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ABSTRACT

Since agriculture is both the source and sink of greenhouse gases, and plants
show different responses to the elevated CO, concentration, an expeniment was conducted
at the research greenhousc of the Faculiy of Agriculture. Ferdowsi University of Mashhad.
The purpose of the experiment was o examine the effects of clovaled CO, on the
competition ability among various crops and weeds In factorial arrangement based on
completely randomized block design with three replications. Treatments included umbicit
(360 ppm| and clevated (700 ppm) €O, concentrations and various combinations of fhe
plantation of crops (millet and soybean) and weeds (lambaquarters and pigweed) of C,
and €, species, whether of the pure culure ot inlercropping, Results of the experiment
showed that, as CO, concentration increased, the leaf area and root dry weight of millel
increased, whereas those of other specics decreased. Millets root length increased,
whercas those of other species decreased. Root dry weight in each culrural combination,
compared 1o the ambient O, concentration, decrensed. The amount of chlorophyll in
lumbsquarters increased, whereas it decreased in pigweed, millet and soybean.

Key words ; Ainaranthus retroflexus, Chenopodium album, competition, ¢, and C, specits,

elevated CO, concentration, Glyeine max (L) Mer., Panicum miliaceum.

INTRODUCTION

Over the past two centuries, because
of population growth and increased industrial
activities, significant amounts of carbon
dioxide, methane, carbon chlorofloero, nitrous
axide and thropospheric ozone have been
released into the atmosphere (Noorian, 1995;
Heinemann et al,, 2005). Agriculture is both
the source and sink of greenhouse gases
(Galavi, 2003). More thart 97% of global food is
produced in terrestrial ecosystems and in these
ecosystems, intensive farming activities
cause the emission of greenhause gases (Chen
et al, 1996). One of the most important
greenhouse gases which is released by
humans is CO, (Noorian, 1995). Plants show
different responses to elevated CO,
concentrations which contain growth and
development traits, yield variations, changes
in root/shoot ratio or in other words, assimilate
allocation which is related to plant species
characteristics and photosynthetic pathway
(Zavarreh et al, 2006). Because of CO,
elevation, dry matter allocation increased
respectively in soybean root, stem and leaf

(Koocheki and Hoseini, 2006). CO, elevation
increases carbon fixation in C, specics which
alters carbon allocation to roots (Griffin et al,
1997). Atmospheric CO, concentration may
affect underground activities and cause
complicated responses in the ecosystem
(Griffin et at., 1997). Wolf (1996 reported that
clevated atmospheric CO, concentration
increased the rate of photosynthesis and
reduced photorespiration in most plants. In
some studies, in which C, and C, species were
allowed Lo dircetly compete with each other,
usually elevated CO, caused sufficiont growth
for C, species in comparison with C, species
(Koocheki and Hoseini, 2006). Because of
elevated CO, concentration, €, specics show
more net primary production than C, species
(Berntson and Bazzaz, 1996). Elevating CO,
increases photosynthesis n C, species which
may cause more assimilate availability
(Salehi, 2002). In an experiment it is shown
that elevated CO, concentration increased
soybean yield in the short term (Heagle e al,,
1998), Ellis ef al. (1995) reported that elevated
€O, concentration had a significant simulative
effect on legumes (C,] but was ineffective on
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sorghum (C,). Increasing CO, increased pod,
seeds and stem weight in soybean but didn't
affect sced number (Heagle ef al, 1998).
Maroco ef al. (1999) reported that elevated
atmospheric CO, concentration had a positive
effect on corn production (C,), especially in dry
regions, where soil humidity is insufficient for
€, crop production, Ward et al.* (1999) studies
on C, and C, species showed that usually
photosynthesis increased which was caused
by elevated CO, that caused an increase in
the total dry weight in C, species but did not
affect C, species. Elevated CO, concentration
may raise or reduce the root/shoot ratio which
depends on sufficient o insufficient amounts
of nutrients (Wolf, 1996). Zavarreh et al. (2006)
reported that CO, elevation caused a 13% rise
in the root/shool ratio in sesame. Also
elevated CO, concentration usually puts off the
decrease in the ratio of root to total dry matter
after it reached its maximum. On the other
hand, elevated CO, concentration kept
Leansmission of dry matter to roots longer
(zavarreh et al,, 2006)

Sage et al, (1989) reported that the
amount of Rabisco in lambsquarters shrubs
(Chenopodium album), which were grown in
elevated CO, concentration condition, was less
than those grown in ambient CO,
concentration. In an experiment, it was
observed that increasing CO, reduced the
oxygenase aclivity of Rabisco in C, sp
(Sherwood and Idso, 2007),

Elevated CO, concentration causes an
increase in photosynthesis and biomass
production in several C, species. In addition
increasing atmospheric CO, raises water use
efficiency in C, species which probably expands
C, habital extension especially in dry regions
where other plants cannot exist (Vasilakoglou
etal, 2005).

