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ABSTRACT

This experiment was conducted to evaluate thetsffifcnormal CQ level (350ppm) and elevated concentration
(700ppm) on growth and competitive ability of niikend soybean against pigweed and lambsquaters.pldres
were planted as mono and multicultural to studgiintind intra-specific competition in the greenh@uRoot and
shoot dry weights and chlorophyll value was measdatethe end of vegetative growth. The results shavat plant
chlorophyll content rose up by increasing £€ncentration, especially ins@lants when they were intercropped
with G, plants. CQ elevation caused considerably higher root, stem l@af weight in gplants than in ¢ plants.

In intercropping condition, £plants shoot dry weights decreased under elev&®gconcentration. It indicated
that competitive ability of those plants reducedhiese situations. In all investigated plants, rslbot ratio reduced
by increasing C® concentration. Generally, PRY comparisons shovied tompetitive ability of soybean and
lambsquarter increased and millet and pigweed desed under elevated G@oncentration. Therefore weed —
crop interactions would be highly affected by &®ncentration.
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INTRODUCTION

Weeds are usually known as plants that interfegramth, yield and production of cropping systeli¥eeds, due to
their competition with crops for soil and wateroesces, cause reduction of yield quantity and tpand land
value and farmers could not encountered the westhdes [1]. Nowadays, great portion of productiopesxditures
belongs to weed control. For example it is repotted weeds caused 12 percent reduction in crogustmn and
their control costs is 35 billion dollars [2]. Ddeping countries spend much more amounts [3]. feuntiore, weeds
could be a pest and diseases host and these ia¢hegiscontrol complexities. Recognition the cleteastics which
play role in weed competition ability are importantweed management. Environmental factors are iitapbin
alteration of weed competition ability. From thegheecent attractive environmental topics is climahange. C®
concentration have been risen up from 285 in 185870 (30 percent increase) [4]. €€hanges also caused the
temperature to change. Therefore it is importantinderstand the effects of elevated ,@@ plant growth and
metabolism. It's reported that elevated,@@uced growth and development of more than 1@6@tm@pecies [5,6,7].

One of the important agricultural aspects whichumficed from C@elevation is weed-crop competition [8]. The
quality of crop and weed competition is shown toalffected by environmental condition and variedifgreasing
CGO, concentration [9]. Different responses ipdhd G plants to crescent G@nd temperature might change their
competition ability. This could be important becamsost of the world crops are @nd often the noxious weeds are
C, [10].
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It was showed that {plant growth would be induced by G@oncentration [11]. However it was showed thatdhe
is a great interspecific variation in plants topmsd to CQ. Growth of G plant also could be induced by ¢géx
lower rates [12,13,14). Porter, 1993 reported thatduplicating CQ concentration, the average growth of 156
species would be increased 37%.p@lnts growth (41%) was higher thap @22%). CAM plants showed the lower
responses. Ziska [13] examined the competitivatalnf sorghum againsfanthium strumarim under normal and
higher CQ concentrations and concluded that by increasing €&@@centration, the competitive ability of sorghum
decreased. It was observed that by increasing d@@centration the photosynthesis, growth and cdithgeability

of Csplants would increase. Therefore time and dosesdjibides application like glyphosate would be gehfor

C; plants and had to be applied earlier or in higlmercentrations. Such changes had not been obsergts [15].
Some researchers demonstrated thaplé@nts responded better to elevated, JFar example, Owenshst al. [16]
observed the higher response to,QOC, wheatgrass thans@lants. This variation in plant response can teted

to different temperate, soil, water and nutrienlitg17].

The primary and transient response of plants toea®ing ambient CQis to increase photosynthesis rate and
decrease in transpiration rates. Increasing @©@tion is due to decrease in photorespiratiooyéver decreased
transpiration is related to stomata closure [1&véttheless the permanent effects of, ©® growth and physiology
of plants has been little detected. For exampleaiheantageous of photosynthesis increase mighuined by
adverse effects of feedback [19].

With respect to increasing atmospheric ;Gfncentration and the necessity of understandiegiriteractions of
crops and weeds in these circumstances, in ordiengmve managing methods, this experiment was woted to
examine the twin and separated responses ah@ G crops and weeds to elevated g@ncentrations.

MATERIALS AND METHODS

This experiment was conducted in Lamerd region§829"N , 28°27'31" E , 500m above sea level, 250mean
annual participation and4000 mm annual evaporatiea)s province, Iran in 2010. The experiment wasied out

in the greenhouse. Soybean and millet aau@ G crops respectively and lambsquaeter and pigweedspective

C; and G weeds were selected. The experimental design agtsrial based on completely randomized design with
20 treatments and four replications. The firstdadcluded of two levels of CQroncentrations, 350ppm as normal
and 700ppm as elevated concentration. The secahor feonsisted of monoculture and intercropping§6Q-atio)

of illustrated crops (millet, soybean, lambsquarfggweed, millet-soybean, millet-pigweed, millatibsquarter,
soybean-pigweed and soybean-lambsquarter, pigveaedsiquarter).

