THEY STAND AMONG EQUALS: SPATIAL DISTRIBUTION PATTERNS OF
NEW BIOTYPES OF WEEDY RICE (Oryza sativa L.) IN MALAYSIA

Shakirin M. Mispan and Baki B. Bakar
Institute of Biological Sciences, University of Malaya,
50603 Kuala Lumpur, Malaysia
shakirin_um@yahoo.com

ABSTRACT. Weedy rice generally includes all the species of genus Oryza mimicking
commercial rice crops, but with distinct grain-shattering trait with the ability to
disseminate their grains before rice harvests, and their continuous infestation reduces
yields and quality of rice crops. In Malaysia, weed rice accessions (Oryza sativa
complex) is one of the most serious threats to rice production. These weedy rice biotypes
or accessions in Malaysian rice granaries usually grow distinctly taller than cultivated
rice, and can be easily identified. Since 2005, new biotype accessions have since evolved
mimicking closely in morphology such as plant height, and grain colours, thus “standing
as equals” with that of cultivated rices like MR84, MR 219, MR220 and MR235. A series
of surveys was conducted in 2006-2007 in the rice granaries of Selangor North-West
Project, Tanjung Karang, Selangor, Malaysia to assess the populations of these new
biotypes or accessions and their spatio-temporal patterns of distribution based on selected
quantitative dispersion indices, viz. importance value index, variance-to-mean ratio
(Vmr), Lloyd’s mean crowding index (m*) and Lloyd’s patchiness (Ip) index. Sixteen
morphologically different weedy rice accessions or new biotypes of weedy rice (NBWR)
were identified using keys of identification (grain shattering percentage, pericarp colour,
awn existence, panicle type and seed size). These NBWRs display opened or closed
panicles, >50% or <50% of grain shattering, red or white pericarp colour, awned or
awnless grains, and short or long grains. The Acc 8 of NBWR was the most dominant
accession compared with other NBWRs based on importance value index throughout the
2006/2007 seasons. The variance-to-mean ratio (Vmr) values showed that all NBWRs
aggregated distribution pattern except for Acc 9 and Acc 11 which displayed regular
distribution pattern. The values of Lloyd’s patchiness (Ip) index were tested for deviation
from unity. Most NBWRs showed aggregated distribution patterns based on Ip values,
and Acc 9 and Acc 11 showed a regular distributions. It is believed that a close
relationship between weedy rice and cultivated commercial varieties prevails, giving a
strong indication that evolutionary forces are still operating in the rice ecosystems. These
NBWRs are believed to have evolved from cultivated rice as parents over the years and
are believed to be derived from hybridization between different cultivars, selection of
weedy traits present in cultivars, relics of abandoned cultivars, or to have been brought
into the growing region through contaminated seed stocks.
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ABSTRACT, We assessed branching patterns and developed architectural models of Melastoma malabathricum describing branching networks, directionalty and dispersion with respect to the mother plant as
influenced by density. Matured plants of M. malabathricum at the density of 1, 2, and 3 plant box ' were raised in wooden boxes measuring 1 m x 1 m and 30 cm in depth, previouslyfilled with garden soil of the Malacca

series. The primary, secondary and tertiary branches, their respective angles and lengths were measured to assess branching patterns as influenced by density. Mean vectors of branches concen!
for every 50 cm intervals of plant pressure of the neighbors. Circular statistics was applied to test whether the plant in a high density would pref: i

ion were measured
g solar radiation or otherwise. Most

y bend the

branches were concentratad in the opposite direction and away from each other with a mean vector of 212.90. RayleigH's test (z values) showed the brancheswen distributed uniformly in different direction (0° -360 °)
throughout the plant height around the mother plant. An increase in plant density has led to parallel increase in modular competition affecting distribution of branch modules, their directionality and dispersion,
registering respective mean vectors of 2227, 208.9° and 214.2° for plants at the densities of 1,2 and J plants box *. The concentratiors of branch modules were quite uniform around the mother plant. Circular linear

correlation tests indicated there were

gni (p <0.01) cor

branch axial angle and the length o' branch in different plant densities as r = 0.63, r = 0.527, r = 0.488 in plant densities D1, D2 and D3,

respectively. No significantly correlations at p<0.05 between horizontal rotation angle and the length of branch in any categories of branches or plant densities were registered. We found that the concentrations of uiai
branch modules devolved away from the maximum competitive pressure in terms of branch vertical rotation (axial) angle was higher among neighbours at the density of 3 plants/box compared with those plants at the

respective densities of 1 or 2 plants box . The resultant spatial pattern of competing plants displaying reduced overlapping of branches was a m

between them,

Key words. Melastoma malabathricum branching networks, directionality, dispersian, neighbours.

INTRODUCTION
Melastoma malabathricum (Fig. 1) is a serious weed in many crops, derelict and abandoned farmlands,
and arable lands in Malaysia (Baki 2004; Baki 2006, Faravani and Baki 2007), and elsewhere in the tropics
and subtropics (Clausing and Renner 2001; Renner and Meyer 2001) The weed has a propensity to
become invasive with adaptive lfe strategies including robust clon, nd npmducln growlhs cnuplod

of the petitive vectors integrating neighbour effects

bunches Fig. 3 xhows a plol of the vertical rotation angles 8 and lengths of branches. We also attempted
to h vertical rotation angle, circular variable and branch length, and
linear variable in M. mllabathncum as Inﬂuenaed by plant density regimes. Circular linear correlationtests
indicated that there were signil corri © values and the length of branch in different

with efficient seed dispersal, often aided by ants and birds, and are attracted by cop pr of
{ruits. This opportunity rarely arises in the native habitat of the species as there tends to be a higher rate
of competifon from other natives. They are primary colonizers of secondary areas, disturbed habitats,
pastures, roadsides, and slides, light gaps and rivers. This species is fast growing, shade tolerant, devoid
of natural pests, and sets an abundance seeds with a high rate of ger ton leading to specifi
stands easly out-competing native flora putting them at great risk Penneys 2008).

MATERIALS AND METHODS

Experimental design One hundred young seedlings of M.
malabathricum were collected from the campus of the
University of Malaya, Kuala Lumpur, Malaysia, (3* 8' N; 101*
42' E) in May 2006. The most uniform plants were selected
and transferredto nine boxes each ing 72 cm
» 72 cm = 30 cm. The experiment consisted of three
replicatons of three density treatments with one (D1), two
(D2) or three (D3) plants per wooden box. A single plant was
transplanted in the centre of the box for the single plant
treatment and plans were aranged 10 cm from each other for
the two or three plant treatments. For the branching pattern
studies, plant height was divided into 50 cm segments from
the soil surface. The position of each branch was
char by three par , related to the degrees of
freedom for the displacement of the branch as a solid body:
horizontal rotation (9), vertical rotation (8) and translation
(branch height). The number of branches for each 50 cm
segment (1, 2.,5) was also recorded. © was measured with a
clinometer.

