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ABSTRACT

Crop responses to weed competition are difficult to predict, particularly in crop production systems. Subsequently
models can be used to integrate and to assess the relative importance of the multiple influences on competition. In the
present studies the dynamics of competition between grass and different weed species. Two experiments were performed.
Experiment #1 was performed to evaluate the variation in growth rates and biomass allocation among the weed flora grown
under normal conditions. Experiment # 2 was performed to measure the responses of a particular weed species to
competition in natural and agro-ecosystem. NAR and LAR are important factors in determining the RGR of ten herbaceous
weed species in combination with grass. The competition was reduced the growth of weed species and effect positively on
the grass species. Allocation of physiological traits such as NAR and LAR were more significant for determining the

relative growth of different species in competition with grass.
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INTRODUCTION

In recent plant physiology, much emphasis has
been placed on the development of simple, empirically
derived classical models that equate eventual crop yield
loss with some measurable characteristics of a weed
population early in the growing season. Typically,
descriptive models of crop weed-competition are valid
only for the conditions from which they were developed
(Weaver, 1996). In addition to the impact of growing
season weather factors that influence the interactions
between specific crops and weed combinations include
crop and weed densities, relative times of emergence and
edaphic characteristics (Firbank et al., 1990; Kropff and
Spitters, 1991; Wilson et al., 1995).

Plant growth analysis is an explanatory, holistic
and integrative approach to interpreting plant form and
function. It uses simple primary data in the form of
weights, areas, volumes and contents of plant components
to investigate processes within and involving the whole
plant (Evans, 1972; Causton and Venus, 1981; Hunt,
1990). Hoffmann and Poorter (2002) reported that 28
articles since 1993 have drawn upon the approach in one
way or another. We took the simplest possible approach,
calculating the most fundamental of the growth parameters
according to purely “classical’ methods across one harvest-
interval.

Crop-weed models incorporating competition
have had considerable success in describing how the
process of competition affects crop yield and how strategic
weed management decisions impact on weed numbers for
a limited range of economically important species. There
is, however, a need to increase our understanding of the
spatial and temporal variability in model parameters if
they are to be used more in a predictive context and to pull
together data for a wide range of weeds and crops.

Growth analysis is only one of the many
approaches, which provide an opportunity to investigate

several interlinked physiological traits and their
interactions to the given environment simultaneously. It
was commonly accepted that utilization of such interlinked
plant traits across several species may have considerable
predictive power (Keddy, 1992; Poorter and Remkes,
1990; Nieman et al., 1992; Ven de Werst et al., 1993).
Pandy et al. (1980) studied LA, NAR, RGR, CGR, LAR
and SLW in found Vigna mungo cultivars and reported
that leaf area increased till 20 days after sowing in all
cultivars. There was an increase relationship between leaf
area and NAR. The increase in CGR was ascribed to the
increased in NAR and leaf area. Reich et al. (1992) using
data from diverse sources, life forms and biomes,
demonstrated a positive relationship between seedling
mean RGR and LAR. Huante et al. (1995) were
comparing woody seedling form a neo tropical deciduous
forest, found mean RGR to correspond with LAR rather
than ULR. In other findings, he reported the mean RGR of
woody species from a geotropically deciduous forest
corresponded both with SLA and with LWR.

Relative growth rate (RGR) differences between
native and invasive plant species is widely thought to be a
major factor contributing to invasion, particularly
following disturbance (Baker, 1974; Grime and Hunt
1975). RGR is a complex parameter determined by a
number of physiological, morphological and biomass-
allocation components. Much research has centered on
describing RGR differences between native and invasive
species (Baskin et al., 1999; Bellingham et al., 2004;
Burns, 2004). Less is known, however, about the
underlying mechanisms driving RGR differences between
native and invasive species. Such understanding is critical
for effective management of current invaders and
prediction and management of future invaders. Native
species adapted to the nutrient-poor soils of arid and
semiarid rangelands often exhibit a lower RGR than their
invasive counterparts (Cronk and Fuller, 1995; Pattison et
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al., 1998; Garcia-Serrano et al., 2005), and the magnitude
of these differences often intensifies with increased
resource availability (Daehler, 2003). A high RGR allows
invasive to rapidly occupy space and capture resources
and reduces the time between vegetative growth and
reproduction (Poorter, 1989). The advantages of low RGR
demonstrated by native species, however, are less clear,
causing some researchers to suggest that natural selection
in nutrient-poor environments has targeted one of the
underlying components of RGR instead of RGR itself
(Lambers and Dijkstra, 63.1987). For example, traits
allowing conservation and efficient use of resources may
be advantageous in resource-poor systems, but these traits
also may lower RGR. In turn, these traits may not be
advantageous following disturbance when resource
availability increases. Plant growth analysis decomposes
RGR into net assimilation rate (NAR, rate of dry matter
production per unit leaf area) and leaf area ratio (LAR,
leaf area per unit total plant mass), where RGR=NAR x
LAR (Evans, 1972; Causton and Venus 1981). NAR is
determined primarily by the ratio of carbon gained through
photosynthesis and carbon lost through respiration. LAR
reflects the amount of leaf area a plant develops per unit
total plant mass and, therefore, depends on the proportion
of biomass allocated to leaves relative to total plant mass
(leaf mass ratio, LMR) and how much leaf area a plant
develops per unit leaf biomass (specific leaf area, SLA),
where LAR = LMR x SLA.

