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Abstract

Project Code : RSA5280004

Project Title : Allelopathic Potential of Itchgrass (Rottboellia
cochinchinensis Lour. W.D. Clayton) for Weed Control in
Vegetable Production

Investigator : Associate Prof. Dr. Tosapon Pornprom
Department of Agronomy, Faculty of Agriculture at
Kamphaeng Saen, Kasetsart University, Kamphaeng Saen
Campus, Nakhon Pathom 73140

E-mail Address : agrtpp@ku.ac.th

Project Period : 3 years (March 2, 2009 — February 29, 2012)

Herbicides produce a wide range of toxic side effects that pose a potential hazard to the
environment. The development of natural allelochemicals is one method of addressing
these issues. Here we describe the allelopathic activity of itchgrass (Rottboellia
cochinchinensis Lour. W.D. Clayton) which can inhibit seed germination and growth of
weeds. Farmers in Lampang, Northern Thailand, have been cultivating itchgrass and
using it as a mulching material to control other weeds in vegetable fields. It has long
been observed that itchgrass interfere with the growth of other plants. The density of
weed species in the itchgrass-infested areas was lower than that in the itchgrass-
uninfested areas. Shoot and root growth of Bidens pilosa L., Mimosa pudica L.,
Ageratum conyzoides L., Echinochloa crus-galli L. P. Beauv., Oryza sativa L. var. RD 6,
and Lactuca sativa L. var. OP. were significantly reduced in soil previously planted
with itchgrass. Water soluble extracts from all parts of itchgrass had inhibitory effects
on growth of some test plants. Allelochemicals from itchgrass can inhibit seed germination
and plant growth better at 1 cm distance than 3 and 5 cm from the itchgrass. Our
results suggest that itchgrass has a strong competitive ability and possible allelopathic
activity to other plant species. Allelopathic activity of itchgrass in the soil can influence
germination of adjacent species causing reduced growth of seedlings. The genetic
diversity of itchgrass was investigated for the classification of the possibility of
allelopathy characteristics of itchgrass in diverse areas by means of examination of the
main morphological traits and the application of an amplified fragment length

polymorphism (AFLP) analysis. The plant materials were collected from 10 different



areas in Thailand. The results indicate that itchgrass can be divided into two groups: the
first group consists of itchgrass from Chaehom-Lampang, Si Thep-Phetchabun, Phrom
Phiram-Phitsanulok, Amphur Muang-Nakhon Sawan, Kamalasai-Kalasin, Amphur
Muang-Chachoengsao and Bang Yai-Nonthaburi, whereas itchgrass from Amphur
Muang-Chiang Mai, Pak Chong-Nakhon Ratchasima and Kamphaeng Saen-Nakhon
Pathom constitutes the second group. The correlation of the similarity/distance estimates
between AFLP markers (Jaccard coefficient) and morphological traits (Euclidean
distance) was significant with r = -0.84**. Our finding suggests that classification of
itchgrass by morphological traits is related with the analysis of the genetic relationship of
itchgrass with AFLP analysis. This can be used to assess the genetic diversity of

itchgrass with a potential for allelopathy.

Keywords: allelopathy, itchgrass, food and environmental safety, AFLP analysis,

genetic diversity, morphological traits
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Allelopathic Potential of Itchgrass for Weed Control
JAA NSTER Uaz NAWS WIWHA'
'madzfinlsun anzineas anIng1anEaIEEA3 INSNAATIUNILE 2. waATLgH
ABSTRACT

Agrochemicals may produce a wide range of toxic side effects that pose a
potential hazard to the environment. The development of a natural herbicide, particularly
allelopathy, is one method that has the potential to reduce detrimental environmental
impacts. This research aims to explore the allelopathic activity of itchgrass (Rottboellia
cochinchinensis (Lour.) W.D. Clayton) in the soil which can inhibit seed germination and
plant growth. The experiments were carried out in the Department of Agronomy,
Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom during August, 2007 —
December, 2008. The allelopathic effects of soil from itchgrass-infested areas compared
to itchgrass-uninfested areas were observed on growth of test plant species
including Bidens pilosa L., Mimosa pudica L., Ageratum conyzoides L., Echinochloa
crus-galli (L.) P. Beauv., Oryza sativa L. var. RD 6 and Lactuca sativas L. var. OP. The
results showed that root length of all test plant species grown in soil from itchgrass-
infested areas was reduced compared to itchgrass-uninfested areas. The allelopathic
effects from soil by growing itchgrass were tested with plant species including Bidens
pilosa L., Echinochloa crus-galli (L.) P. Beauv., Lactuca sativas L. var. OP and Oryza sativa
L. var. RD 6. ltchgrass-infested soil can inhibit seed germination and growth of some test
plants. Itchgrass can inhibit seed germination and growth of some test plants better at 1
cm distance than 3 and 5 cm from the itchgrass. These results suggested that
allelopathic activity of itchgrass in the soil can inhibit seed germination and growth of

test plants.

Keywords: allelopathy, bioassay test, itchgrass (Rottboellia cochinchinensis (Lour.)

W.D. Clayton)
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LENFEITHWLY 2
Morphological traits and AFLP analysis for classification of a potent

allelopathy in itchgrass

Apirat Bundit' Sunyata Meksawat' and Tosapon Pornprom1

Abstract : The allelopathic potential and the classification of the diverse accessions of
itchgrass with morphological trails and amplified fragment length polymorphism (AFLP)
analysis were the subjects to this study. From the results, water soluble extracts of
itchgrass from a farmer's field in Chaehom, Lampang (CH-LP) exhibited larger
allelopathic effects on seedling growth of test plants than itchgrass from both the
experiment field at the Department of Agronomy, Kasetsart University, Kamphaeng
Saen Campus, Nakhon Pathom (KPS-NP), and the experiment field at National
Corn and Sorghum Research Center, Pak Chong, Nakhon Ratchasima (PC-NR). In
addition, ltchgrass from CH-LP had some distinct morphological traits incomparision to
itchgrass from KPS-NP and PC-NR. The color of the leaf blades, leaf sheaths, stems
and roots of itchgrass from CH-LP was darker. Furthermore, its trichomes were softer
than in the other 2 sites. Base on AFLP analysis, the itchgrass can be divided into 2
groups: the first group consists of itchgrass from PC-NR and KPS-NP, whereas
itchgrass from CH-LP constitutes the second group. The similarity index in the first group
was 0.98, while the second group had a similarity index of 0.23. This suggests that
classification of itchgrass by morphological traits is related with the analysis of the genetic
relationship of itchgrass with AFLP. This can be used to assess the genetic diversity of

itchgrass with a potential for allelopathy.

Background : Herbicides are usually toxic substances that may have undesirable
effects on the food and the environment, their use has to be regulated. Consumer
concerns on food and environmental safety of chemical residues have increased in the
past few years. Thus, there is a need to find ways to reduce the dependency on
herbicides. The development of natural compounds is a possible solution to control

weeds in an environmentally acceptable way. The potential use of naturally derived

1Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart University,

Kamphaeng Saen Campus, Nakhon Pathom.
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products as bio-herbicides can reduce or replace the effects of chemicals pollution on

the food and environment.

Objectives : The objectives of the present study were to: (1) study the effects of water
soluble extract from itchgrass to the growth of some test plants; (2) determine the
morphological traits for classification of a potent allelopathy in itchgrass; and (3)
evaluate the genetic diversity using AFLP analysis for classification of a potent

allelopathy in itchgrass.

Setting : Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen,

Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom.

Method :

1) The allelopathic potential of itchgrass was investigated from 3 different areas;
CH-LP, KPS-NP and PC-NR. The experimental design was arranged as a 2x5
factorial in CRD. Mature itchgrass plants were harvested, then separated into
shoots and roots and ground into a powder. The water soluble extract was
extracted by distilled water, the seedling of Echinochloa crus-galli L. P. Beauv.
and Bidens pilosa L. var. radiata Sch. Big. were used for bioassay test. Shoot
length and root length of test plant seedlings were measured at 5 days after
planting.

2) The morphological traits of itchgrass was investigate to the growth characterized
in life cycle by measure morphological characterize in each stage.

3) The genetic biodiversity analysis of itchgrass using AFLP techniques was
conducted via DNA extraction according to modified method by Cullings (1992),
and used AFLP techniques for DNA analysis was performed as described by
Vos et al., (1995). The bands were scored and evaluated data analysis relation
between itchgrass via similarity index by NTSYSpc program for Windows

Version 2.01e and show the result by Phylogenetic tree.

Result :
1) Water soluble extracts of itchgrass from a farmer’s field in CH-LP exhibited
larger allelopathic effects on seedling growth of test plants than itchgrass from

both KPS-NP and PC-NR.
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2) lItchgrass from CH-LP had some distinct morphological traits incomparision to
itchgrass from KPS-NP and PC-NR. The color of the leaf blades, leaf sheaths,
stems and roots of itchgrass from CH-LP was darker. Furthermore, its trichomes
were softer than in the other 2 sites.