The horizontal rotation (@) of the branch was measured from the north direction within 45°, using a

ade circular p divided into 8 angular sectors and orientated clockwise (Drouet and
Mm‘u 1997). .Spatial lnalyds of tree trunks and the development of biological branching structures has
become an established method to infer tree population dynamics by using different model systems that
include plant branches and plant root networks (Giovanell et al. 2006; Getzin and Wiegand 2007;
Cornelissen and Stiling 2008). High neighbour-hood plant may result in density-dependent
mortality or may be compensated by shifting the crown centres away from the main stem because canopy
archlnc(un is structured to ma imize photosynthesis (Muth and Bazzaz 2002). A plant with a close
by g in branch growth away from the competitive pressure or simply into

1on& free of migh!nrs (Briucmand Reynolds 1994; CMI- 2006; Saudreau et al. 2007)

In this study we ated that t with igh s may affect spatial
arrangement of branching systems in M. icum L, We lyzed spatial scales of branches along
plant height as well as the directionad preferences of bending branches in M. malabathricun. For this,
circular statistics were used to test whether competing plants expand towards the preferential side of a
gap, or otherwise, and display morpological plasticity in thar lateral growth.

Data analysis. A group of observations (or individual vectors) have a mean vector (|
calculated by combining each of the individual vectors. A p value will have two properti s direction
and its length (often referred to using the letter r). The length will range from 0 to 1; a larger r value
indicates that the observations are clustered more closely around the mean than a lower one. Rayleigh's
uniformity test was used to calculate the probability of the null hypothesis that the data are distributed in
3 uniform manner (8 1981; J ! daka and Sengupta 2001; Gatto and Jammalamadalka

2007). We hypothesized that there is a correlation between a circular variable (horizontal or vertical

A mature plant of Melastomas

two  biotypes M

fig. 1.
malabathricum  Inserts
malabathricum in Peninsular Malaysia

that can be

plant asr =063, p<0.01;r =053 p<0 02; r = 0.49, p<0.01 in D1, D2 and D3 respectively.Generally
most branches are ated in the opp direction and away from each other, with a mean vector
value of 212.89° and 46.01° for @ and B, respectively.We could not find any significant correlation at p<0.05
between @ and © of branches in any translaton or under different plant densites.

The Scheffe's test indicated that branch lengths significanty
(p<0.05) decreased from D1 (40.4 cm) to D2 (30.3 cm) with
increasing plant density. However, there was no significant
difference between branch lergths among plants at D2 and D3. The
highest circularlinear correlation (r = 0.594, p<0.01) between© and
the length of the branch in different plant densities was observed
in the top of the canopy (>150 cm plant height). Invariably, plants
at higher density exhibited shorter branch lengths. However, there
was no preferential directionality in the distribution of the
branches within the crown mass centre from the stem base
positions. The linear-circular correlation between the lengths and 8
angles is given by r*= 3.0 x 10-3 (Equation 1). Note that although
Fig. 4a shows a certain relationship between 6 angles and lengths,
so the correlation coefficient is fairly low. This difference might be
partly because in Fig. 4b, the plots of 6 angles is in the form of
o T Toe ertent el (@ 8 in degrees, whereas‘ the 8 angl-s in linear-circular correl:}ion are
Soandhea Tl b ialastinns ,,':.f. Py expressed as cosines and sines. However, if we re-plot Fig. 3a by
The horizontal rotation angles were not tr ing the circular vari into cos 8, as shown in Fig. 4b,
uniform but distributed symmetrically in then there is still no apparent or clear association between the
plants at D1, D2 and D3 with respective linear and circular variables. We could possibly assume that

mean direction values of 52.30, 47.80 and i
4180 (s, b, €). The Raylelgh's uniformity higher neighborhood densities would lead to smaller crowns.

. W
@ |y
\,j'.,,\;

test showed the distribution of ¢ was Because stem posm'ons are fixed, h:gh neighbour's  densities
uniform, and centrally symmetrical in may result in density y of ,or plants
different plant populations, and the may compensate by ihlﬂng crown ccnters away from

thc main
stem as the tree expands its branches within canopy gaps in the
lower translations or more closely (or erect) to the main stem in
the higher tr i Branch sy

away from the maximum competitive pressure of neighbors., as branch networks develop through plastic
responses to a heterogeneous light environment, in order to maximize photosynthesis (sensu Harper 1977).
Therefore, larger plants beyond immediate neighbours often have the greatest influence on the growth of a
focal plant (Callaway and Walker 1997; Rouvinen 1997; Muth and Bazzaz 2002; Getzin et al. 2006). Further
plant modules tend to expard their growth tovard the gaps prevaling in the caropy.

computed mean direction were 212.90,
208.90 and 21420 for the density regimes
of D1, D2 and D3, respectively (d, e, ).

Fig. 3. Box-plots of
the vertical rotation - - -n -
angles for each

]

Fig. 4. Plots of the
relationship between
lengths of
Melastoma
‘malabathricum
branches (cm)
against (a) branch
vertical rotation
angle, and (b)
cosines of the
vertical rotation
angle (in degrees).

bars are stand for
minimum value , first
quartile (25th
percentile), median
value (SOth percentile)
o third value (75th

rotation angle) and linear variable (branch length or trans!, ). The h entailed the calcuati
of the circuarlinear correlation coefficient (Fisher 1993; Zar 1993 Mardia and  Jupp 2000;
Jammalamadika and Sengupta 2001). This correlation coefficient ranges from 0 to 1. Suppose that a
linearcircular correlation (Mardia 1976), which is a measure of correlation between a linear and an
angular variable, is definad by:

: Equation 1.
ey s oad LAY wherer,c = corr(x, cos? ), r, = com (x, sinf ), and
l—r_ r, ®corr(cosd,sind)

The hypothesis of no circularlincar assodation is rejected if r2 is too large.The data were processed and
displayed with the software ORIANA and the R-Project for statistical computing of the circular data,
median, circular mean, and concentratia parameter,

RESULTS AND DISCUSSION
ﬁay(dgh's uni'oﬂmty test showed the distribution of ¢ and © were symmetrical uniform and not uniform
y in plant I and tr which were computed as thelength of the
mnn v-cto: (r) (Tables 1 and 2, Fig. 3. The registered u values among the three densities for © in each 50
cm interval up to 250 cm of translation from base were 60.2°, 49.7°, 40.1°, 30.5° and 22.5°, respectivay

PRl ey Al

The lengths of mean vector increasad with branch M-qh{. and branches were more erect in the top of
the plant canopy vis 4 visthose in the lower parts of the canapy. These results are consstent with those
obtained by others [Drovet and Moulia 1997, Maddonnia et al. 2001; Eimore et a/. 2005). The result of the
approximate ANOVA for the densites showed that the F.value for D1 versus D2 was 3.61, and thus the
null hypothesis, i.e. u1 = u2 is acceptable since P(F > 3.61) = 0.058 > 0.05. On the other hand, the
respective F-values for D1 versus D, and D2 versus D) were 26 87 and 10.14 thereby rejecting the null
hypotheses, where p1 = 3 and i 2 = p 3, suggesting that branches became progressivdy more erect as
the plant population increa Table 2). Other studies have found similar responses, with higher angles
of inchnation at higher densites (Drouet and Moula 1997)
Circular-li branch Iong'h‘ with vertical rotation angle. A natural question to
address is whether there is a definite relat t gths and vertical rotation angles of

P ) and
maximum value.

i

ACKNOWLEDGMENTS

We ledgethe fi i ist (Fund. Grant No. PS074/20078) given to the first author by
the University of Malaya, and to the Institute of Biological Sciences, University of Malaya for providing the
facilies throughout the study.

REFERENCES
Baki, B.B. (2004). Malaysian Journal of Science 23:1 - 42.
Baki, B. B. (2006). Weed Ecology and in Rice ! y of Malaya .

