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ABSTRACT the seedling growth mainly the (S) and (O) extracts
The root growth of the two targets has shown a high
Aqueous extracts (10, 20, 30 and 40 g/L)Paius sensibility compared to the shoot lengths. Potueult
halepensis barks, collected from Bizerte (B), res were conducted by the incorporation of barks
Tabarka (T), Seliana (S) and Oueslatia (O) to powder (50 and 100 g/kg) or the irrigation withithe
elucidate the influence of ecological sites on aqueous extracts at 20 and 40 d¢?inus halepensis
allelopathic potential. Aqueous barks extracts from barks and its extracts have shown a high herbicide
(S) and (O) have revealed a higher rate of phenolic potent, particularly the one collected from (S) and
acids than those from (T) and (B), respectively (O), may be favorably used for incorporating in
13.23, 13.8, 11.63 and 10.37 mg/mL. Alep pin agricultural systems for sustainable weed manage-
barks were analyzed using HPLC/UV for the ment.
identification and quantification of the phenolic
compounds, among which in particular the catechin Keywords: Allelopathic potential, Barks, Phenolic
acetate, the gallic acid, the rutine hydrate, lined acids, Phytochemical conteftinus halepensis
glucoside and the cinnamic acid. In fact, the
aqueous extract of barks from (S) revealed a highes 1. INTRODUCTION
level, respectively 2.61, 1.74, 1.61, 1.36, andL1.2
mg/mL. ThePinus halepensibarks was analyzed Conifer forests are allelochimical-producing,
by GC and GC-MS. As a result, 29 compounds were and have a strong allelopathic potential Rinus
identified representing 89% made up basically by halepensisMill is one of the major conifers in
B-caryophyllene,a-humulene. As for allelopathic  Algeria, Morocco and Tunisia covering approxima-
activity, aqueous extracts of barks significantly tely 1.3 million hectares, one of the principal
delayed germination, reduced its rate and affected essences given the zone it covers [2]. Continually
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expanding, heliophilous, invasive, and rich in The development of natural pesticides would make
secondary metabolitesPinus halepensiscould it possible to decrease the use of chemical pesti-
influence the secondary succession because ofcides [24] and their negative impact on the environ
its great allelopathic potential [2-5]. Indeed this ment [25].

potential is influenced by the abiotic factors sash We conducted the work to evaluate the
the high temperatures, hydrous stress, light, soil herbicide potential of the pine barks of Alep aad t
characteristics (pH, the structure and the stateeof  explore the influence of the ecological sites Beer
nutrients, texture, the presence of contaminants), (B), Tabarka (T), Seliana (S) and Oueslatia (O) on
altitude and the latitude [6-9]. This allelopathic the production of allelochemicals.

potential depends on abiotic factors such as the

edaphic microclimate, the intensity and the duratio 2. Materials and methods

of rainfall [10]. These secondary metabolites dre o

great importance for the relations between thetplan 2.1. Sampling Sites

and its environment [11].

The bark of pine was a bothersome residue The barks oPinus halepensigiere randomly
for the wood industry, abundantly available and collected from 20 trees in a 10x1C¢ @mrea in the
cheap [12, 13], rich in polyphenols, phenolic acids Tunisian pine forests of Bizerte, Tabarka, Seliana,
fatty, aliphatic, and resinic acids [14-16]. Those and Oueslatia, in January 2012. The samples were
secondary metabolites show an important ecological dried in a ventilated and lit place. Forty grams of
role in the allelopathic processes [5]. each dried and grinded biomass was tempered in

Many plants use chemical interactions, such 1 L distilled water at ambient temperature for 24 h
as allelopathy [8], a principal factor in the mana- The extracts were filtered through a paper filter
gement, implementation and growth of plants [17]. (Whatman N1) 3-5 times and saved at 4 °C in the
They have a negative impact on the surrounding dark until use [22].
plants under natural conditions [18], like in the
agrosystems [19]. Many plant-derived compounds, 2.2. Climatic data
[20] have herbicide effects without causing damage
to the environment [21]. The use of secondary The climatic data displayed in Table 1; were
metabolites could be effective in the management provided by the weather services (The Tunisian
of weeds [22]. Indeed the improvement of the agri- National Institute of Meterology).
cultural output depends partly on weeding [23].

Table 1.Climatic data of the four stations of sampling €Ading to the National institute of Meteorology).

Climatic data Bizerte Tabarka Seliana Oueslatia
Rainfall 450-1500 mm/an 450-1500 mm/an 150-450 mm/a 100-400 mm/an
Altitude 21m 5m 560 m 654 m
Location 37°14'N 9°45'E 36°56’N 8°46'E 35°57’'N 9°28 35°52’'N 9°30’E
Temp Max(August) 30.3 34.7 36.3 31.6
(°C) Min (December) 8.9 7.8 7.2 8
2.3. Bioassays with aqueous extracts (radish) andTriticum aestivunL. (wheat), used as

model plants in the studies on the allelopathyhat t
Barks aqueous extracts were prepared by laboratory. Target seeds were surface sterilizeld wi
soaking 40 g of dried biomass for 24 h in 1L of 0.525 g/L sodium hypochlorite for 15 min, then
sterilized distilled water, diluted to give 10, aad rinsed four times with deionized water, imbibedtin
30 g/L [6]. They were tested ddaphanus sativus. at 22 °C for 12 h and carefully blotted using a
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folded paper towel [26]. Twenty imbibed seeds of 750 uL of concentrated HCI were added. The well
target species were separately placed on filteeqgap mixed solution was incubated at ambient tempera-
in Petri dishes, 5 mL of each extract per treatment ture in the dark for 20 min. The absorbance against
Seeds irrigated with distilled water were used as blank was read at 500 nm. The results were
controls. The seeds were germinated in a growth expressed as mg of (+)-catechin equivalents (CE)
chamber with 40Qumol photons nfs-* photosyn- per g of the dry matter.

thetically active radiation (PAR) at 22/24 °C for

14/10 h light and dark periods, respectively [6]. 2.4.4. Determination of o-diphenols

