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Abstract The allelopathic activity of barleyHpordeum vulgare.. ssp.vulgare root exudates was studied by
comparing their effects on seedling establishmebiirley itself and in two weed speciBspmus diandrus
Roth, and_olium rigidumGaudin, using an original laboratory protocol, ndriseed-after-seed'. In this
protocol, the donor and the receiver species oémstluble allelochemicals are grown one afterotiher in the
same dishes, in conditions reducing resource catigrebetween both species. Growth of all recepsipecies
(weeds and barley) was inhibited in a dose-depdndanner, when using increasing barley seed desgidi, 8,
19 and 25 seeds per Petri dish). In our conditithresparley varieties and landraces exhibited wdiffe
allelopathic activities against weeds or barleye &Helopathic potential of the barley root exudatas also
dependent on the receiver species. Indeed, thesexleallelochemicals proved to be more toxic agiesweed
plants than on barley itself. Furthermore, thedibyiof the allelochemicals increased after thelease by roots,
between day 0 and day 6. These allelochemicalstrogttribute to the plant community dynamics ararth
usefulness as bio-herbicides deserves further deragion.

Keywords : Allelopathy ;Hordeum vulgaré.. ssp.vulgare; Root exudates ; Competition ; Allelochemical
toxicity ; Weed management

Introduction

In Tunisia, great broméB¢omus diandrugkoth., synBromus rigidusRoth. subspgussoniiParl.) and ryegrass
(Lolium rigidumGaudin) are troublesome grassy weeds that ardyadigributed in cereal crops (Souissi et al.
2001; Ben Haj Salah et al. 2005). Field surveysiooted in the north of Tunisia in 2000 revealed 2% of
the prospected areas were highly infested by gmeamne (150-400 plants3n

The weed reduced wheat yield by 20-50 % and u®t%8n heavily infested areas, cost to growersouplt 6
million year® (Souissi et al. 2000, 2001). Great brome is a eergpetitive weed in the wheat crop by its
adaptive life cycle characteristics, especiallyebyliness in the development cycle, staggered gation, high
tillering capacity, and acceleration in the shogthongation stage (Ben Haj Salah et al. 2005heumore, the
invasion of cereal crops by this weed is also fagdyy monoculture, the reduction of the culturahtéques and
the ineffectiveness of the conventional controlhods, especially in the absence of a selectiveeffedtive
herbicide against this weed (Souissi et al. 20B@)thermore, in 1996, a first report has showetryegrassl(.
rigidum) had evolved resistance to graminicides that wegklhieffective for its post-emergence control in
Tunisian cereal crops (Gasquez 2000; Souissi 2084).

Allelopathy, including the direct or indirect hamumhbr beneficial effects of one plant as a donanpbn another
as receiver plant by the production of chemical pounds that escape into the environment (Rice 1984y
provide alternative biological weed control. Indgtigbre is an increasing interest in the weed sggive ability
of crops for both organic and conventional farmsygtems (Mason and Spaner 2006). Cereal crop plants
as wheat (Lodhi et al. 1987; Wu et al. 2000a, bjldy (Overland 1966; Liu and Lovett 1993b; Fufidd) and
rice (Olofsdotter et al. 1999), have been showprémuce allelochemicals with a capacity to reducavth of
other plant species.



Published in : BioControl (2014)
Status : Postprint (Author’s version)

Barley Hordeum vulgaré.. ssp.vulgare is well known for its allelopathic compounds. Sefida and Lovett
1993a), residues (Gubbels and Kenaschuk 1989)besadates of this species (Bertholdsson 2004¢ baen
examined for their allelopathic potential agairmhe crop species or weeds. Baghestani et al. (98PMa et
al. (1999) showed that barley germplasm containe@lar variety of allelopathic substances than whea
germplasm, including phenolic acids, making badayce crop model for the study of allelopathy.

Barley was also found to be autotoxic (Ben-Hammaetda. 2002), which can be described as an inti@fp
form of allelopathy, by decreasing its own seedrgeation or seedling development (Putham 1985)s&he
studies concluded that barley is prone to a hidgidpathic risk' in barley-barley cropping seques¢Oueslati
et al. 2005). Autotoxicity in barley crops was désed as the repressive effect of their residuaswhether root
exudates of intact plants also show some allelapaffect on barley growth was never studied. Femttore, to
our knowledge, the alloinhibition and autoinhibitiactivities were never compared by using protocdénded
to this aim.

