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Summary
An experiment was conducted to evaluate 
the variability of barnyard grass ecotypes 
(Echinochloa crus-galli var. crus-galli) 
collected thought Peninsular Malaysia. 
Barnyard grass seeds were collected 
from 11 locations namely Perlis, Kedah, 
Penang, Perak, Kelantan, Terengganu, 
Pahang, Selangor, Negeri Sembilan, 
Melaka and Johor. Seeds were collected 
from five rice fields in each location. The 
distance between fields in each location 
sites was about 10 km. Seeds were grown 
in a glasshouse to maturity. Two methods 
were used to evaluate the variability of 
barnyard grass, namely morphology and 
RAPD analysis. For the morphological 
study, twelve traits (plant height, plant 
type, panicle length, panicle awn, flag 
leaf length, panicle width, culm diameter, 
spikelet length, spikelet width, spikelet 
weight, glume length and number of till-
ers) were analyzed, while four primers 
(A 07, A 20, OPG 06 and OPE 12) were 
selected for RAPD analysis. 

The results showed that variability in 
morphological characteristics among eco-
types had been observed. These ecotypes 
were classified into six groups. Twenty-
one ecotypes were found in group 1, 
while groups 2, 3, 4, 5 and 6 consisted of 
2, 14, 14, 3 and 1 ecotypes respectively. 
The four RAPD primers produced five 
hundred and thirty three bands resulting 
in 87% polymorphic bands. Four groups 
were classified based on Jaccard’s simi-
larity. Groups 1 and 2 consisted of 11 and 
12 ecotypes, respectively. Groups 3 and 
4 had two and one ecotypes, respective-
ly. Some ecotypes were closely related 
by morphological and RAPD analysis, 
while others were inconsistent. The vari-
ability of barnyard grass ecotypes might 
be due to adaptability to the geographic 
locations and weed management prac-
tices. These ecotype populations could 
be an important source of variability, and 
they may respond differently to chemical 
or to biological control. 
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Introduction
Barnyard grass (Echinochloa crus-galli var. 
crus-galli (L.) P.Beauv.) is an annual weed 
that is native to Asia and found through-
out the world (Holm et al. 1977). The most 
widespread and economically important 
member of the genus is the annual E. crus-
galli, which can be found from 50°N lati-
tude to 40°S (Holm et al. 1977, Maun and 
Barret 1986). Barnyard grass is a noxious 
weed in rice fields and has been shown 
to reduce rice yields by over 40% in Ma-
laysia (Azmi 1988). The genus Echinochloa 
includes 50 species that are widely repre-
sented in tropical and warm temperate re-
gions of the world (Clayton and Renvoize 
1986, Michael 1983). With the increase in 
direct seeding rice practices, barnyard 
grass is becoming a serious problem in 
rice fields (Azmi and Baki 2002, Loux and 
Barry 1991). Moreover, continuous chemi-
cal control of barnyard grass in rice fields 
has caused herbicide resistance in this spe-
cies (Rutledge et al. 2000, Lopes-Martines 
et al. 1999). 

Barnyard grass is typically 1 to 1.5 m 
tall and is capable of producing a large 
number of seeds (Azmi and Baki 1995, Itoh 
1991), but seed germination declines rap-
idly over time, and there may be a long 
dormancy period (Honek and Martinkova 
1996). In certain conditions, it may grow 
up to 2 m tall (Anon. 2001a). In addition, 
the plant can grow in diverse environ-
ments (Yamasue 1997, Yabuno 1983), and 
its growth habit is strongly affected by en-
vironmental conditions. The production of 
a large number of easily dispersed seeds 
and the ability to flower under a wide 
range of photoperiods contributes to the 
success of this weed (Holm et al. 1977). 
Studies have shown that soil type, fertility 
level, and cultural regimes affect some of 
the morphological traits of barnyard grass 
(Barret 1982). 

Nissen et al. (1995) highlighted the need 
to determine the genetic diversity of weed 
species in biological control using DNA-
based marker techniques such as RAPD 
and RFLP-PCR. Rutledge et al. (2000) and 
Lopes-Martines et al. (1999) used RAPD 

marker for the analysis of herbicide resist-
ant barnyard grass populations. Chou and 
Cheng (1997) also found variability among 
the ecotypes of cogongrass (Imperata cylin-
drica L.) employing RAPD markers. 