2.4. Phytochemical screening 1 ml of a solution of HCI (0.5 N), 1 ml of a
solution of a mixture of NaN© (10 g) and

2.4.1. Total phenolic content (TPC) determination NaMoQ,2H,0O (10 g) in 100 ml KD, and finally

1 ml of a solution of NaOH (1 N) were added

TPC in the extracts were estimated by a to 100 pl of each aqueous extract. After 30 min,
colorimetric assay based on the procedures descri-o-diphenols were read at 500 nm. The o-diphenols
bed by Paras and Hardeep; Reis et al. [27, 28]. were expressed on a dry weight basis as mg tyrosol
Basically, 1 ml of sample was mixed with Folin- equivalents per g of the dry matter [31].
Ciocalteu reagent (5 mL, previously diluted with
water 1:10, v/v) and sodium carbonate (75 g/L, 4 2.4.5. Identification of phenolic compounds
mL). The tubes were mixed in vortex for 15 s and (HPLC/UV) in the extracts
kept aside for 30 min at 40°C for color develop-
ment. Absorbance was measured at 765 nm (Analy- The presence and amount of phenolic
tikiena spectrophotometer; Jena, Germany). TPC compounds in the extracts were studied by reversed
was expressed as mg gallic acid equivalent /g dry phase HPLC analysis using a binary gradient
matter (mg GAE/g dw) using gallic acid calibration elution. The phenolic compounds analysis was

curve (R = 0.985). carried out by Usingan Agilent Technologies 1100
series liquid chromatography (HPLC, Palo Alto,
2.4.2. Total flavonoid content (TFd) determination CA) coupled with an UV-vis multiwavelength

detector. The separation was carried out on a 250
TFd were determined according to the method mm x 8 mm, particle size 5 um Eurospher-1Q0C

of Zhishen et al[29] with some modifications. The reversed phase column at ambient temperature. The
extract (25Qul) was mixed with 1.25 mL of distilled =~ mobile phase consisted of acetonitrile (solvent A)
water and 75ul of a 5% NaNQ solution. After 5 and water with 0.2% sulphuric acid (solvent B). The
min, 150ul of 10% AICl; » H,O solution was added.  flow rate was kept at 0.8 ml min-The gradient
After 6 min, 500ul of 1 M NaOH and 273l of program was as follows: 15% A/85% B, 0-12 min;
distilled water were added to prepare the mixture. 40% A/60% B, 12-14 min; 60% A/40% B, 14-18
The solution was mixed well and the absorbance min; 80%A/20% B, 18-20 min; 90% A/10% B, 20-
was read at 510 nm. (+)-Catechin was used as 24 min; 100% A, 24-28 min. The injection volume
standard and the results were expressed as mg ofwas 20 ul, and peaks were monitored at 280 nm.
(+)-catechin equivalents (CE) per g of the dry Samples were filtered through a 0.45 pm membrane
matter. filter before injection. Peaks were identified by

congruent retention times compared with standards.
24.3. Condensed tannins content (TPA)
determination 2.4.6. Volatile compound analyses

TPA was determined according to the method Supelco (Bellefonte, PA, USA) SPME devices
of Julkunen-Titto [30]. An aliquot (5@QL) of each coated with polydimethylsiloxane (PDMS, 100 um)
extract or standard solution was mixed with 1.5 mL were used to sample the headspace of two date
of 4% vanillin (prepared with methanol) and then seeds inserted into a 10-mL glass vial and allowed
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to equilibrate for 30 min. After the equilibration

the extract [36]. The percentage of germination

time, the fibre was exposed to the headspace for 50inhibition was determined according to the formula:

min at room temperature. Once sampling was
finished, the fibre was withdrawn into the needles
and transferred to the injection port of the GC-MS
system. GC-EIMS analyses were performed with
a Varian (Palo Alto, CA, USA) CP 3800 gas
chromatograph equipped with a DB-5 capillary
column (30 m x 0.25 mm x 0.25 um; Agilent, Santa
Clara, CA, USA) and a Varian Saturn 2000 ion
trap mass detector. Analytical conditions were as
follows: injector and transfer line temperatureseave
250 and 240C, respectively; oven temperature was
programmed from 60 to 24C at 3°C min™; carrier
gas was helium at 1 mL min splitless injection.
The identification of the constituents was based
on a comparison of their retention times with
those of authentic samples (Collection of volatile
compounds purchased from Sigma-Aldrich Italia
and / or Carlo Erba Italia as pure compounds or
analytical kits; except for the two 2-trideceneatth
have been identified by mean of their mass
spectral data), comparing their linear retention
indices (LRI) relative to a series of n-hydrocarbon
and on computer matching against commercial
(NIST 98 and Adams) and homemade library mass
spectra, and MS literature data [32, 33]. Moreover,
the molecular weights of all the substances iden-
tified were confirmed by GC-CIMS, using metha-

[% germination inhibition] = [% germination control

- % germination extract]

The percentage of inhibition/stimulation was
calculated under the terms of the formula of Chung
et al. [37]:

[Inhibition (-) /Stimulation (+)] = [(Extracted - @htrol)
/Control] x 100.

2.5.2. Effect on the growth

The effect of the aqueous extracts on the
growth was estimated by measuring the length
of the root and the principal stem 7 days after
germination. The results were expressed as a per-
centage of the control. The percentages of inloiiti
or stimulation induced by the various extracts were
calculated [37].

2.6. Pot culture assay
2.6.1. Powder incorporation in soil

The vegetal powder of the barks, taken from
various sites was incorporated in soil sample & th
proportions of 50 and 100 g/kg. The soil without
powder was used as a control. The mixtures were
placed in 10 cm diameter plastic pots, each contain

nol as ionizing gas. Results were expressed asing 250 g [38]. The experiment was undertaken

relative percentages obtained by peak area normali-

zation [34].
2.5. Effect of the aqueous extracts
2.5.1. Effect on germination
Germination was given including the number

of seeds germinated at 24 hour intervals for 6 days
The length of the roots and the air parts of young

under a greenhouse. The length of the roots and the
principal stem were measured at the end of day 20
of culture. The treatments were randomly laid out i

a device with three repetitions and the data were
transformed into a percentage of the control for
analysis [6].

2.6.2. Irrigation with the agueous extracts

The target plants were sown in pots of 10 cm

seedlings of target species were measured 7 daysin diameter filled with the same soil type. The ot

after sowing [6]. The data were transformed into
percentage of control for the analysis. The index
of germination Gl was calculated by using the
following formula [35].