In order to elevating CQOconcentration, the CQrontainer capsule was used from the 2-3 leaf stagemeasuring
and controlling C@ concentration, the portable G@eter (Model AZ77535, Thailand) was used. The mease
temperatures remained constant at 35°C day and 8ji@t. The plants were cultivated in plastic p4§cm

diameter and 55cm height), which were filled bynhyasoil and manure to avoid soil crusting. 50 % sitgnof

monoculture of each plant was considered as a nuxéidre density. Appropriate phosphate and ammuoniere

applied according to soil chemical analysis.

The measured parameters were chlorophyll indexndutie growth season, root, stem and leaf dry weaifleach
plant at the beginning of flowering. Chlorophyll svaneasured from the three random points of ultinfialiy
expanded leaf by SPAD method using chlorophyll meag probe (Model CI 200, Optiscience, USA). Aeth
beginning of flowering the plants were cut from 8wl surface and the stems and leaves were sepaaatl oven
dried at 70°C for three days. The root also wershad up and after cleaning, were put in oven aE §60°C for
millet) for 3 days and then weighted. Root/shotibrevere measured by dividing root dry weigh to athdry weight
and plant relative yield (PRY) were measured aspskry weight in monoculture to shoot dry weightmixed
culture. The data were analyzed using GENSAT 1iwsoé. Means were compared by LSD examination. The
graphs were drawn by Excel.

RESULTS AND DISCUSSION

Chlorophyll index- Chlorophyll indices of all examined species wemg@ased by increasing G@oncentration but
with different rates (Fig 1). The rate of chlorofihiyncrease in monoculture for millet, soybean, végd and
lambsquarter were 7.8, 6.6, 6.5 and 7 percentagepectively. It seems that; @lants responded better to €0
especially in mixed culture and in competition wiEh plants. The highest chlorophyll enhancement (30.W#s
seen in lambsquarter when sown with millet (C(B)lofved by 25.4% increase which was seen in mixegming
of lambsquarter and soybean (G(C)). The lowestropluoyll increase (6.7%) was observed in competitbmillet
and pigweed (g). Higher chlorophyll increase in mix cropping mig related to higher competitive ability of C
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plants under C@elevation. There were contradictory cited resal®ut the effect of COon chlorophyll. CQ
enrichment, caused chlorophyll to increase in eof20] and clover [21]. Heaglet al. [22] also reported the 3%
increase in wheat chlorophyll content due to,@@richment. However, decrease in chlorophyll conile Brassica
oleraceaeand lambsquarter was observed by Sagal [23] in elevated C® condition. Different chlorophyll
responses were might be related to different erpental conditions as well as soil nitrogen conteatiation.
According to Hinmanret al. [24] the whole plant response to £€@ould be altered due to biochemical limitations
like lower rubisco activity, Ultrastructural limiians like chloroplast degradation and changesimopy status like
leaf area fluctuations.

60

& 350 ppm
@ 700 ppm

Chlorophyllindex

AR

P G A C MG PA) Pc) GA) Gc) G(F AP AG) A() CPF CG) CA)

species culture composition

Fig.1 Effect of CO, elevation on species chlorophyll index

P, G, Aand C showed Panicum, Glycine, Amaranthus and Chenopodium respectively.
The error bars represent standars error. LSD 5%= 1.45

Root dry weight- Effects of CQ increasing on root dry weight are shown in FigTBe species showed different
responses to elevated €@n pure culture, root dry weight of soybean aachtbsquarter increased but any obvious
root dry weight increase was seen in millet andveigd. This led us to conclude thatplants respond better to GO
elevation then ¢ In competitive circumstances (mixed culture) thilet root weight remained constant when
planted in mixture with soybean and pigweed, butrelesed when planted with lambsquarter (Fig. Zhdtws that
competitive ability would differ amongs(lants and also under elevated £&0Ondition competitive ability of millet
(C4 plant) would decrease. The similar results wertiobd from pigweed as in the vicinity of soybeard a
lambsquarter, its root dry weight decreased butrvddiacent with pigweed its root dry weight remdigenstant. It
could be concluded that millet and pigweed coulthgete better under normal g@oncentration. Golvi [25]
reported that in normal situation pigweed competitibility is higher than soybean but in higher,@Oncentration
soybean was stronger competitor.
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Fig.2 Effect of CO, elevation on species root dry weight

