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ABSTRACT

Coexistence of plants is regarded as important efemfor the dynamics of plant communities. Knowmege
relationships is useful for recognize various stagé dynamic cycle between the plants. In ordegualuate the
competitive capability of Artemisia aucheri and Bnas tomentellus as well as their relationship viite amount
and quality of leaf area distribution in the cow@pwn, an experiment was conducted in glasshousditton using
complete randomized design with 4 replications. Treatments were different proportions of A. auclard B.
tomentellus seeds given as 0+100, 10+90, 20+80,780+40+60, 50+50, 60+40, 70+30, 80+20, 90+10, and
100+0, respectively. Seeds were sown in pots aadotiis were placed in the greenhouse at the daynégiut
temperature of 2743 and 1743°C, respectively. Dagre collected for number of days till germinatigigor index,
seedling leaf area index (LAI), leaf area duratiirAD), seedling fresh and dry weights, shoot/raotdth ratio,
seedling length and root length were measured. IRestianalysis variance showed that after the geation of B.
tomentellusseeds, the mix cropping had had no consideraliéetsfon the growth of stem, root, seedling and dry
and wet weight of aerial organs, thus, it was cadeld that higher portion of A. aucheri seeds hadatigely
significant allelopathic effect on the seed gerrtioraand seedling growth stage. Then, the germahageds of B.
tomentellus species grew in comparison with A. atidpecies.
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INTRODUCTION

Mutual interactions of plants are considered asontamt elements for the dynamics of plant commesifil]. In

recent decade, some studies demonstrated thahinregions and fertile soils with more suitablenditions for the

plant growth, the competition interaction (a negatielationship) is more important. Whereas in igions, there
is a probability of facilitation interaction (a ptige relationship) between plants [2]. Competitimay be regarded
as a negative interference when it leads to theedsed growth in two adjacent plant species inraeeduce such
necessary factors as water and mineral resournesppropriate management circumstances along withlde

plant growth conditions, the most plant competitioay be seen for light [3]. Often, the observededénces in the
yield of competitive species with respect to theedi cultivation are resulted from a difference ket the amount
of received light and its consumption efficiency. [€ompetition can occur among the individuals o& specific

species (interspecies) or the individuals of déferspecies (intra species) [5]. Interspecies ctitigre usually has
more negative effects on the plant since it is niikedy to happen in a condition that the plantdobging to a

species with similar morphological structure (Iéafm, rooting pattern and height) and physiolognz @&cologic

requirements (nutrients and growth pattern) wilipteced next to each other [6].

In dry areas, one of the valuable native specigshnils widely expanded in Iran Artemisia aucherBoiss which
reproduces only by seeds [A. aucheriis one of the most compatible bushes to hard comdit In addition to its
forage production in fall and winter seasons, highly resistant to drought and heat and avoidsettosion in these
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areas [8].The Bromus sppgenus has a worldwide distribution as importangeaspeciesBromus tomentellus a
winter Perennials herbaceous species, with a wimatk which has dense and fine fur at the nodesrdbts are
alone or in a group. It has a height of 20 to 90/¢m

Goodallet al. [10] reported that the extract Af aucheriwas a mixture of flavonoid, glycoside, terpeneposins,
artemisinin, santonian and tannins. For this reaadats of grass species in adjacenft@ucherinot able to grow
because the poisonous compoundsAofaucheriprevent from their growth [7]. Also, it was repatt¢hat seed
germination percent and seedling growth of whedtAsgropyron bulbosumvere significantly decreased due to the
allelopathic effect ofA. sieberi Its flowers extract had higher allelopathic effect thhat for stem and root extract
on the germination percent [11]. Ghorbaetlial [12] declared that the inhibitory effect of leafueous extract .
aucheri on the germination and growth of wild oat aAdharanthus albuseedlings was higher than its other
vegetative organs. Also, the allopathic effecteafflaqueous extract 8f aucherion the germination percent of wild
oat seedlings was higher thAmaranthus albuseedlings.

Jankju [13] stated that, there was a dynamic dyeteveen perennial semi-shriltemisia aucherBoiss and annual
grassBromus tectorumit is started by the establishmentfofaucheriseedling, continued by the facilitation process
and a competition between two species and enddtiebgead ofArtemisia aucheriThe most important effective
factor in the mutual interactions &. aucheriand B. tomentellusspecies can be introduced as soil moisture.
Therefore, it may be predicted that during the dhas, the competition between these two speciddwiincreased
for the soil moisture leading to the intensifiedrgéng off of A. aucherispecies in the area.