Studies on C, weeds such as pigweed
(Amaranthus retroflexus) and C, such as
lambsquarters (Chenapodium album) explained
that because of elevated CO, concentration,
the growth and photosynthesis rate rose which
resulted in more competition power in C,
species but there was 1o change in C, species
(Ziska and Bunce, 1999). The weed biomass
ratio to crops reduced in elevated CO,
concentration in comparison with Rottboellia
cochinchinensis (C,) with Glycine max L. Merr.
(C,), also in comparing Echinochioa crus-galti
Eleusine indtica and Digitaria sp. {all of them C,}

with Glycine max L. Merr. (C,) (Koocheki and
Hoseini, 2006).

Increasing CO, concentration causes
different responses in C, and C, species, and
therefore, equilibrium of competence among
these species will alter in the future. Changes
in competition between species cause
changes in ecosystem activities such as gas
exchange and carbon and nitrogen cycles
(Chen et al,1996). It seems that with elevating
atmospheric CO, style life and geographic
dispersal changes will appear in most plants
(Berntson and Bazzaz, 1996)

The purpose of this experiment was to
examine the effects of elevated CO, on the
competition ability among various C, and C,
crop and weed species in greenhouse
conditions.

MATERIALS AND METHODS

‘This experiment was conducted 1n
2006 at the research greenhouse of the Faculty
of Agriculture, Ferdowsi University of Mashhad
in the factorial arrangement based on a
compeletely randomized block design with
three replications.

The treatments included (1) Two CO,
concentrations : ambient (360 ppm) and
elevated (700 ppm) CO,, and (2) Various
combinations of the plantation of C, and C,
crops with C, and C, weeds.

Studied plants were millet (Panicum
mitiaceur) {C, crop), soybean (Glycine max L)
(C, erop), lambsquarters (Chenopodium album)
(C, weed) and pigweed (Amaranthus retroffexus)
(C, weed). For ease of estimation, a determined
variety of soybean (Sahar) was used. CO, was
injected from stage 4-5 leaf end of the
experiment, which was kept in a gas capsule
and controlled by a computer,

Different Plantation Combination Treatments

The experiment was performed in boxes
with the size of 45 x 35 x 30 em in mixture of
soil and decomposed cow manure in portion of
1: 4. The soil surface was covered by mulch to
prevent crust because of heavy soil.

Different combinations were pure
cultivation in order to evaluate intraspecies
competition which is given in Table 1.

Pure cultivation of two shrubs of
pigweed (AA), lambsquarters (CC), millet (PP)
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Table 1. Different muxtures of pure plantation of euch species

Three specics

Two shrubs in box

Threr shiubs m box

Shrub No.
Pigweed (a) An AAR
Lambsquarters (¢) cc cee
Millet () PP rPR
Soybean (g) 66 GGG

and soybean (GG) was considered as control
and changes of other treatments were
compared with them. So, with the increase of
one shrub from similar species to control or
one or two shrubs from competitor species
morphological and physiological changes were
monitored

For evaluating the competition of C,
and C, crops with C, and C, weeds and studying
the changes of competition power of crops and
weeds under elevated CO, concentration
conditions, intercropping (reatment was
conducted which has been shown in Table 2.

Table 3. Different mixtures and eultivation portion
in intercropping

Weed © )
Crop) Lambsquarters Pigweed
Millet (7] PCC pEC  PAA  pPa

iz 2.1 1:2 3.1
Sogbran (G)  OCC  GGC  GAA  GGA
1:2 2.1 12 o

The mean temperature during the
experiment was 23.71°C and average day
length was 14 h. Sampling was done in two
stages, end of vegetative stage and end of
reproductive stage.

Traits Studied

Studied factors include the amount of
chlorophyll from three extreme leaves for
broadleaf species and from three leaves under
flag leaf of millet. Chlorophyll was measured
by chloraphyll meter system, model SPAD-502.
Then the whole laves were picked off and the
leaf surface was measured by Leaf Area Meter.

