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Summary
The impact of weed and crop density on 
the yield components of rice is central 
to an understanding of the way weed 
competition influences yield potential of 
rice. Path analysis has been used quite 
intensively in agronomy, ecology and, of 
late, in weed science. In order to evalu-
ate the differential competitive ability of 
two sympatric weed species (Echinochloa 
crus-galli ssp. crus-galli (L.) Beauv. and 
Ischaemum rugosum Salisb.) with rice 
(Oryza sativa L. var. MR84) and the caus-
al relationships between grain yield com-
ponents using path analysis, a series of 
experiments was conducted in an insect-
proof house at the University of Malaya, 
Kuala Lumpur in 2000–2002. The analysis 
quantified direct effects of the two weed 
species and MR84 rice densities on the 
yield components (grain weights, num-
bers of filled and unfilled grains, number 
of grain per panicle, panicles per plant 
and number of reproductive and non- 
reproductive tillers) of MR84 and the two 
weed species. 

The path analysis model illustrated 
the direct and indirect effects of the com-
ponents of yield on fecundity and grain 
yield per plant. The direct effects of MR84 
and the two weed species densities on 
the number of panicle per plant and the 
number of seeds per plant were always 
positive. In contrast, the effects of density 
on the number of tillers per plant, grain 
weight per plant, per cent filled panicles 
per plant varied from positive to negative 
reflecting the inconsistent and unequal 
influence of density-dependent factors. 
The analysis indicated that the number 
of tillers per plant and the number of 
panicles per plant were the key yield 
components determining the response of 
fecundity and grain yield to crop-weed 
competitions. Plants of E. crus-galli ssp. 
crus-galli and I. rugosum competing with 
the rice crop registered significant differ-
ences in path coefficients for each yield 
component recorded, thereby reflect-
ing the differential competitive ability 

of the two weed species against the rice  
crop.

Introduction
Effective weed management programs 
often require, inter-alia, quantitative esti-
mates of the detrimental effect of weeds 
on crop yields. Estimates of thresholds 
for decision making, whether to control 
weeds or otherwise, can be derived from 
regression equations which quantify yield 
loss as a function of weed infestation level 
following crop emergence. 

A number of empirical models and 
methods have been developed to study 
rice yield responses to crop density (Ya-
mada 1961, Counce 1987, Jones and Shy-
der 1987, Counce et al. 1989, Kropff et al. 
1992). While additional studies have es-
tablished that crop density can be a critical 
factor influencing the rice yield losses to 
weeds (Pantone and Baker 1991a,b), weed 
density alone may not be a reliable pre-
dictor of crop yield due to variability in 
weed size and spatio-temporal patterns 
of emergence. This is especially so when 
weeds emerge in discrete flushes (Kropff 
et al. 1992). To alleviate these limitations, 
dynamic, mechanistic simulation models 
of crop-weed competition relating crop 
yield losses to duration and critical timing 
of weed competition have been recently 
developed (Kropff et al. 1992, Weaver et 
al. 1992, Kropff and Bastians 1997, Sakai 
et al. 2000).

The impact of weed and crop density 
on the yield components of rice is central 
to an understanding of the way weed com-
petition influences the yield potential of 
rice (Kwon et al. 1991, Pantone et al. 1992, 
Azmi 1994). For example, there was strong 
evidence of the negative impact on rice 
grain weight of increasing seeding rate 
(Jones and Snyder 1987). Yoshida and 
Parao (1979) and (Azmi 1994) recorded 
reduced rice grain weight due to shad-
ing during flowering and ripening. In 
contrast, studies by Reddy (1976) among 
others, failed to show any detrimental  

effects on grain weight with increased rice 
density. The negative impact and correla-
tions between increased density and seed-
ing rates on the yield components such as 
percentage of filled grains, the number of 
grains per panicle, the number of florets 
per panicle and the number of panicles per 
plant were confirmed by Jones and Snyder 
(1989), Pantone et al. (1992) and Suhaimi 
(1995).