Considerable genetic variation in the allelopa#ttivity has been found in barley (Hoult and Lov€93;
Baghestani et al. 1999; Chon and Kim 2004; Oveial.€2008). This variability is proposed to beatel to
variations in the profiles and quantities of se@ydnetabolites (Ben-Hammouda et al. 1995). Untillv only
44 compounds belonging to different chemical clagpbenolics, alkaloids, cyanoglucosides, polyamite.)
have been identified as potential allelochemidadé tontribute to the allelopathic effectivenesbarey
(Kremer and Ben-Hammouda 2009). The two alkalaidsmine and hordenine, were the first allelochelsica
proposed to explain the allelopathic effects ofdyafOverland 1966; Liu and Lovett 1993b).

One limitation of allelopathy research, when uding plants, is the use of inadequate experimeteaigns.
Indeed, plant-to-plant interference is a complemisimation of competition for water, light and netrts and of
allelopathic chemicals interactions (Qasem and 18B9). Based on these considerations, the allglapa
potential of Tunisian barley root compounds wagettsccording to two experimental protocols, nantiety
'seed-to-seed’ where seeds of the allelochemica+dkpecies are grown together with the receivecisg, and
a new bioassay named 'seed-after-seed' where tioe dod the receiver species of allelochemicalgeren
sequentially, minimizing resource competition.

In this study, we addressed the following questi¢asis the seedling establishment of great brantkryegrass
affected by barley root exudates? (b) do barley esadates affect barley and weed plants to a airoil
contrasting extent? and (c) do the different Tamsjenotypes of barley exhibit the same or differen
allelopathic potential?

Materials and methods
Plant materials

The seeds of five Tunisian barldyqrdeum vulgaré.. ssp.vulgaré), including three modern varieties (‘Manel’,
'Rihane’ and Tej") and two landraces (‘Ardhaoud ‘&nbi'), and a Saudi Arabian barley landraceytb were
obtained from the National Agronomic Institute afriisia. Seeds of great bront& @iandrusRoth.) and
ryegrassl(. rigidum Gaudin) were collected from infested sites (betw@@i#2'07.0"N, 9°12'46.3"E and
36°41'00.2"N, 9°13'09.8"E) in the North of Tunisigre specifically in the region of Beja.

Sterilization and pre-germination

All the seeds were surface-sterilized to avoid otical contamination potentially influencing the aiailability
of allelochemicals (Inderjit 2005). Briefly, therbey and ryegrass seeds were immersed,®4(50 % v/v) for
1 h and washed five times in sterile double dedivater. Seeds were subsequently shaken in AGN@ w/v)
at 200 rpm for 20 min and rinsed successively Wa8tI (1 % w/v), sterile DD water, NaCl (1 % w/v)dhfive
times with sterile DD water (Lanoue et al. 2010).

Great brome seeds were sterilized according to ¥éli €000b). The great brome seeds were surfacéized
by soaking the seeds in ethanol (70 % v/v) forr@i’ and rinsed four times with sterile DD watere8g were
then soaked in sodium hypochlorite (2.5 % v/v) 8otufor 15 min followed by five rinses in steriD water.
After sterilization, barley and weed seeds weregmeninated on moist sterile filter paper in dadsat 22 °C
for 24 h.

'Seed-to-seed' experimental protocol
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The allelopathic activity of germinating barley deavas bioassayed on filter paper (12-15 um) i@ e
diameter Petri dish moistened with 4 ml of steditilled water. Pre-germinated barley seeds waif@tmly
selected and evenly distributed on the Petri digh thiree densities (8, 19 and 25 seeds per Fsh).d
Thereafter, ten pre-germinated seeds of each vigeatiandrusor L. rigidum) were placed regularly between the
donor seeds. A treatment without barley seed wad as control. The Petri dishes were sealed andtaiaed

in a growth chamber at 22 °C in the dark. To migentompetition for water, water losses were asaipfic
compensated every day. The amount of the added wateestimated by weight difference of the Pasies
between two successive days after removing seedéihgarley and weeds. After five days of growtie tveed
seedlings' radicle and coleoptile lengths were oreals The bioassay was arranged as a completedpmngined
block design with four replicates for each treattraand repeated twice for each weed species.