Press, Kuala Lumpur, 373p.
Batschelet, E. (1981). Circular statistics in blology. Academic Press, London.
Brisson, J. and Reynolds, J.F. (1994), Journal of Ecology 75: 1“1 1702.
Callaway, RM. and Walker, L.R. (1997). Ecology 78:19!
Chelle, M. (2006). Joumnal of Ecological Modeling 198:219- nl
Clausing, G. and Renner S. S. (2001). American Journal of Botany 88:485-498,
Cornelissen, T. and Stiling P (2008). Journal of Basic and Applied Ecology 9:67- 77
Drouet, J. L and Moulia, B. (1997). Journal of Ag and Forest M 100.
Elmore, R. W,, Marx, D. B, Kiein, R.G, and Ab'ndlolh L.J. (2005). Crop Science l§ ZSSI 2604.
ani, M. and Baki, B. B. (2007). Journal of Food, Agriculture & Environment 5:234-238.
Fisher, N. 1. (199)). Statistical analysis of circular data. C. Uni y Press, C
Gatto, R. and Jammalamadaka $ R. (2007). Statistical Mvnoddoqyl 341.353.
Getzin, S., Dean, C., He, F., Trofy , J. A, Wiegand, K. and Wiegand, T. (2006). Journal of

Ecography 29.671-6/
Getzin, S. and Wiegand, K. (2007) Journal of Forest Ecology and Management 242:165174.
Giovanelli, H. G, Pinedo C.A. and Gage, D.J. (2006). Journal of Plant Physiology 140:661-670.
Harper, JL. (1977). Population Biology of Plants. Academic Press, London,
Jammalamadaka, S.R. and Sengupta, A. (2001). Topics in circular statistics. World Scientific, River

Edge, N.J.
Maddonnia, G.A,, Chelleb, M., Drouetb, J. L. and Andrieub, B. (2001). Journal of Field Crops

Research 70:1-13.
Mardia, KV. and Jupp, P. E. (2000). Statistics of directional data. John Wiley & Sons, Chicester.
Muth, C. C. and Bazzaz, F.A. (2002). Canadian Journal of Forest Research 32:247-254.
Penneys, D.S. (2008). Available at: http:/Amw, nh ufl. melastomes. (accessed in May 2008).
Renner, 5. S. and Meyer, K. (2001). The Society for the Study of Evolution §5:1315-1324.
Rewimn\ S, Kuuluv-mn. T.(1997). Canadian Joumal of Forest Research 27:890-902.

q H., Santin, 0., Marq A, Adam, B, L J.J)., Guilioni, L. and Chelle M.

(2007).Journal of and Forest gy 147:1-15.
Zar, JH.(1998). llulnmu:u‘nalylls Prentice




THEY STAND AMONG EQUALS: SPATIAL DISTRIBUTION PATTERNS OF

4 NEW BIOTYPES OF WEEDY RICE (Oryza sativa L.) IN MALAYSIA
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ABSTRACT, Weedy rice generally includes all the species of genus Oryza mimicking commercial rice crops, but with distinct grain-shattering trait with the ability to disseminate their grains before rice harvests, and their conlmuuus

infestation reduces yields and quality of rice crops. In M.

ysia, weed rice acc

slons (Oryza sative complex) is one of the most serious thr
wsually grow distinctly taller than cultivated rice, and can be easily identfied Since 2005, new biotype accessions have since evolved

to rice production. These weedy rice bi
closely in

or y rice
such as plant height, and grain colours, thus “standing as equals”

with that of cultivated rices ke MRAL, MR 219, MR220 and MR21S. A series of surveys was conducted in 2006-2007 in the rice granaries of Selangor North-West Project, Tanjung Karang, Selangor, Malaysia to assess the populations of

these new biotypes or

and their spatio | patterns of based on selected

indices, viz.

po value index, 4 ratio (Vmr), Lloyd's mean crowding index (m*) and

Lioyd's patchiness (Ip) index. Sixteen morphologically different weedy rice accessions or new biotypes of weedy rice (NBWR) were identfied using keys of identification (grain shattering percentage, pericarp colour, awn existence, panicle

type and seed s These NBWRSs display opened or closed panicles, >50% or <50% of grain shal
accession compared with other NOWRs based on value index the 2006/2007 s
which
regular
pelieved 10 have evolved from cultivated rice as parents over the
been brought into the growing region through contaminated stocks.
,(.y wo'd: Wnay rices, Orysa sativa quumulm and aum-on ndices

IN TRODUCTION

WWeedy rice populatons have been reported in many paddy areas in the workd where the crop is direclly seeded (Pandey &
velasco 2002, Azmi & Baki 2003, Mortimer of &l 2000) In 1988, weedy rice in Malaysia was ficst observed in Sekinchan,
Selangor,and later spread 10 8l rice granaries in Pennsular Mataysia (Fig. 1) (Baki 2008). R is one of the most serious threats
n paddy field and rice production in Malaysia Rs earty growth and easy gran shattering has been the most unwanted traits of
weedy nice. Weedy fice in nce-growing fiekd in Malaysa usually grows taller than cullivated rice and easily identfied

The cultural practices of direct seeding and volunteer seedng in 1980's are suspected 10 be the most possible causes for
the 0ngin and spread of weedy nce in Malaysia (Baki 2006) The indiscriminate use of contaminated Ace seeds and movement
of farm machinery between granaries are also factors matrbuting o ths

Since 2005, new biotypes of weedy rice (NBWRs) stand as tall as the cultivated rice, the former become a new threat for
the rice production in Malaysia. These NBWRs are very prevalent in the Selangor Noth-West Project (PBLS). Morphologically
NEWRS mimic cultivated rice standing as equals vis-a-vis MRS4, MR219, MR220 and MR21S as these weedy rices grow as
tall #s cultivated rice. These NSWRs, ke their laller weedy rice accessions, possess COmmon easy grain shattering trait
Some of these new accessions have 3 red pericarp but there are als0 accessions with white or colouress pencarp, closely
ramicking the cultivated nce

OBJECTIVES

(1) To enlist new biotypes of weedy rice (NDWR) in the fam blocks of Selangor's North West Project
(2) To assess spatio-temparal pattems of dstribution of NBWR inthe farm blocks of Selangor's North West Project

MATERIALS AND METHODS

A senes of surveys was conducted in during the harvesting period for three consecutive seasons of 2006-2008 in farm blocks.
of the rice grananes of Selangor's North-West Project (PBLS) (Fig. 1) to assess the pnoum-m changes and spatio-temporal
patterns of distidution of these new biotype of weedy rices (| analysis was conducted on
the collated data based on importance value iIndex, vanance-lo-mean rato (an Uoyd's mean crowding index (m*) and
Lmd’s patchiness (Ip) index

he main morphological trats 1o identity these NBWRS are the degree of easy grain shattedng. colour of pericarp,
pnsm or absence of awns, panicie type, and seed size. Previously, weed rices were laller than commercial nices, hence
they were easily distinguishable vis-3-vis commercial nces. The NBWRs mimic their commercial counterparts bearing simiar
plant heights, hence plant haght is no longer a useful as a key morphological trak to differentiate from each other.