It was observed (M.Z. Abdullah person-
al communication) that correlation among 
yield components in Malaysian rice varie-
ties may be either positive or negative, and 
negative correlations are often attributed 
to yield component compensation where 
a reduction in one yield component may 
result an increase in others. Rueben and 
Katuli (1989) observed a negative corre-
lation between filled florets per panicle 
and plant height, and between plants per 
square metre and tillers per plant, among 
11 advanced breeding lines of upland rice. 
Conversely, Malaysian and Chinese rice 
breeders recorded positive correlations 
between yield components of rice where 
by panicle weight per plant was closely 
correlated with panicles per plant, grains 
per plant and percent of filled florets (Wu 
et al. 1987, Puat 1992).

Path analysis, originally developed by 
Wright (1954) has been used intensively in 
agronomy, horticulture, ecology and weed 
science (Dewey and Lu 1959, Farris and 
Lechowicz 1990, Suhaimi 1995). The anal-
ysis generates standardized partial regres-
sion coefficients; these are referred as path 
coefficients (Li 1975, Afifi and Clark 1984, 
Loehlin 1987). These coefficients have the 
advantage of being independent of the 
original unit of measurement in which the 
comparison of the relative importance of 
correlations associated with hypothesized 
causal relationships between different 
yield components and grain yield may be 
made. Pantone et al. (1991a,b, 1992) devel-
oped path analysis models to study the 
crop-weed competition on yield compo-
nents of wheat and rice either in monocul-
ture or in mixtures. With the exception of 
grain weight, weed competition had a sig-
nificant negative effect on the yield com-
ponents of wheat. In rice, the path analysis 
indicated that the number of panicle per 
plant and florets per panicle were the most 
important yield components determining 
the responses of fecundity and grain yield 
to competition.

This study was conducted to determine 
the relationships between the yield and 
yield components of rice (Oryza sativa L. 
var. MR84), either in monoculture or in 
competition with either barnyard grass 
(Echinochloa crus-galli ssp. crus-galli (L.) 
Beauv.) or wrinklegrass (Ischemum rugo-
sum Salisb.). Comparisons on the competi-
tive effects of both weed species on the 
yield and yield components of rice were 
also made.

Path analysis of two sympatric weed species 
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Table 1. Initial available space per plant and the calculated density of 
wrinklegrass (Ischaemum rugosum) and rice (Oryza sativa var. MR84), or 
barnyard grass (Echinochloa crus-galli) and rice grown in monocultures 
or mixtures. The position of each plant was located in a polar coordinate 
(Nelder’s Fan Design, Nelder 1962).

Arc number
Radius from origin 

(cm)
Area  

(cm2 plant-1)
Density 

(plants m-2)

1 2 0.7 14 285

2 6 5 2 000

3 14 25 400

4 26 75 133

5 42 175 57

6 70 322 31

7 86 555 18

Table 2. The planting scheme of wrinklegrass (Ischaemum rugosum) and 
rice (Oryza sativa var. MR84), or barnyard grass (Echinochloa crus-galli) 
and rice grown in monocultures or mixtures using the Replacement 
Experimental Series.

Group

No. 
wrinklegrass or 
barnyard grass

Relative 
frequency of 

wrinklegrass or 
barnyard grass

No. 
rice number for 

each density 
regime

Relative 
frequency 

of rice

a – b 0 0.00 4 1.00

b – c 1 0.25 3 0.75

c – d 2 0.50 2 0.50

d – e 3 0.75 1 0.25

e – a 4 1.00 0 0.00

�
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�
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Materials and methods
The study was conducted in an insect-
proof greenhouse at the Institute of Ad-
vanced Studies, University of Malaya, 
Kuala Lumpur, Malaysia in 2000–2002. 
The mean daily temperature was 27°C and 
relative humidity of approximately 85% 
and daily sunshine of 11.5 hours.

Three wooden boxes, each measuring 
1.9 × 1.9 × 0.40 m, were lined with poly-
thene. The boxes were then filled with 
moist silt loam paddy soils of the Java 
series to a depth of 30 cm. The physico-
chemical properties of the soils have been 
described elsewhere (Nabi 1999). In this 
study, a modified systematic design for 
spacing experiments proposed by Nelder 
(1962) was used to investigate the effect 
of inter-plant spacing and density on 
the competitive abilities of wrinklegrass 
or barnyard grass and rice plants grown 
in monocultures or in mixtures was fol-
lowed. In this design both the shape and 
the size of the available space per plant can 
be varied and the shape of the available 
space per plant is kept constant while in-
ter-plant spacing increases exponentially. 
This design also provides a constant den-
sity gradient with fixed eccentricity (the 
position of a given plant with respect to 
the borders of the available space of its 
neighbours). 