'Seed-after-seed' experimental protocol

In order to minimize competition for water and/or &ir between developing seedlings and to deterihia

effect of water-soluble allelochemicals of barlepts, a new laboratory bioassay was developed amdad
'seed-after-seed' protocol. The pre-germinatecthaeeds (8, 19 and 25 seeds per dish) were plaeedetri

dish in the same conditions as in the 'seed-to-geetbcol. After five days, barley seedlings wesmoved and
replaced by ten pre-germinated weed seBdsli@ndrusor L. rigidum). The Petri dishes were placed back in the
growth chamber and the lost water was compensaibdats previously described. The experimentalugetvas
identical to that mentioned above. The radicle esidoptile lengths of weed seedlings were recoaft five
days of growth.

For the bioassay conducted with barley, pre-gertathharley seeds were used both as donors andeesei
using the same genotype. The experiment was pegfbmith four replicates for each treatment.

Stability of barley allelochemicals

To analyze the possible sources of the differebetseen 'seed-to-seed' and 'seed-after-seed's;abelt
stability of the barley root allelochemicals presinty released on the filter paper was studiedhisltioassay,
'‘Ardhaoui’ barley landrace was chosen as the dgperies based on its high allelopathic potentialresy weeds.
After five days, barley seedlings (25 seeds pdr)diere removed from Petri dishes and replace@iyte-
germinated weed seed3. (diandrusor L. rigidum) after 0, 2, 4 and 6 days. A randomized completekbttesign
with four replicates was used.

Statistical analysis

All experimental data were subjected to analysigasfance using PROC MIXED of SAS package (SAS ¥9.1
and the subroutine PDMIX 800.SAS to compare theradtion means and main effects including Least
Significant Difference (LSD) at a 5 % level of padtility.

Results
Effect of the barley root allelochemicals on weedegdling establishment
'Seed-to-seed' experimental protocol

In the 'seed-to-seed' assBy diandrusandL. rigidumgrowth was reduced after five days (Figs. 1, 2)eW/e
radicle growth inhibitionF = 176.91, df =6, 133,P < 0.001;F = 148.32, df = 6, 133 < 0.001 forB. diandrus
andL. rigidum,respectively) and coleoptile growth inhibitioR € 17.13, df = 6, 133 < 0.001;F = 8.95, df =
6, 133,P < 0.001 forB. diandrusandL. rigidum,respectively) were significant compared to the raritom the
lowest applied 'dose’ (i.e. seed density) of badegept for the coleoptile growth of ‘Manel' ire tbondition of 8
and 19 barley seeds per dish. The results alsoeshtvat this effect depended on barley dose asybéav.
'‘Ardhaoui’) density increased from 8 to 19 and &&ds per dish, radicle growth inhibition increakeearly and
ranged from 67 to 74 % fd@. diandrusand from 55 to 65 % fdr. rigidum.Radicle growth inhibition after five
days (inhibition average ®. diandrusandL. rigidumby the six barley genotypes were 71 and 61 %,
respectively when using 25 barley seeds per disis) higher than coleoptile growth inhibition (intibn
average oB. diandrusandL. rigidumby the six barley genotypes were 42 and 18 %, otisedy when using 25
barley seeds per dish).
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Fig. 1 Radicle and coleoptile growth inhibition (%) of #andrus seedlings after five days exposed toelyarl
seedlings allelochemicals according to the 'seede®d’ experimental protocol. Since interactionas
significant between seelnsity and genotypes for radicle growth inhibitjmarameter, the two factors are
illustrated separately into two graphics. Graph bdmean + SE) with the same letter are not sigaiftty

different (P > 0.05; LSD test)

L 8.
; 100 4 O8seeds W19seeds M2Sseeds Z 100
© 90 1 o 90 1
E— 80 1 b % 80 1
= 70 a = 70 1
€ 60 € 60
< 0] < 50
2 40 - S 40 4
g) 30 | % 30 A
o 20 1 Y 20 1
S 10 1 S 104
$ . g o
x Seed density [14
100 4

Coleoptile growth inhibition (%)