Phenotypic variability has been ob-
served in numerous weed species. Weed 
with biotypes differing in growth and 
morphological characteristics include Ca-
nadian thistle (Circium arvense (L.) Scop.) 
(Hodgson 1964), field bindweed (Convol-
vulus arvensis L.) (Degennaro and Weller 
1984), quackgrass (Elytrigia repens (L.) 
Nevski) (Westra and Wyse 1981), yellow 
nutsedge (Cyperus esculentus L.) (Holt 
1994), leafy spurge (Euphorbia esula L.) 
(Harvey et al. 1988) and hemp dogbane 
(Apocynum cannabinum L.) (Ransom et 
al. 1998). Klingaman and Oliver (1996) 
defined ecotypes as plants genetically 
adapted to the habitat they colonized and 
biotypes as plants showing a random ge-
netic variation within an ecotype.

Phenotypic and genetic variability 
among barnyard grass ecotypes would 
be divergent resulting from the selection 
pressure imposed by agricultural prac-
tices, crop characteristic such as grasses 
or broad leaves, geographic location and 
herbicide pressure. Differences between 
weed populations can influence the com-
petitive nature of weed species and may 
affect response to chemical or biological 
control (Barret 1982). Thus the objective 
of this study was to evaluate the ecotypic 
variability of barnyard grass collected 
from 11 locations in Peninsular Malaysia 
by means of morphological characteristics 
and RAPD markers.

Materials and methods
Seed collection
Barnyard grass seeds were collected from 
11 locations across Peninsular Malaysia 
(100–119°E and 7°N) (Figure 1, Table 1) 
(Anon. 2001b). At each location, seeds 
were randomly collected from five differ-
ent sites in rice growing areas. The dis-
tance between sampling sites within each 
location was 5–10 km (Barret 1982), to pre-
vent natural seed dispersal.

These seeds of barnyard grass were 
chosen to represent the populations from 
which they were collected. Since seeds 
were collected from geographically di-
vergent locations, they can be described 
as ecotypes (Klingaman and Oliver 1996, 
Anon. 2001a). 

Propagation of the ecotypes and 
morphological characteristic assessments
The barnyard grass seeds were grown un-
der glasshouse conditions. Before plant-
ing, seeds were soaked in water for 24 
hours at room temperature. Seeds were 
grown in pots containing 10 kg of paddy 
field soil. Basal fertilizer (0.4 g N per pot, 
0.4 g P per pot and 0.2 g K per pot equiva-
lent to 40 kg N ha-1, 45 kg P ha-1 and 30 kg 
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K ha-1) respectively was applied directly 
in each pot, while an additional one third 
of N was applied 5–6 weeks after seedling 
emergence (Pane and Masshor 1997). Two 
weeks after emergence, seedlings were 
thinned to one plant per pot. Pots were 
arranged in a complete randomize design 
with five replications. Water levels were 
maintained at five cm above soil surface 
starting from thinning to maturity stage.

Morphological characteristics such 
as plant type (the degree of opening at 
the first node), plant height (cm), flag 
leaf length (cm) and width (cm), culm  

diameter (cm), panicle length (cm), glume 
length (mm), spikelet length (mm), spike-
let width (mm), spikelet weight (100 
seeds), panicle awn and number of tillers 
were assessed. Plant type and panicle awn 
were considered as qualitative characters 
visually rated on a scale from none (0), 
moderate (1) to severe (2) (Yamasue 1997, 
Park et al. 1995).

RAPD variation analysis
DNA extraction   Twenty-six ecotypes 
were selected for DNA extraction. These 
ecotypes represented different groups 

based on morphological characteristics 
analysis. Plants at the 4-leaf growth stage 
were selected and frozen in liquid nitro-
gen before used. The frozen powder was 
immediately extracted using CTAB ((2% 
v/v) (Sigma), 0.7M NaCl, 50mM tris-HCl 
pH 8.0 and 0.1% (v/v) 2-mercaptoethanol 
(Sigma), 10mM EDTA)) methods (Rutledge 
et al. 2000) with some modification. The 
sample, in 0.6 mL CTAB solution, was 
preheated in a water bath at 60°C for 1 h. 
The DNA samples were mixed thoroughly 
with 0.5 mL chloroform-isoamyl alcohol 
(24:1), and centrifuged at 12 000 rpm for 
10 min. The DNA was precipitated from 
aqueous phase with 0.6 mL of cool isopro-
pyl alcohol and centrifuged at 12 000 rpm 
for 10 min. The DNA was washed using 
100% and 70% ethanol and dried at room 
temperature. The DNA was dissolved in 
50 µL TE (tris-HCl and EDTA) buffer, 20 
µL RNase added, and incubated at 37°C 
for 1 h to remove the RNA. 