3) The itchgrass can be divided into 2 groups: the first group consists of itchgrass
from PC-NR and KPS-NP, whereas itchgrass from CH-LP constitutes the second
group. The similarity index in the first group was 0.98, while the second group

had a similarity index of 0.23.
Conclusion : Classification of itchgrass by morphological traits is related with the analysis
of the genetic relationship of itchgrass with AFLP. This can be used to assess the genetic

diversity of itchgrass with a potential for allelopathy.

Key words: AFLP analysis, allelopathic substance, itchgrass, morphological traits
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Allelopathic Activity of ltchgrass in Soil

Apirat Bundit' Chaisit Thongjoo2 and Tosapon Pornprom1

Abstract: Farmers in Chaehom-Lampang, northern Thailand, use itchgrass (Rottboellia
cochinchinensis) as mulching material for weed control in vegetable fields. The
allelopathic activity of itchgrass is thought to be released into the soil under natural field
conditions. However, some soil factors may affect the allelopatic potential of itchgrass.
The study of the allelopathic activity of itchgrass in soil revealed soil permeated with
itchgrass powder to have inhibitory effects, which are augmented in effectiveness with
increased concentrations of itchgrass powder, on the growth of Lactuca sativa L. var.
OP. The residual allelopathic activity of itchgrass in soil was established to be at its
maximum at 7 and 14 days subsequent to exposure to itchgrass powder. However, the
residual allelopathic activity of itchgrass was reduced in soil after 21 and 28 days
subsequent to application of itchgrass powder. In addition, as the soil moisture
conditions affect the residual allelopathic activity in soil, submerged soil has a
decreased allelopathic activity of itchgrass in comparison to both half-saturated and dry
soils. These results suggest that both timing and soil moisture conditions influence the

allelopathic activity of the compounds of itchgrass in soils.

Keywords: allelopathic, itchgrass, soil residual

1Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart
University, Kamphaeng Saen Campus, Nakhon Pathom.
2Department of Soil Science, Faculty of Agriculture at Kamphaeng Saen, Kasetsart

University, Kamphaeng Saen Campus, Nakhon Pathom.
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Isolation of Allelochemicals from ltchgrass

Apirat Bundit' Wanpen Laohsripaiboon2 and Tosapon Pornprom1

Abstract: Farmers in Chaehom-Lampang, northern Thailand, cultivate itchgrass
(Rottboellia cochinchinensis) in vegetable fields. Cultivated itchgrass decreases the
weed density in the fields and is supposed to release allelochemicals. The study of the
allelopathy potential of itchgrass applied for weed control in the field conditions revealed
that itchgrass-infested soils potentially reduce the growth of the test plants. The
allelopathy potential of crude extract from itchgrass founds crude extract from itchgrass
to decrease both shoot and root growth of Echinochloa crus-galli, Bidens pilosa,
Ageratum radiate, conyzoides, and Lactuca sativa. In addition, the purification of a
potent allelopathy in itchgrass revealed preparative thin-layer chromatography
technique to be apposite for purification with the application of methanol-chloroform in
ratios of 3:1, 0:5, 1:4, and 0.9:1.1 as solvent system. These findings suggest the
purification of allelochemicals from itchgrass by means of the preparative thin-layer
chromatography for isolation to be feasible. The structural determination of an
allelochemicals from itchgrass with the spectroscopy technique needs to be further

investigated.

Keywords: allelopathy, allelochemicals, extraction, itchgrass, purification
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Allelopathic Effect of Itchgrass (Rottboellia cochinchinensis Lour. W.D. Clayton)

on Growth of Some Tested Plants
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Abstract

From farmers field observations, the allelopathic potential of itchgrass (Rottboellia
cochinchinensis Lour. W.D. Clayton) for weed control was studied using information
collected from 8 sites of Ban Saa, Jae Hom, Lampang. Three farmers still use itchgrass
for weed management in vegetable cropping system. Weed control efficacy of itchgrass
was investigated in the itchgrass-uninfested and -infested areas. It was found that itchgrass-
infested area provided better control of weed species (grasses, broadleaves and sedge)
than the uninfested area. The allelopathic effects of soil infested with itchgrass were
observed on growth of some tested plants including Bidens pilosa L., Mimosa pudica L.,
Ageratum conyzoides L., Echinochloa crus-galli L., Oryza sativa L. var. RD 6 and Lactuca
sativas L. The results showed that root length of all tested plants grown in soil from
itchgrass-infested area were reduced comparing to itchgrass-uninfested areas. The
allelopathic activity of water extracts from leaf, shoot and root of itchgrass were observed
on growth of tested plants under laboratory conditions. It was found that root extract
had more inhibiting effects on growth of some tested plants (i.e. Bidens pilosa L.,
Echinochloa crus-galli L. and Lactuca sativas L.) than shoot and leaf extracts of
itchgrass. Moreover, increasing the concentration of extract from itchgrass helped
decreasing the root length, shoot length, fresh weight and dry weight of tested plants.
These results indicated that extracts from itchgrass has allelopathic potential to inhibit
the growth of some tested plants. This information could be applied to weed

management in vegetable cropping system.

Keywords : allelopathy, itchgrass (Rottboellia cochinchinensis Lour. W.D. Clayton)
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Classification of itchgrass (Roftboellia cochinchinensis Lour. W.D.

Clayton) using morphological traits and AFLP techniques
GRIBT2Y WNETER  NANA WINTUA

ABSTRACT: Classification of itchgrass (Rottboellia cochinchinensis Lour. W.D.
Clayton) using morphological traits and AFLP techniques was conducted in the
Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, and DNA
Technology Laboratory, BIOTEC at Kasetsart University, Kamphaeng Saen Campus,
Nakhon Pathom during October, 2009 — December, 2010. lichgrass from 3 sites was
used: a farmer’s field in Jae Hom, Lampang, the experiment field at the Department of
Agronomy, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom, and
the experiment field at National Corn and Sorghum Research Center, Pak Chong,
Nakhon Ratchasima. Morphological traits of itchgrass were observed. The results
indicate that itchgrass from the farmer’s field in Jae Hom, Lampang had some
morphological traits different from at the experiment field at the Department of
Agronomy, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom and from
the experiment field at National Corn and Sorghum Research Center, Pak Chong,
Nakhon Ratchasima. The color of leaf blade, leaf sheath, stem and root of itchgrass
from the farmer’s field in Jae Hom, Lampang was darker and its trichomes were softer
than in the other 2 sites. In addition, analysis of the genetic relationship of itchgrass
using AFLP was investigated. The results indicate that itchgrass can be divided into 2
groups. The first group consists of itchgrass from the experiment field at National
Corn and Sorghum Research Center, Pak Chong, Nakhon Ratchasima and from the
experiment field at the Department of Agronomy, Kasetsart University, Kamphaeng
Saen Campus, Nakhon Pathom. The second group is itchgrass from the farmer’s field in
Jae Hom, Lampang. It was apparent that the similarity index in the first group was
0.98, whereas in the second group it was 0.23. It is suggested that classification of
itchgrass using morphological traits has a relationship with analysis of the genetic
relationship of itchgrass using AFLP. This can be used to assess the genetic diversity of
itchgrass.

Key words: itchgrass, morphological traits, AFLP (Amplified Fragment Length Polymorphism)
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Allelopathic effect of itchgrass (Rottboellia cochinchinensis (Lour.) W.D.

Clayton) on seed germination and plant growth

SUNYATA MEKSAWAT and TOSAPON PORNPROM
Department of Agronomy, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen

Campus, Nakhon Pathom 73140, Thailand

ABSTRACT

Herbicides produce a wide range of toxic side effects that pose a potential
hazard to the environment. The development of natural allelochemicals is one method
of addressing these issues. Here we describe the allelopathic activity of itchgrass
(Rottboellia cochinchinensis (Lour.) W.D. Clayton) which can inhibit seed germination
and growth of weeds. Farmers in Lampang, Northern Thailand, have been cultivating
itchgrass and using it as a mulching material to control other weeds in vegetable fields.
It has long been observed that itchgrass interfere with the growth of other plants. The
density of weed species in the itchgrass-infested areas was lower than that in the
itchgrass-uninfested areas. Shoot and root growth of Bidens pilosa L., Mimosa pudica
L., Ageratum conyzoides L., Echinochloa crus-galli L. P. Beauv., Oryza sativa L. var. RD
6, and Lactuca sativa L. var. OP. were significantly reduced in soil previously planted
with itchgrass. Water soluble extracts from all parts of itchgrass had inhibitory effects
on growth of some test plants. Allelochemicals from itchgrass can inhibit seed germination
and plant growth better at 1 cm distance than 3 and 5 cm from the itchgrass. Our
results suggest that itchgrass has a strong competitive ability and possible allelopathic
activity to other plant species. Allelopathic activity of itchgrass in the soil can influence

germination of adjacent species causing reduced growth of seedlings.