RESULTS AND DISCUSSIONS
NBWR Entities and General prevalence. Throughout the three seasons in the famm blocks of PBLS from Sawah

g. red or white pericarp colour,
ons. The variance-to-mean ratio (Vimr) values showed that all NBWRs aggregated distribution pattern except for Acc 9 and Acc 11
isplayed regular distribution pattern. The values of Lioyd's patchiness (1p) index were tested for deviation from unity. Most NBWRs showed aggregated distribution patterns based on Ip valu
Stributions. it is believed that a close relationship between weedy rice and cultivated commercial varieties prevails, giving a strong indication that evolutionary forces are still operating in the
rs and are believed o be derived from hybridization between different cultiv,

wned or awnless grains, and short or long grains. The Acc 8 of NBWR was the most dominant

nd Acc 9 and Acc 11 showed a
ecosystems, These NBWRs are
selection of weedy traits present in cultivars, relics of abandoned cultivars, or to have

stated with NSWR Acc 3, Acc 4. Acc 5, Acc 7, Acc 8, and Acc 12 in season 1 of 2006/2007, but no measurable records of
Acc 3 and Acc 5 were shown in season 2 of 2007. In season 3 of 2007/2008, only Acc & and Acc 12 prevailed in the farm
block. In Sawah Sempadan farm block, season 3 of 2007/2008 saw much reduced prevalence of NSWRs leaving only Acc 8
and Acc12. Studies by Azmi ef al. (2007) that such ics in the pr of weedy rices in Malaysian
granaries was very much influenced by control methods being employed by farmers, and those that empioyed integrate
weed management protocols in their weed management regimes, witnessed much reduced infestatons of weedy rices.

Importance value (V) is a measure of dominance of species in an area (Kim & Moody 1983). Acc 8 followed by Acc 4,
Acc 7 and Acc 12 are the following accessions with a high IV index were the most dominant accessions compared with other
NBWRs based on importance value index (IV) in seasons 1 and 2 of 2006/2007. Fig. 8 shows IV index for three seasons.
The NBWRs had dominated most fam blocks of PBLS, with Sawah Sempadan, Sungai Nipah and Bagan Terap recording
heaviest infestations

patterns.
YM mean-to-variance ratio (VMR) values
are indicative of whether the pattern of
distribution of NBWR of being random
non-random, or regular (Young & Young
1998). Most NBWR accessions displayec
highly aggreg, pattems
with VMR values exceeding 1.0 (full date
not shown). The Acc 8 of NBWR was the
most aggregated among them in all fanr
blocks. The Lioyd's patchiness (Ip) inde>
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[ p— P blocks. Apparently most accessions

displayed aggregated distribution patterr
with varying degrees of aggregation in the
farm biocks (full data not shown,
registening Ip values ranging from 0 45 foi
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1o Bagan Terap, 16 accessions were identfied accessions with their special traits, wiz. panicle type, colour, presence or
avbsence of awn, seed type and degree of grain based on the key trats. These g @re shown in the
Table 1. Further, these exhibited a of gical trats from open panicle, grain with awns, red
pencam, shol grain type, 10 those with grain shattering habit no less than 50%. Others mimic the commercial fices with close
panicle, awniess grans, white pericap. long or shot grain-type Most accessions displayed varying degrees of grain
shattenng in excess of S0%, except Acc 9 and Acc 12

Figs. 3, 4, and § show some of the tralts of new weedy rice accessions in the farm blocks of PBLS. Invanably, the
NBWRS strongly mamic commercial rices standing 8s equals with MRA2, MR219, 220 and MR 235. This is ially so in

Acc 9 in Bagan Terap farm block to 4 8¢
for Acc 11 in Sawah Sempadan famr
blocks. Further, the relationship betweer
mean crowding (m*®) and mean density (m
we can determine the pattem o
distribution of the accessions. Those
values located on the Iwao line are
ing random
while those below show that thesc

Fig. 7 (A. B, C). Population counts (ne
plants ™) of weedy nce accassions) m diferent
farm blocks and growng seasons of 2006 -2008
N Selangor's Nomth Wes! Pro ject, Malaysia

@ Sawan Sempaden. S Sunga i Burung

© Sewinchan_ WSungal Leman. * Pase Panang.
© Sungal Nipan, < Bagan Terap - Farm Blocks

Fig ¥ (A, B, C). Importance value index
valies of weedy fice accessons in dfterant
farm blocks and growng seasons of 2006

terms of plant height and fag leaf ratts. Five of Six years 8g0, weedy rice accessions in Peninsular Malaysia were typicalty
the taller phenotypes, easily recognizable after ma gmum tilerng stage, or even 5o during booting or grawn-filing stage (Fig.
6). With contnuous panicle slashing by farmers at booting- of grain-filing stage so as 10 prevent or reduce seed rain, leaving
those NBWRSs intact, alowing them 10 profiferate unabaed

Ty
Tavle 1. oty of omnan new = N |
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Selangr Malayva l
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G — e i e Pennssar Maayse The
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— O e O ) Flg 1 Te spetal
e - At | Ly - || esvbudng of e most
- S | iy - | common new biohypes of
- - e iy e | weed roe sccessens
| 20062008 seasons in rce
:: = : = : wl ganaces of Soum West
== i=Ia= o
= = Manysa  Fam Bocks -
Dy Jwen 35 Sawsh Sempaden
S8 Swwe Bueng S,
shows fom Dlock- Sewnchen, S Sune
Fig. 2 e ad season- Lamen, P, Posr Ponang.
mediated differences population counts for SN Sunge Npen BT
each NBWR_ Acc 8 has the highest populaton } Bagen Tersp Ace 1, Ace
count in 3 farm blocks of the PBLS granary for |2 Ace 12 - Weed rce
ail seasons, whie Acc 9 and Acc 11 = J sccessona

are the lowest counts. Acc § also regisiensd the
WWMMIMMMMM&BQMVm and again Acc 9 and Acc 11 have the
lowest pr of other hrough the famm blocks over seasons In Sawah Sempadan,
mwmowmmnmmmmhmw with shght inCrease from season 1
10 season 2 of 20062007 Sungal Burung famm block has & for n season 2 o
Season 1 and Season 3 Sunga Burung has the lowest number of NBWR in Season 3. Sekinchan faam block has recorded the
lowest number of NEVWR (<0001 plants/n¥) for three seasons. This & probably because farm management and crop care in
thes famm DIOCk 8 nearly 0pthmum. Iheredy leawng only smal numbers of NBWRs unattended of removed

Population counts for season 1 of 20062007 showed that Acc § was the highest for al farm blocks Bagan Terap has the
nghest population for Acc @ folowed Dy Sawah Sempadan, Sungai Leman, and Sungai Nipah Acc 12 aiso has 8 high
POPUIALON COUNts. Sawah Sempadan recorded the Nghest poputaton for Acc 12 folowed by Bagan Terap Other farm blocks
2150 show 3 hgh densly values Sawah Sempaden and Bagan Terap have the highest population for Acc 4 and Acc 7
Infestations of Mmost accessions dd not change sgnficantly in season 2 The population counts of NBWR, irespective of
accessons, decreased in 302300 ) of 20072008 for af farm teocks
Seasonal Prevaience Fig 7 Bustiates the seasonal dy on the pr NOWR WWhie Bagan
Terap farm block, for example. 9 No!t recond any Mmeasurable changes nnwuawl BCCEsSIONS Over seasons the
Sungal Leman famm block recorded changes in the NBAR Sungai Leman

a ——aoaa
Fug DAL A panie of NIWR i Fig & Cute med dee
R s e LT - .
pace waes (B) P atend gone