For estimating the length of roots, they
were measured by ruler after being washed,
To weigh leaves and roots dry weights, put
them in oven with 70°C for 48 h. After thia
time, each part was weighed separately.

MINITAB was used for statistical
analysis and diagrams were drawn by EXCELL.

RESULTS AND DISCUSSION

Elevated CO, Concentration Effects an Root
Length

According fo Fig. 1-A, in elevated CO,
conditions, in PCC mixture ‘with increasing
lambsquarters density and reducing millet
density, competition power of millet decreased
and root length reduced in comparison with
the ambient CO, conditions. In mixture PAA,
competition power of millet raised against
pigweed and its oot length increased
comparison with ambient CO, concentration
which was probably because ‘of the positive
effects of elevated CO, on millet’s growth,

According to Fig. 1-B , in mixturc CCG,
with increasing lambsquarters density against
soybean, because lambsquarters roots are
more extensive than soybean's, and alsa
because of allelopathic effect of Iambsquarters
(Bond et al.,1996), soybean's root growth was
prevented and it scems that clevated CO,
concentration doubled the competitive power
of lambsquarters against soybean. In mixture
GGG probably hecause of increased
intraspecics competition among soybean
shrubs under elevated CO, condition, its root
length reduced. In mixture GAA soybean rool
length reduced which was probably because of
the positive effects of clevated CO, on pigweed
a3 a C, species and more competitive pressure
on the soybean.

Andalo et al. (1998) reported that CO,
elevation caused more production and longer
roots in C, species. Also, {hey mentioned that
elevated CO, concentration affectad mot length
and its increasing rate and root density was
raised especially in upper levels of soil

Fig. 1-C shows that with increase in
pigweed's density to three shrubs in a box, and
under elevated CO, conditions, probably
because of raised photosynthetic activities and
reduced sources, significant intraspecies
competition in mixturc AAA existed, therefore,
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pigweeds raot length decreased compared to
the control group (AA. Tn combination APP, with
millet raised density versus pigweed under
elevated CO, condition, millet competition
power may increasc and pigweed roof length
reduced at all in comparison with the control
group (AA). With increasing soybean density
versus pigweed in combination GGA and
probably raiscd photosynthetic activities
because of elevated CO, concentration,
competition ability of soybean increased
versus pigweed and this msy cause lack of
available resources and reduced pigweed s root
length compared with the control group (AA).
In mixture PPC, with increased millet
densily a5 & C, crop versus lambsquarters and
with elevating CO, concentration , millet
photosynthetic activities were probably raised
therefore millet competitive pressure on
lambsquarters increased too and
lambsquarters root growth and length reduced
in comparison with the control group (CC)
(Fig.1-D]. In combination, GGC increased
soybean density versus lambsquarters under
elevated CO, conditions may result in more
competition power for the soybean and reduced
root length of lambsquarters, Increasing
lambsquarters density to three shrubs in a box
in CCC mixture, under clevated CO,

concentration may have caused allelapathy
(Bond et al., 1996) in each shrub and therefore
reduced root length in lambsquarters
compared with control (CC).

In clevated  CO,  conditions,
carbohydrate accumulation resulted in root
growth reduction (King et al,1997). Berntson
and Bazzaz (1996) reported that under elevated
€O, concentration, root aging may be observed
carlier. In an expcriment, elevated CO,
concentration stimulated shoot vegetative
growth more than root that caused reduction
in root/shoot ratio (Read and Morgan, 1996)

Elevated CO, Concentration Effects on Root
Dry Weight

According to Fig, 2-, it seems that in
combination PCC, under CO, clevated
conditions, increased lambsquarters density
versus millet caused less competitive pressure
on millet and because of the positive effects of
elevated CO, concentration, the intraspecies
competition among lambsquarters shrubs
imcreased, therefore millet root dry weight
increased compared with ambient CO,
concentration. In PPP mixture with increasing
CO,, milleL intraspecies competition was
probably reduced and also growth increased so
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Fig. 2. Bffect of clevatod €O, on oot dry weight of €, crop (millet) (1-4), C, crop (soybean) (1-B).C, weed
(pigweed) (1-C) and C, weed (lambsquarters) in adjacent with other specics (words are respecuvely.
P, G, A and C-Panicum mitiaceum, Glyene max L., Amaranthus retrofiexes and Chenopodium albur)

Toot dry weight reduction rate was less than
ambient CO, condition. Raised pigweed density
versus millet in PAA mixture, because of
higher competitive ability of pigweed than
millet and also the positive effects of elevated
€O, on pigweed as a C, weed, resulted in a
reduction in millet root dry weight in
comparison with the ambient CO, conditions
and the control sample (PF).