Using permanent marking pens, seven 
concentric circles with radiuses of 2, 6, 14, 
26, 42, 62 and 86 cm were drawn on each 
of three polythene sheets. Each circle was 
then divided into 20 equal sectors (Figure 
1). Each of these areas represented the 
space available for one of the seven plants 
assigned for each sector (Table 1). The po-
sition of each plant was located by deter-
mining its polar coordinates and a hole 
a few millimetres in diameter was made 
at this point. The 20 sectors in each circle 
were divided into five groups of four sec-
tors each with each group representing the 
relative frequency of wrinklegrass and/or 
rice (Table 2 and Figure 1). This implies 
that the concentric circles represented sev-
en densities and each of the seven circles 
consists of 20 plants. One of the three poly-
thene sheets was spread over the surface 
of each of the three boxes, which formed 
the three replicates used in this study. 

Seeds of rice, wrinklegrass and barnyard 
grass obtained from MARDI Research Sta-
tion, Bertam, Seberang Perai were dried 
in the oven at 35°C for one week in late 
May, 2000. Enough seeds of wrinklegrass, 
barnyard grass and rice were pre-germi-
nated separately in Petri dishes lined with 
separately moistened Whatman No.3 filter 
papers. 

Wrinklegrass and rice seedlings were 
transplanted ten days after germination 
according to the proposed density regimes 
and relative frequency of the two species. 
(Table 2). Using a fine spray, the plants 
were watered twice daily from above. 

Figure 1. Layout of the spacing gradient based on inter-plant distance and 
density of wrinklegrass or barnyard grass and rice grown in monocultures 
or in mixtures. Each group of sectors (a to b), (b to c), (c to d), (d to e) and 
(e to a) represents the frequency of planting.  – seedling position of rice, 
 – seedling position of wrinklegrass or barnyard grass for equal numbers 
of weed and rice seedlings.
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The plants were supplemented monthly 
with urea, muriate of potash and triphos-
phates at a rate of 100:30:20, respectively. 
Dead seedlings were replaced by other 
seedlings of similar age until all of them 
had established and the polythene sheets 
were then removed. Upon ripening (about 
14 weeks after transplanting), the above 
ground parts of wrinklegrass and rice 
plants were separately harvested and the 
plant parts of each species were sorted ac-
cording to their position in the fan design. 
The number of tillers per plant of wrin-
klegrass and rice were counted. Wrinkle-
grass and rice plant parts were dried in the 
oven to a constant weight at 60°C for three  
days. 

Barnyard grass and rice seedlings were 
transplanted using a similar procedure. 
The plants were watered twice daily from 
above using a fine spray. The plants were 
kept inundated to a depth of 2–3 cm from 
transplanting to the onset of booting stage. 
At the booting stage, excess water was 
drained from the soils, which were never-
theless were kept moist then on. Standard 
fertilizer applications of urea, muriate of 
potash, and tripos were made to the plants 
as top dressings in two equal split doses 
at 30 days and 60 days after transplanting 
(DAT) at the rates of 100:30:20 (N:P:K) in 
kg ha-1.

Adequate plant protection measures 
were taken with respect to pests, diseases 
and other weeds.

Several growth parameters were re-
corded at appropriate time intervals. 
These were total number of tillers per 
plant, number of reproductive tillers per 
plant, number of non-reproductive tillers 
per plant (at 10 days interval after trans-
planting until harvest); number of pani-
cles per plant, panicle weight, number of 
filled grains per panicle, number of un-
filled grains per panicle, number of grains 
per plant, number of panicles per plant, 
weight of grains per plant, weight of filled 
grain per panicle and weight of unfilled 
grain per panicle (at harvest).

The path analysis model for rice in mo-
noculture or in competition either with 
barnyard grass or wrinklegrass is pre-
sented in Figure 2. These weed species 
were chosen for the study due to their 
economic importance as dominant species 
and their ability to inflict heavy losses on 
rice yields.

