 20 sequences
of primers W, N and P; 2 to 17 sequences of
primer J; and 1 to 9 of primer X. Each reaction
(final volume 13 µL) had a buffer (10 mM Tris
HCl pH 8.0), dNTPs (1.0 mM), primer sequences
selected (10  ng µL -1), Taq polimerase
(Pharmacia) and around 10 ng of genomic DNA
(quantified previously by gel electrophoresis
of agarose 0.8%). PCR amplification was
conducted in a thermocycler (MJ Research
model PTC 100) in 40 cycles. Each cycle was
programmed to 1 min at 92 °C, 1 min to 35 °C
and 2 min to 72 °C; while the least cycle was
increased 5 min to 72 °C.

DNA quantification and DNA amplification
were detected after DNA samples were
mixed with ethidium bromide and run in
agarose gel electrophoresis technique. DNA
polymorphism was identified as a band in the
autoradiography reported in the photography
made with the “Eagle Eyes” program. The band
auto radiographs scored as either present (1)
or absent (0).

Three sequence primers (W02, W13 and
J13) produced 37 DNA polymorphic fragments,
for comparisons among four Commelina

species, and 22 polymorphic fragments,
for comparison among C.  benghalensis

populations. Using 1 and 0 as numeric
values, two matrices were calculated. Inter-
specific and intra-specific clusters were
analyzed using the POPGENE program. Two
dendrograms were constructed as a result of
these analyses.
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RESULTS AND DISCUSSION

Only three (2.55%) of the 85 sequence

primers used to test amplified Commelina

genomic DNA indicated low polymorphism

rate. However, this is a preliminary DNA

analysis in Commelina weeds, indicating

genetic diversity between species, as four

mono-specific clusters were constructed using

statistical analysis. This may be an important

contribution to taxonomic evaluations,

corroborating with morphological studies on

Commelina species identification (Rocha et al.,

2007).

Amplified DNA fragments after PCR

reaction using sequence primer J13 are shown

in Figure 1. There are different band patterns

among four Commelina species (1 to 12) from

Paraná. However, there are similarities

among C. benghalensis species, although there

are 13 populations from the states of Paraná

and São Paulo (10 to 48).

The first dendrogram shown in Figure 2A

is the result of the statistical analysis

using 37 molecular markers produced by

PCR with three sequences primers to four

Commelina species from Paraná. There has

been a controversy about the taxonomic

position of C. villosa as to whether this taxon

is another species or a variety of C. erecta

(Barreto, 1997).The statistical analysis of the

present RAPD markers shows that the genetic

standard of C. villosa is more similar to that of

C. diffusa and C. benghalensis than to that of

C. erecta (Figure 2A). These results will help

further the taxonomic studies of Commelina

and reinforce the concept that C. villosa is a

species.

The second dendrogram (Figure 2B) was

constructed to compare the intra-specific

genetic variability of C. benghalensis alone,

using the same statistical analysis of the other

22 molecular markers of the 13 populations

from the states of Paraná and São Paulo,

with the three main groups (GI, GII, GIII)

being observed and within each group, with

other similarity groups being detected.

However, morphological characteristics that

justified these three genetic clusters were not

detected.

Table 1 - Commelina populations of four weed species from the
states of Paraná and São Paulo, Brazil, analysed by RADP
molecular markers

COMER: C. erecta. COMDI: C. diffusa. COMVI: C. villosa.

COMBE: C. benghalensis.