Keywords: allelochemical, allelopathy, itchgrass, phytotoxic effect, Rottboellia

cochinchinensis (Lour.) W.D. Clayton, weed density.
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allelopathic in itchgrass (Rottboellia cochinchinensis)
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Campus, Nakhon Pathom 73140, Thailand.
2Deparz‘menl‘ of Horticulture, Faculty of Agriculture, Kasetsart University, Kamphaeng

Saen Campus, Nakhon Pathom 73140, Thailand.

ABSTRACT

ltchgrass is a weed widely distributed in maize and sugarcane fields and is suspected to
release allelochemicals. A species from Chaehom-Lampang in northern Thailand has a
strong competitive ability and a possible allelopathic activity to Echinochloa crus-galli,
Bidens pilosa and Lactuca sativa. The genetic diversity of itchgrass from 10 different
areas in Thailand was investigated for the classification of the possibility of allelopathy
characteristics of itchgrass in diverse areas by means of examination of the main
morphological traits and the application of an amplified fragment length polymorphism
(AFLP) analysis. The results indicate that itchgrass can be divided into two groups: the
first group consists of itchgrass from Chaehom-Lampang, Si Thep-Phetchabun, Phrom
Phiram-Phitsanulok, Amphur Muang-Nakhon Sawan, Kamalasai-Kalasin, Amphur
Muang-Chachoengsao and Bang Yai-Nonthaburi, whereas itchgrass from Amphur
Muang-Chiang Mai, Pak Chong-Nakhon Ratchasima and Kamphaeng Saen-Nakhon
Pathom constitutes the second group. The correlation of the similarity/distance estimates
between AFLP markers (Jaccard coefficient) and morphological traits (Euclidean
distance) was significant with r = -0.84**. Our finding suggests that classification of
itchgrass by morphological traits is related with the analysis of the genetic relationship of
itchgrass with AFLP analysis. This can be used to assess the genetic diversity of
itchgrass with a potential for allelopathy.

Key words: AFLP analysis, allelopathy, genetic diversity, itchgrass, morphological traits.

*Correspondence author: Tosapon Pornprom, Department of Agronomy, Faculty of Agriculture,
Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand.
E-mail: agrtpp@ku.ac.th.
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Allelopathic Effect of Itchgrass (Rottboellia cochinchinensis) on Seed

Germination and Plant Growth

Meksawat, S. 1, Pornprom, T."

Department of Agronomy, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen

Campus, Nakhon Pathom

Abstract: Herbicides produce a wide range of toxic side effects that pose a potential hazard
to the environment. The development of natural allelochemicals is one method of addressing
these issues. Here we describe the allelopathic activity of itchgrass (Roftboellia
cochinchinensis (Lour.) W.D. Clayton) which can inhibit seed germination and growth of
weeds. Farmers in Lampang, Northern Thailand, have been cultivating itchgrass and using it
as a mulching material to control other weeds in vegetable fields. It has long been observed
that itchgrass interfere with the growth of other plants. The density of weed species in the
itchgrass-infested areas was lower than that in the itchgrass-uninfested areas. Shoot and root
growth of Bidens pilosa L., Mimosa pudica L., Ageratum conyzoides L., Echinochloa crus-galli
L. P. Beauv., Oryza sativa L. var. RD 6, and Lactuca sativa L. var. OP. were significantly
reduced in soil previously planted with itchgrass. Water soluble extracts from all parts of
itchgrass had inhibitory effects on growth of some test plants. Allelochemicals from itchgrass
can inhibit seed germination and plant growth better at 1 cm distance than 3 and 5 cm from
the itchgrass. Our results suggest that itchgrass has a strong competitive ability and possible
allelopathic activity to other plant species. Allelopathic activity of itchgrass in the soil can

influence germination of adjacent species causing reduced growth of seedlings.

Keywords: allelochemical, allelopathy, itchgrass, phytotoxic effect, Rottboellia

cochinchinensis (Lour.) W.D. Clayton, weed density
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Morphological Traits and AFLP Analysis for Classification of a Potent
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University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand

Abstract: ltchgrass is a weed widely distributed in maize and sugarcane field and
suspected to release allelochemicals. A species from Chaehom-Lampang, a northern
province in Thailand, has a strong competitive ability and a possible allelopathic activity
to Echinochloa crus-galli L. P. Beauv., Bidens pilosa L. var. radiata Sch. Big. and
Lactuca sativa L. var. OP. The genetic diversity of itchgrass was investigated for the
classification of the possibility of allelopathy characteristics of itchgrass in diverse areas
by means of examination of the main morphological traits and the application of an
amplified fragment length polymorphism (AFLP) analysis. The plant materials were
collected from 10 different areas in Thailand. The results indicate that itchgrass can be
divided into two groups: the first group consists of itchgrass from Chaehom-Lampang,
Si Thep-Phetchabun, Phrom Phiram-Phitsanulok, Amphur Muang-Nakhon Sawan,
Kamalasai-Kalasin, Amphur Muang-Chachoengsao and Bang Yai-Nonthaburi, whereas
itchgrass from Amphur Muang-Chiang Mai, Pak Chong-Nakhon Ratchasima and
Kamphaeng Saen-Nakhon Pathom constitutes the second group. Our finding suggests
that classification of itchgrass by morphological traits is related with the analysis of the
genetic relationship of itchgrass with AFLP analysis. This can be used to assess the

genetic diversity of itchgrass with a potential for allelopathy.

Keywords: AFLP analysis, allelopathy, genetic diversity, itchgrass, morphological traits
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Allelopathic effect of itchgrass (Rottboellia

cochinchinensis) on seed germination and
plant growth

SUNYATA MEKSAWAT and TOSAPON PORNPROM*

Department of Agronomy, Faculty of Agriculture, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom,

Thailand

Herbicides produce a wide range of toxic side-effects that pose a potential hazard to the
environment. The development of natural allelochemicals is one method of addressing these
issues. Here, we describe the allelopathic activity of itchgrass (Rottboellia cochinchinensis), which
can inhibit the seed germination and growth of weeds. Farmers in Lampang, northern
Thailand, have been cultivating itchgrass and using it as a mulching material to control other
weeds in vegetable fields. It has long been observed that itchgrass interferes with the growth
of other plants. This study showed that the density of weed species in the itchgrass-infested
areas was lower than that in the itchgrass-uninfested areas. The shoot and root growth of Bidens
pilosa, Mimosa pudica, Ageratum conyzoides, Echinochloa crus-galli, Oryza sativa var. RD 6, and
Lactuca sativa var. OP were significantly reduced in soil previously planted with itchgrass.
Water-soluble extracts from all parts of itchgrass had inhibitory eftects on the growth of some
test plants. Allelochemicals from itchgrass can inhibit seed germination and plant growth better
at a 1 cm distance than at a 3 cm and 5 cm distance from itchgrass. Our results suggest that
itchgrass has a strong competitive ability and possible allelopathic activity to other plant species.
The allelopathic activity of itchgrass in the soil can influence the germination of adjacent
species, causing reduced growth of seedlings.

Keywords: allelochemical, allelopathy, itchgrass, phytotoxic eftect, Rottboellia cochinchinensis,

weed density.

Agrochemicals produce a wide range of toxic side-effects
that pose a potential hazard to the environment.
Recently, due to environmental considerations, many
herbicides have been criticized as being chemical pol-
lutants. Therefore, there is a need to develop natural
herbicides that are not toxic to the environment. The
development of herbicides from naturally occurring
plant chemicals is one method that has the potential to
reduce detrimental environmental impacts, harmful
effects on human health, and the evolution of herbicide-
resistant weed populations.
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Itchgrass  (Rottboellia  cochinchinensis  [Lour.] W.D.
Clayton) is an annual upland weed that is widely distrib-
uted in maize, sugar cane, and orchards, particularly in
Thailand. The plant has become a dominant species in
some regions where it is present. Several studies have
found that itchgrass competes with plants for nutrients,
water, space, and light for photosynthesis and causes great
losses in crop yields (Hall & Patterson 1992; Lejeune
et al. 1994; Casini et al. 1998; Strahan et al. 2000). There
have been reports of the inhibitory activity of the
aqueous extracts from itchgrass on germination and
seedling growth in non-soil (filter paper and sea sand
mixed with peat) cultures (Casini ef al. 1998). Some
research has been reported on the allelopathic potential
of itchgrass powder incorporated into the soil under
controlled conditions (Kobayashi ef al. 2008). Farmers in
Lampang, northern Thailand, have been cultivating itch-
grass and using it as a mulching material to control other

doi:10.1111/7.1445-6664.2010.00362.x
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weeds in vegetable fields, such as cabbage (Brassica oleracea
L. var. capitata), Chinese cabbage (Brassica pekinensis L.
Rupr.), kale (Brassica alboglabra Bailey), soybean (Glycine
max L. Merr.), and maize (Zea mays L.). This species is
suspected to release allelochemicals that have allelopathic
effects on plants growing nearby. However, its role in
allelopathy is not fully understood. Therefore, the objec-
tives of the present study were to: (i) survey the allelo-
pathic activity of itchgrass from farmers’ fields under
natural conditions in Lampang, northern Thailand; (i1)
investigate the possibility of an allelopathic influence by
itchgrass for weed control; and (ii1) determine the allelo-
pathic effect of itchgrass on the seed germination and
plant growth of six test plants.