Path analysis was used to study the fac-
tors affecting plant yield by facilitating the 
partitioning of correlation between plant 
densities and yield component, viz: MAR-
DI rice var. MR84 density (plant m-2) (RD); 
wrinklegrass or barnyard grass planting 
density (plant m-2) (WD); number of tiller 
per plant (MR84) (TP), panicle per plant 
(PP), panicle size (grain per panicle) (PS), 
percent filled grains (filled grain per pani-
cle) (FG), grain weight (g grain-1) GW), 
grain yield per plant (YP) (g) and grain per 

plant (GP) into direct and indirect effects. 
The direct effects or paths are denoted by 
the path coefficients from panicle per plant 
to grain yield per plant. For example, the 
direct effect between plant densities and 
grain yield will explain the effect of plant 
densities on the yield components (TP, PP, 
PS, FG and GW) (Figure 2). Likewise, the 
direct effect between yield components 
and grain yield denotes the value of the 
importance of yield components to the 
grain yields. The indirect effect between 
yield components shows the interactions 
between one yield component and an-
other. The indirect effect through grain 
size is equal to the product of simple cor-
relation panicle per plant and panicle size, 
and the path coefficient from panicle size 
to grain yield per plant. For example, the 
indirect effects via grain weight, is equal 
to the product of simple correlations be-
tween panicles per plant and grain weight, 
and between number of tiller per plant 
and panicle per plant, and grain weight 
and path coefficients from grain weight 
to grain yield per plant. The sum of direct 
and indirect effect represents the correla-
tion between panicle per plant and grain 
yield per plant. 

Multiple linear regressions adapted 
from Draper and Smith (1981) and SAS 
Institute (1985) was used to calculate the 
path coefficients, simple correlation coef-
ficients and the undetermined residuals 
of the regression √(1 - R2) (Williams et al. 
1990) based on the hypothesis models of 
Figure 2.

Results and discussion
Direct effect of plant densities on yield 
components
The direct effect of rice (RD) and barnyard 
grass (WD) densities on the number of till-
ers per plant (TP) and the number of pani-
cles per plant (= genet) (PP) in the weed 
and rice crop plants were always negative. 
On the contrary, the effect of RD and WD 
on the number of grains per panicle (PS), 
weight of filled grains per plant (FG) and 
grain weight (GW) were not uniformly 
negative (Figure 3, Table 3). Rice density 
had very strong negative effect on the TP 
of barnyard grass vis-à-vis wrinklegrass, 
perhaps due to similar growth habits and 
requirements of the former weed species 
to rice. Other yield components (PP and 
PS) of both weed species were moder-
ately influenced by RD. Intriguingly, the 
increase in RD reduced the FG of barn-
yard grass but not on the FG of wrinkle-
grass. In both rice-barnyard grass and rice- 
wrinklegrass mixtures, the increase in RD 
had led to measurable decrease in TP, PP 
and PS of both weed species, as exempli-
fied by negative path coefficient values. 
Rice density did not appear to influence the 
GW of rice and weed species. In contrast, 
the increase in WD of barnyard grass and 
wrinklegrass inflicted substantial reduc-
tions in the TP and GW of rice as shown 
by the highly negative path coefficients 
(Table 3, Figures 3 and 4).

Arguably, the negative effects of RD 
and WD on TP and PP would mean that 
the increase in RD or WD would reduce 
TP and PP. This argument was fortified by 

Figure 2. Path analysis diagram for the relationships between planting 
densities (RD and WD) and the yield components of rice or weeds (PP, LP, 
FP and GW) and effects of yield components on grain and fecundity (GP 
and NP). U1–U5 are undetermined residuals.
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Figure 3. Path analyses diagram for the relationship between planting 
densities of rice var. MR84 (RD) or barnyard grass (WD) on yield 
components (TP, PP, PS, FG, and GW). (Path coefficient values are for rice 
var. MR84, those in parentheses are for barnyard grass), (U1, U2, U3, U4, and 
U5 are undetermined residuals).

Table 3. Comparisons of path coefficient values of direct effects between 
weed and rice densities and yield components, and yield components and 
fecundity of rice, barnyard grass, and wrinklegrass.