Most work evaluating RGR variation among
species has compared species from habitats differing in
fertility or productivity. Early studies demonstrated that
the higher RGR achieved by species from fertile habitats
was a result of differences in LAR and SLA between
species (Poorter and Remkes, 1990). Later experiments
and recent meta-analysis attribute these differences to
81.variation in NAR, not LAR or SLA (Villar et al., 2005;
Shipley, 2006). Other studies have found that both NAR
and SLA contribute significantly to differences in RGR
among species (Grotkopp et al., 2002). These variable
results suggest that a number of mechanisms could drive
RGR differences between native and invasive species.
Invasive could achieve higher RGR than natives by having
higher rates of photosynthesis and/or lower rates of
respiration (high NAR), allocating more biomass to leaves
(high LMR), or producing thinner or less dense leaves
resulting in more leaf area per unit leaf biomass (high
SLA). Only a few studies have evaluated the underlying
causes of RGR variation between native and invasive
species. In the Great Basin, invasive annual grasses
generally have greater LAR and SLA but not NAR than
bunchgrasses (Arredondo et al., 1998). However, annual
grasses, in general, tend to have lower LAR and SLA than
perennials, so it is not necessarily clear that these traits
were unique to invaders in this system (Garnier, 1992). In
a comparison of invasive and noninvasive Pinus species,
differences in NAR, LMR, and SLA all contributed to
variation in RGR, but SLA was the main factor allowing
invasive to achieve a higher RGR than noninvasive pines
(Grotkopp 99. et al., 2002). Together, these studies

suggest SLA may be a key factor driving RGR differences
between native and invasive plants. In support, high SLA
has been correlated to invasion success at both the
community and the continental scale (Lake and Leishman,
2004; Hamilton et al., 2005). Producing more leaf area per
unit biomass may provide a greater overall return on
carbon investment, allowing invasive plants to achieve
higher RGR than natives. James and Drenovsky (2007)
determined the mechanistic basis for RGR differences
between native and invasive forbs that are widely
established on the nutrient-poor soils of the Intermountain
West. Path analysis was used to identify the physiological
and morphological components of RGR that drive RGR
differences between native and invasive species. We
predicted that greater SLA would be the key factor
allowing invasive to achieve a higher RGR than natives.

The purpose of the present study was investigate
through using a range of ten herbaceous dicotyledonous
weed plant species and several ecophysiological traits
measured for each of the species, the degree to which the
various types of interactions have potential for predicting
outcomes of interactions involving plant species. The
ultimate goal was to evaluate whether predictive
comparative approaches could assist with the generation of
general principles about how ecophysiological traits may
contribute to the performance and effects of plant at the
ecosystem level of resolution.

In addition, the studies of dynamics competition
between grass Echinochloa crus-galli L. and different
weed species Anagallis arvensis L., Chenopodium album
L., Chenopodium murale L., Conyza bonariensis L.,
Coronopus didymus L., Eclipta prostrata L., Malva
neglecta Wallr., Melilotus albus Desr., Rumex dentatus L.
and Solanum nigrum L. were studied in order to
determine: How ecophysiological traits may contribute to
the performance and effects of plant at different growth
levels and the critical phases of grass Echinochloa crus-
galli L. development as affected by the weeds.