MATERIALS AND METHODS

Field evidence of the allelopathic properties
of itchgrass

The allelopathic activity of itchgrass was investigated by
using information collected from 15 sites in Ban Saa,
Chaehom, Lampang, a northern province in Thailand,
during the 2008 wet season. Farmers in the area were
interviewed in order to understand the cultural practises
used and to investigate the allelopathic activity of itch-
grass for weed control in vegetable fields. The data that
were collected included: (i) the general background of
the farmers (i.e. name, home and field location); (ii) the
crop varieties, growing periods, and harvesting; and (iii)
the most important weeds and management practises for
weed control and related comments. Furthermore, the
density of the weed species in itchgrass-infested and
itchgrass-uninfested areas was randomly sampled by
using a 1 m X 1 m quadrat. Soil samples were collected
from the itchgrass-infested and itchgrass-uninfested
fields to determine their physicochemical properties.

Growth of seedlings in soil previously planted
with itchgrass

The experiments were carried out at the Department of
Agronomy, Faculty of Agriculture, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom from
August 2008 to March 2009. Soil samples were collected
from a depth of 0-30 cm from an area where itchgrass
had been grown for 5 years under natural field condi-
tions in Ban Saa, Chachom, Lampang, Thailand. The
collected soil samples were sieved and air-dried at room
temperature for 24 h. Six plant species were used as the
test plants and were collected from fields in Ban Saa,
Chaehom: Bidens pilosa L. radiata Sch. Biq., Mimosa pudica
L., Ageratum conyzoides L., Echinochloa crus-galli L. P.

Allelopathic effect of R. cochinchinensis 17

Beauv., Oryza sativa L. var. RD 6, and Lactuca sativa L. var.
OP. Fifty pregerminated seeds with an ~2 mm long
radicle were used for all of the experiments. Soil from the
same area, but without itchgrass, was used as the control.
The shoot and root lengths of the test plants were mea-
sured 7 days after planting. The treatments were arranged
as a 2 X 6 factorial experiment in a randomized complete
block design (RCBD) with four replications. All the data
were subjected to analysis of variance (ANOVA) and ana-
lyzed using the Proc Mixed procedure of Statistical
Analysis Systems (Carey, NC, USA). The treatment
means were separated by using Fisher’s Protected Least
Significant Difference (LSD) test at P = 0.01.

Allelopathic effect of water-soluble extracts
from itchgrass on seedling growth

Mature itchgrass plants that were grown in upland fields
in Lampang, northern Thailand, were harvested and
separated into leaves, shoots, and roots. These plant por-
tions were cut separately into 1-2 cm sections, dried at
40°C tor 1 week, and ground into a powder with an
electrical grinder (Mikro-Feinmuhle-Culatti, Type
MFC,; Janke and Kunkel, Staufen, Germany) in order to
pass through a 0.5 mm screen mesh. The itchgrass
powder was stored in plastic bottles at 5°C until it was to
be used.

Three water-soluble extracts of itchgrass were
obtained according to the modified methodology
reported by Casini ef al. (1998). The water-soluble
extract was prepared by soaking 500 mg of itchgrass
powder in 100 mL of distilled water at 25°C for 24 h.
The extracts then were filtered with filter paper (no. 3;
Whatman International, Maidstone, UK). Distilled water
was used to establish varying concentrations of itchgrass
from the original extract, equivalent to 0, 5, 10, 50, and
100 mg mL™". The pH of the extracts ranged from 6.4 to
6.6. Seeds of B. pilosa L. var. radiata Sch. Biq., E. crus-galli
L.P.Beauv., O. sativa L. var. RD 6, and L. sativa L. var. OP
were placed in a Petri dish lined with filter paper (no. 1;
Whatman International, Maidstone, UK) and saturated
with 4 mL of water-soluble extract of varying concen-
trations. The Petri dishes were kept in an incubator at
30°C for 24 h in the dark for germination. The filter
papers were constantly moistened with the appropriate
extracts. The shoot and root lengths of the test plant
seedlings were measured 7 days after planting. The
experiment was laid out as a 4 X 5 X 4 factorial in a
completely randomized design with four replications. All
the data were subjected to ANOvA and analyzed using the
Proc Mixed procedure of SAS. The treatment means
were separated by using Fisher’s Protected LSD test at P
=0.01.

© 2010 The Authors
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Allelopathic effect of itchgrass on germination
and seedling growth

The allelopathic effect of itchgrass on germination and
seedling growth was determined by using the whole-
plant bioassay test under greenhouse conditions. Five
pregerminated seeds of itchgrass were planted in the
center of a pot (19 cm diameter, 22 cm height) contain-
ing sterilized Kamphaeng Saen soil. Twenty-five seeds of
B. pilosa L. var. radiata Sch. Biq., E. crus-galli L. P. Beauv.,
O. sativa L. var. RD 6, and L. sativa L. var. OP were
planted at a distance of 1,3, and 5 cm from the center of
the pots. Prior to planting, the seeds were steeped in
water to determine their viability; those that floated were
not used. The pots were watered daily and placed inside
the greenhouse at the Field Laboratory, Department of
Agronomy, Faculty of Agriculture, Kasetsart University,
Kamphaeng Saen Campus, Nakhon Pathom, Thailand. A
similar treatment, but without itchgrass at the center of
the pot, was used as the control. The shoot and root
lengths of the test plant species were measured at 3, 5, 7,
10, and 14 days after planting.

The germination index (GI) of the test plant species
was recorded daily for 5 days and calculated by using the
formula: GI = 2(5x + 4x + 3x + 2x + x), where x is the
number of germinated seeds within each 24 h period; 5x
=24 h count, 4x = 48 h count, etc. The experiment was
laid out as a 2 X 3 X 5 X 4 factorial in a RCBD with four
replications. All the data were subjected to aNnova and
analyzed using the Proc Mixed procedure of SAS. The
treatment means were separated by using Fisher’s Pro-
tected LSD test at P = 0.01.

RESULTS AND DISCUSSION

Field evidence of the allelopathic properties
of itchgrass

The allelopathic activity of itchgrass for weed control
was investigated by using information collected from 15
sites in Ban Saa, Chachom, Lampang, Thailand. Farmers
have been cultivating itchgrass and using it as a mulching
material to control other weeds in vegetable fields, such
as cabbage (B. oleracea L. var. capitata), Chinese cabbage
(B. pekinensis L. Rupr.), kale (B. alboglabra Bailey), soybean
(G. max L.Merr.),and maize (Z. mays L.). Itchgrass seeds
are sown, grown, and incorporated into the soil before
the flowering stage by a small tractor and left for 1 week
before vegetable cultivation. Interestingly, it was found
that the populations of other weed species were remark-
ably reduced in the field with itchgrass incorporation
into the soil. This suggests that itchgrass has a strong
potential allelopathic influence on other plant species.

© 2010 The Authors

Table 1. Density of weed species in itchgrass-infested
and itchgrass-uninfested areas at Ban Saa, Chachom,
Lampang, northern Thailand

Weed species Weed density

(number of plants per m?)

Itchgrass- Itchgrass-
uninfested areas  infested areas
Bidens pilosa 16.8 £ 6.8 0
Brachiaria mutica 8.8 = 8.0 0
Cynodon dactylon 22,4 *+ 12.0 0
Cyperus rotundus 48.0 = 23.6 0
Dactyloctenium aegyptium 0.8 £0.8 0
Digitaria ciliaris 11.2 £ 4.4 0
Echinochloa colona 0.8 = 0.8 0
Ipomoea obscura 0 1
Mimosa pudica 9.6 = 4.8 0
Paspalum conjugatum 312.0 = 81.6 0

Itchgrass interferes with the growth of other plant
species. Table 1 shows the density (number of plants per
m?) of the weed species in the areas infested with itch-
grass and in the uninfested areas. The density of the weed
species differed markedly between the itchgrass-infested
and itchgrass-uninfested areas. Except for Ipomoea obscura
L. Ker-Gawl, the other weeds were completely absent in
the itchgrass-infested areas. However, this vine-like plant
was present only at one plant per m” In contrast, several
species of grasses, broad-leaved weeds, and sedges were
observed in the itchgrass-uninfested areas. These results
show that the itchgrass-infested field provided better
control of weed species than the uninfested field.

Our findings of the allelopathic effects of itchgrass are
consistent with similar effects reported for other plant
species. For instance, Mexican sunflower (Tithonia diver-
sifolia [Hemsl.] A. Gray) (Tongma et al. 1998, 2001),
Macaranga tanarius (L.) Muell.-Arg. (Tseng et al. 2003),
Parthenium hysterophorus (Batish et al. 2003), and Dicran-
opteris linearis (Chong & Ismail 2006) release alle-
lochemicals that have been found to suppress the growth
of other plant species. These results suggest that itchgrass
plants have phytotoxic activity because of the direct
release of a possible toxic substance(s) from the living
plant parts and/or the indirect release of a toxic sub-
stance(s) after degradation of the plant due to decompo-
sition by microorganisms in the soil. The exact
mechanism for the interaction of itchgrass with other
plant species should be investigated further.