Hassani [14] investigated the effects of mixedieation and pure stand on the yield of grasseslagdmes and
confirmed that the highest yield could be reladhie individual cultivation of the plants. In atidh, Foroughiet
al. [15] proposed that the increased cultivation dgrfer sesame could enhance the competitive cdipabf it
with cocklebur.

Usually, in the plant communities &f aucherj a specific growth pattern is seen so that inAhaucheristands, the
dominant vegetation is consisted A&f aucheribushes since the poisonous compounds of this epesioid the
growth of grass species. Given that the growthaofyeseason and cover crown formation in the slsbgeriod are
always highly important, the presence of allelojzathaterials may result in lack of seed germinamad primary
growth reduction. Thus, it is essential to evaludite seedlings oAA. aucheriand B. tomentellusdue to the
allelopathic effects of this species and competiiimpact between these two plant species for coimgumatural
resources as well as their facilitation effectoider to present such ecologic models as presehtransfer and
natural vegetation management. The paper aims &uae the competitive capability &. aucheriand B.
tomentelluseedlings and its relation to the amount and quefiteaf area distribution in cover crown.

MATERIALS AND METHODS

This research was conducted in greenhouse condititslamic Azad University of Baft, Iran in sprir@p15. The
treatments were different proportionsfAfaucheriandB. tomentelluseeds given as 0+100, 10+90, 20+80, 30+70,
40+60, 50+50, 60+40, 70+30, 80+20, 90+10, and 1pBdpectively. These treatments were then coresides T,

T, ... to Ty, respectively. Seeds were sown in pots and pots aanged using complete randomized design with
11 treatments in 4 replications. Seeds were sowppir, then they were placed in the greenhouskeatiay and
night temperature of 27+3 and 1743 °C, respectivlgeds of pots were daily removed by hand.

Prior to seed sowing, the amount of seeds for applthe treatments with respect to two desired isgewere

weighted. Afterwards, seeds were sown in 44 poth e size of 20 x 20 cm. The pots were dailygatéd

due to heat stress for 90 days. The germinatedsseext observed in third day and the number of meated seeds
was counted and recorded for 10 days when no seedsgerminated. Seeds with the 2mm roots wereidene

as the germinated ones.

Data were collected for germination percentaged ségor index, seedling length, root length, leafaindex (LAI),
dry and fresh weight of seedlings and aerial partsot ratio were measured

Germination percent=seeds germinated/total sed@§ x

Seed vigor index (VI) = seedling length average jmriGermination percent)

Leaf area index of seedling (LAI) = leaf area /grdarea(m2 / m2) [16]

Seedling length, root length and seedling heighttweeasured by a caliper (cm)

Seedling Fresh weight was determined. To calcutededry weight, the plant was placed in 75 °C of@n72 h,
then, was weighted by the scale.
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Data were analysis of variance (ANOVA) using SA8)%oftware and the means comparisons were madg usi
Duncan test. Before analysis of variance, normaést was evaluated for data and if they were woinal, data
transformation was used.

RESULTS

The result of ANOVA regarding the measured traitstveo species is presented in Table 1. Resultscatdi
significant difference for all the studied traitecept fresh weight dB. tomentellugP<0.01).

Table 1. Variance analysis for studied traits inArtemis aucheri and Bromus tomentellus

Species SOV DF MS
Germination Germination Leaf Seed vigor Dry Stem Fresh Root plant
percentage rate area index weight length weight length height

index

A.aucheri  Treat 10 2703 0.583 12.18 376.83 3.61° 182.7 177.7 124.6° 605.7°
Error 33 17.74 0.0046 0.061 2.709 0.023 1.43 1.123 0.944 4.712
B.tomentellus Treat 10 34331 0.524 2.33 0.637" 2.337 2164 15.8* 1135 503.9'
Error 33 71.75 0.029 0.096 0.027 0.096 5.03 0.69 .035 20.76

* ** and ns=significant at 5% and 1%robability levels and non significant

Effect of treatments

Seed germination percent:Considering the increased seed mixtureBodmus tomentellysthe germination
percentage oA. aucheriwas decreased so that, in a mix ratio of I%omentellusthe germination percentage of
A. aucheriwas reached to 50.37%. The highest germinatiorep&ge ofA. aucheri wabtained in its pure seed
(100%). Also, the highest germination percentagd.ofomentellusvas achieved in its pure seed (100%) with
germination percentage of 81.25% (Fig 1a).