In Fig. 2-B, it seems that under
elevated €O, conditions, in different
combinations of soybean as a C, crop, root dry
weight showed more reduction in portion than
the control group (GG), compared with ambient
CO, conditions. Under ambient CO,
concentration, a reduction in soybean root dry
weight was observed in all treatments but the
GGC mixture, In this treatment which two C,
species compete with each other, because of
higher soybean density its root dry weight did
not decrease. But with an increase in soybean
density versus pigweed and intraspecies
competition between two soybean shrubs, in
order to rise photosynthesis and material
usage under elevated CO, conditions,
resources probably got insufficient and

soybean's root dry weight reduced in proportion
to the control group (GG

In an experiment conducted by
Soussana and Hartwig (1996), it was observed
that under elevating CO, conditions, legumes.
Toot growth decreased because of more C/N
ratio or lignin content. Elevating CO,
concentration caused a significant reduction
inwheat root/shoot ratio under high nutrition
level conditions (Pritchard et al., 2006)
Pritchard et al. (2006) abserved that under high
€O, levels, root growth reduced at least in some
C, species like sorghum, beeause of
exchanging root length and volume increase
to the survival state. Elevating CO,
concentration can reduce the ratio of oot/
shoot in poor and dry soils in some C, species
like Bouteloua gracilis (Read and Morgan, 1996),

According to Fig, 2-C, it was observed
that higher millet density versus pigweed in
combination with APP, of which both plants
were C, species, probably caused an increase
in resource consumption and a significant
competition between pigweed and millet under
elevated CO, conditions that resulted in the
reduction of pigweed root dry weight in
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propurtion to  the control group (AA). Higher
soybean density against pigweed in GGA
mixture, under elevated CO, conditions may
cause higher soybean competition ability
versus pigweed in comparison with ambien!
€O, conditions and resulted in pigweed root
dry weight reduction in proportion to the control
group (AA). In the AAA combination, pigweed
density increase resulted in more intraspecies
competition and resources reduced under CO,
elevating conditions and therefore reduction
in pigweed root dry weight in proportion to the
control group (AA) and in comparison with
ambient CO, level was observed.

According to Fig, 2-D, in PPC mixture,
increased millet density as a C, crop under
high CO, concentration caused more
competitive pressure on lambsquarters and
reduced its root dry weight in proportion to the
control group (CCJ. In GGC combination, with
increasing CO, concentration soybean
competitive ability probably rose against
lambsquarters and caused higher competitive
pressure on lambsquarters and a reduction in
Toot dry weight in proportion to the control group
(CC). Increasing lambsquarters density to
three shrubs in a box in CCC mixture, under

Anvarkhah, Koocheki and Mahaliati

elevated CO, concentration, causcd higher
intraspecies competition, also significant
allelopathy and finally root dry weight reduction
in lambsquarters in comparison with ambicnt
€O, and in proportion to the control group (CC)
(Bond et al,, 1996),

King et al. (1997) recognized that in
elevated CO, conditions, carbohydrate
accumulation resulted in root growth
reduction. Root/shoot ratio reduced in
soybean, while CO, concentration increased.
But it was ineffective for cotton's shoot
(Gossypium hirsutum) (Sionit et al, 1981).
Zavarrch et al. (2006) mentioned that CO,
elevation caused a 13% rise in root/ shoot ratio
in sesame,

Elevated CO, Concentration Effects on Leaf
Area

According ta Fig. 3-A, it was observed
that higher lambsquarters density versus
millet in the PCC mixture under elevated CO,
concentration caused morc intraspecies
competition between lambsquarters shrubs.
Also, because of reduced competitive pressure
on millet and elevating CO, positive cffects on
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Fig. 3. Effectof elevated CO, on leafarea of C, crop (millet)(1-4), C, crop (soybean) (1-B), C, weed (pigweed) (1-C) and
€, weed (lambsquarters)in adjacent with other species (words are respectively P, G , Aand C—Panicum miliaceum,
Glyeine max L., Amaranthus reiroflexus und Chenopadium albu),
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it and raised photosynthesis rate, the leaf area
increased. Elevated CO, concentration and
higher millet density in the PPP combination,
also, positive effects of increased CO,
concentration on C, crops probably caused
improved and increased millet leaf area in
comparison with ambient CO, concentration.
Increased CO, and increased pigweed density
in PAA mixture may cause higher
photosynthetic activities in pigweed, more
resources usage and higher intraspecies
competition between pigweed shrubs and
eventually causes reduced competition
pressure on millet and, therefore, the millet
Teaf area increased.