(C) 19nge of g om e pes ot

waes (D) renge o o o

porcwon

P9 & Cumn g wasnng rougeng
Stmten pacined by e 8 men o
o ol lates ety pe of meedy moes N
PALS Selenge

are regular.  Accession:
displaying values above the Iwao line are
indicalive of clustered or under-dispersec
distribution pattem. Such relationships fo
the collated data are shown in Fig. 9.
In Sawah Sempadan, all accessions
i d nd: pattern,
except for Acc 1, Acc 2 and Acc 15 which
showed random distrbution. These
distribution pattems were repeated in
Sungai Burung where only Acc 15
exhibited requlamv in ursmbwon pattem.
Most have a
clump pattern. Acc!. Acc2, Acc 6, Acc 14
and Acc 15 have a random distribution
while Acct! has a under-dispersed
(sensu Greig-Smith 1984) distribution
” > pattern. Acc 3, Acc 4, Acc 5, Acc 8, Acc
Fig. ¥ (A, B, C). The relationship between Lioyd s mean crowding (m*) and mean density (m) 10 and Acc 12 were under-dispersed in
valies of weedy rice for @ifierent farm blocks and growing seasons of 20062008 in Sungai Leman, while Acc 2 and Acc 11
Suluagars St Vest Puagact, Muiaystu have regular pattern of distribution and
other accessions have a random
distribution. The NBWRs in Pasir Panjang
farm block show a various distribution pattern. Acc 1, Acc 10 and Acc 14 have a leguur distribution pattern, while Acc 2, Acc
S, Acc 6, Acc 13 and Acc 15 have a random Other Y pattern.

We believe that a close relationship between weedy rice and cultivated commercial varielies prevails, giving @ strong
indication that evolutionary forces are still operating in the rice ecosystems. These NBVWRs are believed to have evolved from
Cultivated rice as parents over the years and are believed 1o be derived from hybrdization between different cultivars
selection of weedy Iraits present in cultivars, relics of abandoned cultivars, or 10 have been brought into the growing regior
through contaminated seed stocks.

The present preliminary study is indicative of the spatio-temporal dynamics the NBWRs in the Malaysian rice granaries
‘We do not know what contribute 10 these patterns of distribution pattems. We believe that the farmers’ agronomic practice
and crop care techniques, coupled perhaps with the herbicide application options and in situ differences in soils ad watei
avalabdtty doth temporal and spatial, o the in patterns of NBWRs in PBLS
Based on the limited data generated from the present study, we advocate that areas like Sawah Sempadan, Sungai Burung
Sungai Nipah and Bagan Terap should focus on very intensive care against further infestation and spread of the scrouge
unkke their counterparts in Sekinchan and Sungai Leman where the prevalence of NBWRs are minimal. The efficacious
management 0ptions are there 10 be adopted and practiced.

S ooy o)
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DIRECTIONALITY AND DISPERSION ANALYSIS ON BRANCHING PATTERNS IN
STRAITS RHODODENRON (Melastoma malabathricum L.)
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courge In arable lands, abandoned farmiands, secondary forest openings and derelict areas in Malaysia We
snalysis using clrcular statistics with ORIANA and $-Plus Computer Softwares. Plants of M. ma/adathricum at the density of 1 (D1), 2 (D2),
measuring 1 m &1 m and 30 cm in depth, previously Miled with garden soil Plant height, primary, secondary, and tertiary branch lengths, numbers, and thelr respective angles and lengths were
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sed branching patterns of Strats Rhododenron at three planting
ind 3 (D3) plant box “were ralsed until maturity In wooden boxes
1o a: ing patterns as by

density. The postion of each branch was characterized by three parameters: horlzontal rotation (branch azimuth), vertical rotation (branch base inclination), and translation (branch height). The number of branches for each 50 cm interval through plant
height was also recorded. Tha azimuth of the branch was messured within 45°, using & circular protractor, divided into § angular sectors and orlentated clockwise. All azimuth angles were measured from the north direction (0°) and the leaf base height

D1, D2 and DI

registering respective 7 values of 0832, 0.047 and 0.014 .The computed 7 values were 30 small hence, N significant direction of orlentation of the branches in & particular preterential direction after 161 days from seedling stage. The axial angles were not

wniformly distributed in the plant canopy. The highest clrcular linear correlation (1 = 0.59, p<0.01) between the axial angle and the length of the branch in different plant densiti

registered mean vector (1) for each 50 cm Intervals of plant height

10 250 cm were 2497, 176", 231%, 76" and 50*. Watson-Willlams Ftests Indicated that the branch axial mean was not ditferent between plants at densiti
different rom DI, whereby branches became progressively more erect from 52 27° until 41.81° with the Increase In density from D1 to DJ. Circular linear correlation tests indicated there wi

was observed In the top of canopy, in excess of 150 cm of plant height. The
D1 and D2, but were significantly
significant (p <0.01) correlations between branch axial angle and

the length of branch in different plant densities s r= 0.8), r = 0.527, ¢ = 0.488 in plant densities D1, D2 and D3,
denshies were registered 2

¥ 7g Retworks, . circula linear

y. No

t p<0.05 between azimuth insertion and the length of branch in any categories of branches or plant

INTRODUCTION

L (Fign) known locally as the Straits Rhododenron, Is & common pioneer shrub
species in arable lands, abandoned tarmiands, secondary forest openings and derelict areas In Malaysia and elsewhere,
In tropical and sub. forests of Indla, Southeast Asia and Austraiia (Gross 1993 Meyer 2001; Bakl 2004)
Melastomas malabathricum has terminal branch fowers, and afer lowering. commonly old branches ot the base and inside
of canopy die. Ths plant displays both terminal- and axillary Rowers. The pattern of M,
that of L 3’y model, g of modules, each of which is determined in its growth by
virtue of ultimate production of & terminal Inflorescence. The angular rotation radial Increments were measured from
branches systematically sampled between the stem apex and stem base. Spatial analysis of tree trunks and development of
has become an d method o infer tree forest communities by using ditferent model
systems that include plant branches and plant 0ot networks (Glovanelli of al 2006, Caplat of al 2007, Getzin & Wiegand
2007} Spatial relationships between crown trunk locations |s complex and may be by small- and larg
heterogeneities in light, and even by mechanical constraint (Rudnicki of al. 2001, Rock of al. 2004; Getzin & Wiegand 2007).
Azimuthal o rotation of branches does occur during development, as claimed by Baki
(1986). However, under Reld condiions without water stress, branches do not converge Into a universal movement to &
favoured mature azimuth. On the contrary, there is & trend toward dispersion of branches is
sensitive 1o inttial of foliage, being triggered initially, and more importantly, when the initial clumping is strong
Chelle 2006; Saudreau of ol 2007}
v

-

on two are called circular data, and the
Can be represented a3 angles measured with respect 1o some sultably chosen
1006 direction”, i.e. the starting point and “sense of rolation”, i, whether
clockwise o counterclockwise, and this Is taken as & positive direction
(Jammalamadaka & Sengupta 2001).

