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Summary   The genus Echinochloa includes two spe-
cies listed in the top five worst weeds of agricultural 
crops. E. crus-galli (L.) Beauv. and E. colona (L.) Link, 
are major summer grass weeds in farming systems 
of the northern grain region of Australia including 
dryland cotton, sorghum and fallows. A 2001 survey 
indicated varied levels of control of these species, with 
no farmers reporting good control in sorghum and only 
38% reporting good control in cotton. 

Given the variability in control reported by farm-
ers, a detailed knowledge of variability within, as well 
as among, populations and species of Echinochloa 
would be useful in directing appropriate management 
strategies. Currently little is known about the genetic 
structure of this genus in Australia and the existence 
of morphologically intergrading types complicates 
species identif ication and diversity studies. The 
development of genetic markers for the measure-
ment of genotypic variation has assisted in resolving 
taxonomic uncertainties and providing information on 
population diversity of many plant species.

This study reports on the use of molecular tech-
niques, including microsatellites (SSRs), together 
with classic morphological taxonomy to investigate 
the genetic diversity of Echinochloa species from a 
field to a regional level.

Keywords    Echinochloa crus-galli,  Echinochloa 
colona,  taxonomy,  microsatellites,  SSRs,  genetic 
diversity. 

INTRODUCTION
Echinochloa species belong to the subfamily Panicoi-
deae A.Br., a collection of herbaceous grasses centred 
in the tropics and subtropics, with occasional outliers 
occurring in temperate regions of the world (Chapman 
1996). The genus comprises approximately 50–60 
species (Michael 1994) and includes important native 
species (Watson and Dallwitz 1992), species cultivated 
as fodder and grain crops, and significant weed species 
such as E. crus-galli ( barnyard grass) and E. colona 
(  awnless barnyard grass) (Holm et al. 1977). 
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Echinochloa crus-galli, an Eurasian species, is 
now naturalised in many of the cooler parts of the 
world (Holm et al. 1977). The most widespread of 
the species, E. crus-galli is highly variable with many 
forms described in several countries especially Aus-
tralia, Japan and the USA (Michael 1994). In general 
E. crus-galli is a very competitive annual growing up 
to 2 m tall. Its success as a weed may be attributed to 
many factors including the production of large num-
bers of easily dispersed seeds, seed dormancy, rapid 
development and the ability to flower under a wide 
range of photoperiods (Maun and Barrett 1986).

Echinochloa colona, a native of India, is a wide-
spread weed throughout the tropics and sub-tropics 
to warm temperate areas (Holm et al. 1977). An erect 
to prostrate annual, the awnless spikelets and the 
frequently purple-banded leaves are distinguishing 
characteristics of this species. While much morpho-
logical variation exists within this species, this has not 
yet been properly documented (Michael 2001).

Morphological characterisation   In the past, mor-
phological characteristics have been used to identify 
species and detect biotypes, but this has been difficult 
with Echinochloa species because of the high mor-
phological variation. Primarily, uncertainties exist as 
to how the Echinochloa genus should be divided into 
species (Clayton and Renvoise 1986), due to the exist-
ence of several intergrading polymorphic complexes. 
This diversity may be the result of self-pollination 
(Lopez-Martinez et al. 1999) combined with the ability 
of Echinochloa to adapt to a wide range of aquatic and 
ruderal habitats. As the taxonomic process of species 
recognition and delimitation is a prerequisite for nam-
ing plants, any identification based on problematic 
taxonomy may lead to incorrect recommendations 
of research into issues such as herbicide susceptibili-
ties. While a number of classical phenotypic features 
are currently available to distinguish between related 
individuals of Echinochloa, these can be influenced by 
environmental conditions (Newbury and Ford-Lloyd 
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1993). As a result more studies are incorporating the 
use of DNA-based markers that allow direct compari-
son of the genetic makeup of individual plants with 
little or no environmental influence. 