PCR amplification   Four 10-base oligonu-
cleotide primers (A 07, OPAE 12, OPG 06 
and A 20) were screened for their ability 
to produce repeatable polymorphic bands. 
RAPD reactions were carried out in a 50 
µL reaction mixture containing 25 µL of 
2X PCR master mix (Fermentas) (consist-
ing of Taq DNA polymerase (recombinant) 
in 10X reaction buffer of 0.05 unit per µL, 
4mM MgCl2, dNTPs (dATP, dCTP, dGTP, 
dTTP) 0.4mM each), 4 µL of 5 pm Primer, 
2 µL of 25 ng of DNA samples and 19 µL 
double distilled water. Each reaction mix-
ture was overlaid with 10 µL of mineral 
oil and the following amplification pro-
tocol was carried out in a Thermal cycler 
(Perkin Elmer Cetus). Initial denaturation 
was done for 2 min at 94°C followed by 45 
cycles of 45 s at 94°C, 5 min at 38°C and 
2 min at 72°C, concluding with an exten-
sion period of 7 min at 72°C (Rutledge et 
al. 2000).

Amplification products were separated 
on 2% agarose gels run in 1 x TBE buffer 
for 1 h at 80 V. Gels were stained in a solu-
tion of ethidium bromide (0.5 µg mL-1), 
visualized under ultraviolet light, and 
photographed using a digital camera (Gel 
Doc, Bio-Rad, USA). Reactions producing 
bands were repeated to ensure reproduc-
ibility, and only those whose scores were 
repeatable bands were used. Bands were 
scored for each sample as present (1) or 
absent (0). Band sizes were determined 
by comparison with 1 kb DNA ladder 
(Promega). 

Statistical analysis
Morphological characteristic assessments 
were subjected to cluster analysis using 
Euclidean distance coefficient of dissimi-
larity of UPGMA analysis in the construc-
tion of a dendrogram. Morphological char-
acteristic data were transformed (square 
root) before analysis. Genetic distance 

Figure 1. Map of 11 locations of barnyard grass ecotypes collected in 
Peninsular Malaysia. Legend: (1) Perlis, (2) Kedah, (3) Penang, (4) Perak, (5) 
Kelantan, (6) Terengganu, (7) Pahang, (8) Selangor, (9) Negeri Sembilan, (10) 
Melaka and (11) Johor.

Table 1. Ecotype location and geographic information of the collection sites.

Ecotype location (label) Latitude (°N) Longitude (°E) Altitude (m)

Perlis (P) 6°25’ 100°16’ 21.7

Kedah (K) 6°12’ 100°24’ 3.9

Penang (PN) 5°28’ 100°23’ 2.8

Perak (PK) 4°34’ 101°06’ 40.1

Kelantan (KN) 6°10’ 102°17’ 4.6

Terengganu (T) 3°30’ 103°06’ 5.2

Pahang (PH) 3°50’ 102°21’ 59.3

Selangor (S) 3°44’ 101°42’ 6.3

Negeri Sembilan (NS) 3°45’ 102°10’ 50.5

Melaka (M) 2°10’ 102°15’ 8.3

Johor (J) 2°15’ 103°20’ 6.3
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similarity of RAPD marker was calculated 
using Jaccard’s coefficient of similarity of 
UPGMA analysis in the construction of 
a dendrogram using NTSYS-pc package 
version 2.1 (Rohlf 2000). 