Seed density

M Manel ©Tej CRihane CArbi B Ardhaoui B Saudi

P Seod density < 0.001
P Gonotypes < 0.001
leerech'on= 0.993

Genotypes

M Manel ©Tej CRihane CArbi B Ardhaoui B Saudi

P Seadcensiy < 0.001
P Genotypss < 0.001
P_:,,lemﬁo,,=0.005

Fig. 2 Radicle and coleoptile growth inhibition (%) ofrigidum seedlings after five days exposed to lyarle
seedlings allelochemicals according to the 'seedeted’ experimental protocol. Since interactionds
significant between seelénsity and genotypes for radicle and coleoptilewgh inhibition parameters, the two
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Both weed specie8( diandrusandL. rigidum) responded differentially to the allelopathic caapds of barley
(F=5.00, df =5, 126P < 0.001;F = 5.90, df = 5, 126R < 0.001 for radicle and coleoptile growth inhibitiof
B. diandrusandF = 3.49, df = 5, 126P < 0.001;F = 3.66, df =5, 126P < 0.001 for radicle and coleoptile
growth inhibition ofL. rigidum). Indeed, inhibition rates of great brome ranged f&51o 74 % for radicle
growth, depending on the barley genotype, and f88rto 52 % for coleoptile growth, when using 25I&ar
seeds per dish (Figs. 1, 2). Considering the diffebarley genotypes, the inhibitory activity ofdhaoui' and
‘Arbi' was higher (74 and 74 % respectively forickdgrowth inhibition of great brome using 25 legrkeeds
per dish) than that of 'Manel' and 'Tej' (65 and/®6®espectively for radicle growth inhibition ofegit brome
using 25 barley seeds per dish).

'Seed-after-seed' experimental protocol

For the 'seed-after-seed' method, the same gdremdlwas observed (Figs. 3, 4). The root allelogbals had a
significant inhibitory activity on root growth~(= 43.66, df = 6, 579 < 0.001;F = 45.57, df = 6, 57P < 0.001
for B. diandrusandL. rigidum,respectively) of weeds when compared to the coffitooh the lowest applied
'dose’ of barley. However, this effect was not ifigent for coleoptile growth oB. diandrus(F = 0.22, df =6,
57,P =0.962) except for 'Ardhaoui' and 'Arbi' in conditof 8 barley seeds per dish but significant for
coleoptile growth of.. rigidum(F = 5.93, df =6, 57,P < 0.001) except for 'Manel’ in conditions of 8 barley
seeds per dish and 'Tej' for all densities. Théitibn rates were higher on root growth (inhibitiaverage oB.
diandrusandL. rigidumby the six barley genotypes were 52 and 50 %, otisedy when using 25 barley seeds
per dish) than on coleoptile growth (inhibition eage ofB. diandrusandL. rigidumby the six barley genotypes
were 16 and 10 %, respectively when using 25 badeyls per dish). The barley varieties and landrace
exhibited a differential allelopathic activity agatL. rigidum(F = 6.24, df =5, 54,P < 0.001;F = 3.71, df = 5,
54,P = 0.004 for radicle and coleoptile growth inhibitiaespectively). For example, the six barley ggpes
reduced radicle growth a&f. rigidumby 45-54 % and coleoptile by 6-18 % when using 88dy seeds per dish.
This effect was also significant on radicle groih= 3.93, df = 5, 54P = 0.002) when testing tH&. diandrus.
However, the different genotypes showed no sigaificifference in the inhibition of coleoptile griw(F =

0.30, df = 5, 54P = 0.387). 'Ardhaoui' and 'Arbi', displayed the keghinhibition rates (58 and 55 %
respectively for radicle growth inhibition of grdaome using 25 barley seeds per dish). The loreelitle
inhibition rates were obtained with 'Tej' and ‘M7 and 51 % respectively for radicle growthibition of
great brome using 25 barley seeds per dish).

When comparing the 'seed-to-seed' and the 'seedssfed’ protocols, the inhibitory effect of theléaradicle
compounds was higher in the 'seed-to-seed' profodubition average of radicle growth Bf diandrusandL.
rigidum by the six barley genotypes were 71 and 61 %, otispdy when using 25 barley seeds per dish) than i
the 'seed-after-seed' protocol (inhibition averaigedicle growth oB. diandrusandL. rigidumby the six

barley genotypes were 52 and 50 %, respectivelynwiseng 25 barley seeds per dish) experimentabpobt
(Figs. 3, 4) and were significantly different fasth weeds (alP < 0.001; Tables 1, 2).