Molecular characterisation   Technological advances 
in molecular biology have greatly increased our knowl-
edge of the genetic diversity in plant populations. In 
recent years random amplified polymorphic DNA 
(RAPD) markers have been extensively used in several 
studies on genetic variability in E. crus-galli includ-
ing Rutledge et al. (2000). Amplified fragment length 
polymorphism (AFLP) markers and microsatellite 
(SSR) markers developed by Danquah et al. (2002a) 
have also been applied to study the genetic relation-
ships between Echinochloa species from different 
geographic areas (Danquah et al. 2002b). SSR markers 
are useful in variability studies as they are transferable, 
highly polymorphic, multi-allelic, polymerase-chain 
reaction (PCR)-based markers that are relatively sim-
ple to interpret (Rafalski et al. 1996). Such techniques, 
combined with morphological characterisation will 
assist in the identification of species and biotypes.

Economic impacts and management practices   
Correct identification of Echinochloa species is ag-
ronomically and economically important, given that 
they have been identified as major summer weeds in 
farming systems including dryland cotton, sorghum 
and fallows (Osten et al. 2007). Currently, glyphosate, 
a broad-spectrum, non-selective herbicide, is widely 
used in the northern grain region of Australia for the 
control of most annual grass weeds (Walker et al. 
2005). In a 2001 survey, farmers indicated varied levels 
of control of Echinochloa plants, with no farmers re-
porting good control in sorghum and only 38% report-
ing good control in cotton (Walker et al. 2005). Given 
this variability in control, a more detailed knowledge 
of the variability within, as well as among, populations 
and species of Echinochloa would be useful in direct-
ing appropriate management strategies.

Importance   The identification of Echinochloa spe-
cies based purely on traditional taxonomic methods is 
problematic due to the morphological diversity shown 
by the genus. Combined with differential herbicide 
responses, both between and within species of this 
genus, the need exists to establish adequate methods 
to characterise the genus. This paper reports on pre-
liminary studies into genetic comparisons of Echi-
nochloa species in Australia based on microsatellite 
(SSR) analysis, together with classic morphological 
taxonomy, on plants collected from fields across the 
northern grain region. 

MATERIALS AND METHODS
Seed collection   Twenty-one populations of Echino-
chloa were sampled across the three main cropping 
areas of the northern grain region between January and 
March 2005. At Dalby (southern Queensland) and Nar-
rabri (northern New South Wales), one farm was chosen 
and sampling of populations undertaken in five fields 
on each farm. In addition, four fields from neighbour-
ing farms at Dalby were sampled. At Wowan (central 
Queensland) seven fields were sampled (Table 1). 

In each field, a hectare quadrat was established on 
the edge of the crop or fallow. Within this area, a series 
of zigzag transects were established along which 20 
collection points were designated. At each collection 
point, phenotypic characteristics and seeds were col-
lected from five individual plants. Sampling of smaller 
populations was undertaken by collection of five plants 
at 10 m intervals along a linear transect.

Phenotypic characteristics of the parent plants, 
including growth form and the presence of banding 
were recorded. The seeds collected from plants in 
the field were bagged separately and stored in a cold 
room during winter. Voucher specimens representative 
of specimens sampled in the field will be lodged with 
the N.C.W. Beadle Herbarium (NE), University of New 
England, Armidale, New South Wales. 

Morphological studies   Four replicates of progeny 
from each plant were established by placing pre-
germinated seeds in 250 mm pots containing potting 
mix topped with approximately 130 mm of unsterilised 
black soil. Plants were grown in a sheltered enclosure 
in an attempt to mimic natural conditions between 
November 2005 and April 2006.

Morphological characteristics including growth 
form (erect to prostrate), plant height, presence/ab-
sence of banding, presence/absence of awns, flag leaf 
and panicle measurements were recorded. These data 
will be analysed to establish if there are any differences 
between populations across the region. 

Identification of species will be undertaken with 
the assistance of Dr. Peter Michael, a weeds taxonomist 
and Echinochloa specialist.