GI= (Np) X1 + (N - Np) X (1/2) + (N - Np) X (1/3) + oo
Where N, N, Ns,..., N, percentage of germinated

were irrigated with the agqueous extracts prepared
from the various types of biomass of pine of Alep
at two concentrations (20 and 40g/l). The added
volume was of 10ml and the ground was humidi-
fied each time it desiccates. The treatments were
randomly laid out in a device with three repetiton

seeds observed after 1,2,3,..., N days. This index and the data were transformed into percentageeof th
represents the delay in the germination induced by control for analysis [6].
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2.7. Statistical analysis

The biological tests in the laboratory and the

greenhouse were carried out with three repetitions

and five times for the phytochemical analyses. All
the data were reported on average =*
deviation using SPSS 18 program. An ANOVA of
LSD post hoc test was carried out with the same
software in order to analyze the differences betwee

3.2. Identification of phenolic
(HPLC/UV) in the barks extracts

compounds

Phenolic acids (caffeic, ferulic and cinnamic
acids), polyphenols, tannins, flavonols (quercetin)

standard are inhibitors of germination [43]. The effect biet

phenolics compounds on germination is related to
the regulation of endogenous auxine, the permeabi-
lity of the seed tegument and the procurement of

the treatments. The Pearson correlation between theoxygen to the embryo [44].

essays of the different sites having the same

In this study, HPLC showed many phenolic

concentration was made for each species and eachacids in the aqueous extracts of the bark®iotis
concentration. The averages were separated on thehalepensis(Table 3). Elevated levels of phenolic

level of probability 0.05.
3. Results
3.1. Phytochemical screening

The contents of th&inus halepensidarks
collected from the four ecological sites Bizertg,(B
Tabarka (T), Seliana (S) and Oueslatia (O) in total
polyphenols (TPC), O-diphenols, flavonoids (TFd)
and in condensed tannins (TPA), revealed signi-
ficant differences depending on the origin of the
biomass (Table 2). This production of allelo-
chemicals is partially due to genetic factors asd i
partly determined by environmental conditions [39].
It partly accounts for the high TPC contents in the
barks from (S) and (O) compared with those of (B)
and (T), which are respectively 75.34 and 71.46 mg
GAE/g dw (Table 2). Flavonoids can play a
significant role in the protection of the plantaacpt
the UV-A and UV-B [40]. Their production varies
according to the plant geographical site [41]. The

acids is related to the mechanisms of defenseeof th
plant against a microorganism attack [45], involved
in resistance to various types of stress [46]. d¢dde
the aqueous extracts Binus halepensibark from

(S) and (O) revealed higher rate of phenolic acids
than those from (T) and (B), respectively of 13.23,
13.8, 11.63 and 10.37 mg/ml; this may be explained
by the low rainfall and high temperatures of the tw
harvesting site (S) and (O). In fact, the aqueous
extracts from (S) and (O) revealed higher levels of
gallic and cinnamic acids, catechine acetate, eutin
hydrate and Luteolin 7 glucoside, compared to those
from (B) and (T) this may be explained by the low
rainfall and high temperatures of the two harvestin
site Seliana and Oueslatia (Table 3). In fact, the
aqueous extracts of barks from (S) revealed higher
levels of gallic acid 1,74 mg/mL, cinnamic acid1,2
mg/mL, catechin acetate 2,61 mg/mL rutine hydrate
1,6 mg/mL and luteolin 7 glucoside 1,36 mg/ml
(Table 3). Such flavonoids have strong allelopathic
potent [47]. This may explain the high potential
inhibitory of aqueous extracts of the barks co#iect

highest content was recorded in the barks of the from (S) and (O) on the germination and growth of

Seliana forest with 36.44 CEQ/g dw, an average of
28.79 CEQ/g dw for The three other aqueous
extract. Covelo et al. [39] showed that the content
of tannins, in the pine forests, strongly depends
on the availability of light. Indeed, the biomass

target plants.
3.3. Chemical composition

Twenty-nine compounds were identified (Table

of source (O) and (S) presents the highest content, 4), accounting for 94, 6-99, 7% of the aroma extrac

respectively 6.79 and 5.85 CEmg/g dw, however

The biomass oPinus halepensiaccumulate aroma

(B) and (T) aqueous extract revealed a less rate compounds differently according to the geographic

of TPA, an average of 5.29 CEmg/g dw. This dissi-
milarity could be explained by the effect of the
climatic factors [42].

area: barks from Seliana and Oueslatia produced a
higher numbers of monoterpene hydrocarbons,
10.5% (Table 5).

The major constituents of the volatile frac-
tion from Oueslatia werg-caryophyllene (66.3%),
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a-humulene (7.3%) (Table 4). However, barks from 28.9%, but Seliana aqueous extract induced an
Tabarka showed a low percentage @taryo- inhibition of germination of 35% (Table 6). The

phyllene (58.4%),a-humulene (1.4%) (Table 4). richness of TPC, TFd, TPA and O-diphenols of the
These compounds have been reported to haveaqueous extract from (S) could explain the effect
herbicidal activities [48]. Wang et al. [49] showed observed. Indeed, Bais et al. announced that the
that E)-caryophyllene at the dose of 3 mg/L flavonoids have allelopathic effects [51]. The

significantly inhibited the germination rates and qualitative differences of these compounds in the

seedling growth of Brassica campestrisand extracts could contribute to different phytotoxycit
Raphanus sativusSingh have demonstrated that rates [21].
exposure of seedling ta-pinene act to inhibited At 40 g/L, the germination indexes recorded

seedling growth causing oxidative damage in root in the presence of the four extracts were similar
tissue [50]. Barks from Oueslatia was characterized for wheat and for radish with respective averages
by the highest amount of sesquiterpene hydro- of 55.52 and 55.77; 64.08 and 56.96 at 30 g/L
carbons (84.9%), made up jpycaryophyllene and (Table 7). The aqueous extracts of the barks do not
a-humulene, and lowest amount of hydrocarbons affect only the rate of germination, but also the
monoterpenes (10.5%) (Table 4). extension of germination over longer periods.
However, barks collected from Bizerte and Similar observations were noted by Tiger et al].[52
Tabarka showed a low percentage, an average ofThe presences of allelochemicals involve a delay of

(58.5%) forp-caryophyllene, (8.85%) fon-humu- germination by disturbing mitochondrial breathing
lene (Table 4). and metabolic enzymes implied in glycolysis and
oxidative pentose phosphate pathway (OPPP) [21,
3.4. Effect of the aqueous extracts ofPinus 22, 53]. In addition, allelochemicals disturb parox
halepensis barks on germination dase, alpha-amylase activities, cellular divisiond a

differentiation and the metabolism of phytohormo-
In Table 6, the percentage of inhibitions nes [54].