P, G, Aand C showed Panicum, Glycine, Amaranthus and Chenopodium respectively.
The error bars represent standars error. LSD 5%= 0.239
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It was seen that soybean root weight increasekeimix culture with millet and pigweed, but remaanstant in the
adjacent with lambsquarter. Also lambsquarter's wamgh increased in the vicinity of millet and piged. Pritchard
et al [26] demonstrated that root growth of flants like sorghum would decrease under eleva@@gdcondition.
Derneret al [14] perceived that root biomass response inooo#tnd sorghum depended to density and type of
species competition. As in low density, root biomad sorghum respond better to elevated,,dfut in dense
planting the cotton root weight increased (126%dasing) more than sorghum (13% increasing). Dippéral
[27] observed that velvetleafbutilon theophras}iroot weight respond better to @@nhancement than pigweed.
By increasing C® concentration from 150 ppm to 700 ppm, root dryghtof velvetleaf increased from 0.38 to
11.7g. Such biomass and growth changes could ¢aasts to alter competition ability. Bazaral [28] stated that
pigweed competitive ability is high because of kighoot growth and ability of absorbing nitrogeporfr subsoil.
But such competitive ability decreased under irgirgpCQ concentration.

Leaf dry weight- Under elevated CQOcondition, leaf weight of millet, lambsquarter asalybean increased when
they were mono cultured (Fig. 3). The highest lemight increase was seen in soybean (47.9%) fototwe
lambsquarter (29.5%) and millet (21.2%). The lowkestf weight increase was observed in pigweed ().8%
Therefore the g€plants respond better to Gcrease. Ziska [13] observed that in elevated @centrations, leaf
weight and area increased 50 and 35 %, respeciivelgcklebur Xanthium pensylvanicuniout the increase of leaf
weight and area was 0.5 and 2.4% in sorghum. Thetiom rate was decreasing after a while. The daemel was
seen in cotton and sorghum in response to eleva®d14]. Ghanounet al. [29] believed that young leaves of C
plants react as similar ag @lants to elevated GO
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Fig. 3 Effect of CO, elevation on species leaf dry weight
P, G, Aand C showed Panicum, Glycine, Amaranthus and Chenopodium respectively.
The error bars represent standars error. LSD 5%= 0.256

The different responses were seen in multiculturedition among the plants. In elevated G@ncentration, leaf
weight of millet increased in the vicinity of pigeg and decreased in the vicinity of lambsquartdrsaybean (Fig.
3). In pigweed, also the leaf weight decreasedhm \icinity of all tested species especially lamizster and
soybean. Contrary to,Gpecies, the eaf weights increased in the vicinity of C4 sgscand remain constant in
the vicinity of each other. So that by increasing,Concentration, competitive ability of;@lants increased and
this led to leaf higher growth.

Wandet al [30] stated that by increasing @€oncentration, vegetative growth of bothahd G plants increased.
But in G; plants the response was much more visible. Alscsfiecies reaction was different under inter- ath-i
specific competition situations. Ziska [13] obseftvéhat under interspecific competition (monoculjutée
velvetleaf's leaf weight increased only 16% in mese to elevated GObut under intraspecific competition
situation (multicultural) the leaf weight increasé@%. Ishizakiet al [31] also reported that GQroncentration
increase caused increasing in root shoot ratideafdveight ratio

Stem dry weight-Fig. 4 shows the effect of G@levation on stem dry weight. The stem weightsitiet, soybean,
pigweed and lambsquarter increased 1.9, 42.2, 834 1%.6%, respectively by increasing £ monoculture
condition. In multicultural condition, stem weigbf millet decreased (13%) in the adjacency of laguiaster,
increased (15%) in the adjacency of pigweed andairewonstant in the adjacency of soybean. Thigates that
competitive ability of millet increased against wieed and decreased against lambsquarter. Soybeanvwatight
increased 76 and 69% in the vicinity of millet guigweed, respectively but, in the adjacency of laguarter the
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soybean stem weight decreased slightly. Pigwead steight decreased 11, 12 and 15% in the vicinityndlet,
soybean and lambsquarter, respectively. This itelicthat although both millet and pigweed agelants but millet
could enhance its growth ad photosynthesis undevatdd CQ condition. By increasing CQOconcentration
lambsquarter's stem weight increased 19, 5 and i26&te vicinity of millet, soybean and pigweed restively.
Mishraet al [32] demonstrated that stem weight8oésicaspecies increased by increasing,&oncentration. The
highest increase was seenBnjuncea(50%) followed byB. compestrig45%) andB. nigra (only 10%). Similar
results were reported by Wanrdtal [30], Porter [7], Collatzt al [33] and Ghanoret al [29].
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Fig. 4 Effect of CO; elevation on species stem dry weight
P, G, Aand C showed Panicum, Glycine, Amaranthus and Chenopodium respectively.
The error bars represent standars error. LSD 5%= 0.610
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Fig. 5 Effect of CO, elevation on species root/shoot ratio
P, G, Aand C showed Panicum, Glycine, Amaranthus and Chenopodium respectively.
The error bars represent standars error. LSD 5%= 0.012