In s study, We analyzed the spatial scales of branching patterns of M.
malabathricum s Influenced by translation, thelr horizontal rotation angles,
vertical rotation angle, and transiation of branches over different densities.
These were checked for possible adaptive re-positioning of successive
Branches. and their drectional preferences In relation to diferent plant densities
#nd light regimes at the stand level, based on the hypothesis that branch
Orlentation Is & selected trait that permits changes In the vertical and

The means of sigebraic values of the horlzontal rotation angles between two successive branches were not significantly The
means of algebraic values of the horizontal rotation angles between two successive branches were not significantly ditferent,
Irrespoctive of the plant density, with & mean vector angle of y,= 212.89° some 161 days after transplanting. The mean
directions of branches were significantly different for D2 and D3, and for D1 and D3.

Table 2. Circular statistics measurements as indicators of the
of branches and their uniformity as influenced by
density regimes.zzz

Table 1. Directions of symmetric growth for the horizontal
rotation angle of s
by descriptive statistics.

Clrcular statistics Plant density Clrcular statistics Flant density
measurement 01 02 03 bispsas o) o1 02 03
Mean vector angle e 2089 2142 Mean vector angle 2.y an “or
Length of mean Length of Mean

0.03 0.047 0014 9
vector (1) 2 Vector (1 0.944 0946 0.968
Rayleigh's
umly:ﬂ:ﬁy test (2) o L2l 0.042 Watson's Uttest  §.4" 067 [ERTS
Rayleigh test (p) 0.908 0684 0959

Watson's U’ test  p< 0.005

EMact of density on vertical rotation of plant branches. When
plants of M. malabathricum were subjected to density stress,
the ensuing competition between branches led them to be
more erect in stat: in D3, with measurably smaller
vertical rotation angle @ values. The same result was
observed in that the branches of density-stressed plants had
an Inward curving of the branch planes (Ezcurra of al. 1991).
When plant population Increased, branches became
progressively more erect with the mean angles decreasing
from 52.27° 10 47.8" and 42° (Tabie 2).

[N —
S8kt

i Pt ey |

angle 1o achieve adequate Nght Interception, during the Initial 161days afer
transplanting

. ) )
Fig. 1. A mature plant of Melastoma
malabathricum Insert - Aower clusters.

MATERIALS AND METHODS

Study site and design. The was In a0 insect-proof house with 12 hours of natural
sunlight (mean midday radiation of 622 and 125 4 mole photon m? &' outdoor, respectively, and mean smbient
temperatures of 33+ 2°C (day) and 25+2°C (night) st Rimba mu, University of Malaya, Kuala Lumpur (3* §° N; 101°42 * E),
Malaysia Uniform cohorts of of M. maladathricum were selected in May 2006 and transplanted into wooden boxes, each
measuring T2 em % 72 em x 30 cm ot the density of 1(D1), 2(D2) and 3(D3) plants per box", each with 3 replications. The
plants were transplanted into the centre of the box for the single plants, while for 2 or 3 plants per box the plants were
spaced equidistant st 10 cm from each other. The plants were watered once dally. In the morning from above with a fine
rose. The boxes were arranged In & completely randomized design. For the branching pattern studies, each plant was
progressively divided Into 30.cm heights from the soil surface, and denoted accordingly. A circle of transparent plastic
sheet divided into § sectors, each with a 45* degree angle, was prepared (Girardin & Tollenaar 1994; Drouet & Moulia 1997).
Overlays were prepared 1o assess ot M this plastic sheet The direction and branch
angles (primary branches with respect to the mother plant) In each quadrant were recorded with the aid of a compass
oriented clockwise. The vertical rotation angles were measured with a clinometer

Measuremants

Branching morphokigy and ardering scheme A I horizontal rotation angles were measured from the north direction (0%) and
the branch-base height above the soil was measured using & rule tape Growth parameters, viz plant height; lengths of
primary and secondary branches, and reproductive traits (time and duration of flowering. number of flowers branch* or
flowersplant ') were recorded (Fige. 2 and J)

Data analysis. The data were processed and displayed with the software ORIANA and the R-Project for statistical computing
of the circular data, median, Circular mean. and concentration parameter.

The hypothesis that there is » correlation between a circular varlable (horlzontal or vertical rotation angle) and Hnear
variable (branch length or translabion) entails the calculation of the circulardinear correlation coefficient (Fisher 1993; Zar
1998, Mardiad Jupp 2000; Jammalamadaka & Sengupta 2001)

Fig. 2. The botanical branching order by position in
Meiastoma malabathricum (redrawn hom (Loehie 1994). This
algorithm 1 used to define stem size based on branches
Nierarchy, with the main stem classified as order 1. Where
the main stem bifurcates, giving 1o two smalier branches, the
first branch above this point Is of order 2. Similarly,
bifurcation of the first branch gives rise to branch order 3.

! give fise to Nigher

g end
©rder branches In a similar manner.

Fig 3. Three parameters of the horizontal rotation angle .
the vertical rotation sngle "8, and translation (M) measured
from the north direction during plant growth to describe the
development of the aserial structure of Melastoma
malabathncum

The mean direction of branches is denoted by mean vector
values, defined as follows: Let & .. # be the snguiar
observations expressed in the form of radians [0, 2n). Then,
the mean direction, @, Is defined by

where [ is the
imaginary unt,
Lo e

fumy _X_"mq.»f"_-.o,}

The sample mean is obtained by freating the data as vectors of length as one unit and using the direction of their resultant
vector 1 that & hed in the range (0, 1). Resultant vector 1 s & measure of concentrations 14 s & measure of dispersion. Lack
of dispe 14+ 0 and LRl The angular variance is defined as ' =2(14). Mean directions
were compared with uniform circular distribution Using & unimodal Rayleigh's test. We employed the Watson Wilhams test
(Batschelet 1981, Mardia & Jupp 2000; Jammalamadasa & Sengupta 2001) 1o test the mean directions of two of more
samples of ¥ maladathricum beanches orentation rom esch other.

RESULTS AND DISCUSSION

Morizontal rotation of plant branches. The Rayleigh's unitormity lest showed the distribution of @ was centrally symmetrical
in different plant populations, and the computed lengthe of mesn vector (1) were 0032, 0047 and 0014 for the density
regimes of D1, DI and D). respectively, and the sssociation between Gensity regimes and horizontal rotation angle (@)
(Table 1). The anguisr observations were calculated by Equation 1. Fig. 4 displays box-piots of (@) for sach density of the
branches. The (9] values seem 1o imply that they are not dependent on, or influenced by, the density of branches. The
cireular ANOVA test applied 10 the rotation angles Fovalues implying that the mean
directions for all three densities are not different Fom each other for each planting Gensity of Me/astoma Similar patterns of

were regl in the different transistions Irrespective of density regimes. whch the plants were
subjected. The registersd horizontal rotation angles (mesn direction) for the Wansistions 15 were 249.3%, 175.9°, 20.6°,
75.8° and 90.0°, respectivaly.

Relationship between vertical rotation angles, translasons
and length of branches. The lengths of mean vector

ghout the from the base to the top
of plant height. It was aiso observed branches were more
erect In the 10p of the plant canopy vis-d-vis those at the base,

Fig. 4 Boxplots of the horizontal rotation angles of
branches (@) as a tunction of planting density in
malabathricum The bars are stand for minimum value, first
quartile (25th percentile), median value (SOth percentile),
third value (TSth percentile) and maximum value, arguably for optimization of light interception.