obtained in the presence of the aqueous extracts of
barks from the four sites. A more or less similar 3.5. Effect of the aqueous extracts of th@inus
effect was recorded for the seeds of radish and halepensis barks on the growth
wheat. It was noted that the inhibition, induced by
the aqueous extracts of the barks on the germmatio 3.5.1. On root growth
of radish and wheat, increased with the augmen-
tation of concentration of these extracts. At 10 g/ The lengths of the air parts or the roots are
of the aqueous extract, recorded inhibitions of the parameters usually used for the determination
germination of the seeds of radish were of 11.7% of allelopathic effects on the development of
(B), 10% (T), 21.7% (S) and 16.7% (O). However at plants [52]. The results show a very significant
30 g/L, the herbicide effect of the aqueous ex¢ract effect of the aqueous extracts of the barks from
was more announced and the reductions were of B, T, S and O, even at weak concentrations, essen-
20% (B), 18.35% (T), 28.35% (S) and 33.35% (O) tially in the presence of Seliana extract (Fig. 1).
(table 6).Several studies have shown that the The reduction of the root growth of wheat
inhibition degree increases with the augmentation seedlings, at 10 g/L, ranged between 75 and 85%
of concentrations of the extract [22]. For all the and between 95 and 99% at the strongest concen-
concentrations, the site effect was shown; the tration, 40 g/L (Fig. 2). The growth of the roots i
inhibition of germination was more important for the presence of the aqueous extracts of the barks
the aqueous extracts from (S) and (O), while the from the four sites, showed high inhibitions
weakest reduction was recorded in the presence of proportional to the concentrations (Fig. 2). Simila
the aqueous extract of the barks from (T). At 40 g/  results were reported by Ladhari et al. [22]. Radis
the seeds of wheat had an almost similar sengitivit was shown to be more sensitive to the agueous
towards the aqueous extracts of the barks of Bizert extracts of the barks &finus halepensigFig. 3).
Tabarka and Oueslatia, with an average inhibitiion o
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Table 2. The total polyphenols (TPC), O-diphenols, Flavadspicondensed tannins (TPA) content in the barks
of P. halepensisollected from the forests of Bizerte (B), Tabafk® Seliana (S) and Oueslatia (O).

Site of sampling Bizerte (B) Tabarka (T) Seliana (B Oueslatia (O)
TPC (mg GAE/g dw) 71.76 +1.05 68.60°+2.03  7534"+204  71.48"+1.09
o-diphenols (mg eq tyrosol/g dw) 4%251.33 5.0+ 0.30 5.37+ 0.37 6.1+ 0.51
flavonoids ((CEQ) /g dw) 29.97+2.04 26.69"+3.04 36.44+0.44 29.7P+1.12
TPA (CE mg /g dw) 5.58"+0.95 5.04" +1.05 5.85°"+054 6.79"+0.25

All analyses are the average of three measuremestandard deviation. The averages with the satterdein a column
are not significantly different with P <0.05. **dicates a significant Pearson correlation at thell®.01 between TPC,
o-diphenols, Flavonoids and the TPA of the barkhefsame site.

Table 3.Phenolic acids contents (mg/mL) in the barks agsextracts oPinus halepensis

Compounds (mg/mL) Bgrks from Barks from Bar.ks from Barks frgm
Bizerte Tabarka Seliana Oueslatia

Gallic acid 1.717°+0,1 - 1.747+0.26 1.58+0.43

Catechin acetate - - 2%40.3 1.31°+ 0.69

Catechine hydrate 1.98+0.2 2.85" +0.82 - -

Resorcinol - - - 0.6

Chlogénic acid - 0.91 - -

Syringic acid - 1.67+ 0.07 - 1.7+04

Hydroxy phenylacetate - - 2.09 -

Catechol 1.23 - - -

Rutine hydrate - - 1.681+0.61 1.23"+0.44

Verbascoside 1.2 £0.07 1.48"+£0.31 - -

Luteolin 7 glucoside 1.3% 0.63 1.487+0.1 1.36+ 0.46 1.77+0.11

Neringenin - 0.78"+0.4 - 1.28"+0.21

Apegenin 7 glucoside 2.93+0.94 - 1.01 1.3 +0.31

Fereulic acid - - 1.84 -

m-Coumaric acid - 1.54 0.5 - 0.89+0.2

Phenylacetate 0.f5+0.1 - - 0.6 +0.4

Resveratrol 0.13 - - -

Luteolin 0.1+ 0.06 0.07+0.01 - -

Pinoresinol 0.1"+0.05 0.12"+0.03 0.52+0.48 0.3P°+0.1

Naphtoresorcinol - - 0.2 -

Cinamic acide 0.65+0.3 0.57+0.29 1.28"+0.21 1.34" £0.43

Apigenin - 0.71 - -

2,4.D Pestanal - 0.15 - -

Flavon 0.2+ 0.01 0.02" £0.02 0.08" £0.03 0.08" £0.04

Total (mg/mL) 10.37 11.63 13.23 13.8

All analyses are the average of three measuremestandard deviation. The averages with the satterdein a column
are not significantly different at P <0.05. * indtes a significant Pearson correlation o at thell@y5 and ** at the level
0.01 between compounds of the barks collected franforests of Bizerte (B), Tabarka (T), Selianpd&d Oueslatia (O).
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Table 4. Compositiorof volatiles obtained from Barks &finus halepensiaccording to their different geographical origin
(B.B: Barks from Bizerte; B.T: Barks from Tabark&S: Barks from Seliana; B.O: Barks from OueslaflaR.l: Linear
Index Retention).

Compound LRI Barks from Barks from Bar.ks from Barks fr_om
Bizerte Tabarka Seliana Oueslatia
a-pinene 941 1.6 21 2.1 2.4
B-pinene 982 - 0.4 0.2 0.7
myrcene 993 1.2 0.8 1.3 1.8
§-3-carene 1013 - - 0.4 0.5
p-cymene 1028 0.4 0.5 0.4 0.4
limonene 1032 2.2 1.8 2 29
terpinolene 1090 1.2 1.1 1.1 1.8
linalool 1101 0.6 0.5 0.4 0.3
nonanal 1104 1.9 0.8 1.7 0.5
phenyl ethyl alcohol 1141 - 0.5 - 0.2
camphor 1145 0.6 0.4 0.2 0.2
4-terpineol 1178 0.8 0.9 0.9 0.8
isobornyl acetate 1287 - 0.4 0.3 0.4
a-cubebene 1353 1.3 1.4 1.1 0.8
B-copaene 1430 3.6 3.5 3.2 2.6
B-caryophyllene 1419 59.3 58.4 61.7 66.3
B-ylangene 1422 1.6 1.4 1.4 0.9
a-humulene 1455 8.4 9.3 104 7.3
(E)-B-farnesene 1459 - - 0.3 0.3
alloaromadendrene 1462 - - 0.3 0.2
y-muurolene 1478 0.5 0.7 0.5 0.3
valencene 1493 1.6 1 1.4 0.5
a-muurolene 1501 1.7 2.9 1.4 0.9
d-cadinene 1524 1.1 1.7 0.9 0.5
caryophyllene oxide 1582 1.2 3.6 3.3 1.9
humulene epoxide Il 1607 0 0.7 0.5 0.2
y-muurolene 1478 0.5 0.7 0.5 0.3
valencene 1493 1.6 1 0.4 0.5
a-muurolene 1501 1.7 1.9 1.4 0.9
Total identified 99.6 98.4 99.7 97.3

Table 5. Chemical composition groups of barksRifius halepensis

Barks Barks Barks Barks

from Bizerte from Tabarka  from Seliana from Queslatia
Monoterpene hydrocarbons (%) 6.6 6.7 7.5 10.5
Oxygenated monoterpenes (%) 3.9 3 3.5 2.2
Sesquiterpene hydrocarbons (%) 82.9 83.9 84.9 82.3
Oxygenated sesquiterpenes (%) 1.2 4.3 3.8 2.1
Others (%) 0 0.5 0 0.2
Total (%) 94.6 98.4 99.7 97.3
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Table 6. Summary table of the % of inhibition of germinatiof Triticum aestivunandRaphanus sativuis the presence
of the aqueous extracts of the barksPofhalepensidrom the four sources Bizerte (B), Tabarka (T)lié= (S) and

Oueslatia (O).