Molecular characterisation   A comparison of ge-
netic diversity was undertaken at five levels: within 
individual collection points; between collection points 
within a field; between fields on a farm; between farms 
within a cropping area; and between farms across the 
region. Fresh leaf material was collected at the four to 
six leaf stage and stored at −80°C. Initial DNA extrac-
tions were conducted following Fox et al. (2003) and 
five SSRs developed by Danquah et al. (2002a) were 
used to assess genetic diversity (Table 2).
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Microsatellite amplifications were performed 
following Danquah et al. (2002a) with the use of 
non-labelled primers and Qiagen Taq polymerase 
being the only alterations. The reaction proceeded on 
a PTC-100™ Programmable Thermal controller (MJ 
Research, Watertown, MA, USA) as per Danquah et 
al. (2002a). The amplified products were resolved on 
8% non-denaturing polyacrylamide gels (60 W for 1.5 
h) and visualised using silver staining (Bassam and 
Caetano-Annollés 1993).

RESULTS AND DISCUSSION
Morphological studies   Field surveys undertaken 
concurrent with the seed collection resulted in the iden-
tification of five growth forms of E. colona ranging 
from erect to prostrate (Figure 1). Similar distinctions 
could not be established for E. crus-galli due to the 
limited number of specimens. 

Progeny of E. colona grown in pots displayed a 
similar range of growth forms to those observed in 
the field. Plants grown from the collected seeds often 
displayed phenotypic characteristics different from the 
parent plant, including differing growth forms (Figure 
2) and different banding patterns. 

Molecular characterisation   Each of the five SSRs 
was able to distinguish between E. colona and E. 
crus-galli (Figure 3). Preliminary results suggest that 
EC1, EC3 and EC5 detected intra-specific variation in 
this set of accessions (Figure 3). Future research will 
use these SSRs to determine the genetic diversity of 
Echinochloa populations collected from fields across 
the northern grain region.

Table 1.   Number of fields sampled on farms from 
the three major cropping areas of the northern grain 
region. 

Cropping region Fields sampled
Farm 1 Farm 2 Farm 3

Southern QLD 5 2 2
Central QLD 7 0 0

Table 2.   Sequences of SSR markers used.
Locus Primer sequences (5’ – 3’)
EC1 F: ATTACTGGTCAGACGGAAAC

R: GCAGTTATCTCCGTGGGCAC

EC2 F: GGCTCCAAACAAGGCAATTC
R: TTCAGGGAATTTAGTACAAG

EC3 F: GAAAGGAAATGGGTTGGCTG
R: CTTCGCACCATGATCTTCTC

EC4 F: AGTAGAAGGCTGCAAGAAGG 
R: TCTCAGCCCACTTTGTATAG

EC5 F: CAGAGCCTTCAATCATGGTG
R: TGCTTCAAGTTCTAGGAGAC

Figure 1.   Two of the five growth forms of E. colona 
observed in the field (erect and prostrate).

Figure 2.   The progeny of an erect parent plant 
at nine weeks after planting displaying differing 
growth forms. 
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CONCLUSION
This paper presents preliminary results of a study being 
conducted to investigate genetic and morphological 
diversity between and among Echinochloa species in 
the northern grain region. The results indicate intra 
and inter-species genetic differences can be detected 
using SSRs. Future experiments will establish whether 
relationships exist between herbicide susceptibility and 
morphological/genetic diversity of these species. Over-
all the study will contribute to the existing knowledge 
on the distribution of Echinochloa species in Australia, 
while practically, the study will provide the opportunity 
to determine if there are specific biotypes that are more 
difficult to control using herbicides.
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Figure 3.   Differentiation between E. colona (left 1–5) 
and E. crus-galli (right 6–10) within each of the five 
SSRs (EC1 to EC5). 100bp ladder shown on left. 

EC1 EC2 EC3 EC4 EC5