Results
Morphological variability among 
individual barnyard grass ecotypes 
The dendrogram using UPGMA clustering 
methods from morphological characteris-
tics is presented in Figure 2. Six groups 
were classified at the taxonomic distance 
of 0.016. The first group comprised 21 eco-
types mainly from Perlis, Kedah and Jo-
hor. The third and fourth group comprised 
14 ecotypes, respectively. Groups 2, 5 and 
6 consisted of 2, 3 and 1 ecotypes respec-
tively. Two ecotypes from Penang (PN-03 
and PN-04) belonged to Group 2. Three 
ecotypes from Terengganu (T-02, T-04 and 
T-05) belonged to group 3. However, only 
the Selangor (S-02) ecotype was found in 
group 6 (Figure 2). Morphological char-
acteristics such as flag leaf length (23.72 
cm) and spikelet length (2.84 mm) were 
lowest for group 1. Flag leaf width (1.3 
cm), panicle awn (1.00) and panicle length 
(14.30 cm) were the lowest for group 2; 
however plant height (174 cm), number of 
tiller (10.50) and spikelet width (1.80 mm) 
were higher. Panicle awn (2.00), flag leaf 
width (1.60 mm) and glume length (1.80 
mm) were higher for group 6. Group 5 had 
the highest of spikelet width (1.50 mm) 
and flag leaf length (28.40 cm). Group 3 
had the highest panicle length (18.19 cm) 
and group 4 had the highest culm diam-
eter (0.65 cm) (Table 2).

RAPD variation among barnyard grass 
ecotypes
Four primers (A 07, OPAE 12, OPG 06 and 
A 20) produced a total of 533 bands, 87% 
of which were polymorphic among the 26 
ecotypes of barnyard grass. The range of 
molecular weight was from 62.5 to 3000 
bp (Table 3), while A 20 primer ranged 
from 250 to 3000 bp (Figure 3). The ge-
netic similarity between ecotypes ranged 
from 0.30 to 1.00 (Figure 4), Based on clus-
tering analysis, the 26 genotypes could 
be separated into four groups. The larg-
est relationship was found in group 2 (12 
ecotypes) mostly ecotypes of Kedah (K), 
Perlis (P), Perak (PK) and Terengganu (T), 
while 11 ecotypes were observed in group 
1. Only Melaka (M-01) ecotype was found 
in group 4, while two ecotypes (T-05 and 
KN-01) were observed in Group 3. It is not 
obvious that the ecotypes in group 2 are 
more closely related to each other than are 
the ecotypes in group 1. For some reason, 
ecotypes from four distinct groups may 
represent different ecotypes from different 
locations. 

Figure 2. Dendrogram from UPGMA cluster analysis using Euclidian 
distance coefficient of dissimilarity among ecotypes of barnyard grass. 
Legend: (P) Perlis, (K) Kedah, (PN) Penang, (PK) Perak, (KN) Kelantan, (T) 
Terengganu, (PH) Pahang, (S) Selangor, (NS) Negeri Sembilan, (M) Melaka 
and (J) Johor.

Comparison of distance estimated by 
scatter plots 
Several of the ecotypes relationship 
matched with the expected due to their 
close relatedness (Figure 5). These tests in-
dicated some ecotypes were closely relat-
ed between the morphological and RAPD 
analysis. This phenomenon provided 
evidence that the two methods were sam-
pling similar genetic information. Groups 
2, 3 and 4 had 7, 8 and 4 closed related eco-
types. However, inconsistent correlation 
was observed for ecotypes from Melaka 
(M-01), Terengganu (T-05), Selangor (S-
02), Kelantan (KN-01) and Kedah (K-04). 

Discussion
Some phenotypes of barnyard grass varied 
with geographic locations. For example, 
characteristics such as plant type, spike-
let width and flag leaf length of the Ter-
engganu ecotypes (group 5) were found 
to be different from other ecotypes (other 
groups). 

The results of this study indicated that 
certain ecotypes of barnyard grass were 
found to be variable, even though col-
lected from the same location (i.e. Negeri 
Sembilan (NS) ecotypes). These results are 
consistent with study of genetic variabil-
ity of barnyard grass population in Japan 
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(Yamasue 1997), Imperata cylindrica within 
the island of Taiwan (Chou and Tsai, 1999), 
among accession of accessions of Russian 
thistle (Salsola tragus L.) (Ryan and Ay-
res 2000) and kale (Brassica oleraceae var. 
acephala) in northwestern Spain (Carter et 
al. 2002).