Site of sampling

% inhibitions of germination

Bizerte Tabarka Seliana Oueslatia
10 g/L 11.77+1.02 107" +1.81 21.77+0.87 16.7" + 0,95
s 20g/L 23.38+2.39 23.457 1 0.43 30" +2.93 28.34+1.76
2 309/ 20"+ 1.6 18.38"+0.97 28.3%+1.35 33.35+3.36
T g/L 30+2.9 28.35'+2.25 35°+2.31 28.34+1.36
10 g/L 11.67" +0.67 107" +0.78 16.77+2.34 13.357+0.35
5 20g/L 16.34" +0.91 14.38" +2.35 20°+1.43 18+ 0.61
% 30 g/L 23.35+3.35 22.35+0.42 26.77+0.72 28.34"7 +0.83
40 g/L 30" +0.49 28.77+0.46 30" +0.35 29.34" +2.76

All analyses are the average of three measuremestindard deviation. The averages with the satterdein a column
are not significantly different with P <0.05. * iicdtes a significant Pearson correlation at thell&w5 and ** at the level
0.01between tests having the same concentratioegobf target species.

Table 7. Summary table of the indices of germination Tafticum aestivumand Raphanus sativugn the presence
of the aqueous extracts of the barksPofhalepensidrom the four sources Bizerte (B), Tabarka (T)lis®& (S) and

Oueslatia (O).

Indices of germination (GI)

Site of sampling

Bizerte Tabarka Seliana Oueslatia
10 g/L 7458+ 3.1 80.6F" + 3 58.78+ 3.04 65.58" + 2.04
s 20g/L 64.23+ 2 66.27" + 2.7 60.27+ 1.09 54.56" + 4.36
§ 30 g/L 67.49+3.51 66.7+ 1.07 59.8%'+ 4.08 62.3+0.7
" 40 g/L 54.44+ 4 58.6'+ 0.95 52.48" + 2.02 56.59" + 0.84
10 g/L 81.98"+1.05 75.56+ 5.07 73.657 +2.04 73.357 +3.77
5 20g/L 52.88+ 3.01 61.98" + 0.27 66.28" + 0.09 66.45" + 2.96
% 30 g/L 61.68" + 2.05 547 +5 55" +2.04 57.27+1.63
40 g/L 55.38"+3.05 57.4F +4.01 55.43" + 1.94 56.92" + 0.94

All analyses are the average of three measuremestandard deviation. The averages with the satterdein a column
are not significantly different with P <0.05. * iiedtes a significant Pearson correlation at thell&w05 and ** at the level
0.01between tests having the same concentratioeaof target species.
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Figure 1. Effect of aqueous extract &inus halepensibarksfrom Seliana on the growth dfriticum aestivum

andRaphanus sativus.
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Indeed, Prati and Bossdorf indicated that the
degree of allelopathic interference is specifidhte

were more vulnerable, compared to those of wheat
and inhibitions exceeded 40% at the weakest

species and can even vary within the same speciesconcentration (Fig. 2). It reached 59% in the

[55]. At 10 g/L, the barks aqueous extract caused a
inhibition ranging between 87 and 92% (Fig. 3). At
40 g/L, inhibitions exceeded 94% and reached 97%
in the presence of the aqueous extract from (S). In
all tests, the site effect was elucidated and adrig
toxicity rate was attributed to the extracts fro8) (
and (O) (fig.1). These extracts are richer in TPC,
TPA, TFd and o-diphenols. The allelopathic effect
is due mainly to phenolic compounds [56].

3.5.2. On the air parts growth

At 10 g/L, the recorded reductions in the
growth of the air parts of wheat, in the preserice o
the aqueous extracts of the barks Binus
halepensiswere respectively of 6%, 4%, 20% and
14% for the extracts of the barks from Bizerte,
Tabarka, Seliana and Oueslatia (Fig. 2). At 40 g/L,
inhibitions of the seedlings growth ranged between
70% and 82%. Once again, the air parts of radish

presence of the extract from (S). At the highest
concentration, the reductions of the air parts were
between 91% and 97%. The roots of the two target
species (wheat and radish) were more affected
compared to the shoots (fig.1). Indeed, during the
absorption of water, a low amount of the solutign i
available for the stem cells and the leaves [&t'sh
why they are less affected than the roots. The
allelochemicals in the aqueous extracts reduce the
length of the seedlings by the inhibition of the
cellular division and elongation, acting on the
expression and the synthesis of the DNA and the
RNA [57, 58]. The aqueous extracts of the barks
from (S) and (O) were most toxic on the air parts
which can be partly explained by their richness in
phenolic compounds compared to those from (B)
and (T). Indeed the production and release of
allelochemicals depend on temperature and rainfall
[6]. These allelochemicals act on the meristematic
cells by the reduction in lengthening [59].
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Figure 2. Summary table of the effect of the aqueous
B, T, S and O on the growth of the roots and ofaing@arts of

exraétbarks ofPinus halepensisrom the four sources
the seedlings dfiticum aestivum

All analyses are the average of three measuremesitzndard deviation. The averages with the satherdein a column
are not significantly different with P <0, 05. *dicates a significant Pearson correlation at thell®.05 and ** at the
level 0.01between tests having tests the sameeotrations of each target species.
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Figure 3. Summary table of the effect of the aqueous exraétbarks ofPinus halepensisrom the four sources
B, T, S and O on the growth of the roots and ofdingarts of the seedlings BBphanus sativus

All analyses are the average of three measuremesizndard deviation. The averages with the satterdein a column
are not significantly different with P <0, 05. *dicates a significant Pearson correlation at thell®.05 and ** at the
level 0.01between tests having tests the sameeotrations of each target species.