No Species Source Geographic Coordinates

01 COMER Ponta Grossa, PR S 25� 05’ 02,3” W 50� 06’ 05,7”

02 COMER Ponta Grossa, PR S 24� 49’ 06,5” W 50� 00’ 51,7”

03 COMER Ponta Grossa, PR S 24� 41’ 43,1” W 50� 24’ 11,0”

04 COMDI Ponta Grossa, PR S 25� 00’ 50,6” W 50� 09’ 0,46”

05 COMDI Ponta Grossa, PR S 25� 05’ 49,7” W 50� 06’ 28,2”

06 COMDI Ponta Grossa, PR S 24� 26’ 44,0” W 49� 51’ 18,5”

07 COMVI Cascavel, PR S 25� 21’ 41,7”” W 53� 34’ 33,4”

08 COMVI Ponta Grossa, PR S 25� 01’ 51,9” W 50� 09’ 42,3”

09 COMVI Ponta Grossa, PR S 25� 05’ 35,0” W 50� 04’ 05,3”

10 COMBE Ponta Grossa, PR S 25� 06’ 44,7” W 50� 26’ 01,9”

11 COMBE Ponta Grossa, PR S 25� 08’ 51,8” W 49� 58’ 35,0”

12 COMBE Ponta Grossa, PR S 24� 41’ 43,1” W 50� 24’ 11,0”

13 COMBE Cascavel, PR S 24� 58’ 30,2” W 53� 20’ 17,1”

14 COMBE Cascavel, PR S 25� 13’ 44,6” W 53� 35’ 22,1”

15 COMBE Cascavel, PR S 24� 56’ 58,4” W 53� 27’ 49,3”

16 COMBE Campo Mourão, PR S 24� 10’ 57,5” W 52� 29’ 43,9”

17 COMBE Campo Mourão, PR S 23� 57’ 54,3” W 52� 21’ 08,9”

18 COMBE Campo Mourão, PR S 23� 53’ 32,0” W 52� 19’ 34,5”

19 COMBE Londrina, PR S 23� 30’ 22,1” W 51� 39’ 14,5”

20 COMBE Londrina, PR S 23� 20’ 22,9” W 51� 21’ 06,9”

21 COMBE Londrina, PR S 23� 25’ 48,0” W 51� 32’ 03,9”

22 COMBE Ourinhos, SP S 22� 55’ 14,6” W 49� 54’ 13,0”

23 COMBE Ourinhos, SP S 22� 52’ 00,8” W 49� 58’ 36,6”

24 COMBE Ourinhos, SP S 22� 47’ 43,7” W 50� 05’ 38,4”

25 COMBE Presidente Prudente, SP S 22� 17’ 26,2” W 51� 16’ 17,5”

26 COMBE Presidente Prudente, SP S 22� 11’ 56,4” W 51� 21’ 15,0”

27 COMBE Presidente Prudente, SP S 22� 06’ 34,0” W 51� 27’ 21,4”

28 COMBE Araçatuba, SP S 21� 09’ 34,7” W 50� 13’ 42,1”

29 COMBE Araçatuba, SP S 21� 16’ 06,3” W 50� 21’ 31,1

30 COMBE Araçatuba, SP S 21� 21’ 12,7” W 50� 18’ 35,6”

31 COMBE São José do Rio Preto,SP S 20� 22’ 08,9” W 49� 25’ 49,2”

32 COMBE São José do Rio Preto,SP S 20� 34’ 03,8” W 49� 19’ 03,8”

33 COMBE São José do Rio Preto,SP S 20� 25’ 40,4” W 49� 25’ 29,8”

34 COMBE Lins, SP S 21� 44’ 59,5” W 49� 41’ 37,5”

35 COMBE Lins, SP S 21� 50’ 05,6” W 49� 36’ 25,0”

36 COMBE Lins, SP S 22� 03’ 49,5” W 49� 24’ 09,8”

37 COMBE Ribeirão Preto, SP S 21� 19’ 10,9” W 47� 47’ 44,7”

38 COMBE Ribeirão Preto, SP S 21� 22’ 03,1” W 47� 42’ 52,9”

39 COMBE Ribeirão Preto, SP S 21� 22’ 05,8” W 47� 50’ 56,4”

40 COMBE Mogi Mirim, SP S 22� 21’ 18,2” W 47� 11’ 00,2”

41 COMBE Mogi Mirim, SP S 22� 23’ 55,3” W 47� 17’ 42,5”

42 COMBE Mogi Mirim, SP S 22� 24’ 32,2” W 47� 04’ 53,2”

43 COMBE Botucatu, SP S 22� 53’ 00,0” W 48� 26’ 22,6”

44 COMBE Botucatu, SP S 22� 53’ 11,4” W 48� 29’ 50,7”

45 COMBE Botucatu, SP S 22� 47’ 50,1” W 48� 32’ 38,7”

46 COMBE Araraquara, SP S 21� 39’ 28,5” W 48� 22’ 21,6”

47 COMBE Araraquara, SP S 21� 42’ 51,2” W 48� 18’ 30,8”

48 COMBE Araraquara, SP S 21� 44’ 44,6 W 48� 16’ 12,8
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Figure 1 - RAPD markers obtained by fragmented genomic DNA from Commelina populations, after reaction with J13 sequence
primer. Pattern (P). C. erecta (01-03), C. diffusa (04-06), C. villosa (07-09), C. benghalensis populations from Paraná, Brazil:
Ponta Grossa (10-12), Cascavel (13-15), Campo Mourão (16-18), Londrina (19-21); and C. benghalensis populations from São
Paulo, Brazil: Ourinhos (22-24), Presidente Prudente (25-27), Araçatuba (28-30), São José do Rio Preto (31-33), Lins (34-36),
Ribeirão Preto (37-39), Mogi Mirim (40-42), Botucatu (43-45) and Araraquara (46-48).

Considering only the morphology of
C. benghalensis, three samples from
Paraná (Cascavel, Ponta Grossa and Campo
Mourão) and two samples from São Paulo
(Presidente Prudente and Araçatuba)
were collected displaying leaves without
pilosity. Leaf pilosity is cited as an important