Table 2 shows the physicochemical properties of the
soil from itchgrass-infested and itchgrass-uninfested

Journal compilation © 2010 Weed Science Society of Japan



Table 2. Physicochemical properties of the soil samples

Physicochemical Itchgrass- Itchgrass-
property infested soil  uninfested soil
Texture Loamy sand Loamy sand
pH (soil : water, 1:1) 5.63 5.57
Sand (%) 42.38 44.88
Silt (%) 35.00 35.00
Clay (%) 22.62 20.13
Organic matter (%) 5.05 5.00
Total nitrogen (%) 0.13 0.13
Maximum water-holding 60.00 60.00
capacity (%)
Exchangeable cation 0.34 0.37
(dS m™)
Available phosphorus 21.51 18.07
(mg kg™)
Exchangeable potassium 110.59 127.03
(mg kg™)

areas. There appeared to be no obvious difterence
between the physicochemical properties of the itchgrass-
infested and itchgrass-uninfested soil. There is over-
whelming evidence that plant phenolics play a major role
in allelopathy (Chong & Ismail 2006). Inderjit and Duke
(2003) reported that the physicochemical properties of
the soil influence the qualitative and quantitative avail-
ability of phenols in the soil. In this study, the water-
soluble phenolic compounds in the itchgrass-infested
and itchgrass-uninfested soil were not identified. Further
study is needed to elucidate the exact allelochemicals in
itchgrass-infested soil.

Growth of seedlings in soil previously planted
with itchgrass

The growth of the test plants in the soil previously
planted with itchgrass and in itchgrass-unifested soil is
shown in Fig. 1. Except for E. crus-galli L., the shoot
growth of the test plants was not significantly different
between the itchgrass-infested and itchgrass-uninfested
soil. In general, the mean shoot length in the itchgrass-
infested soil was longer, except for B. pilosa L. var. radiata
Sch. Biq. and L. sativa L. var. OP. There is some evidence
to suggest a compensatory eftect of competition on shoot
and root growth. For A. conyzoides L., E. crus-galli L., M.
pudica L., and O. sativa L. var. RD 6, an increase or
decrease in shoot length was accompanied by a decrease
or increase in root length, respectively. The possible
interference with photosynthesis and the partitioning of
biomass into the leaf component relative to the total
biomass produced by the plant might relate to the inhibi-
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tory effects of allelochemicals present in the itchgrass
residues. In contrast, the root growth of B. pilosa L. var.
radiata Sch. Biq. and L. sativa L. var. OP was inhibited by
phytotoxic chemicals in the soil from the itchgrass-
infested fields. The shoot and root growth of M. pudica L.
and O. sativa L. var. RD 6 were not hindered by growth-
inhibitory substances from the itchgrass-infested soil.
This suggests that these two species are relatively immune
to the phytotoxic chemicals released by itchgrass in the
soil. Some varieties of O. sativa L. have been documented
to have allelochemical properties (Olofsdotter 2001;
Kato-Noguchi & Ino 2003; Kong ef al. 2004). The
absence of significant differences in the response to
itchgrass-infested and itchgrass-uninfested soil might be
related to different persistence levels of the allelochemi-
cals in itchgrass-infested soil. Understanding these
residual effects is recommended.

Allelopathic effect of water-soluble extracts
from itchgrass on seedling growth

In general, the root extracts of itchgrass had a greater
inhibitory effect on the shoot and root growth of the test
plants but it was not significantly different from that of
the leaf and shoot extracts, except for O. sativa L. var. RD
6, which was not inhibited (Table 3). The higher the
concentration of the aqueous extract, the greater was the
inhibition on the shoot and root growth. Allelochemicals
present in the weed extracts reduced the shoot and root
growth by an average of 50% and 70%, respectively, at the
highest concentration of extract. This suggests that root
growth is more sensitive to the phytotoxic chemicals in
itchgrass than shoot growth. The root growth might have
been affected more than the shoot growth because the
roots were in continuous contact with the extracts. This
finding is supported by Kobayashi ef al. (2008), who
reported that the phytotoxicity of itchgrass powder
incorporated into the soil was more pronounced in the
root than in the shoot of radish seedlings. We observed a
significant interaction between the source of the water-
soluble extract and its concentration. This indicates that
the test plants did not respond to the same treatment.
Our data indicates that a 5 p.p.m. concentration of the
extract promotes the root and shoot growth of E. crus-
galli L., L. sativa L. var. OP, and O. sativa L. var. RD 6.
Therefore, studies to identify the allelochemical com-
pounds and their physiological eftects on the test plants
should be considered further.

Allelopathic effect of itchgrass on germination
and seedling growth
The allelopathic eftects of itchgrass at different stages of

growth on the seed germination of the test plants is

© 2010 The Authors
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presented in Table 4. The germination of the test plants
was inhibited significantly by itchgrass from germination
to the two-to-three-leat stage. Maximum inhibition was
observed at the two-to-three-leaf stage of itchgrass. This
suggests that the concentration of phytotoxic chemicals
that itchgrass releases into the soil increases as it matures.
The rate of germination for all the test plants was highest
at 5 cm away from itchgrass, confirming the presence of

© 2010 The Authors

cantly different.

an inhibitory substance originating from the roots of
itchgrass.

The allelopathic effect of competition with itchgrass
on seedling growth is shown in Table 5. The shoot and
root growth of all the test plants grown in soil together
with itchgrass were significantly reduced. Itchgrass can
inhibit plant growth better at a 1 cm distance than at a
3 cm and 5 cm distance from the weed.
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Table 4. Seed germination of test plant species planted at 1, 3, and 5 cm from itchgrass at various stages

Treatment Seed germination (%)
Oryza sativa Lactuca sativa Bidens pilosa Echinochloa
var. RD 6 var. OP crus-galli
Soil type
Infested (with itchgrass) 60.50 50.11b 73.39b 33.89b
Control (without itchgrass) 62.72 56.17a 82.72a 43.00a
F-test NS okl okl *x
Stage of itchgrass
Germination stage 70.08b 74.50a 78.25b 59.33a
1-leaf stage 76.17a 48.58b 68.42¢ 34.58b
2-3-leaf stage 38.58¢ 36.92¢ 87.52a 21.42¢
F-test *ok *ok *k *ok
Distance between itchgrass and test plants (cm)
1 58.08 48.92b 70.25¢ 32.92b
3 62.08 54.23a 77.75b 37.25b
5 64.67 56.25a 86.17a 45.17a
F-test NS okl * okl
Mean 61.61 53.21 78.05 38.44
Coefficient of variation (%) 17.00 10.79 14.67 22.45

* Significantly different at 5%; ** significantly different at 1%. Means in the same column followed by the same letters are not significantly different

by Fisher’s Protected Least Significant Difterence test at P = 0.01. NS, not significant.

Some weeds contain and release phytotoxic com-
pounds (allelochemicals) into the soil that inhibit the
germination and growth of plants (Kiemnec & Mclnnis
2002). The results show that itchgrass can suppress the
growth of major competitive plants in the fields as it
strongly stunted the growth of B. pilosa L. var. radiata Sch.
Biq., M. pudica L., A. conyzoides L., and E. crus-galli L. P.
Beauv. However, two cultivated crop species, O. sativa L.
var. RD 6 and L. sativa L. var. OP, which do not compete
often with itchgrass in natural fields, also were inhibited.

The results of the present study suggest that weed
control by itchgrass incorporation into the soil in the
vegetable fields in Lampang, northern Thailand, actually
might be induced by a phytotoxic chemical(s) released
from the incorporated materials in soil water. It was
found that the populations of other weed species were
remarkably reduced in the field with itchgrass incor-
poration into the soil. Itchgrass has a strong competitive
ability and possible allelopathic activity to other plant
species. In particular, the allelopathic activity of itch-
grass in the soil can influence the germination of adja-
cent species, causing the reduced growth of seedlings.
Further investigations are needed to determine the
influence of soil characteristics and the seasonal and

© 2010 The Authors

cultivar variations in field conditions and to identify
the active compound(s) produced by itchgrass. Better
understanding of the allelopathic potential of itchgrass
will provide a basis for improving weed management in
vegetable fields.

Interestingly, allelochemicals from itchgrass that show
strong suppression of weed emergence are helpful in
reducing weed populations and plant pathogens and are
helpful in improving soil quality and crop yields. The
allelopathic eftect of itchgrass, which can be exploited
for the development of herbicides and should be safe and
technologically sustainable, is suggested for use as a
natural herbicide. Furthermore, the introduction of
allelopathic traits from accessions with strong allelopathic
potential to the target crops will enhance the efficacy of
the allelochemicals from itchgrass in future sustainable
agricultural production.
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Morphological traits and AFLP analysis for classification of a potent allelopathic

in itchgrass (Rottboellia cochinchinensis)

A. BUNDIT', A. AUVUCHANON? and T. PORNPROM**
'Department of Agronomy, Faculty of Agriculture at Kamphaeng Saen, Kasetsart
University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand.
’Department of Horticulture, Faculty of Agriculture Kamphaeng Saen, Kasetsart

University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand.