3.6. Activity in soil

3.6.1. Effects of the irrigation with aqueous
extracts from P. halepensis barks on seedlings
growth

Aqueous extracts of the. halepensidarks,
from (B, T, S, and O), were prepared at two

the barks at 20 g/L caused reductions in wheasroot
growth ranging from 75.9% to 85.5% (Table 7). For
the radish roots, which are more sensitive to the
extracts, inhibitions were comprised between 94.5%
and 99.2%, which proves a different behavior of the
roots according to the species targets in the poese
of the allelochemicals with a strong sensitivity of
radish (table 7). The extract coming from Seliana

concentrations (20 and 40 g/L), and were used to was the most toxic and that of Tabarka was the

irrigate the pots where the two target plants wheat
and radish were cultivated. In fact, Omezzinalet
used cultures in pots in order to show the effetts
aqueous extracts to show reproducibility of results
under natural conditions and to evaluate the
biological activity of allelochemical compounds
released by the vegetal residues [6]. In our wibr,
irrigation with the barks aqueous extract involved
a very marked reduction in the growth of the roots
of wheat, especially at 40 g/L (Fig. 4). Inhibition
increased proportionally with the augmentation of
concentration of the extract. Indeed, the extratts

least. At 40 g/L there was an almost total stop of
radish root growth in the presence of the extracts
from the four sites. At this concentration, the
ecological site effect appeared in wheat and the
extracts from (S) and (O) proved their higher toxic
power higher. The respective length reduction ef th
roots of wheat and radish were of 95.1% and 92.4%
(table 7). Compared to that of the roots, the ghowt
of the shoots of wheat and radish were less affecte
by the irrigation with the aqueous extracts of the
Pinus halepensibarks. At 20 g/L, the reduction did
not exceed 24.6%, in the presence of the aqueous
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extract from S and growth inhibition (10.8%) was tration, the reduction of the growth of the radish

induced by the extract from (B). At 40 g/L, theesit shoots for the extract from (S) was of 84.7%

effect of the aqueous extracts of the barks showed compared to the average of 73.1% of the aqueous
that the one prepared from the biomass of Seliana extracts of the barks from Bizerte, Tabarka and

was most toxic on the growth with inhibition of Oueslatia (Table 7). Our results are in agreement
62.6%. An average of 51.5% was recorded for the with those shown by Omezzine et al and Seal et al.
extracts from the other sources. At the same cencen [6, 60].

; T B a5 T =
Figure 4. Culture ofTriticum aestivumand Raphanus sativusn soil irrigated with aqueous extract
of barks ofP. halepensiérom the four sites (B, T, S and O), 20 daysrdfieorporation.

Table 7. Summary table of the effect of irrigation with @guis extracts of the barks Binus halepensjsrom the four
sources, Bizerte, Tabarka, Seliana and Oueslat@porated in the soil at 20 g/L and 40 g/L, oa ¢ghowth of the roots
and the air parts of the seedlingsTfticum aestivunandRaphanus sativus.

Aqueous % inhibitions of roots growth % inhibitions of shoots growth

Extract Bizerte Tabarka Seliana  Oueslatia  Bizerte Tabarka 8liana Oueslatia

(g/L) Triticum aestivum

20 75.9°+2.4 787 #1.5 855 #1.4 82.17#1.2 10.8+0.4 16.4+1.2 24.67+1.3 20.97+0.9

40 85.8'+2.9 79.7+0.9  9517+0.9 924405 51.5'+1.2 50.1”+1.1 62.67+2.6 53.27+0.2
Raphanus sativus

20 96.6"+2.4 94.5+15 99.F77+1.4 96.6 #1.1 38.640.4 44.57+1.2 58.97+1.3 38.67#0.9

40 97.3+2.9  97.77+0.9 99.67+1.0 97.9"+05 74.4+1.2 70.97+1.1 84.7'+2.6 T74.47+0.2

All the analyses are the average of three measumsnie standard deviation. The averages with theeskatters in
a column are not significantly different with P €B. *indicates a significant Pearson correlatiofeatl 0.05 and ** at
level 0.01 between tests having t the same coratenis of each target species

3.6.2. Effect of the incorporation of P. halepensis order to see whether the effects recorded in
bark powder in the soil on the growth of the target bioassays are reproducible in experiments in pots.
plants The same target plants were retained (wheat and
radish).
The powder of thé. halepensidbarks of the The results related to the effect of the

four sources (B, T, S, and O) was mixed with a soil incorporation of the powder in the soil, on the
sample in two amounts (50 g/kg and 100 g/kg) in growth of wheat and radish showed that the biomass
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of the pine of Alep is very toxic (Table 8) with
reductions ranging from 98.8% to 100% in the
presence of the powders from B, T, S and O.
The effects of the four types of biomasses are
comparable for the two target plants and the
sensitivity of the air parts was similar to thattbé
roots. The richness of thRinus halepensidbarks
powder in polyphenols, flavonoids and allelo-

chemical substances, explains the strong herbicide
power of this biomass. Our results are in agreement
with those reported in bibliography. Once in the
ground, allelochemicals interfere with the neigh-
bouring plants [61, 62] act in the stage the pre-
and post-emergence of seedlings, and on the bank
of seeds [11].

Table 8. Summary table of the effect of the powder of thekbaof Pinus halepensi$rom the four sources, Bizerte,
Tabarka, Seliana and Oueslatia incorporated irstlile at 50g/kg and 100 g/kg, on the growth of thets and the air
parts of the seedlings dfiticum aestivum andRaphanus sativus

Dose Bizerte Tabarka Seliana Oueslatia Bizerte Tabarka  8liana Oueslatia
(9/kg) % inhibitions of the shoots growth wheat % inhibitions of theroots growth wheat
50 99.940,1 99.77+0,2 99.67+0.2 99.97+0.2 99.8'+0.6 99.6°+0.0 99.7+0.4 99.7:0.4
100 106 99.5710,3 100" 106" 100 99.6+0.18 100° 100°

% inhibitions of the shoots growthadish % inhibitions of the roots growth radish
50 99.77+0.3 100" 1008 98.97+0.0 99.8°+0.8 100 100° 98.8°+ 0.7
100 106 100 100" 100" 100 100 100° 100°

All the analyses are the average of three measutsme standard deviation. The averages with theeskatters in
a column are not significantly different with P <@g. ** At the level 0.01 between tests having sia@ne concentrations
of each target species.