With regards to Fig. 3-B, in the CCG
combination, with elevated CO, concentration,
increased lambsquarters density against
soybean, probably increased photosynthesis in
this condition, high competitive power of
lambsquarters versus soybean caused a
reduction in soybean leaf arca compared with
ambient CO, concentration. In this condition,
because of increased competition limiting
effects, reduction in leaf area was observed.
In the GGG combination, soybean density
increased 1o three shrubs in & box under
eievated CO, condition that resulted in more
intra-species competition and soybean leaf
area reduction In proportion to the control
group (GG). With increase in pigweed density
versus soybean in the GAA mixture, and
probably because of increased CO,
concentration positive effects on C, specics,
pigweed high competition ability against
soybean and more shading of pigweeds on
soybean, leaf area in soybean decreased in
proportion to the control group (GG) and also
ambient CO, conditions.

Trembley et al. (1998) reported that
clevated CO, concentration caused a
reduction in the leaf area of Apum graveolens
L. Suter et al. (2001) showed that under
increased CO, conditions, al the end of the
growth season, perennial grasses werc
exposed to sink shortage for carbon fixation
and this problem may cause leaf area
reduction which causes increased non-
structural carbohydrate accumulation in
source leaves. Galavi (2003) mentioned that
weeds competition caused reduced land
coverage by soybean and decreased leaf area
index (LAI) s0 photosynthetic products reduced

and soybean yield and dry weight dipped in
Ward ef al ®{1999) studies showed that on
water stress conditions, regardless of CO,
concentration, C, plants showed more leal
area reduction versus C, plants. n the same
condition, C, species showed more decreasc
in photosynthesis therefore total dry weight
in C, plants was less affected by
environmental stresses.

Fig. 3-C describes thal with elevated
€O, concentration, pigweed intraspecies
competition rose in the AAA mixture in
comparison with ambient CO, concentration.
In the APP combination, higher millet density
as a C, crop caused an increase in
photosynthetic activities under elevated CO,
condition also higher millet competition power
versus pigweed and less pigweed leaf area
compared with ambient CO, concentration.
With an increase in pigweed density and
intraspecies competition in the GAA mixture,
pigweed leaf aren fell under elevated €O,
conditions.

According to Fig. 3-D, il was observed
that increased millet density as a C, crop
versus lambsquarters in the PPC mixture,
under elevated CO, concentration, may cause
increased photosynthetic activities and millet
may reach its maximun leaf area, varlier thix
matter had caused more shading on
lambsquarters' seedlings and, therefore,
reduced the leaf area. In addition, delay in
lambsquarters germination and emergence
and in contrast faster soybean growth,
increased lambsquarters intraspecics
competition and allelopathy (Bond e al., 1996]
caused higher competition powcr for the
soybean and decreased lambxquarters leaf
area under elevated CO, conditions. In the
CCC combination, under elevated CO,
concentration conditions, with an increasc in
lambsquarters density to three shrubs in a box
lambsquarters intraspecies competition and
allelopathy (Bond e al,1996) rose and CO,
elevating had synergistic cffects on il. llence,
lambsquarters leaf area in proportion to the
control group (CC) decreased

Rachel e al. (1998) reported that effects
of high temperature, water shortage and
respiration on soybean in two CO, levels were
significant and affected photosynthesis
because of both stomatal and non-stomatal
factors, which cause leaf arcas to reduce
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Elevated CO, Concentration Effects on Leaf
Dry Weight

According to Fig.4-A, in the PCC
combination under elevated CO, concentration
conditions, probably because of the positive
effects of increased CO, on C, species and higher
millet competition ability against lambsquarters
and increased total millet growth, increase in
‘millet leaf dry weight was observed. Millet density
increased to three shrubs in a box in the PPP