ABSTRACT
Itchgrass is a weed widely distributed in maize and sugarcane fields and is suspected to
release allelochemicals. A species from Chaehom-Lampang in northern Thailand has a
strong competitive ability and a possible allelopathic activity to Echinochloa crus-galli,
Bidens pilosa and Lactuca sativa. The genetic diversity of itchgrass from 10 different
areas in Thailand was investigated for the classification of the possibility of allelopathy
characteristics of itchgrass in diverse areas by means of examination of the main
morphological traits and the application of an amplified fragment length polymorphism
(AFLP) analysis. The results indicate that itchgrass can be divided into two groups: the
first group consists of itchgrass from Chaehom-Lampang, Si Thep-Phetchabun, Phrom
Phiram-Phitsanulok, Amphur Muang-Nakhon Sawan, Kamalasai-Kalasin, Amphur
Muang-Chachoengsao and Bang Yai-Nonthaburi, whereas itchgrass from Amphur
Muang-Chiang Mai, Pak Chong-Nakhon Ratchasima and Kamphaeng Saen-Nakhon
Pathom constitutes the second group. The correlation of the similarity/distance estimates

between AFLP markers (Jaccard coefficient) and morphological traits (Euclidean
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distance) was significant with r = -0.84**. Our finding suggests that classification of
itchgrass by morphological traits is related with the analysis of the genetic relationship of
itchgrass with AFLP analysis. This can be used to assess the genetic diversity of itchgrass

with a potential for allelopathy.

Key words: AFLP analysis, allelopathy, genetic diversity, itchgrass, morphological traits.

INTRODUCTION

The chemical compounds released from plant as exudation from root, leaching
from plant or decomposition of residues to the environment which own the adverse
phytotoxin activity known as allelopathy (9,13). It has been a recognized as a
phenomenon for many years. The allelochemical from several plants were reported in
oat (17), sorghum (4), wheat (32), jackbean (5), sunflower (28), and itchgrass (18,23).
However, the knowledge of the potential for the allelopathic compound has the potential
to provide the basis of physiology, biochemistry, and genetics to comprehend the role of
allelopathy in an agricultural system.

Itchgrass (Rottboellia cochinchinensis (Lour.) W.D. Clayton) is an annual
upland weed, self-pollinated, and widely distributed in the tropical and subtropical
regions of the world (1,2,24). The plant has become a dominant species in some
regions. This species represents a potentially serious weed problem in many regions,
particularly in Thailand. Not only does it pose a serious problem in several crops such
as soybean, maize, and sugarcane, but orchard fields are also widely affected (20,33,23).
The competition of itchgrass in field crops leads to yield losses and a reduction of crop
quality. Conversely, farmers in Chaehom-Lampang in northern Thailand cultivate

itchgrass as mulching material for weed control in vegetable fields. The allelopathic



activity of itchgrass is thought to be released into soil under natural field conditions
(18,23,6). This species is expected to release allelochemicals that have allelopathic
effects on nearby plants. However, it shows a wide diversity in morphological,
biological, and physiological features. Each morphotype would have different
competitive abilities; thus, itchgrass management potentially can be geared toward plant
types.

Environment variation such as climatic, edaphic, and biotic factors can effect
morphological and physiological characteristics of weeds and cause of the evolution of
new weed biotypes (39). The appearance and dispersal of itchgrass in different areas
needs to be considered to classify itchgrass accessions into certain phenotypic groups
relevant to itchgrass management. In 1993, Millholon and Burner (24) who analyzed
itchgrass collected from 34 countries, indentified five biotypes based on general
morphologies and growth patterns. Alves et al. (2) classified itchgrass collected from
six regions in Brazil with the application of both molecular marker and morphological
traits. Furthermore, three major groups were reported in Peninsular Malaysia based on
the variations in growth behavior of itchgrass (1). Techniques based on DNA
sequencing have been utilized with great accuracy to conduct taxonomic studies and
amplified fragment length polymorphism (AFLP) marker is applied for genetic diversity
with more polymorphic (29) and high capability to reveal genetic diversity among
Echinochloa species (34). To assess genetic diversity of several crops, AFLPs were
applied on plum (12), peach (3), pumpkin (11), soybean (35), sesame (19), bread wheat
(10), and potato (37). Molecular markers can be used to study the association between
genotype and morphological traits. Zhao et al. (38) reported the genetic variation of
Brassica rapa with AFLP and the morphological data such as those of leaf traits,

flowering time, and phytate content. Kantartzi and Stewart (15) identified 58 cotton



germplasm accessions to evaluate fiber trait and their diversity by means of DNA
markers. Skot et al. (31) studied the heading date of natural populations of perennial
ryegrass and identify genetic diversity with AFLP markers.

The genetic diversity of itchgrass can be investigated in terms of both
morphological traits and molecular markers for the classification of the possibility of
allelopathy characteristics of itchgrass in different areas. Sustainable itchgrass
management necessitates a thorough comprehension of the itchgrass biodiversity and
the traits of particular types which can modify the competitiveness. However, limited
information is available on the morphological and genetic diversity of itchgrass in
Thailand in relation to weed management. Therefore, the objectives of this study were:
(1) to investigate of the possibility of an allelopathy potential of itchgrass from diverse
areas within the main crop-growing regions of Thailand; (2) to investigate the diversity
of itchgrass based on the main morphological traits; and (3) to evaluate the genetic
diversity for the clustering of itchgrass by the application of AFLP analysis for the

classification of a potent allelopathy in itchgrass and solutions for its management.

MATERIALS AND METHODS

Phytotoxicity of water-soluble extract from itchgrass on test plant seedling growth

The sampling areas of itchgrass are located in three regions of Thailand.
Northern of Thailand is located in the northern mountainous region between 17°-20° N
and 97°-101° E with the average temperature to be 23-28°C. It is the region ranges in
rainfall from 105 mm to 952 mm. While northeast region of Thailand that is located
between 14° 08°-18 °26° N and 100° 52°-105 ° 38’ E, and central region of Thailand that
is located between 17° 45°-13° 15° N and 98° 55’-101° 35’ E with the average

temperature 24-28.5°C and 26-30°C and rainfall range from 72 mm to 1,086 mm and



from 124 mm to 903 mm, respectively. The allelopathic activity of itchgrass from three
main areas of distribution which were farmer’s field in Chaehom, Lampang (CH-LP) as
representative of the northern region, the experiment field at the Department of
Agronomy, Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom (KPS-NP;
from the central region), and the experiment field at the National Corn and Sorghum
Research Center, Pak Chong, Nakhon Ratchasima (PC-NR; from the northeast region)
was investigated and segregated on the basis of uniform environmental and agronomical
conditions. Mature itchgrass plants grown in upland fields from three diverse areas were
harvested and separated into shoots and roots. These plant portions were individually
cut into 1-2 cm sections, air-dried at 40°C for one week, and ground into a powder with
an electrical grinder to pass a 0.5 mm screen mesh. The itchgrass powder was stored in
plastic bottles at -20°C until used.

The water-soluble extracts of itchgrass were obtained in accordance with the
modified methodology reported by Casini et al. (6). The water-soluble extract was
prepared by saturation of 500 mg itchgrass powder with 100 mL distilled water for 24 h,
the extraction was subsequently filtrated through a Whatman No.5 filter paper. Distilled
water was used to establish disparate quantities of itchgrass from the original extract
equivalent to 0, 5, 10, 50, and 100 mg mL™ with a pH level of the extract in the range of
6.4-6.6. A seedling (radical ~ 2 mm) of Echinochloa crus-galli L. P. Beauv., Bidens
pilosa L. var. radiata Sch. Biqg., Oryza sativa L. var. RD 6, and Lactuca sativa L. var.
OP. was placed in a Petri dish lined with filter paper and saturated with 4 mL of water-
soluble extracts of varied concentrations. The Petri dish was kept in an incubator at
25°C for 24 h once moistened, in accordance with the method outlined by Meksawat
and Pornprom (23). Both shoot and root lengths of the test plant seedlings were

measured 5 days after planting (DAP). The experimental design was arranged as a 2x5



factorial in a completely randomized design (CRD) with 4 replications. All data were
subjected to an analysis of variance (ANOVA) and evaluated with the application of the

R-program. Treatment means were compared with Duncan’s multiple range test.