4. Conclusion and are richer in TPC, TPA, and TFd and in o-
diphenols than those from (B) and (T). Phenols, the
derivatives of the benzoic and cinnamic acids,
the allelopathic potential of th@inus halepensis  flavonoids and tannins are substances having an
barks collected from the pine forests of Bizert¢, (B  allelopathic activity [63]. However these chemical
Tabarka (T), Seliana (S) and Oueslatia (O). Indeed products are not toxic for the donor plant [S7hePi
the two littoral sites (B) and (T) are charactediby bark is rich in phenolic compounds [64]. The
a rainfall higher than 1100 mm/year, whereas the main tannin structures found in maritime pine
two other continental sites (S) and (O) receiveyonl bark are catechin/epicatechin, epigallocatechin and
400 mm/year. The average temperatures of Bizerte epicatechin gallate [65]. Indeed, several specfes o
and Tabarka are of 11.7°C in winter and 24.6°C in pine showed a strong allelopathic potential [1]eTh
summer whereas for the two other sites they are results showed a very high allelopathic potential i
of 12.3°C and 28°C. The aqueous extract of the the aqueous extracts of the barks of the pine ep Al
Pinus halepensidbarks from (O), prepared at a from (O) inhibiting the root growth of wheat by up
concentration of 40 g/L, caused an inhibition of to 99% at a concentration of 40 g/L and of 97% for
33.35% of the radish seeds germination. At the same the roots of radish. The inhibitions induced by the
concentration the aqueous extract from (S) induced aqueous extracts of the barks on the germination of

The objective of this study was to evaluate

a reduction of 30% of the germination of the wheat
seeds. The ecological site showed a high toxicity
effect of the continental extracts (S and O)
compared to aqueous extracts of the littoral Bes
and T). Aqueous extracts of tl&inus halepensis
barksfrom (S) and (O) have a higher toxicity level

radish and wheat increased with the increasing
concentrations. The root growth is an excellent
indicator of the phytotoxic effect of allelochenlga
[6, 52]. Exposed directly to the aqueous extract,
rich in allelochemicals, the root cells are more
affected [21]. A higher permeability of the roots t
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allelochemicals was demonstrated when compared effectiveness of allelopathic compounds in the
to that of the air parts [66]. That's because they soil is very dependent on the biotic and abiotic
the first to absorb environmental allelochemicals conditions [69]. The results relating to the effett
[67]. The air parts of the two target species (Whea the incorporation of the powder on the soil, on the
and radish) were less affected, compared to the growth of Wheat and Radish showed that the
roots. At 40 g/L growth inhibitions of the air pgrt  biomass of the Alep pine is very toxic with
of wheat ranged between 70% and 82%, with a reductions ranging between 98.8% et 100% in the
maximum reduction in the presence of the aqueous presence of the powders from B, T, S and O.

extract from (S). The same extract at the same The richness of th€inus halepensidbarks
concentration was the most harmful for the growth residues in polyphenols and flavonoids, allelo-
of radish with an inhibition of 97%. A wealth of chemical substances, explains the strong herbicide
rutin hydrate and luteolin 7 glucoside for agueous power of this biomass. In fact our results are in
extracts from (S) and (O), the average concentra- agreement with those reported in the bibliography.
tion was respectively 1.42, 1.53 mg/mL. Results of Once in the soil, the allelochemicals interferehwit
previous studies showed that the length reduction o the neighboring plants [64, 70] acting on the pre
the air parts and the roots was directly relatethéo and post-emergence stages, and on the bank of
action of allelochemicals, which is a proof of thei seeds [11, 71]. Similar results showed that the
effect [11]. This reduction can be attributed te th incorporation of the residues in the soil or the
reduced rate of cellular division and the elongatio irrigation with aqueous extracts pfula crithmoides

of the cells due to the presence of allelochemicals L. of Pine Wollemi fruit peels of the coffee
the aqueous extracts [22] which act on cellular [6, 11, 60] led to the inhibition of the growth of
differentiation, the absorption of ions and water, several plant species. Compared with in vitro
breathing, photosynthesis, enzymatic function, and results, the allelopathic tests in vivo, in thel,soi
the transduction of the signal as well as the fofm  were less toxic and the growth of the target spgecie
the genes [54]. A strong inhibition of seedling was less affected. The soil micro-organisms cam als
growth by aqueous extracts from (S) and (O) may play a part in the allelochemicatleased in the

be due to the wealth of cinnamic and gallic acids. ground [69, 72]. The major constituents of the
The average is respectively 1.63 and 1.27 mg/mL. volatile fraction of green needles collected from
The cultures in pots irrigated with the aqueous Oueslatia werg-caryophyllene g-humulene, com-
extracts of thePinus halepensibarks from B, T, S pounds have been reported to have herbicidal
and O, significantly inhibited the growth of the activities, by reductions of the growth of the stsoo
seedlings of Wheat and Radish. Cultures in pots and roots. Allelochemicals causes several damages
were opted in order to demonstrate the effects [73, 74].

which could be reproduced under natural conditions Our results showed the strong herbicide
[68] and to evaluate the biological activity of power of the aqueous extracts vitro, which was
allelochemical compounds released by the vegetal proven by the tesh vivo by the irrigation with the
residues [21]. At 20 g/L, the aqueous extractheft aqueous extracts or the incorporation in the sbil o
barks (S) induced inhibitions of the Wheat roots by the vegetal powder which could be used like an
up to 85.5%, it was of 96.6% for those of Radish in organic herbicide.

the presence of the extract from (O) compareddo th Indeed, as a reaction to the increase in the
controls. At the same concentration, the air parts resistance of weeds to the pesticides of synthesis
were less affected by the irrigation with the aaugeo  [63], there has been a growing interest in the
extracts of the barks of the Alep pine. These tesul last decades in compounds having allelopathic
corroborate with those of Omezzine et al. [21] properties [52] which can lead to the discovery of
which proved that the roots are more sensitive than natural weed herbicides which do not damage to
the air parts with a much higher phytotoxicity when the environment [20, 75] but are effective against
the concentration increases. The high toxicityhef t  weeds that have become resistant to many synthetic
aqueous extract of the barks collected from the herbicides [23].

Oueslatia can be explained by the fact that the

European Journal of Biological Research 2015; 5 (3): 86-103



100 | Refifa et al. Geographic variation in phytochemical constituents and allelopathic potential of Pinus halepensis barks

ACKNOWLEDGEMENT 8.

This research project was supported by a grant
from the Research Laboratory “Bioressources: Inte-
grative Biology and Valorisation”, Higher Institute -
of Biotechnology of Monastir, Tunisia.

AUTHORS’ CONTRIBUTION 10.

RT: Acquisition of data, writing, analysis and
interpretation of data of the manuscript. HC:
Administrative, technical support. FG: GC-MS
analyzes. AL: Administrative support. Ahmed NH:
revision of the manuscript. All authors read and
approved the final of the manuscript.

TRANSPARENCY DECLARATION

13.