Yield components

TP PP PS FG GW

Rice density -0.68A 0.42 -0.69 -0.72 0.00

-0.35B 0.45 -0.69 0.71 -0.08

-0.74C -0.79 -0.49 -0.67 0.04

-0.85D -0.77 -0.53 0.53 0.01

Weed density -0.78A -0.56 -0.23 0.25 0.23

-0.65B -0.72 0.06 0.05 0.25

-0.48C 0.52 -0.73 -0.73 -0.83

-0.65D -0.23 0.00 -0.02 -0.71

Grains per plant 0.93A 0.93 0.36 0.66 0.60

0.42B 0.10 0.51 -0.20 0.59

0.67C 0.23 0.51 -0.23 0.40

0.67 D 0.45 0.38 -0.78 0.51

Grain yield per plant 0.92 A 0.95 0.51 0.60 NA

0.46B -0.80 0.58 0.44 N/A

0.22 C 0.77 0.36 -0.07 N/A

-0.40D -0.46 NA NA NA
A For barnyard grass in the barnyard grass-rice mixture.  
B For wrinklegrass in the wrinklegrass-rice mixture.  
C For rice in the barnyard grass-rice mixture.  
D For rice in the wrinklegrass-rice mixture. 
N/A, Not applicable.
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the respective moderately high negative 
values of path coefficient (-0.65) of direct 
effect of WD on TP of wrinklegrass, or RD 
on TP of rice vis-à-vis the path coefficients 
of -0.48 and -0.78 registered by the WD of 

barnyard grass on the TP of rice and barn-
yard grass, respectively (Figures 3 and 4). 
The path coefficient value for direct effect 
of RD on PP was higher in rice vis-à-vis 
barnyard grass. It was apparent that rice 

when grown at high densities and in mix-
tures with either barnyard grass or wrin-
klegrass had lower number of panicles per 
plant (PP). Increasing the density of rice in 
the rice-barnyard grass mixtures may lead 
to decreasing number of grains per panicle 
(PS) of the weed but increase the number 
of PS of rice as shown by the respective 
path coefficients. Invariably, the path co-
efficients for direct effect of RD on filled 
panicle (FG) of rice and wrinklegrass were 
positive (>0.50) indicating that the increase 
in RD will result in parallel increase in the 
FG of the crop and weed. Intriguingly, WD 
density did not bring meaningful effect on 
the FG that of rice and wrinklegrass, with 
registered path coefficient values ranging 
from -0.02 to 0.05 (Figure 4). 