Root shoot ratio- The root shoot ratio (R/S) often decreased by asirgy CQ concentration (Fig. 5). In
monoculture in pigweed remained constant and imeay, millet and lambsquarter decreased 16, 1B gatcent
respectively. R/S ratio also decreased in mixcrdpgants except for millet and pigweed. R/S ratioréased 11%
in millet mixcropped with lambsquarter. In mixcrapg of pigweed with soybean, millet and lambsquattee R/S
ratio increased 9, 12 and 6% respectively. It iatid that elevated GQroncentration altered translocation of
assimilates and decreased the R/S ratio. Besid8s;aRo increased in(plants the under intraspecific competition
(mixcropping). It indicated that by elevating €€bncentration, the competitive ability (for abay@und resources
like light and CQ) and shoot growth of these species decreasednBlae case of underground resourcegl@nts
could be competitive under elevated Q@ncentration.

Dipperyet al [27] also showed that by increasing £€ncentration, R/S ratio increased in pigweedleat al.
[34] reported that under duplicated £€bncentration, root and shoot biomas$aisopis glandulosincreased 37
and 46%, respectively and consequently R/S deate&48 ratio and root growth depend exactly to festility and
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mineral availability could alter the plant responser example by increasing G€oncentration, root growth of,C
plants likeBoutelouagracilis would decreased in unfertile and dry soils [33¢. Luiset el [36 also demonstrated
that drought stress altered plant response to elév@Q as in normal concentration R/S ratio increased/d. 08der
drought stress but in elevated £€ncentration, drought stress increased R/S uatim 269%.

Plant relative yield (PRY)- By increasing C@ concentration, PRY increased in soybean whendrdpped with
millet and pigweed but decreased when planted haititbsquarter (Table 1). The results also showedRR& and
consequently competitive ability of millet decredisiacing with soybean and lamsquarter and increageen
intercropped with pigweed under elevated ,Gf@ncentration. Competitive ability of pigweed dm=ased when
intercropped with others. Competitive ability ofaquarter increased against pigweed and milletd@edeased in
counter with soybean. Generally the results shothed CQ elevation increase competitive ability of @lants
versus Gs. Among the ¢ species, millet responded better to ;C&€evation therefore its competitive ability
increased against pigweed. Similarly, soybean medpad better to COthan lambsquarter. The same results were
cited about the competitive ability alteration b@Cenhancement. Ziska [13] showed that PRY of sorglmch
cocklebur were similar in normal G@oncentration but in elevated g@oncentration the competitive ability of
cocklebur increased against sorghum. Baziaal [28] also showed that PRY of;@lants increased versugsC
under elevated CQOconcentration. Ziska [12] also demonstrated tlahpmetitive ability of pigweed and soybean
yield loss decreased under elevated, €@hcentration.

Table 1. Plant relative yield (PRY) for soybean, ntiet, pigweed and lambsquarter (base on shoot DWhiCO,
concentration of 350 ppm and 700 pm

Species In competition with PRY at 350 ppm PRY at 700 ppm
Millet Soybean 0.902 0.781
Millet Pigweed 0.901 0.927
Millet Lambsquarter 0.984 0.723
Soybean Millet 0.794 0.872
Soybean Pigweed 0.717 0.793
Soybean Lambsquarter 0.819 0.573
Pigweed Millet 0.807 0.723
Pigweed Soybean 0.831 0.728
Pigweed Lambsquarter 0.835 0.726
Lambsqurater Millet 0.819 0.841
Lambsqurater Soybean 0.987 0.844
Lambsqurater Pigweed 0.849 0.904
CONCLUSION

Generally the results indicated that by {&evation vegetative growth of;@lants (soybean and lambsquarter) can
increase. These inductions were much more visiblshoots than roots. Therefore root shoot ratio lavdae
decreased in these pants. Althoughs@ecies responded to elevated,G@ lower degree, but millet responded
higher than pigweed to elevated £@onsequently the competitive ability (referredPBY) increased in soybean
and lambsquarter and decreased jinsfecies. It indicated that in future, the @ants will be more competitive
against weeds while competitive ability of @ants will be decrease. With respect to the intéwsas between weeds
and crops, it's necessary to evaluate the effe€Opfon seed bank and herbicides efficiency.
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