MATERIALS AND METHODS

Experimental design

The pot experiment consisted of two treatments
of competition (competition™® and competition™®), three
harvests and four replicates and all the pots were arranged
in completely randomized block design. This arrangement
provided the following four combinations:

Dicotyledonous herbaceous in monoculture
Dicotyledonous herbaceous in combination (Mixture)
Monocotyledon grass (Echinochloa crus-galli L.) in
monoculture

Monocotyledon grass (Echinochloa crus-galli L.) in
combination

In each block three pots were set up for each
species in combination with Echinochloa crus-galli L. for
evaluation of competitive interaction. Each pot consisted
of one herbaceous plant in the center, and three
Echinochloa crus-galli L. plants each positioned about
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4cm from the herbaceous plant in a radial pattern. Thirty
pots were also established per block with three grasses per
pot but without the herbaceous species, to serve as
monocultures for competition experiments. The densities
and proportions of plant species were used for
investigating competition between herbaceous plants and
grass most closely resemble those found in the field and
have previously been shown to appropriate for this type of
study (Wardle and Nicholson, 1996) to 148.accommodate
losses due to plant mortality during the experiment, more
pots 149.than the required were set up.

For each dicotyledonous herbaceous species at
each of three different developmental stages, one pot per
block was destructively harvested for each of the
herbaceous dicotyledonous plant monoculture,
dicotyledonous plant; Echinochloa crus-galli L.
combination and Echinochloa crus-galli L. monoculture.

Harvested method

The schedule of harvest is given in the Table-1.
The first harvest was taken when the plants were 40 days
old. Four pots were harvested per species after every ten
days and at three developmental stages. At each harvest,
plants were separated into roots, stem, leaves and petioles.
Roots were washed with water to remove the soil particle.
All plant parts were dried at 80°C for 48hours before
recording the dry weights at four-digit balance. Leaf area
was measured by leaf area meter.

Table-1 Schedule of planting, harvesting and plant age

Date Plant age Activity
1-03-2010 Seed sowing
15-03-2010 15 Plant thinning
25-04-2010 25 Harvest |
4-04-2010 35 Harvest 11
14-04-2010 45 Harvest I11
24-05-2010 55 Harvest IV

The posts containing grass enabled determination
of both the competitive effect and response of each of the
herbaceous species. At each harvest period for the
monoculture, one pot of the herbaceous species + grass
combination, and one of the grass monoculture pots, was
also destructively for each block; all plants in each pot
were clipped off at ground level. The grass material in
each pot was oven dried at 80°C for 48 h and the weight of
this material was added to the cumulative weight of all the
prior trimmings of that pot, to determine the total
production of grass during the experiment (Wardle and
Nicholoson, 1996). The amount of grass production in the
species pots relative to the in the grass monoculture pots,
was used as a measure of the net competitive effect of the
herbaceous species against grass (Wardle and Nicoloson,
1996). The competitive ability of each species included in
the experiment was assessed by its performance (RGR) in
monoculture as well in mixture. All the components of

RGR and parameters of biomass were evaluated as
described for experiment I.

Measurements of eco-physiological traits

Prior to drying, the number of leaves per plant
was determined and the leaf area was measured using
automatic photoelectric leaf area meter (Delta-T-Device
Ltd Bunwell, Cambridge, England). The mean weight of
each leaf was also determined. Dry mass values of leaves,
stem, roots, petioles, flowers and fruits were recorded after
48 hours drying at 80°C. Roots were washed thoroughly
before drying. The values of dry weight and leaf area were
used for further calculation of rates and ratios of growth
and data analysis.

Data analysis

Relative growth rates (RGR, day™), Net
assimilation rate (NAR, gcm? day™), Leaf area ratio
(LAR, cm™ g™ were calculated by using classical growth
analysis procedure as defined by Causton and Venus
(1981).

Symbol Units | Description
Relative growth rate is an
RGR gt increase in dry weight per unit
plant dry weight. (RGR = loge
Wy~ loge wy/ to-1p)
Net assimilation rate is net gain
NAR gecm? | in dry weight per unit of leaf

d* | area. (NAR = 2(wywy)/ (LA, +
LA) (t-ts)

Leaf area ratio is the relative
amount of biomass, a plant
invest in leaf area (LAR = LWR
X SLA)

LAR | cm?g?

The data of each experiment was analyzed
separately using GLM Model of ANOVA. Duncan’s
(1995), least significant difference (LSD) was also
calculated. The residual sum of squares in the analysis of
variance (ANOVA) was used to calculate the LSD.