The path coefficients of direct effect of 
RD and WD on GW of rice and barnyard 
grass were either positive or negative 
with values ranging from -0.83 to 0.42,  
explaining the variable effects of crop and 
weed densities on the grain yields. The ef-
fect of WD on GW of rice was negative with 
path coefficient value of -0.83, explaining 
the adverse effect of increased density of 
barnyard grass on rice yields. Conversely, 
the effect of WD on GW of barnyard grass 
was positive with the path coefficient val-
ues of about 0.25. The direct effects of RD of 
rice on GW of rice and wrinklegrass were 
minimal, as exemplified by the respective 
low values of path coefficients of 0.01 and 
-0.08. The direct effect of rice and wrinkle-
grass densities on TP, PP, PS and FG of the 
crop and the weed, albeit registering dif-
ferent path coefficient values were either 
negative or positive (Figure 4). However, 
the direct effect of RD on the PP of rice was 
higher vis-à-vis TP, PS or FG, signifying 
that PP was highly affected by rice den-
sity. A moderate influence of RD on FG of 
wrinklegrass was observed, registering a 
positive value of path coefficient of 0.53. 
The order of influence of direct effects of 
wrinklegrass density (WD) on rice yield 
components based on path coefficient val-
ues was GW (0.75), TP (-0.65), PP (-0.23), 
PS (0.00) and FG (-0.02). On the contrary, 
for wrinklegrass yield components, the or-
der of influence in the path coefficient val-
ues was PS>FG>GW>TP>PP. Increasingly, 
density of wrinklegrass inflicted substan-
tial reductions in TP of the weed and TP 
and PP of rice, but had a positive effect on 
FG of rice. The path coefficient value was 
about 0.05 indicating that increased den-
sity of wrinklegrass led only to marginal 
increase in FG. Residual values (U1, U2, U3, 
U4 and U5) for all yield components, except 
for GW for the weeds were in the excess of 
0.30, signifying that undetermined factors 
may have strong effect on the yield com-
ponents of these plants.
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Direct effects of yield components on 
weight of grains per plant (GP) and 
number of grains per plant (YP).
Path coefficient values of the direct effects 
among yield components (TP, PP, PS, FG 
and GW) on the fecundity based on grains 
per plant (GP), and grain yield per plant 
(YP) of rice, barnyard grass and wrinkle-
grass were largely positive (Figures 5 
and 6). However, percent filled grains 
(filled grain per panicle) (FG) had nega-
tive bearings on both GP and YP of rice, 
as shown by the respective negative path 
coefficients of -0.23 and -0.07. The paral-
lel path coefficient values of FG on GP of 
rice, or FG on GP of wrinklegrass in the 
rice-wrinklegrass mixture were -0.78 and 
-0.20, respectively (Figure 5). Likewise, the 
path coefficient values of PP on YP of both 
wrinklegrass and rice, and TP on YP of 
rice were negative. The path coefficients of 
TP, PP, FG and GW on GP and YP of rice 
were lower compared to those of TP, PP, 
PS, FG, and GW on GP and YP of barnyard 
grass. However, the path coefficient of PS 
on GP of rice was slightly lower than those 
registered for GP of barnyard grass. For 
example, TP had a stronger influenced the 
GP and YP of rice, registering path coef-
ficient values of 0.93 and 0.92, respectively 
vis-à-vis 0.67 and 0.22 recorded for barn-
yard grass. The grain yield per plant (YP) 
of barnyard grass was influenced by TP, 
PS, FG and GW with path coefficient val-
ues ranging from -0.40 to 0.46. The number 
of panicles (PP) had a negative bearing on 
YP for barnyard grass. The effects of TP, 
PP, PS, FG and GW on the GP and YP of 
wrinklegrass and rice in the wrinklegrass-
rice mixtures mixed, with path coefficient 
values in the positive or negative territo-
ries (Figure 5). For example, the PP had 
a very strong negative influence on the 
YP of wrinklegrass as opposed to rice. In 
contrast the FG of rice had a very strong 
negative effect on the GP of rice vis-à-vis 
wrinklegrass. 

Direct effects of TP and PP on YP of 
rice were sporadically negative (Figure 5). 
For example, TP had a bigger effect on GP, 
registering path coefficient value of 0.67, 
vis-à-vis GW (0.51), PP (0.45) and PS (0.38) 
indicating differential influence of these 
yield components on GP. Similar trends of 
influence, albeit varying intensities, of TP, 
PP, PS and GW on GP of barnyard grass 
were also observed.

All yield components either of rice or 
wrinklegrass had positive effects on GP 
and YP, except for direct effect of FG on 
GP and TP on YP of rice (Figure 5). Among 
yield components, PP registered fairly high 
path coefficient value (0.93) on GP where 
increasing in PP will greatly increase YP. 
Likewise, the increase in TP will increase 
YP and GP. For wrinklegrass, the yield 
component TP and PP each had strong ef-
fect on GP and YP, as exemplified by high 
positive path coefficient values.

Figure 4. Path analyses diagram for the relationship between planting 
densities of rice var. MR84 (RD) or wrinklegrasss (WD) on yield 
components (TP, PP, PS, FG, and GW). (Path coefficient values are for rice 
var. MR84, those in parentheses are for wrinklegrass), (U1, U2, U3, U4, and U5 
are undetermined residuals).
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Figure 5. Path analyses diagram for the direct effect between yield 
components of rice var. MR84 and wrinklegrass (TP, PP, PS, FG, and GW) 
on fecundity (GP, YP). (Path coefficient values are for rice var. MR84, 
those in parentheses are for wrinklegrass), (U6 and U7 are undetermined 
residuals).
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The residual value (U6) on the weight 
of grains/plant (GP) for rice and wrinkle-
grass were very low. Conversely, the re-
sidual value (U7) on number of grains per 
plant was moderately high for both rice 
and wrinklegrass. It follows that the un-
determined factors (U6) did not affect the 
weight of grains per plant (GP) but highly 
affect number of grains per plant (YP) for 
both grass weeds.