Vigor index: Means comparisons demonstrated that the lowest\agor ofB. tomentellusvas obtained when the
portion in mix ratio was 10%. As well, the increds®. tomentellugpercentage in the mixture ratio led to the
increased seed vigor index Bf tomentellusOn the other hand, the highest seed vigor inde&.dbmentellus was
obtained in its pure stand (100%) with averageeaslof 41.35 (Fig 1).

Rate of Germination: the highest germination rate Af aucheriwas obtained when its ratio were 100 and 90% in
mix cropping. In addition, the means comparisomaia displayed that th&. aucheriseed amounts of 10, 20, 30,
40, 50, 60 and 70% in the mix ratio had no sigaificdifference pure stand for rate of germinatieurthermore,
the increase®. tomentellugpercent in mix ratio resulted in the increasedsrgermination percent (Fig 1c).

Stem length When the seed percentage/ofaucheriin the ratio was lower than 60%, no significarffedence
concerning the stem length was observed amongéhéntents. The lowest stem lengthhrofaucheriwas observed
when the seed percent Af aucheriwas 90 and 100% in the mix ratio. Also, the meamsparison of stem length
of B. tomentellushowed that the increas&d tomentellusn the ratio has caused the increase in its stagthe The
lowest and highest stem lengths were obtainedarl@ and 100% mix ratio, respectively. The higlsésin length
as 25.53 cm was related to the 10B%omentellusreatment (Fig 2a).

Root length: Results indicated that there was no significanfedéhce concerning the root length among various
treatments when the seed percemhoéucheriwas lower than 70%. The lowest root length wasnlesl in the mix
ratio of 90 and 1009%.. aucheri Also, results of means comparison showed thatdrgased. tomentellupercent

in the ratio has caused the increase in the rowtle The lowest root length was obtained in théo 1@tio. In
contrast, the highest one with average value d&3.8m was related to the 10Bstomentellusreatment (Fig 2b).
Plant height: When the seed percent Af aucheriin the ratio was 90 and 100%, the lowest plangliteivas
observed. As the seed percenfofaucheriwas lower than 80% in the ratio, no significarffadence was observed
among the treatments for plant height. By increpBintomentellusits plant height was increased. The lowest plant
height ofB. tomentelluspecies was observed in the 18%tomentellusatio. The highest value of B. tomentellus
with average values of 44.07 cm was observed ifd®8atment (Fig 2c¢).

Leaf area index (LAI): The means comparison showed that the most leafveais obtained fok. aucherias the 90
and 100% in the mix ratio. The least LAl was obsdrwhen the seed percentAfaucheriwas 10, 20 and 30% in
the ratio. InB. tomentellusthe result indicated that by increasiBgtomentellusn the ratio the LAI values were
increased. The lowest LAl was related to the 10 20 B. tomentellugatios and result demonstrated that 90, 80,
70, 60, 50, 40 and 100%. tomentellusn the ratio had no significant difference concegnthe LAl in these two
species (Fig 3a).
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Seedling fresh weightWhen theA. aucheriwas 90, 80, 70 and 100% in the mix ratio, the &agliresh weight was
attributed to this species. Means comparison inelécshat the 10, 20, 30 and 40% ratiosdofaucherishowed no
significant difference leading to the lowest fregbight of desired plant in these treatmentsBItomentellusesult
demonstrated that the fresh weight of this spebas no significant difference as tBe tomentellus ratio was
increased higher than 30% (Fig 3).

Seedling dry weight: Similarly, result indicated that when the seed pertofA. aucheriwas 90, 80, 70 and 100%
in the ratio, the highest dry weight was attributed. aucherispecies. Means comparison of data displayed hieat t
10, 20, 30 and 40% ratios Af aucheriseeds showed no significant difference leadintih¢olowest dry weight of
desired plant in these treatments. oy weight of B. tomentellughere was no significant difference between
treatmentgFig 3c).
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Fig. 1. Effect of different ratios of mix croppingof A. aucheri and B. tomentellusas 0+100, 10+90, 20+80, 30+70, 40+60, 50+50, 60+40,
70+30, 80+20, 90+10, and 100+0, equal tg T, ... to Ty, respectively, on germination percentage (a), seeor index (b) and
germination rate (c)

Means followed with the similar uppercase and lmase letters had no significant differences betvissatments
for A .aucheriandB. tomentellusrespectively.
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Means followed with the similar uppercase and lmase letters had no significant differences betvissatments
for A .aucheriandB. tomentellusrespectively.
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Means followed with the similar uppercase and lmase letters had no significant differences betvissatments
for A.aucheriandB. tomentellusrespectively.