morphological feature of C. benghalensis

species (Rocha et al., 2007). Other
morphological characteristics were also
observed between these plants indicating
two phenotypical standards, although a
corresponding genomic variability was not
observed. Morton (1967) verified these
two morphological leaf structures of
C. benghalensis in the wet African mountains
and classified them as two subspecies:
C. benghalensis subsp. benghalensis, without
leaf pilosity and C. benghalensis subsp. hirsute,
with intense leaf pilosity. Lorenzi (2000)
presents illustrations, though not citing the
two subspecies classification, noting that

leaf structure is the only difference between
them.

The geographic distribution only of the
C. benghalensis populations studied is shown
in Figure 3. While low genetic similarity
seems to exist among the four Paraná
populations, all the São Paulo populations were
congregated in one group. There were no
samples of C. benghalensis from southern
Parana (latitude below 25°) as this species was
not found there. Some genotypic standards
were observed among the four Paraná
populations. Group I was formed with Ponta
Grossa and Campo Mourão of C. benghalensis

populations which are more similar. Londrina
(Paraná) populations presented more
similarities with other São Paulo populations,
constituting Group II. C.  benghalensis

populations from Cascavel were isolated to
form Group III as their genetic patterns are
more different than that of other populations
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from Paraná. Again, this segregation does not
match the morphological characteristics.
C. benghalensis has autogamic reproduction
(Maheshwari & Maheshwari, 1955; Wilson,
1981) and this could be the cause of the low
gene flow among the populations from Paraná.

However, climatic conditions also might
explain this group arrangement, despite the
distance between local populations and
geographical boundaries. There is more
similarity between the climatic conditions of
northern Paraná and those of São Paulo than
with other Paraná regions (IBGE, 1977).
Northern Paraná’s climate, relief and natural
vegetation are more similar to those in the
state of São Paulo and C.  benghalensis

populations from Londrina probably present
more similarity with C.  benghalensis

populations from São Paulo because they are
adapted to these environmental conditions.

There is also a difference in agricultural
methods applied by farmers in the Paraná
regions. No-tillage cropping system has been
used in central and southern Paraná regions
since the 1970s, aiming to decrease weed
infestation and reduce the need of herbicide
control (Pauletti & Seganfredo, 1999; Gomes &
Christoffoleti, 2008). However, this technique
is not commonly applied in the northern Paraná
regions and in the state of São Paulo. Ahanched
& Gasquez (1992) verified similar results, citing
a significant genetic variability among
C. benghalensis populations from Southern and
Northern Benin-Western Africa. These authors
conducted enzymatic polymorphism analyses
and concluded that the genetic variability
observed was due to the agricultural techniques
applied. In another study using enzymatic
polymorphism analysis with Commelinaceae
species, Godt & Hamrick (1993) verified genetic
similarities among Tradescantia hirsuticaulis

populations from Alabama, Georgia and South
Carolina. These results are similar to the data
presented in this work, as cluster formation
surpassed geographic boundaries and a low
gene flow occurred in great distances.
Considering that the reproduction system of
Commelinaceae species presents asexual
strategies (Maheshwari & Maheshwari, 1955;
Wilson, 1981; Gamerro, 1986), their genomics
is likely being preserved.