Morphological cluster analysis

Classification of itchgrass based on morphological traits was conducted with
collected itchgrass seeds from ten different areas within the main crop-growing regions
of Thailand. Chaehom-Lampang (CH-LP), Amphur Muang-Chiang Mai (AM-CM), and
Si Thep-Phetchabun (ST-PB) are located in northern region. The sampling areas in
central region are Phrom Phiram-Phitsanulok (PR-PL), Amphur Muang-Nakhon Sawan
(AM-NS), Bang Yai-Nonthaburi (BY-NB), and Kamphaeng Saen-Nakhon Pathom
(KPS-NP). Pak Chong-Nakhon Ratchasima (PC-NR) and Kamalasai-Kalasin (KL-KS)
are located in northeast region. Amphur Muang-Chachoengsao (AM-CS) is in east
region. The itchgrass seeds were stored at 7°C until the initiation of the experiment.

A single itchgrass seedling was transplanted in the center of a pot (25 cm
diameter, 30 cm height) which contained the air-dried and sieved Kamphaeng Saen soil
(sand = 52.64%, silt = 6.94%, clay = 40.42%, pH (1:1) = 7.9, organic matter = 1.1%,
total nitrogen = 0.095%, Field capacity = 21.45%, and Permanent wilting point =
7.47%). The pots were watered every second day with tap water to attain an available
moisture capacity (dependant on the physical properties of the soil basis) and were
placed in a greenhouse at the Field Laboratory, Department of Agronomy, Faculty of
Agriculture, Kasetsart University, Kamphaeng Saen Campus. The data were collected in
different growth stages such as the 2-3 leaf stage, tillering, flowering, and maturation
with measurements of inflorescence length, leaf length, plant height, number of seeds:

inflorescence, 1000 seeds weight, seed size, trichomes, leaf blade color, leaf sheath



color, stem color, root color, etc. The morphological characteristic data were
standardized and then the Euclidean distance coefficients were calculated for all pairs of
the samples using the similarity of interval data (SimInt) module of the software
package. The cluster analysis was performed according to the unweighted pair group
method with arithmetic averages (UPGMA method) based on: trichomes, the color
(ligule, leaf sheath, and stem), as well as seed size (width, length, and 1,000 seed
weight) with the SAHN algorithm; the goodness of fit of the clustering compared with
the basic data matrix was tested by computation of the cophenetic correlation coefficient
using the normalized Mantel statistics Z test through the Coph and MxComp algorithm.
All commands were created with the application of the NTSYSpc software package

version 2.01e (22,30).

AFLP analysis for clustering of itchgrass

Classification of the possibilities an allelopathic potential of itchgrass with
AFLP techniques was conducted at the DNA Technology Laboratory, BIOTEC at
Kasetsart University, Kamphaeng Saen Campus. Fresh leaf tissue at the 2-3 leaf stage
was harvested from each location as described above, frozen in liquid nitrogen.
Subsequently, 100 mg of the frozen leaf were used for DNA extraction with the
modified method described by Doyle and Doyle (8) and Cullings (7). The DNA analysis
using AFLP markers was conducted as described by Vos et al. (36). In brief, isolated
genomic DNA (100 ng) was digested with EcoRI and Msel restriction enzymes, a total
of five AFLP selective primer combinations were used for selective amplification, such
as E-ACA : M-CGA, E-ACA : M-CGC, E-ACA : M-CGG, E-ACA : M-CGT, and E-
ACC : M-CGG and amplication products were detected with denaturing Polyacrylamide

Gel Electrophoresis and silver straining.



AFLP bands throughout the gel profiles were scored visually as present (1) or
absent (0) across ten itchgrass locations. The total number of fragments scored, the
number of polymorphic fragments, and the percentage of polymorphic fragments were
determined for each primers used. Genetic similarity based on the Jaccard coefficient
was calculated and the UPGMA method was used. Cluster analysis with the application
of the NTSYSpc program for Windows Version 2.01e was utilized to represent the
results in a Phylogenetic tree (14,30). To determine the relationship of genetic
similarity/distance between AFLP and morphological traits, simple correlation were

determined with PAST.exe version 2.10 (http://folk.uio.no/ohammer/past).

RESULTS AND DISCUSSION
Phytotoxicity of water-soluble extract from itchgrass on test plant seedling growth

The allelopathic effect was investigated on itchgrass from three sites located in
the main crop-growing regions of Thailand; a northern (CH-LP), a central (KPS-NP),
and a northeast (PC-NR) area. The allelopathic effect of itchgrass on seedling growth of
the test plants was determined with the whole-plant bioassay test. The phytotoxic
activity of water-soluble extract from itchgrass on growth of the test plants seedlings is
presented in Tables 1 and 2.

In general, water-soluble extracts from the root were found to have an elevated
inhibitory effect on both the shoot and root growth of the test plants, but was not
significantly different from those of the shoot extracts with the exception of O. sativa L.
var. RD 6 which was not inhibited. For itchgrass from CH-LP, the water-soluble
extraction was more phytotoxic to the test plant seedling growth than the extraction
from KPS-NP and PC-NR. It was not significantly inhibited to O. sativa L. var. RD 6

even though concentrations were increased. However, the water-soluble extracts of



itchgrass from both KPS-NP and PC-NR were found not to significantly affect the
growth of all the test plant seedlings.

The itchgrass root extraction from CH-LP was more phytotoxic on the root
length than the extracts from the itchgrass shoots, with the exception of the shoot
growths of E. crus-galli (Linn.) P. Beauv. and L. sativa L. var. OP. which proved not to
be significantly inhibited by the extracts from the itchgrass root compared with the
extract from the itchgrass shoot. In addition, with increased concentrations of the water-
soluble extracts, the inhibition on shoot and root growth proved to be more perceptible.
Allelochemicals present in weed extracts reduced shoot and root growth by an average
of 50% and 70%, respectively at the highest concentration of the extract.

Itchgrass represents the allelopathic properties to reduce germination and growth
of test plant. For each species the inhibitory potentials against Echinochloa crus-galli L.
P. Beauv., Bidens pilosa L. var. radiata Sch. Biqg., and Lactuca sativa L. var. OP.
caused by the allelopathic characteristics of itchgrass on seedling growth of test plants
was found to be evident. These findings suggest that the root growth of the test plant
seedlings is more sensitive to the extracts from itchgrass than the shoot growth because
the roots were continuously in direct contact with the extracts. This result is supported
by Kobayashi et al. (18), as well as Meksawat and Pornprom (23), who reported that the
root growth of test plants was more sensitive to the allelochemicals from itchgrass than
the shoot growth. The result suggests root growth to be more sensitive to phytotoxic
chemicals from itchgrass than shoot growth. This result is similar to that of Kato-
Noguchi (16), who reported that lemon balm shoot (Melissa officinalis) extraction has
the allelopathic activities to inhibit seed germination and seedling growth of
cockscomb, cress, crabgrass, timothy, lettuce, and ryegrass; furthermore, Nakano et al.

(27), extracted allelochemical from foliage of mesquite which inhibited barnyard grass
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root growth. In addition, Nakano et al. (26) investigated the allelopathic activity of
wheat straw to inhibit lettuce and garden cress root growth.

Itchgrass from a farmer’s field in CH-LP in northern Thailand has a greater
inhibitory effect than samples obtained from other sites. This is an indication for the
inconstancy in the allelopathic potential of itchgrass from diverse origins. Such a
divergence in allelopathic potential is potentially related to genetic and environmental
factors. These results are supported by the findings of Zuo et al. (40), who reported on,
the synergistic relationship between the allelopathic potential, genetic, chemicals, and
ecological factors in wheat to not only affect both the stable and unstable allelopathic
potentials but also relatively strong or weak allelopathic abilities. A formal
comprehension of the genetic diversity and morphological traits is called for the

purpose of the classification of the allelopathic potential of itchgrass.

Morphological cluster analysis

The dendrogram of itchgrass cluster analysis in each accession based on
morphological traits analysis is presented in Figure 1. The cluster analysis with the
application of the UPGMA method allows to split itchgrass into two main clusters as
follows; group A included seven locations, with all further specimens categorized into
group B which was composed of three locations as shown in Figure 1. The results
indicated that group A consists of itchgrass from CH-LP, Si Thep-Phetchabun (ST-PB),
Phrom Phiram-Phitsanulok (PR-PL), Amphur Muang-Nakhon Sawan (AM-NS),
Kamalasai-Kalasin (KL-KS), Amphur Muang-Chachoengsao (AM-CS), and Bang Yai-
Nonthaburi (BY-NB); whereas itchgrass samples from Amphur Muang-Chiang Mai
(AM-CM), Pak Chong-Nakhon Ratchasima (PC-NR), and Kamphaeng Saen-Nakhon

Pathom (KPS-NP) constitute group B.
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Itchgrass in group A was determined to possess some distinct morphological
traits, for instance the color (leaf sheath, stem and ligule), trichomes, size of seed
(length and width), and 1,000 seed weight in comparison to the itchgrass samples in
group B. Moreover the itchgrass samples from CH-LP (strong-allelopathy potential)
were found to belong to Group A, and the itchgrass samples from KPS-NP and PC-NR
with weak-allelopathy potential to be assigned to Group B. The result is an indication for
the —presence of some morphological traits which can be used for the preliminary
classification of a potent allelopathy in itchgrass such as soft trichomes, and the color
(stems and roots) which was found to be dark purple.