Also there Is an Inverse between and 6 values in M. malabathricum, in which the vertical

lecreases with the Increase in plant height, especially from 0 to 150 cm, & suitable strategy for plants of M.
malabathricum to achieve enough light to ensure ensuing growth of leaves down inside the canopy, where self-shading leads
to lower light availabliity than at the top of the plant canopy. These results were consistent with those obtained by Drouet &
Moulia (1997); and Maddonnia ef al. (2001), who studied the effect of developmental plasticity In crown asymmetry both by the
directionality of solar radiation ges y and by locs! ftion between plants and their modules (Neufeld ef al.
1988, Excurra of al. 1991). Branches In the top of the canopy were more erect than their counterparts at lower heights,
arguably for of light Such and of branches allow the gradual warming of leaf
surfaces during the morning, with maximum light interception (Ezcurra of al. 1991).
Evaiuating the influence of plant density on branch length. With Increasing plant density, branch length significantly
decreased (p<0.05) from D1 at 40.4 cm, or D2 at 30.3 to D3 at 28.6 cm, although there were no significant ditference between
the length of branches In D2 and D3 as shown by  box-plot of lengths of branches for each density, explicitly showing that
the higher the planting density, the shorter was the length of branches of M. ma/abathricum (Table 3).

Table 3. Length of branches of as  The between the lengths and @ angles is given by

inflvenced by density regimes. 3.0 x 10% The highest circular-linear correlation (r =

e 0.594, p<0.01) between the vertical rotation angle values and

190 Medien Srd Ot Mases length the lengths of branches in different plant densities was

Qre (p<=005)  ©Observed in the translations exceeding 150 cm of the plant

height, i ircul g 8 inverse

" e s grens it nl.:lonlhlp between the lengths and vertical rotation angles

02 200 2o 20 1o 303 b of branches. Generally, the higher the transiation of the
03 158 270 410 88.0 286 b €anopy, the shorter branches were in length

Vertical rotation angles were proportional to branch lengths when the © values did not exceed 50°. If @ is in excess of 500,
the branch length decreases slightly as © increases. However, a circular-linear correlation coefficient shows that there is no
Clear association between vertical rotation angle © and branch lengths. Plant density has & negative effect on the length of
Branches, but horlzontal rotation angles @ were dependent on density to which the plants of M. malabathricum were
Subjected. The Watson-Williams test (Batschelet 1581) (or the, circular ANOVA equivalent) indicated that the plots of the
vertical rotation angles showed that the ‘were uni. al, and were y thus fortitying the
that the d are as per the von Mises distribution. However, length mean
vector r In @ is large, that is close to 1, this Indicates a large degree of straightness about a line passing through (0.0) with a
slope of 45°, Asymmetric tree growth Is an to maximize In response to the presence of gaps and
neighbours, Compensatory growth of modules, expanding on the crown Centres away from the main stem as the tree
expands branches on the side of canopy gaps In the lower translations. I this happens, asymmetric distribution of the
horizontal rotation angle to the gap direction of the canopy as branch networks develop through plastic response 1o a
heterogeneous fight environment because canopy structure Is mainly . Further plant
modules tend to expand thelr growth toward the gaps g in the canopy. with
affect the spatial arrangement of branch systems in M. malabathricum, although this competitive pressure was not strong
enough to transiate Into asymmetry In crown shape. The resulting spatial pattern tended to reduce the overlap betwoen
neighboring branch systems. A plant with a close neighbour responds by investing in branch growth away trom the
competitive pressure or simply into zones free of neighbours (Brisson & Reynolds 1994). Under this model, two plants can be
close 1o each other but did not compete. C in the population Is for space, and only occurs when a plant branch
system Is crowded on all sides. R would be 9 to see the y of branches 1o difterent
light regimes within the transiations, and relate branch growth and dispersion into the gaps or away from the competition
tones. i would be equally interesting to assess the azimuthal positioning of branches in relation 1o their photosynthetic
efficiency, or whether uniformity in branch alignment and symmetry within a canopy are actually transiated into
y Of blomass p among plants.
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ABSTRACT. The wild brassica (Brassica Juncea (L) Czern. var. Ensabi) with its pungent and slightly bitter aromatic taste has been

natives in the Malaysian states of Sabah and Sarawak. L. Y
extracts of fresh and and dried leav

were a9
ems and roots were prepared, with delonized distilled water

ALLELOPATHIC POTENTIAL OF Brassica juncea (L.) CZERN. VAR. ENSABI AS A NATURAL HERBICIDE
(%Y

ted 1o assess the allelopathic potential of Bnulca Juncea (L) Czern var. Ensabi extracts as a natural herbicide. The
a control. Seeds of
10 these extracts, and the ensuing seed germination and seedling growth were recorded. The extracts from dried lea

as alocal veg and planted between rows in hill paddy by Malays and

1li L. Beauv.) and r:

ish (Raphanus sativus L.) were exposed

of Enubl the highest of seed and seedling growth of E. crus-galli
and R. sativus. Aqueous extracts of the dried leaves, stems and roots of Ensabi, each at 300g L* strongly of and radish seeds. Highly significant deleterious growth effects were
ngmnud on seed germination, dry weights and lengths of radicle and hypocotyls of barnyardgrass and radish seedlings when npoud |o -qu«ou! extracts of dn d Ensabi leaves, stems and roots, each at 300g L™,

reductions in seed germination, radical and shoot lengths of radish and yardgi were reg with i g9 of aqueous extracts of dried and fresh Ensabi. The
potentials of Ensabi extracts as a of the cultural t of wheds in hill paddy are discussed.
Keywords: Allelopathy, Brassica juncea, Echinochloa crus-gall, Raphanus sativus seed germination, seedling growth.

INTRODUCTION

Plant allelopathy may be used as a cultural weed control method In the agro-ecosystems and reduce the Root growth of early ings of barnyardg was when treated with 50 gL" of aqueous extract

perceived hazardous impacts from herbicides and insecticides (Xuan ef al. 2005), and searching for novel
natural plant p: 10 develop bio sisan tant trend (Khanha et al. 2005). Crop allelopathy
may be useful in minimizing serlous problems In agricultural such as

of FME of Ensabi, and this enhancement was measurably higher than other concentrations of the extracts.
Greater stimulation in root growth was observed among seedlings exposed to 300 gL* of DME (Table 2).

unsafe products, human health of crop Yy, soil decay and ndu:hon of crop
productivity (Khanh et al. 2005). Several Bmul‘ species are known to pos s allelopathic properties
affecting growth of other plant species and reduce seed germination of small-grain crops when they grown
in rotation (Bialy et al. 1990, Turk ef al. 2005). Some plants from the Brassicacea family such as mustard
(Brassica Juncea) have a high potential to be used in alternative weed management systems (Brown and
Morra 1995; Kirkegaard and Sarwar 1998). Mustards have been genetically bred for increased glu:uw\om.
content in roots and shoots. The glucosinolates that produce by B. Juncea, as an

y, root growth of g was y more to vis-d.vis than was hypocotyl length
at different concentrations of DME or FME extractions from root, stem and leaf of Ensabi. These results are
in concordat with other studies of water extracts of allelopathic plants had more special effects on root
growth than on shoot growth (Chung and Miller 1995; Turk and Tawaha 2003; Turk et al. 2005). Such as this
result nughl be expected, because it is likely that roots are the first to absorb the allelochemicals or

from the il (Turk and Tawaha 2002).

control weeds (Brown and Morra 1935). Allelochemical-based herbicides are natural products and thus
could be broken down easily by microorganisms, making them less persistent in the environment (Chon et
al. 2002; Singh et al. 200; Xuan ef al 2005; Khanh et ol 2007).