Anvarkhah, Koocheki and Mahallati

mixture, because of the positive effects of
elevated CO, concentration on C, crops and
reduced intraspecies competition between
millet shrubs, increased leaf dry weight in millet
was observed in proportion to the control group
(PP). In the PAA combination, probably with an
increase in millel competition power against
pigweed and increased millet growth under
elevated CO, concentration conditions, millet
leaf dry weight increased versus ambicnt CO,
concentration.
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Fig. 4-B shows that under elevated CO,
concentration conditions and higher
lambsquarters density against soybean in the
CCG combination, probably because of
increased intraspecies competition among
lambsquarters shrubs which is a result of
raised photosynthetic rate versus amhient CO,
level, the competitive pressure on soybean was
decreased and then soybean leal dry weight
increased in proportion to the control group
(GG). In the GGG mixture, under elevated CO,
concentration conditions, the intraspecies
competition between soybean shrubs rose
which is probably because of an increase in

the photosynthesis rate and resources
necessity, leaf dry weight dipped in. In the GAA
combination, while pigweed density increased
versus soybean, probably pigweed
photosynthesis rate rose then soybean
competition ability against pigweed reduced.
Therefore, soybean leaf dry weight decrcased
‘proportion to the control group (GG).

In an experiment, it was abserved that
total dry weight in C, plants affected less C,
plants by environmental stresses (Ward et al,,
1999). Ziska et al.* (1999) studies on four C,
species showed that with elevated CO,
concentration these plants could increase their
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growth. Studies on soybean under elevated CO,
conditions have shown that 15 days after
planting, leaf weight ratio (LWR) increased but
57 days after planting dipped in (Miller et
al,,1998). Ishizaki et al. (2003) reported that an
increase in root/shoot ratio and a decrease in
leaf weight ratio may be observed in plants
which grow under elevated CO, canditions.

According to Fig. 4-C, in the
combination AAA and under increased
elevated CO, conditions intraspecies
competition between pigweed shrubs rose and
asaresult, leaf weight reduction was observed
in proportion to the control group (AA) and in
comparison with ambient CO, concentration.
In the APP mixture, increasing CO,
concentration may cause higher competition
power and increased growth in millet, which
resulted in more competitive pressure on
pigweed, 50 leal dry weight decreased in
proportion to the control group (AA) and versus
ambient CO, concentration. Higher soyhean
density in the GGA combination probably rose
competition power and photosynthetic
activities in soybean, under clevated CO,
caused pigweed's leaf dry weight to reduce in
proportion to the control group (AA).

Fig. 4-D shows that increased millet

>, erops to elevated €

731

density as a C, crop in the PPC combination,
under elevated CO, condition prabably caused
increased millet photosynthetic activities and
for this reason, millet reached its maximum
leal area carlier thal caused higher
photosynthesis and growth in millet, which
resulted in more shading on lambsquarters
and reduced leaf area, photosynthesis and
growth and leaf dry weight of lambsquarters.
Also, delay in lambsquarters germination and
emergence and in contrast soyhean faster
growth caused more competitive pressure on
lambsquarters so decreased growth and leal
dry weight in the GGC mixture. In CCC
combination, under increased CO,
concentration, intraspecies competition
between lambsquarters shrubs rose so leaf dry
weight decreased in proportion to the control
group (CC) and versus ambieni CO,
concentration