DISCUSSION

In the current research, since the two speciesaeadssed to the adequate moisture, the allelopetfact of A.
aucherion B. tomentelluspecies was not observed. Whereas, various stidi@sshown this impact. The effect of
A. aucherifacilitation onB. tomentellusspecies could be realized through the increaseoidture undeA. aucheri
floor leading to the increased number Bxf tomentellus stands [13, 17]. Also, due to the existence of ghou
moisture in the pots, the competitive effects betwiwvo species could not been interpreted as theecpence of
moisture reduction. Reduction of almost all thétéravas seen because of the increased densityotfiemspecies in
this research; this competition can be also obsemenature. Competition in the plant communitiel appen
when two or more plants looking for the shared ueses of minerals, water and light are put in dtéohspace [5].
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In addition, this competitive impact can relativehterpreted as the result of seed allelopathieot$f of two
different species.

In this studyB. tomentelluzould take part in the light competition due to #sly germination (during almost 3
days) although it is a narrow-leaved plant. Guit] [stated that the seeds with the early germinadiod seedling

in the primary stages are more likely to be ofdagirowth while allocating more shares of total ed>xcanopy and

acting more successful roles in the light compmiitiAmount of light absorption in the broad-leased tall plants

is more than the narrow-leaved and dwarf ones tsecathigh leaf area and high shadow.

Previous studies have displayed that the inhibitongact of A. aucherion the other species is resulted from the
extract of leaves, stem and [19, 20]. Thus, as# heen observed in this study, the increased skmusty has
enhanced the germination percent and seed vigobdtr species and the allelopathic effectAofaucherion B.
tomentellusvas not seen. Results indicated that consideriagtiim length oA. aucherj the increased competition
caused the increased height of it, but it was m®aforB. tomentelluspecies. As a result, it can be stated that the
interaction of height is related to the plant dgngcompetition intensity) and plant type and adlwie can be
positive or negative [21]. Some report believed tha competition among plants during the primaigwgh stages

or their weak competition might lead to the incee@s the plant height [22]. It is due to the change the light
quality reaching the cultivar and the reductionredl light to red ultra-light as well as the incredscell size
regarded as the ways in order to escape the shg@®wn addition, the results on the root lengtid glant length
are in conformity with those obtained for the stiemgth. There is a difference in the positive ogateve sign of
seed mixture values in relation to the stem lengibt length, and plant length resulting from vasaeactions of
plants in circumstances which the limited resouesavailable [24, 25]. Plants having the incrddsaf area in
primary vegetative stages are able to absorb #wurees and occupy more space in competition \Wwehatljacent
plants; in general, the leaf area index is an mtilie of crown cover ability in the light absorptiand dry matter
production. Every factor which reduces this indar affect the plant significantly [15]. In this mapthe increased
seed ratio for each plant led to the enhanceddesd value and this effect is more evidentAomucherispecies
because of increased competition ability as contpar8. tomentelluspecies.

According to the ultimate yield stability, the reased density will increase the biomass, but @astivironmental
resources are limited, its value may be constantre@tly, given that two studied plants were keptillB0 days
after cultivation, the increase in number of seedbe ratio with respect tA. aucheriis more likely to increase the
yield. But regardind3. tomentellusspecies and the allelopathic effectAofaucherispecies, it has been specified
that the most allelopathic effect has been obsenmdhe vegetative stage &f aucheri[19, 20]. Thus, this
probability can be discussed that due to the agikghic effect of it, this plant had no significatitference regarding
the weight ofB. tomentelluplant among the desired treatments.

CONCLUSION

In total, results have shown that after the gertionaof B. tomentellusseeds, the mixture ratio has had no
considerable effects on the growth of stem, roe¢diing and dry and wet weight of aerial organssilit can be
concluded that the allelopathic effect &f aucheriseeds had a significant impact on the primary getion of
seeds in relation to high density and after thengeation of seed$B. tomentelluspecies grew in comparison with
A. aucherispecies. This fact can be useful in the appropriainditions and moisture supply. Though during the
droughts, the existence Bf tomentelluseeds in crown cover &. aucheriplant causes high water absorption with
respect to the competitive effects of these plammsthe other hand, it will result in the dryne$ssail and finally,

the removal ofA. aucheristands.

In the end, because 8f tomentelluscan grow in the shadow @&f. aucherjwith the purpose of feeding animals,
Cultivation of B. tomentellusis suggested in the shadow Af aucheriin rangelands. But in dry conditions, it is
recommended thaB. tomentellus in the canopy be removed before seedinghofiucheri As, the competition
causes damage #a aucheriand rangeland will go into decline.
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