Effect of the barley root allelochemicals on barleyseedling establishment

Radicle and coleoptile growth of barley declinedhwincreasing seed density (8, 19 and 25 seeddigierFig.
5). The self-inhibitory effect of barley was sigo#nt compared to the control (Table 3) exceptliercoleoptile
growth of 'Manel' and 'Saudi' in the condition di&ley seeds per dish. This effect was more pnocedi on
radicle (inhibition average by the six barley gemeis using 25 barley seeds per dish was 19 %)ahan
coleoptile growth (inhibition average by the sixlbg genotypes using 25 barley seeds per dish Wés)1 The
barley genotypes differed in varietal inhibitionypon radicle F = 8.49, df = 5, 54P < 0.001) and not on
coleoptile growth £ = 0.58, df = 5, 54P = 0.621). Both barley landraces, 'Arbi' and 'Ardhig@xhibited the
highest growth inhibition (26 and 24 % respectivielyradicle growth inhibition using 25 barley seeqer dish).
However, 'Manel' and 'Tej' showed the lowest growtfibition (13 and 16 % respectively for radici®gth
inhibition using 25 barley seeds per dish).
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Fig. 3 Radicle and coleoptile growth inhibition (%) of #andrus seedlings after five days exposed toelarl
seedlings allelochemicals according to the 'seddrafeed' experimental protocol. Since interaci®not
significant between seatknsity and genotypes for radicle and coleoptilevwgh inhibition parameters, the two
factors are illustrated separately into two graphi&Graph bars (mean + SE) with the same letterrane
significantly different (P > 0.05; LSD test)
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Table 1 Analysis of variance (ANOVA) in radicle and colélepength of B. diandrus among different
treatments of radicle exudates of barley

Factors Radicle length Coleoptile length
df F P df F P
G 5 5.26 <0.001 5 1.99 0.086
D 2 28.15 <0.001 2 23.53 <0.001
P 1 436.56 <0.001 1 176.60 <0.001
DxP 2 464 0.012 2 056 0.574
GxP 5 0.76 0580 5 0.42 0.833
GxD 10 053 0866 10 041 0.938
GxDxF 10 0.47 0905 10 0.48 0.899
Error 198 198
Total 233 233

G genotypeD density,P experimental protocol

Table 2 Analysis of variance (ANOVA) in radicle and colélepgength of L. rigidum among different treatments
of radicle exudates of barley

Factors Radicle length Coleoptile length
df F P df F P
G 5 8.78 <0.001 5 7.32 <0.001
D 2 88.24 <0.001 2 1856 <0.001
P 1 201.18 <0.001 1 14.44 <0.001
DxP 2 15.38 <0.001 2 1.40 0.249
GxP 5 1.79 0115 5 0.70 0.625
GxD 10 0.79 0.640 10 0.14 0.993
GxDxP 10 0.67 0.748 10 0.44 0.926
Error 198 198
Total 233 233

G genotype, D density, P experimental protocol

Fig. 5 Radicle and coleoptile growth inhibition (%) adrtey seedlings after five days exposed to its own
seedlings allelochemicals according to the 'seadrafeed’ experimental protocol. Since interaci®not
significant between seed density and genotypemdflicle and coleoptile growth inhibition parametgetise two
factors are illustrated separately into two graphic&raph bars (mean + SE) with the same letterrane
significantly different (P > 0.05; LSD test)
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Table 3 Analysis of variance (ANOVA) in radicle and colélepength of different barley genotypes treated
with radicle exudates of the same genotype

Factors Manel Tej Rihane Arbi Ardhaoui  Saudi
Radicle length

F 9.08 9.85 15.31 35.89 19.22 11.59
df 3,57 3,57 3,57 3,57 3,57 3,57
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Coleoptile length

F 3.03 3.97 4.33 5.77 7.97 7.19
df 3,57 3,57 3,57 3,57 3,57 3,57
P 0.031 0.009 0.006 0.001 <0.001  <0.001

Stability of barley allelochemicals

The results indicated a change in allelochemicatity of 'Ardhaoui’ over time (Fig. 6). Fd@. diandrusthe
inhibitory activity of allelochemicals towards ratli and coleoptile growth increased from day Odyp @ after
removal of the barley seeds. This increase in itdrp activity over time was greater for coleopt{&8 % from
day 0 to day 6) than for radicle growth (29 %). Baene trend was obtained farrigidum (49 % of increase of
inhibitory effect on coleoptile, and 43 % of incseaof inhibitory effect on radicle, from day 0 taydb).