RESULTS

Relative growth rate (RGR) of herbaceous species

The analysis of variance demonstrated that
species X treatment and species x harvest were significant
in competition. P < 0.000 and all other main factors and
their interaction were found to be highly significant
(Table-2). However the RGR of the plants species
Anagallis arvensis L., Coronopus didymus L., Eclipta
prostrata L., Malva neglecta Wallr, and Melilotus albus
Desr, in competition was often higher values then the
plants which were without competition. While the species
Chenopodium album L., Chenopodium murale L., Conyza
bonariensis L., Rumex dentatus L. and Solanum nigrum L.
showed lower values of RGR in competition condition.
Figure-1 and Table-3 shows that the plants of Rumex
dentatus L., in mixture exhibits lowest value at the end of
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the experiment while the plants, which were in
monoculture, also showed decreasing trend through out
the experiment. However all the plants species showed
different response to the treatment? Significant differences
in ontogenetic trends were observed in plants exposed to
different treatments during the experimental period.

Net assimilation rate (NAR) of herbaceous species

Analysis of variance demonstrated that the
species x treatment and species x harvest were highly
significantly as P< 0.000 (Table-2), as the treatment x
harvest main effect was also found to be significant as
NAR were influenced with the plant age. In mixture the
species Anagallis arvensis L., Coronopus didymus L. and
Malva neglecta Wallr, showed high values of NAR as
compared to all remaining species. While the NAR of
species Chenopodium album L., Chenopodium murale L.,
Conyza bonariensis L., Eclipta prostrata L., Rumex
dentatus L., and Solanum nigrum L., showed negative
response to treatment. Result depicted in Figure-2 and
Table-5, indicates that the plants of Malva neglecta Wallr.,
in monoculture shows lowest value at the 50 day and it
increases at end of the experiment. While the plants of
species Malva neglecta Wallr, in mixture show increasing
trend during the experimental period. The Rumex dentatus
L., plants in mixture showed negative response to the
treatment. The ontogenetic trends exhibited by NAR were
those which were found in RGR.

Leaf area ratio (LAR) of herbaceous species
Leaf area ratio was significantly influenced the
competition as P< 0.000. Much of the variation in LAR

was associated with plant age as the harvest main effect
was significant P< 0.000. LAR increased gradually with
increased in plant age. The interaction between the main
factors was also found to be significant (Table-2). The
plant of Conyza bonariensis L. in mixture show high
biomass allocation to LAR then the plants, which were in
monoculture. While the Anagallis arvensis L. and
Melilotus albus Desr, plants in mixture had lower LAR
then the plants in monoculture. Result from Figure-3 and
Table-4, indicates that competition had greatly increased
the LAR of the Chenopodium album L., Chenopodium
murale L., Conyza. bonariensis L., Malva neglecta Wallr.,
Rumex dentatus L., Solanum nigrum Lplants. The species
Anagallis arvensis L., Coronopus didymus L., Eclipta
prostrata L. and Melilotus albus Desr, showed decrease in
the LAR values in mixture as compared to monoculture
condition (Table-2). The Anagallis arvensis L., Eclipta
prostrata L., Melilotus albus Desr., plants in monoculture
at day 40 showed highest value of LAR and then it shows
decline trend through out the experiment. In contrast
Chenopodium album L., Chenopodium murale L.,
Coronopus didymus L., Malva neglecta Wallr., Solanum
nigrum L., showed lowest value at day 40 and then
gradually increase in LAR values at the end of the
experiment. These ontogenetic trends were responsible for
the significant interaction between species and harvest
(Table-2). Thus the LAR of all the plant species were
significantly influenced in competition condition (Table-
2).

Table-2. Analysis of variance of RGR, NAR and LAR of ten weed species grown under competition.

Source Relative growth rate (d™) Net as(sg;g;lglél%n rate Leaf area ratio (cm’g™)
DF MS F P F P MS F P
Species 9 0.008077 4.97 0.000 1.1471E-06 | 0.82 0.602 15335 7.63 0.000
Treatment 1 0.004341 2.67 0.105 6.3179E-06 4.49 0.036 4225 2.10 0.149
Harvest 1 0.018954 | 11.67 | 0.001 2.8756E-06 2.05 0.155 39682 19.76 0.000
Replicate 3 0.000196 0.12 0.948 3.2723E-06 | 2.33 0.078 1711 0.85 0.467
Sp*T 9 0.004098 2.52 0.011 2.9080E-06 2.07 0.037 8827 4.39 0.000
SP*H 9 0.009167 5.65 0.000 6.4561E-06 | 4.59 0.000 95654 2.82 0.000
T*H 1 0.000008 0.01 0.944 2.3780E-06 1.69 0.196 10309 5.13 0.007
Error 126 0.001624 1.4059E-06 2009
Total 159
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Table-3. Mean values of RGR and NAR for the ten weed species grown in mixture (competition***) and grown in
monoculture (competition™®). Values are the averages across four replicates.