Figure 2 - Dendrograms produced by Cluster Analysis
using RAPD molecular markers. A. Four Commelina weed
plant from Paraná, Brazil. COMBE: C. benghalensis.
COMDI: C. diffusa. COMER: C. erecta. COMVI:
C. villosa. B. C. benghalensis populations from Paraná and
São Paulo, Brazil. AÇT: Araçatuba. ARA: Araraquara. BOT:
Botucatu. CAS: Cascavel. CMO: Campo Mourão. LIN:
Lins. LON: Londrina. MMI: Mogi Mirim. OUR: Ourinhos.
PPR: Presidente Prudente. PTG: Ponta Grossa. RIB:
Ribeirão Preto. SJP: São José do Rio Preto.

Figure 3 - Commelina benghalensis geographic population from

Paraná and São Paulo, Brazil, clustered using 22 RAPD
molecular markers. AÇT: Araçatuba. ARA: Araraquara.
BOT: Botucatu. CAS: Cascavel. CMO: Campo Mourão.
LIN: Lins. LON: Londrina. MMI: Mogi Mirim. OUR:
Ourinhos. PPR: Presidente Prudente. PTG: Ponta Grossa.

RIB: Ribeirão Preto. SJP: São José do Rio Preto.
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On the other hand, genetic similarity

among accesses of Avena sterilis were studied
by Heun et al. (1994) who conducted a

comparative analysis using RAPD molecular

and enzymatic markers, and concluded that

RAPD markers were highly efficient in

separating the 24 biotypes tested. McCloskey

& Holt (1990) also reported genetic differences
between two biotypes of Senecio vulgaris (one

resistant and the other susceptible to the

herbicide triazine) using molecular analysis

with RAPD technique. Preliminary genetic

variability analysis among species and clones

of Populus plants were observed by Sanchez
et al. (1998), using only one sequence primer.

The present study is similar, although using

a few primer sequences.

RAPD molecular markers did not reveal

specific gene information in this work, but

further research and more complex studies

must be conducted to identify more efficient

molecular markers that can be used to

separate different genetic clusters within
weed species as it has been already done with

cultivated plants by Chen et al. (1998) and

Pejic et al. (1998).

ACKNOWLEDGEMENTS

We thank the students of the Department
of Genetic, Biosciences Institute of Botucatu,
Universidade Estadual Paulista (UNESP),
Botucatu, SP, Brazil, especially Alessandro
Paris, for sharing their technical knowledge.
The first author was supported by the Conselho
Nacional de Desenvolvimento Científico e
Tecnológico (CNPq) and also by the University
of Ponta Grossa, Paraná, Brazil.

LITERATURE CITED

AHANCHED, A.; GASQUEZ, J.Enzymatic variability of
Commelina benghalensis L. Benin. In: COLLOQUE
INTERNATIONAL SEER LA BIOLOGIE DES
MAUVAISES HERBES, 9., 1992, Dijon. Colloque...Dijon:
1992. p. 427-436

BARRETO, R. C. Levantamento das espécies de

Commelinaceae R. Br. nativas do Brasil. 1997. 500 f.
Tese (Doutorado em Ciências Biológicas-Botânica) –
Instituto de Biociências da Universidade de São Paulo, São

Paulo, 1997.

CHEN, X. M.; LINE, R. F.; LEUNG, H. Genome scanning
for resistance-gene analogs in rice, barley and wheat by
high-resolution electrophoresis. Theor. Appl. Genet., v. 97,
n. 3, p. 345-355. 1998.

FERREIRA, M. E.; GRATTAPAGLIA, D. Introdução ao

uso de marcadores moleculares em genética. Brasília:
Embrapa /CENARGEM, 1996. 220 p.

GAMERRO, J. C. Propagation and dispersion of
Tripogandra diuretica (Commelinaceae) in the Parana
delta-river plate region (Argentina). Darwianiana, v. 27,
n. 1-4, p. 153-156, 1986.