Discussion

Plant-plant interference may involve competitionlfmited resources but also allelopathic phenomanahich
toxic organic compounds are released into the enment (Rice 1984). The relative importance oflafiathy
and competition in plant-plant interactions hasrbéebated but seldom tested (Fuerst and Putnam MI83on
1994; Weidenhamer 1996; Ridenour and Callaway 2Q#harily because it is difficult to separate gféects
of each phenomenon (Qasem and Hill 1989), hampeesearch on allelopathy in natural and cultivatieehts.
Multiple studies have found evidence for the exis&eof 'seed-to-seed' allelopathic effects by $emchate or
root exudates (Liu and Lovett 1993a; Kushima e1888; Laterra and Bazzalo 1999; Zhang et al. 20dtit)in
most cases this experimental protocol does notidrclon one hand, the effect of competition, antherother
hand, the possible effect of volatile organic commuts (VOCSs), known to participate in plant commatian
and interactions (Ninkovic 2003; Kellner et al. RO Gfeller et al. 2013; Fiers et al. 2013).

Fig. 6 Evolution of barley allelochemicals toxicity owagne on the growth of B. diandrus (a) and L. rigid(b).
The plotted percentages represent the percentagesrease in the inhibitory activity of allelocharals for the
different times after the removal of barley seegiiand are calculated déadicle or coleoptile length in d =
O—radicle or coleoptile length in d = 2, 4 or 6)fligle or coleoptile length in d = 0) x 100. Graplats (mean +
SE) with the same letter are not significantlyetiéit (P > 0.05; LSD test)
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The present study showed that the inhibitory efté¢he compounds emitted by germinating barleylseeas

higher in 'seed-to-seed' than in 'seed-after-sequirimental protocols and the difference was kighinificant
for both tested weed speci®s,diandrusandL. rigidum.The originality of the 'seed-after-seed' methotivis-

fold. First it reduces the competition effect as ttonor and receiver species are grown sequerdiatlydo not
compete for resources at the same time in the gaovéng media. Second, the 'seed-after-seed' pbtoc
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excludes the action of VOCs which might interverfeewboth the donor and the receiver plants aremgrow
together in the same closed container. As theveceiants are placed in the container after rernofvthe
donor plants, the atmosphere of the containeesgtt and any allelopathic effect should then betzed to
water-soluble compounds, released by the dondrasetresulting from their degradation. When conmggtine
'seed-to-seed' and 'seed-after-seed' effects;cheleiment should be taken into account, whichéspossible
time-course evolution of the allelochemicals aftesir release by the donor. These changes canduoeiloled in
guantitative terms, i.e. the decay of the releadletbchemicals over time, and in qualitative ternesulting
from the production of new compounds with possHityher or lower allelopathic activities.

The two experimental protocols used in this stutysed that allelochemicals of barley seedlings cedwboth
radicle and coleoptile lengths Bf diandrusandL. rigidumas compared to the control, after five days of
growth. This effect was dependent on the densityaniey seeds and was shown to be more pronoumcezbts
(Figs. 1, 2, 3, 4). In fact, roots are considerggarticularly susceptible to allelochemicals (Wale2000a).
Roots might be the primary target as they areriactlicontact with the exuded allelochemicals (\i@rétat et
al. 2009).

Based on the 'seed-after-seed' protocol, the badegties and landraces exhibited a differentiel@athic
activity against weeds (Figs. 3, 4). Variation lielapathic activity was also reported in differdyariey
germoplasms (Baghestani et al. 1999; Bertholds86d;20veisi et al. 2008; Vasilakoglou et al. 2009).
Interestingly, in our study, the Tunisian barlegdeaces, 'Ardhaoui' and 'Arbi’', showed the high@sbitory
effects. This might indicate a change in the aptlit secrete allelochemicals as a result of theding of
modern barley cultivars, but the low number of ggpes used in our study does not allow any detiaiti
conclusions in this regard. Bertholdsson (2004hitba decreasing trend in allelopathic activity wme8lish and
Finnish barley germplasm between the periods 00182003, with the introduction of new cultivai$is
author assumed that more than 100 years of sabeatid breeding have reduced the frequency of thesggigom
landraces conferring the allelopathic ability.