Spec Relative growth rate (d™) Net assimilation rate (gcm?d™)

ecles

P Competition™® | Competition™* Mean Competition™® | Competition™® Mean
Anagallis 0.014943 -0.00716 0.0038915 0.001108 0.000304 0.000706
arvensis L.

glg‘fjrr‘r‘]’ﬁ’_‘fd'“m 0.008598 0.057486 0.033042 0.000189 0.000601 0.000395
%ﬁfgfepﬁd'“m 0.009463 0.014048 0.0117555 0.000118 0.000985 0.0005515
Conyza

bonariensis 0.041105 0.103599 0.072352 0.000531 0.000982 0.0007565
L.

Coronopus 0.019132 0.002818 0.010975 0.001404 0.000174 0.000789
didymus L.

Eclipta 0.034484 0.024993 0.0297385 0.001138 0.00253 0.001834
prostrata L.

Malva

neglecta 0.020732 0.014938 0.017835 0.000993 -0.000039 0.000477
Wallr.

D 0.006186 -0.01782 -0.005817 0.0018 0.000096 0.000948
albus Desr.

Rumex -0.00152 0.023488 0.010984 -0.00026 0.000395 0.0000675
dentatus L.

Solanum

nigrum L 0.020751 0.060378 0.0405645 0.000283 0.000512 0.0003975
Mean 0.0173874 0.0276768 0.0007304 0.000654

LSD of Relative growth rate< 0.036 and LSD of Net assimilation rate< 0.0010

Table-4. Mean values of LAR for the ten weed species grown in mixture (competition™®) and grown
in monoculture (competition™®). Values are the averages across four replicates.

_ Leaf area ratio (cm’g™)

Species — —
Competition™® Competition™® Mean

Anagallis arvensis L. 59.88189 124.325 92.103445
Chenopodium album L. 106.4629 85.28281 95.872855
Chenopodium murale L. 130.6631 108.3642 119.51365
Conyza bonariensis L. 161.7733 102.2853 132.0293
Coronopus didymus L. 104.886 113.4443 109.16515
Eclipta prostrata L. 102.1373 120.3972 111.26725
Malva neglecta Wallr. 95.39412 35.31511 65.354615
Melilotus albus Desr. 59.36704 89.50715 74.437095
Rumex dentatus L. 67.48379 53.78917 60.63648
Solanum nigrum L. 128.3672 100.9228 114.645
Mean 101.641664 93.363304

LSD of Leaf Area Ratio< 40.46
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Figure-1. Graphical representation between relative growth rate (d™) and ten herbaceous
species under competition™* and competition™* with grass.
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Figure-2. Graphical representation between net assimilation rate (gcm™ d™) and ten herbaceous
species under competition ™* and Competition™® with grass.
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DISCUSSIONS

Results showed that within the plant functional
group identified there were large differences between
plant species with regard to their traits. Thus there were
clear ecophysiological differences between the plant
species. The close relationship we found between several
of the traits we measured at least partially supports the
conclusion of Reich et al. (1992) that co variation in
several inter linked traits provides a useful conceptual
link between process at leaf / whole plant scales, and
ecosystem level scales. The suite of ecophysiological
traits we measured for each species thus provides a
suitable gradient across which biotic interactions and
ecosystem level properties can be evaluated.

A close link between Relative Growth Rate and
the efficiency of the leaves or the ratio of leaf area to
whole plant biomass was found (Causton and Venus,
1981). The relative growth rate of weed species used in
the present investigation is determined with NAR and
often with LAR. This close association between RGR
and NAR is due to a positive relationship between RGR
and photosynthetic rate per unit leaf area (Konings,
1989; Garnier, 1992). In climate races of Dactylis
glomerata (Eagles, 1967) and in Gneum viburnum and
Crisum palustre (Pons, 1977) differences in RGR have
been reported to be associated with NAR. Garnier (1992)
has compared the RGR of co generic annual and
perennial grasses and found the growth differences
between two life forms could be described totally to
differences in NAR. However the interpretation
contradiction the data presented by Brewester and
Barnes (1981) and Poorter and Remkes (1990) where the
relationship between photosynthetic rate per unit leaf
area and RGR was not significant.

and Competition™® with grass.