The genetic similarities among barn-
yard grass ecotypes in Malaysia were 
similar to the average genetic similarity 
among barnyard grass populations (Hilu 
1994), or among barnyard grass popula-
tions in Arkansas (Rutledge et al. 2000). 
Moreover, for some reason, the pattern of 

variability between barnyard grass eco-
types was closely related to the geographic 
locations. Itoh (1991) has also noted phe-
notypic differences among barnyard grass 
in main rice production areas in Malaysia. 
Danquah et al. (2002) found that variability 
of barnyard grass were different between 
geographic origin. 

The variability of barnyard grass eco-
types could also be affected by local envi-
ronmental heterogeneity and agricultural 
practices. This finding is of importance in 
trying to explain the barnyard grass eco-
type distribution in the Malaysian rice 
fields. The degree of genetic variability 
can subsequently be determined through 
analysis of morphological and RAPD 
analysis. 

Ecotypes that display high phenotypic 
similarity need not be genetically similar 
as different genepools may occur. Had 
close-matching of morphological and 
RAPD methods been identified, it might 
have indicated a very restricted genepool 
(Figure 5). It would also have meant pos-
sible cross-pollination within barnyard 
grass species might be eroding the genet-
ic diversity in this weed. However, this 
was not the case, and so the relationship 
between ecotypes of barnyard grass are 
likely to be complex to interpret, as com-
parisons may correctly display similari-
ties in neither, both or either morphologi-
cal and RAPD analysis. However, failure 
to detect a relationship between the two 
methods along these phylogenies does not 
necessarily imply that genetic variability 
is unlinked to rates of morphological and 
RAPD analysis, because genes directly 
associated with measurable phenotypic 
change will make up only a tiny propor-
tion of the genome and are unlikely to be 
included in phylogenetic data sets (Brom-
ham et al. 2002). 

The variability among barnyard grass 
ecotypes grown at different locations 
might be due to adaptability to the geo-
graphic locations and the differences of 
weed management practices. These eco-
type populations could be an important 
source of variability, and may respond dif-
ferently to chemical control as well as to 
biological control programs. 
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Table 2. Mean morphological characteristics among groups of barnyard 
grass ecotypes. 

Characteristic

Cluster analysis (group)

1 2 3 4 5 6

Plant height (cm) 171 174 167 168 162 171

Plant type 1.04 1.00 1.14 1.07 1.00 1.00

Flag leaf length (cm) 23.72 25.50 26.94 26.79 28.40 26.50

Flag leaf width (cm) 1.54 1.30 1.51 1.56 1.58 1.60

Culm diameter (cm) 0.60 0.62 0.59 0.65 0.60 0.60

Panicle awn 1.62 1.00 1.64 1.57 1.67 2.00

Panicle length (cm) 17.90 14.30 18.19 17.29 16.80 17.50

Spikelet weight (g) 0.17 0.180 0.16 0.14 0.17 0.15

Spikelet width (mm) 1.48 1.45 1.48 1.47 1.50 1.45

Glume length (mm) 1.65 1.63 1.68 1.66 1.62 1.80

Spikelet length (cm) 2.84 2.88 2.86 2.84 2.89 2.85

Number of tillers 8.38 10.50 9.29 8.93 8.00 8.00

Figure 3. Genomic DNA fragment bands from 26 Malaysian ecotypes of 
barnyard grass (1 to 26) amplified with A 20 primer. M: Marker (1 kb DNA 
ladder). Legend: (1) PN-02, (2) P-01, (3) M-01, (4) PH-01, (5) M-02, (6) M-03, 
(7) PH-05, (8) P-03, (9) PK-03, (10) NS-03, (11) K-03, (12) K-04, (13) PK-04, (14) 
PN-03, (15) KN-01, (16) PN-05, (17) S-02, (18) PK-02, (19) KN-02, (20) K-02, 
(21) T-02, (22) K-01, (23) J-01, (24) T-05, (25) S-01 and (26) T-04. 

Table 3. Primer, bands size range, number of amplified bands and per cent 
of polymorphic bands for 26 ecotypes of barnyard grass. 

Primer
Bands size range  

(bp)
Number of  

amplified bands
Per cent of 

polymorphic bands

A 07 125–2500 111 85.7

OPAE 12 62.5–2500 177 89.0

OPG 06 125–2500 130 87.5

A 20 250–3000 115 85.7

Total – 533 –

Average – – 87.0

M

bp

3000

2000
1000
500

250

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26
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