However, it is worth noting that our study showkdttRihane', a modern and the most cultivatecepasriety
in Tunisia (Degha'is et al. 1999), has an allelbjgadctivity similar to that of the landraces, @ast under the
tested conditions showing in vitro inhibition of @ development by allelochemicals produced by ydartey
seedlings.

On the other hand, the two weeds seemed to regpdhd allelopathic effect of barley in a similaayy
althoughB. diandruswas marginally more susceptible in comparisoh.tdgidum. The response seems to be
independent of the seed size (10.4 and 2.55 mipéodry seed mass Bf diandrusandL. rigidum,
respectively), in contrast with Petersen et a239() proposing that species with smaller see@ssikny
sowthistle seeds (0.2 g for the thousand seed raasgjenerally more sensitive than larger seedecieplike
wheat seeds (45.3 g for the thousand seed mass).

The present research also showed that barley Hettichemicals cause some autotoxicity. Genotypidation
was also observed at that level, with 'Arbi' andi#aoui’ being more autotoxic than ‘Manel' and'. Egjidence
of autotoxicity was first documented by Ben-Hammmedl al. (2002) using a water extract of Tunisiaridy
residues from roots, stems and leaves obtained finatmre plants developed in the field. He found tdanel'
was the most susceptible cultivar to the wateragxtof 'Rihane’ residues. Oueslati et al. (200ppmed that
radicle growth in 'Manel' was significantly reducatker 2.5 days, by 50 and 60 % when using 'Rihame'
‘Manel' water extracts respectively. However, in gtudy, this variety is the least inhibited byadtsn radicle
exudates. This suggests that barley growth miglaifteeted to different extents by allelochemica&leased
from residues of mature plants and from young tvydtant tissues, as reported by Overland (1966).

Compared to its alloinhibition activity on the twested weed species, the autoinhibition of barlag much
lower. Despite the fact that all belong to the sdamsily (Poaceae), the inhibitory action of banegs shown to
be discriminant with respect to the various tegtlathits. Such discrimination has been reportedherot
allelopathic systems, like the water-soluble sap®wif alfalfa reported to exhibit allelopathic effe on other
plants with no evidence for autotoxic effects (EillL983).

Our study of the toxicity of barley allelochemicalsowed that they were more toxic over time anttthia
increase in inhibition was more pronounced witteogtiles than with roots, in both weed speciesrdfoee, we
conclude that the higher growth inhibition obserirethe 'seed-to-seed' protocol, compared witHsbed-after-
seed' one, cannot be due to a decrease of toricihe released allelochemicals over time, butdda due to
the additional effects of some volatile allelocheaté and of resource (water) competition, whendyaaihd
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weed seeds are placed together in such a closéo@ment.

The increased toxicity of the released allelochaisiavas probably due to their chemical modification
Gagliardo and Chilton (1992) reported a higher ptogicity in barnyard grass of the microbially-deded
product of rye allelochemical, 2-amino-3H-phenorazione than its precursor 2-benzoxazoli-none (BOA)
Maclas et al. (2003) showed also that wheat collesptvere highly susceptible to the BOA derivedhirthe
hydroxamic acid DIBOA (2, 4-dihydroxy-1,4-benzoxad-one) of wheat in non sterile soil. Allelopatkifects
can be altered by the metabolization of allelocleaisiby soil microbes into new products with enleghor
reduced toxicity (Inderjit 2005), but microbial &et does not seem to be the unique cause of tliegiadation
of allelochemicals. Indeed, the phytotoxicity oésle molecules can be influenced by both abiotig<jehl and
chemical) and biotic (microbial) factors (Indegi®01).

Based on the absence of the DIBOA compound invai#d barley (Barria et al. 1992; Gianoli and Nigere
1998; Grun et al. 2005), the allelochemical of wHitodegradation was the most studied in wheat, we
hypothesize that barley releases different moleccif@nging over time. Further work is needed tatifiethe
allelochemicals released by barley roots and faggrin the environment. Why barley is less susbépto its
own allelochemicals than other grass species @satpuestion deserving further investigation. Anste these
guestions are important for the future exploitatidmllelopathy in innovative and sustainable weedtrol
strategies.
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