Ishizaki et al. (2003) recognized that
increase in root /shoul ratio and decrease in
leaf weight ratio may be abserved in plants
which grew under elevated CO, conditions. In
an cxperiment conducted by Bhattacharya et
al. {1985), in all CO, levels, specific leaf weight
reduced during days 20 and 35 but remained
constant during days 35-50
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Fig. 5, Liffect of elevated CO, on chlorophyll amount of C, crop (millet) (1-A), €, crop (soybean) (1-B), €, weed
(pigweed) (1-C) and C, weed (lambsquarters) in adjacent with other specics (words are respectively It G A and
C—Panicum miliaceum, Glycine max L., Amaranthus retraflexus and Chenopodium album)
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Appendix 1
Smuree Stage 1 Stage 2
b Adi MS DF Ady M3
Analysis of varlance for oot langth
co, 1 4170.2 1 sa10.0%
Treatment " 4375 1 43157
Piant 2 66.14 2 147.30
€O, * Treatment 1 134.8 1n 389,91
€0,x Plunt 2 216,67 2 238.4*
Treatment « Plant 22 2837 22 390,67
€O, « Treamment * Plant 22 1889 22 125,00
Error 142 129.1 143 164.3
Total 213 214
Analysts of variance for root dry welght
o, 1 2.6041% 1 214167
Treamment 1 10968 1 Looaw
Plunt 2 0.4218¢ 2 [N
©O, » Treatment n 0.0973" 1 0.837+
€0, ~ Plant 2 1.1856% 2 o611+
Treatment * Plunt 22 0.3661% 22 1784
CO, x Treatment * Planl 22 0.5529m 22 Lagse
Error 132 03403 143 1.009
Toral 213 219
Analysia of varlance for leaf ares
o, ' 22088413 1 124910%
Ircatment 1 352430 1 1507805
Plant 2 524410 2 596707
€0, * Treatment 1 108251% 1 1356150
€0, * Plant 2 48667+ 2 1747961
Treatment  Plant 22 772768 22 b7843¢
€O, « Trearment x Plant 22 48230+ 22 617617
Buor 142 45933 143 47830
Tatal 218 211
Analysis of variance for leaf dry weight
o, 1 374410 1 1.323%
Treatment 1 26119m 1n 64497
Plaut 2 19104 2 2805
€0, * Treatment [ 061167 11 41170
€0, * Plant 2 063827 2 3535+
Trcatment  Plant 22 189507 22 2571
€O, » Treatment * Plant 22 11300 22 2172+
Error 112 0.7871 143 1508
Total 213 214
Analysia of vartance for chlorophyll
co, 1 1909.77 1 s1001%
Treatment 1 514.95% 1 860,16+
Plant 2 303 52 2 233,08
€O, x Treatment 1 478.23% 1 78,95
€O, x Plant 2 55,86+ 2 59.62¢
freatment x Plant 22 55.16m 22 409,530
reament x Plant 22 5092 22 44,600
112 27,17 143 36.62
213 214

“Significant at P-0.05 level. NS

Not Sigaificant,
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Elevated CO, Concentration Effects on
Chlorophyll Amount

According to Fig. 5-A, it was observed
that in most combinations, chloraphyll
decreased in millet in proportion to the
control (PF) and ambient CO, level. Also in
soybean, in most of the mixtures, under
elevated CO, concentration, chiorophyll
reduced compared wilh ambient CO,
concentration and also the control (GG (Fig,
5-B). These results show that in both C, and
C. species, while CO, concentration
increased, chlorophyll amount dipped in too,
which was probably because of a reduction in
plant nitrogen content.

Salehi (2002) mentioned that elovated
CO, concentration caused a 3% reduction in
chlorophyll meter number for wheat, so fhe
difference between two CO, level freatments
gol_significant. She reported that CO.
increase caused # reduction in chlorophyll
content, Heagle et al. (1998) reported that
elevated CO, concentration caused chlorosis
in soybean.

With elevated CO, concentration,
chlorophyll amounts showed more reductior]
in different combinations of pigweed
compared with ambient CO, concentration.
This may be because of higher absorbtion
activities and competition power of adjacent
species against pigweed which could absorb
more amounts of nitrogen than pigweed (Fig.
5.0)

According to Fig. 5-D, it seems that
with elevated CO, concentration, in most
combinations of lambsquarters, chlorophyll
increase was shown which was probably
because of increased nitrogen absorbtion
activities in this plant in comparison with
ambient CO, concentration.

In an experiment conducted by Read
and Morgan (1996), it was observed that in
order to have  higher root/shoot ratio, C,
species allocated more nitrogen to shoot than
C, species Heinemann et al. (2005)
mentioned that total plant response to high
€O, levels during time, may have declined
trend because of biochemical preventions
such as Rabisco activity reduction, structural
limitations e. g. chloroplast destruction, or in
canopy level like shading. Sage et al. (1989)
reported that under elevated CO, conditions,
chlorophyll amount dipped in both £ aleracea

and C album in comparison with ambient CO,
level,

CONCLUSION

As €O, concentration increased, intra.
specific competition between weeds increased
Also, it scems that in this condition,
allelopathy of some species such as
Chenopoduum album increased and affected the
neighbour species (Bond et al, 1996)
Increasing the density of crops with C,
photosynthetic pathway, under elevated CO,
concentration, may have caused more
competition ability against C, and C, weed
species. Elevated CO, concentration had more
positive cffects on studied C, species, such as
millet (which had been bred for more efficient
use of carbon) and pigweed (which is
exceptional weed of C, species under elevated
€O, concentration] (Koocheki and Hoseini,
2006).
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