GODT, M. J. W.; HAMRICK, J. L. Genetic diversity and
population structure in Tradescantia hirsuticaulis

(Commelinaceae). Am. J. Bot., v. 80, n. 8, p. 959-966, 1993.

GOMES, J. R.; CHRISTOFFOLETI, P. J. Biologia e manejo
de plantas daninhas em áreas de plantio direto. Planta

Daninha, v. 26, n. 4, p. 789-798, 2008.

HEUN, M.; MURPHY, J. P.; PHILLIPS, T. D. A comparison
of RAPD and izoenzyme analysis for determining the genetic
relationships among Avena sterilis L. accessions. Theor. Appl.

Genet., v. 87, n. 6, p. 689-696, 1994.

HOLM, L. G. et al. The world’s worst weeds – distribution

and biology. Hawaii, University Press, 1977. 609 p.

HORAK, M. J.; HOLT, J. S. Isozyme variability and
breeding system in populations of yellow nutsedge (Cyperus

esculentus). Weed Sci., v. 34, n. 4, p. 538-543, 1986.

IBGE. Geografia do Brasil. Rio de Janeiro: SERGRAF,
1977.

LORENZI, H. Plantas daninhas do Brasil. 3.ed. Nova
Odessa: Instituto Plantarum, 2000. 440 p.

MAHESHWARI, P.; MAHESHWARI, J. L. A Floral
dimorphism in Commelina benghalensis L. and Commelina

forskalaei Vahl. Phytomorphology, v. 5, n. 4, p. 413-422,
1955.

McCLOSKEY, W. B.; HOLT, J. S. Triazine resistance in
Senecio vulgaris parental and nearly isonuclear backcrossed
biotypes is correlated with reduced productivity. Plant

Physiol., v. 92, p. 954-962, 1990.

MORTON, J. K. The Commelinaceae of West Africa: a
biosystematic survey. J. Linn. Soc. Bot., v. 60, n. 382,
p. 167-221, 1967.

PAULETTI, V.; SEGANFREDO, R. Plantio Direto:

atualização tecnológica. Castro: Fundação Cargill, Fundação
ABC, 1999.

PEJIC, I. et al. Comparative analysis of genetic similarity
among maize inbred lines detected by RFLPs, RAPDs, SSRs
and AFLPs. Theor. Appl. Genet., v. 97, n. 8, p. 1248-1255,
1998.



Planta Daninha, Viçosa-MG, v. 27, n. 3, p. 421-427, 2009

427Genetic variability among Commelina weed species fom ...

ROCHA, D. C. et al. Efeito de herbicidas sobre quatro
espécies de trapoerabas. Planta Daninha, v. 25, n. 2,
p. 359-364, 2007.

ROCHA, D. C.; RODELLA, R. A.; MARTINS, D.
Caracterização morfológica de espécies de trapoeraba
(Commelina spp.) utilizando a análise multivariada. Planta

Daninha, v. 25, n. 4, p. 671-678, 2007.

SANCHEZ, N. et al. RAPD markers for the identification of
Populus species. Silvae Genética, v. 47, n. 1, p. 67-71,
1998.

SANTOS, I. C. et al. Caracteres anatômicos de duas espécies
de trapoeraba e a eficiência do glyphosate. Planta Daninha,
v. 20, n. 1, p. 1-8, 2002.

SILVA, C. A. R. et al. Uso da eletroforese de isoenzimas para

avaliação da competitividade de biótipos de tiririca. Planta

Daninha, v. 18, n. 2, p. 199-206, 2000.

SILVA, P. S. L., et al. Weed control via intercropping with
gliricidia. I. cotton crop. Planta Daninha, v. 27, n. 1,
p. 94-104, 2009a.

SILVA, P. S. L., et al. Weed control via intercropping with
gliricidia. II. corn crop. Planta Daninha, v. 27, n. 1,
p. 101-112, 2009b.

WILSON, A. K. Commelinaceae – review of the distribution,
biology and control of the important weeds belonging to
this family. Trop. Pest Manag., v. 27, n. n. 3, p. 405-418,
1981.    