The suggestions that interaction between the
effects of competition have strong effect on whole plant
performance and biomass allocation pattern are
supported by the experimental results. The results of the
present investigation support the concept of
compensatory growth (Richards and Caldwell, 1985),
under normal soil conditions competition may increase
RGR of grass Echinochloa crus-galli (Table-2) while the
weed species grown in combination with grass show
reduction in RGR (Table-2).

The ecological advantage of high RGR is very
clear. Due to high RGR, a plant will rapidly increase in
size and is able to occupy a large space, both below and
above ground. This appears consistent with plant
strategy theory (Grime, 1979), which predicts that a
plant with high relative growth rate has the opportunity
to acquire a large share of limiting resources like nutrient
or water than a slow growing species. A high RGR may
also facilitate rapid completion of life cycle of a plant.

The result of present investigation suggested
that RGR of grass Echinochloa crus-galli increased in
response to competition. The increase in RGR suggested
a facilitation rather than competition. Facilitation often
offset the effect of competition (Peltzer and Kochy,
2001). Both facilitation and competition may operate
simultaneously, resulting significant changes in overall
growth (Callaway, 1995; Goldberg and Novoplansky,
1997). A slight increase in height may result in
disproportionately large differences in light capture and
thus NAR between neighboring plants (Ballard et al.,
1988, Ballare, 1994; Akram, 1998). The relative high
NAR of grass Echinochloa crus-galli as compared to the
weed species (Table-2), In present investigation the
growth rate of grass Echinochloa crus-galli increase in
competition™® and changes in RGR is determined by

809



VOL. 7, NO. 10, OCTOBER 2012

ISSN 1990-6145

ARPN Journal of Agricultural and Biological Science

=
©2006-2012 Asian Research Publishing Network (ARPN). All rights reserved. @

www.arpnjournals.com

often changes in NAR. Furthermore a close link between
RGR and NAR has reported by several workers (Eagles
1967; Pons 1977; Khan, 1973 and 1975; Ahamad and
Rao, 1982). Garnier (1992) has compared the RGR of
co-generic annual and perennial grasses and found that
growth differences in  NAR. However, these
interpretations contradict the finding of Brewster and
Barnes (1981) and Poorter and Remakes (1990). The
climbing life forms generally maximize light
interception, maximize shading of the neighbour and
minimize self-shading. All these attributes increase
photosynthesis and thus growth and provide a
competitive advantage to a plant (Givnish, 1986).

CONCLUSIONS

In the present investigation, the grass
Echinochloa crus-galli plants growing in competition™®
shows high LAR than that of plants in competition™®
(Table-2). LAR is determined by both LAR and SLA
(Causton and Venus, 1981). This increase in LAR is
largely determined by due to changes in LWR and often
due to the changes in SLA. These results confirm the
findings of Elias and Chadwick (1979); Poorter and
Remakes (1990) and Garnier (1991, 1992). Across all
species the tight positive relationship between RGR and
LAR was driven almost entirely by SLA rater than by
the proportion of mass allocated by the leaves. This
central role of SLA in determining seedling potential
RGR is thus general across European grasses, herbs and
woody perennials (Poorter and Remkes, 1990; Garnier,
1992; Cornelissen et al., 1996).

This refers to the fact that amount of leaf area
per unit total plant weight is more important (as related
to light attenuation) than allocation of biomass per unit
leaf area. The increased LAR enhances the RGR (Pearcy
and Sims, 1994) and thus the competitive potential
(Peltzer and Kochy, 2001). Thus the high RGR of grass
Echinochloa crus-galli in competition®™® can be
attributed to NAR and LAR (Causton and Venus, 1981,
Dasti, 1994). The decreased SLA suggested that in
responses to  competition  certain  anatomical
modifications in leaves have occurred which decreased
the physiological activity per unit leaf area. Mechanisms
to increase competitive ability include adjustment of leaf
biomass toward thinner and larger leaves (Pearcy and
Sims, 1994) to be fully established, but it of importance
that the higher RGR can be achieved through high SLA.
Apparently rapidly growing plants produce leaves with a
low investment in biomass to leaves (Dijkstra, 1989).

Differences in biomass allocation have been
found in numbers of studies (Van Dobben, 1967;
Jackson and Roy, 1986). The changes in net assimilation
rate leads to changes in biomass allocation to stems and
leaves. This agrees with the findings of Jackson and
Cladwell (1989) that the plants shift by competition.
Often reduced light availability due to shading of
neighbors’ plant (Photmorhogenic response) (Peltzer and
Kochy, 2001) leads to an increase in allocation to shoots.

Light availability decreased linearly with increasing
neighbors shoot mass (Peltzer and Kochy, 2001).
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