OBJECTIVES
(i) To as: the allelopathic potential of B. Junces as a natural herbicide.

(i) To assess the eftects of aqueous extraction of root, stem and leaf of B. juncea on seed germination and
seedling growth of radish and bamyardgrass.

MATERIAL AND METHODS

Plant sampling and preparation of extracts: Plants of 8. Juncea (Fig. 1) were harvested at a

from an insect-proof house, Institute of Biological Sciences

University of Malaya, Kuala Lumpur,

can Table 1. Effect of Ensabi
n, et TR IS e aqueous extracts of root,
o I VS TR “; = stem and Infl on germination
" —ea ™ enas  asrawco P and seedling growth of
et e emas 300 coE rran radish. Figures followed by
—— e svemanm anranc o a the same upper case letters
ot e gty LXd in a column are not
|2 sene ERIES LREY iani different at
- veraa “ara  aseasc seanc  renw .
s et veew  P<OIS. Negative  values
e ensé e o Y, indicate inhibitive effects,
oo e s8e8 while positive values indicate
o oar 70 anco asa stimulative effects.
stage 2% 100 ok s
034 0.0

These plants were immediately washed with tap water to
dismembered into leaves,

move any soil or other adhered material lnd
tems and roots.

Oty ot tangin Table 2. Effect of Ensabi
;rw Fresh materials: Twenty grammes of fresh materials (leaves, stems and Smienen (W e aqueous extracts of root,
. roots) (hereafter referred to as FME) of Ensabi was chopped into small Iy . sun stem and leaf on germination
" pieces (1-2 cm size), grinded and extracted with 100 mi distilled water at il as A and seedling growth of
25°C for 24 h in a shaker.. The extract is filtered through four layers of == | "2 ™" St e barnyardgrass. Figures
cheese cloth 10 remove the fibre debris, and centrifuged at 3000 rpm for o= S P A PSS, followed by the same upper
4 h. The supematant was vacuum filtered again through No. 42 Py an 22067 case letters in a column are
paper. Stoc! acts were prepared from fresh for each experiment. - e sme 73 a8 not significantly different at
. s amaoee LEEY p<0.05. Negative values
Dried materials: Dried materials (leaves, stems and roots) of Ensabi P S A o \apdony indicate inhibitive effects,
(hereatier referrred to as DME) was chopped into small pieces (1-2 cm = o st g Tmie  while positive values indicate
size), dried in an oven at 40° C for 48 h, grinded into fine powder using a e e P s, .': stimulating effects.
Fig. 1. Brassica Juncea (L) Crern. Wiley mill to mm screen and then stored in a azrc b O age sy s
var. Ens; Inserts (a) Noral in darkness until used (Chung et al. 2001; Chon et al. 2002). Twenty
clusters, and (b) seedling . grams of dried stems, leaves and roots are extracted by soaking in 200 s A
mi deionized water at 25° C for 24 h in & shaker o give a concentration of  The in terms of seed of radish and

20 g dry tissue/100 ml. The extract is filtered through four layers of

vm-n npoud to FME o' Ensabi is denoted in Fig. 2. Aqueous extracts of stem and I

cheesecloth to remove the fi debris, and (by C
Eppendort, 804 R) at 10,000 rpm and 4° C for 10 min. The supematant is
vacuum filtered through Whatman no. 42 paper.

Treatments: Solutions of 0, $0,100,150, 200 and 300 g L* concentrations
from FME or 40, 80,120, 160, 200 and 300 g L" from DME of Ensabi were
prepared separately based on the methods of REFS from root, stem and
leaf components and applied on radish (Raphanus sativus) and
barnyardgr, (Echinochioa crus-galli). Thirty radish or barnyardgrass
seeds were sown In each 9 cm petridishes hned with filter paper, and
10 mil of each extract was added. The petri-dishes were transferred to a
growth chamber (set at 25° C, 4000 lux, for 12 hrs daily) for 7 days.
Germination percentage, shoot and root length, and dry vn»qhu 1 days
after 't 1 were for all Y
magnitude of each plant part is averaged from their lnmbnory levels on
genmination, root length, plant height and dry weight of the indicator
plant.

Data analysis: Germination counts were performed for a period of 8 days
for the radish seeds and 28 days for the bamyardgrass seeds, although
calculations were based on the longest time taken 10 achieve maximum
germination at 14 days after . The 9 s were
calculated for barnyardgrass and rmlh based on Jefferson &
Pennacchio (20031 (a) Rate of germination (RG); (b) Final germination
(FG)%: mean percentage of seeds that gemninated during the
experiment. FG was pressed as a percentage after statistical analyses.

were performed on the raw data, (c) Mean poﬂo‘ of final germination (MPFG) and (d) percentage

of was tested, and those data not normally
prior to m«uy ANOVk Differences between means were determined

were log,
using Tukey's Compromise test.

RESULTS AND DISCUSSION

Table 1 Wlustrates the effects of different concentrations of aqueou action FME and DME of Ensabdi on
rate of germination, mean period of final germination, final germination (%), radicle and shoot lengths, root
and shoot weight of barnyardgrass and radish. Apphication of 40 gL* aqueous extract DME had no significant
(p<0.01) Y #fect on seed o of radish as 10 the sig (9<0.05) effects of 160,
200 and 300 gL* aqueous extract of root or stem or leaf and 120 gL "o ! DME on seed germination of radish
seeds. The 50 gL" of aqueous extract FME had lowest effect on radish seeds germination inhibition (95.2 %)
virtually registering similar value a4 that of the control at 34 4%

The aqueous extract of DME of Ensabi at 120, 162, and 300 gL' significantly inhibited germination of
barnyardgrass seed: Ith the lafter treatment registering only §.6% germination. Intriguingly, aqueous
extracts of DME at ©r 200gL 1 had & more significantly effect on inhibition of seed germination of
barnyardgrass (Table 2) Incr d concentrations of FME from $0 to 300 gL' and DME from 40 to 300 gL* of
Ensabi decreased the germination capacity of radish and 9! seeds, the

seed to to root extracts. Significant differences were not observed in the
effect of stem and leaf extractions on seed germination of both targets.

Fig. 2. Effect of water
soluble extracts from
different plant parts
of Brassica juncea

grass: 1-
Root extract, 2- Stem

extract, 3- Leaf

extract.

|
! barnyard

CONCLUSIONS
Our experiments demonstrated that:

1) Seed Germination: The aqueous extracts of B. }uncn can reduce seed emergence of radish and
Q! through the ic effects. By i ion of root, stem and leaf aqueous

nmcu in excess of 300 gL" of Ensabi, prevented uduh nd barnyardgrass seed germination. At lower

concentrations, the extracts, reduced the rates of seed germination, albeit at insignificant levels. Delayed seed

germination also occurred.

2) Radish and Barnyardgrass: Roots were more sensitive than shoots to application of aqueous extracts of

Ensabi. In the same vein, the extracts in excess of 300 gL of Ensabi killed roots and shoots of emerged

seedlings in radish. Exposure to 200-300 gL' Ensabi extracts p root ion in

The highly effects on seed dry weights and I.nqlht of radicle
y of and radish when exposed to aqueous extracts of Ensabi plants

each in excess of 300g L" mnlo the extracts a natural It would be g to identify the

active allelochemicals found in Ensabi. This remains a new frontier of further research activities.
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