The genetic diversity of itchgrass was investigated as to allow for the
classification of the potential of itchgrass with allelopathy characteristics of diverse
origin through analysis of the main morphological traits of such plants. ltchgrass
accessions were characterized by means of examination of the main morphological
traits for the clustering of the specimens. Principal coordinate analysis of morphological
traits of itchgrass from ten diverse locations was reported. Based on the morphological
traits, data from ten locations, the cophenetic correlation between clusters, and the
morphological traits similarity data gave a good fit (r = 0.91936). To assess genetic
diversity of itchgrass, ten accessions of itchgrass collected from the main crop-growing
regions of Thailand were investigated. This screening had the aim to select the more
promising itchgrass species for further chemical separation to isolate and identify
phytotoxic compounds. The morphological traits related to allelopathy potential of
itchgrass from CH-LP with soft trichomes and dark purple stem and root has the high
potential for allelopathy compared with a diminutive soft trichomes and green stem and
root. The findings of some dissimilar morphological traits can be applied for

classification based on whether specific plant species are consistent with other reported
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groups. For instance, the plant height, number of leaves, number of seeds/plant,
secondary culm diameter, and the weight of 100 intact or dehulled seeds were the most
significant characteristics which provides strong evidence for the existence of three
itchgrass (Rottboellia cochinchinensis) groups in Peninsular Malaysia (1). Even though
the limitation of morphological traits for species classification is affected by both
genetic and environment factors in identical conditions, the morphological traits do not
differentiate from those of the itchgrass in the original region. This is an indication fort
the morphology of itchgrass to be dependant on the genotype rather than the

environment.

AFLP analysis for clustering of itchgrass

A total of five AFLP primer combinations were used to classify ten diverse
locations of itchgrass which yielded clearly distinct bands on clustering. The results
revealed a cophenetic correlation between clusters and the genetic similarity data to
result in a very good fit (r = 0.9997). The cluster analysis was performed on all the data
obtained from all five primer pairs with 206 polymorphic alleles. The dendrogram was
obtained using the Jaccard’s coefficients in Table 3 shown in Figure 2. The Jaccard’s
similarity coefficients ranged from 0.1991 to 0.9907. The highest similarity (0.9907) for
pair wise comparisons among the 10 accessions was between accessions AM-CM and
KPS-NP, and the lowest similarity (0.1991) was obtained between KL-KS versus PC-
NR and for CH-LP versus PC-NR (Table 3). The results are illustrated as a dendrogram
in Figure 2. Two main groups (A and B) are evident in the phenogram. Group A,
comprised the seven locations of the itchgrass samples, which revealed an average
similarity of 0.84. Group B showed the highest average similarity (0.98) including

itchgrass from three locations. The percentage similarity was clearly elevated among
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these samples. The results indicate a segregation of itchgrass into two groups: the first
group consists of itchgrass from CH-LP, Si Thep-Phetchabun (ST-PB), Phrom Phiram-
Phitsanulok (PR-PL), Amphur Muang-Nakhon Sawan (AM-NS), Kamalasai-Kalasin
(KL-KS), Amphur Muang-Chachoengsao (AM-CS), and Bang Yai-Nonthaburi (BY-
NB); whereas itchgrass from Amphur Muang-Chiang Mai (AM-CM), Pak Chong-
Nakhon Ratchasima (PC-NR), and Kamphaeng Saen-Nakhon Pathom (KPS-NP)
constitutes the second group.

The AFLP data suggests that samples from ST-PB, PR-PL, AM-NS, KL-KS,
AM-CS, and BY-NB are closely related to CH-LP in respect to the potential allelopathy
in itchgrass, while itchgrass from AM-CM, PC-NR, and KPS-NP is a weak-allelopathy
potential group. Itchgrass can be described two large groups which are suspected to
release allelochemicals and/or is a major weed widely distributed in maize and
sugarcane fields. The analyses were useful to readily of these plants and pronounce
wide genetic diversity of itchgrass in Thailand. The correlation of the similarity/distance
estimates between AFLP markers (Jaccard coefficient) and morphological traits
(Euclidean distance) was significant with r = -0.84**. Therefore, all similarity and
distance between itchgrass accessions were related. Our result indicates that itchgrass
from CH-LP has the effect to test plant species as allelopathic activity which it was
cluster in different group by both morphological and AFLP clustering. Another group
clustered itchgrass from PC-NR and KPS-NP in the same group. When morphological
clustering was compared with AFLP clustering for group A from morphological data,
seven itchgrass accessions (KL-KS, BY-NB, AM-CS, PR-PL, AM-NS, CH-LP, and ST-
PB) were grouped in the same as group A based on the AFLP data. Group B from
morphological data clustered three itchgrass accessions (AM-CM, KPS-NP, and PC-

NR) into the group that was the same AFLP clustering.
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The genetic variation of itchgrass was investigated as to classify the possibility
of allelopathy talented of itchgrass from different areas by examination of both the main
morphological traits and the genetic analysis using AFLP to be further applied. The
results suggest that molecular analysis was strongly supported by the dendrogram the
preliminary study in morphological analysis clustering. The significance of
similarity/distance coefficient from morphological traits and AFLP markers correlation
indicates some morphology characteristics to be related to the genetic diversity of
itchgrass. These results are in line with those of Na et al. (25), who reported a positive
correlation between the genetic distance and the geographic distance to be clearly
evident among Typha species in East Asia. The examined morphological traits and
AFLP analysis generally confirmed the distinction of the two separated groups obtained
from the cluster analysis. This suggests that the classification of itchgrass by
morphological traits is related to the analysis of the genetic relationship of itchgrass with
AFLP. This can be used to assess the genetic diversity of itchgrass with a potential for
allelopathy.

On the basis of the results yielded by the present analysis, some divergences
between the various itchgrass species have been singled: itchgrass from KPS-NP and
PC-NR appear to be less effective on shoot and root growths of the test plant, while the
seedling growth of the test plants was found to be significantly inhibited by itchgrass
from CH-LP, with the exception of O. sativa L. var. RD 6 which is not inhibited.
However, research on the interaction of such exudates in soil with other elements such
as microorganisms, soil components, as well as the activity of pre- and post-emergence,
and the mode of action on the developing seed and seedling growth appears to be
absent. Moreover, the accumulation and persistence of allelochemicals in the soil after

the residue incorporation needs to be determined. The results of the present study
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suggest that some morphological traits can be used for a preliminary classification of
the allelopathy potential of itchgrass in fields, which are beneficial to weed control, as
the non-allelopathy potential group needs to be controlled and itchgrass allocated to the
allelopathic group is suggested to be used in weed management in cropping system.

In conclusion, itchgrass from CH-LP located in northern of Thailand shows the
potential of a strong allelopathic species. Genetic diversity based on both morphological
and AFLP markers are related, and high potential for allelopathic itchgrass was
clustered separately from a high potential for allelopathic itchgrass supported by both
data sets. The development of weed management, which can avoid the overuse of
herbicides, is one of the major challenges in agrochemical research. In recent years, the
development of herbicides from naturally-occurring plant chemicals has become an
important issue due to the potential of the reduction of detrimental environmental
impacts, negative effects on human health, and the evolution of herbicide-resistant weed
populations. The information obtained can be potentially utilized in the development of
bio-herbicide for future weed management. Therefore, further steps towards an
identification of allelochemicals substances of itchgrass needs to be focused on in future
research. Work on allelopathy genetics is significant and should thus be continued as to
attain further comprehension of the function of genes which are responsible for the
presence of allelochemicals produced from physical and biochemical mechanisms in

plant combination with identified genes.
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Figure 1 Cluster analysis based on morphological traits for itchgrass from 10 locations
according to the grouping from UPGMA method using NTSYS; CH-LP = Chaehom-
Lampang, AM-CM = Amphur Muang-Chiang Mai, ST-PB = Si Thep-Phetchabun, PR-
PL = Phrom Phiram-Phitsanulok, AM-NS = Amphur Muang-Nakhon Sawan, PC-NR =
Pak Chong-Nakhon Ratchasima, KL-KS = Kamalasai-Kalasin, AM-CS = Amphur
Muang-Chachoengsao, BY-NB = Bang Yai-Nonthaburi, and KPS-NP = Kamphaeng
Saen-Nakhon Pathom.
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Figure 2 The Dendrogram obtained with cluster analysis of AFLP data in each
accession; CH-LP = Chaehom-Lampang, AM-CM = Amphur Muang-Chiang Mai, ST-
PB = Si Thep-Phetchabun, PR-PL = Phrom Phiram-Phitsanulok, AM-NS = Amphur
Muang-Nakhon Sawan, PC-NR = Pak Chong-Nakhon Ratchasima, KL-KS =
Kamalasai-Kalasin, AM-CS = Amphur Muang-Chachoengsao, BY-NB = Bang Yai-
Nonthaburi, and KPS-NP = Kamphaeng Saen-Nakhon Pathom.
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