Indirect effects among yield components
Path coefficients of the indirect effect 
among yield components, namely TP, PP, 

PS, FG and GW of rice and barnyard grass 
albeit registering different values, were al-
ways positive or neutral, indicating that 
these components had variable influence 
or no bearing on each other (Figure 7). 
Growth parameters such as the TP of rice 
did not have any bearing on PP and vice-
versa but had only minor influence in the 
increase of PS, FG and GW of rice in the 
rice-barnyard grass mixture. For barnyard 
grass, TP apparently did not have any 
bearing on PP, but had a minor effect on 
FG, while the number of PP had a fairly 
strong effect on PS and GW. Conversely, 
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the TP of barnyard grass have a moderate-
ly strong bearing on PS and GW, with path 
coefficients of 0.52 and 0.74, respectively. 
The PP of rice had a very strong influence 
on PS and FG, and these parameters in 
turn had strong consequential bearings 
on GW, based on high path coefficient  
values. This indicated that the increase in 
PP would lead to parallel increase in PS, 
FG and GW in rice. 

The indirect effects between yield com-
ponents of rice and wrinklegrass in the 
rice-wrinklegrass mixtures were always 
positive. For example, the TP of rice and 
wrinklegrass greatly affected PP and PS of 
rice and wrinklegrass with the respective 
path coefficient values ranging from 0.92 

to 1.00 (Figure 8). It follows that increas-
ing TP of rice or wrinklegrass will bring 
about parallel increase in PP and PS for 
both rice and wrinklegrass. Both FG and 
GW were affected by TP, but relatively in 
smaller degree vis-a-vis PP and PS, either 
in rice or wrinklegrass. Conversely, PS had 
no bearing at all in the FG of wrinklegrass, 
while the influence of PP on FG, or TP on 
GW was marginal. In contrast, the TP had 
substantial bearings on PP, PS and FG. 
Path coefficient values of indirect effect 
of wrinklegrass between PS, FG and GW 
were closely correlated with one another 
and an increase in the value of one compo-
nent can result in parallel increase in other 
yield components.

Conclusions
Rice density in the barnyard grass-rice or 
wrinklegrass-rice mixtures had negative 
effect on TP, PP and PS of barnyard grass 
and wrinklegrass. This is in contrast with 
the findings of Pantone et al. (1992) who 
reported that the direct effect of yield com-
ponents of Mars rice on its grain yield per 
plant (YP) was exceptionally consistent. 
This study showed that the direct effect of 
different yield components of rice on grain 
yield per plant (YP) was either positive or 
negative registering different path coef-
ficient values both for the rice crop and 
the two weed species (Figures 3 and 4). 
Based on path coefficient values, PP had 
very strong positive influence on the grain 
yield per plant (GP) on yield per plant (YP) 
vis-à-vis PS or FG in barnyard grass. In 
wrinklegrass this influence was erratic, as 
exemplified by moderately positive effect 
of GW, PS and PP on YP, and moderate-
to-strong negative effect on YP (Figure 6). 
In rice, TP had positive bearings on the GP 
and YP in the barnyard grass-rice mixture 
(Figure 5), while in the wrinklegrass-rice 
mixture this influence was moderately 
positive on GP but moderately negative 
on YP (Figure 6). Other yield components 
such as PP, PS and GW had variable but 
positive bearings on YP and GP whereby 
an increase in any of these components 
would have increased YP or GP of rice. The 
number of filled panicles (FP) of rice had 
a consequential influence on grains per 
plant (GP) in both rice-wrinklegrass and 
rice-barnyard grass mixtures. The less the 
FP the less will be the GP. Differences in the 
path coefficient values between densities 
of rice, barnyard grass and wrinklegrass, 
and yields and yield components of rice 
and the weed species perhaps explained 
the inherent differences in response of rice 
and weed species to density subjected to. 
Our study fortified the earlier arguments 
made by Suhaimi (1995), Suzana (1995) 
and Nabi (1999) who reported significant 
differences in aggressivity indices, rela-
tive yields and path coefficient values for 
each yield component of barnyard grass 
and wrinklegrass in competition with rice 
var. MR84. They believed that these differ-
ences reflected the differential competitive 
ability of two weedy grasses against the 
rice crop. 
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