The authors declare no conflicts of interest.

REFERENCES
1. Kato-Noghuchi H, Fushimi Y, Shigemori H. An

allelopathic substance in red pine needlP:ys 14.

densiflorg. J Plant Physiol. 2009; 166: 442-446.

2. Kadri N, Khettal B, Yahiaoui-Zaidi R, Barragan-
Montero V, Montero JL. Analysis of polar lipid

fraction of Pinus halepensi#ill. seeds from North 15.

Algeria. Industrial Crops Prod. 2013; 51: 116-122.

3. Richardson DM, Rejmanek M. Invasive conifers: a
global survey and predictive framework. Divers
Distrib. 2004; 10: 321-331.

4. Robles C, Picard C, Garzino S, Giroud F, Korbou-

lewsky N, Raffali N, Bonin B. Inflammabilité et  16.

émission de composés organiques volatils par des
formations végétales méditerranéennes: implica-
tions dans les incendies de forét. Revue Forét
méditerranéenne Tome. 2003; XXIV, n 4: 419-426.

5. Fernandez C, Monnier Y, Mévy JP, Baldy V, Greff 17.

S, Pasqualini V, Ormefio E, Bousquet-Mélou.
Variations in allelochemical composition in leat-
chates of different organs and maturity stages of

Pinus halepensis] Chem Ecol. 2009; 35: 970-979. 18.

6. Omezzine F, Ladhari A, Rinez A, Haouala R. Potent
herbicidal activity oflnula crithmoidesL. Scientia
Horticult. 2011; 130: 853-861.

7. Unger S, Maguas C, Pereira JS, David TS, Werner

C. Partitioning carbon fluxes in a Mediterraneak oa 19

forest to disentangle changes in ecosystem sink
strength during drought. Agric Forét Meteorol.
2009; 149: 949-961.

11.

12.

Inderjit, Kaur S, Dakshini KMM . Determination of
allelopathic potential of a weddluchea lanceolata
through a multifaceted approach. Can J Bot. 1996;
74: 1445-1450.

Blanco JA. The representation of allelopathy in
ecosystem-level forest models. Ecol Model. 2007;
209: 65-77.

Fisher NH, Weidenhamer D, Riopel JL, Quijano L,
Menelaou MA, 1990. Stimulation of witchweed
germination by sesquiterpene lactones: a structure
activity study. Phytochem. 1990; 29, 2479-2483.

Silva RMG, Brigatti JGF, Santos VHM, Mecina GF,
Silva LP. Allelopathic effect of the peel of coffee
fruit. Scientia Horticult. 2013; 158: 39-44.

Braga MEM, Santos RMS, Seabra 1J, Facanali
R, Marques MOM, Sousa H C. Fractioned SFE
of antioxidants from Maritime pine bark. J
Supercritical Fluids. 2008; 47: 37-48.

Jerez M, Selga A, Sineiro J, Torres JL, Nafiez MJ.
A comparison between bark extracts frdPinus
pinasterand Pinus radiate antioxidant activity and
procyanidin composition. Food Chem. 2007; 100:
439-444.

Ku CS, Mun SP. Antioxidant properties of mono-
meric, oligomeric, and polymeric fractions in hot
water extract fromPinus radiatabark. Wood Sci
Technol. 2008; 42: 47-60.

Bocalandro C, Sanhueza V, Gémez-Caravaca AM,
Gonzalez-Alvarez J, Fernandez K, Roeckel M,
Rodriguez-Estrada MT. Comparison of the compo-
sition of Pinus radiata bark extracts obtained at
bench- and pilot-scales. Industrial Crops Prod2201
38: 21-26.

Hafizoglu H, Holmbom B, Reunanen M. Chemical
composition of lipophilic and phenolic constituents
of barks fromPinus nigrg Abies bornmiilleriana
andCastanea sativaHolzforschung. 2002; 56: 257-
260.

Seziere V, BaleZentiea L, Ozolirgius R. Allelo-
pathic impact of some dominants in clean cuttings
of Scots pine forest under climate change
conditions. Ekologija. 2012; 58: 59-64.

Reigosa MJ, Pedrol N, Sanchez-Moreiras AM,
Gonzalez L. Stress and allelopathy. In: Reigosa MJ,
Pedrol N (Eds.), Allelopathy: from molecules to
ecosystems. Science Publlishers Inc., Plymouth.
2002: 231-256.

Gawronska H, Golisz A. Allelopathy and biotic

stresses. In: Reigosa MJ, Pedrol N, Gonzales L
(Eds.), Allelopathy: a physiological process with

ecological implications. 2006: 211-227.

European Journal of Biological Research 2015; 5 (3): 86-103



101 | Refifa et al. Geographic variation in phytochemical constituents and allelopathic potential of Pinus halepensis barks

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Cantrell CL, Dayan FE, Duke SO. Natural products 32.
as sources for new pesticides. J Nat Prod. 2012; 75
1231-1242.

Omezzine F, Bouaziz M, Monique SJ, Haouala R.
Variation in chemical composition and allelopathic
potential of mixoploidTrigonella foenum-graecum
L. with developmental stages. Food Chem. 2014,
148: 188-195.

Ladhari A, Omezzine F, Dellagreca M, Zarreli A,
Zuppolini S, Haouala R. Phytotoxic activity of

Cleome arabical. and its principal discovered

active compounds. South Afr J Bot. 2013; 28: 341-
351.

Vyvyan JR. Allelochemicals as leads for new
herbicides and agrochemicals. Tetrahedron. 2002;
58: 1631-1646.

Khanh TD, Chung MI, Xuan TD. The exploitation
of crop. Allelopathy in sustainable agricultural
production. J Agron Crop Sci. 2005; 191(3): 172-
184.

Dudai N, Poljakoff-Mayber A, Mayer AM,
Putievsky E, Lerner HR. Essential oils as allelo-
chemicals and their potential use as bioherbicides.
Chem Ecol. 1999; 25: 1079-1089.

Hosni K, Hassen |, Sbei H, Casabinca H. Seconda-
ry metabolites fromChrysanthemum coronarium
(Garland) flowerheads: Chemical composition and
biological activities. Industrial Corps Prod. 2013;
44: 263-270.

Paras S, Hardeep SG. Antioxidant and phenol
oxidase activity of germinated barley and its mdli
fractions. Food Chem. 2010; 120: 673-678.

Reis FS, Heleno SA, Barros L, Sousa MJ, Martins
A, Santos-Buelga C, Ferreira ICFR. Toward the
antioxidant and chemical characterization of
mycorrhizal mushrooms from Northeast Portugal. J
Food Sci. 2011; 76: 824-830.

Zhishen J, Mengcheng T, Jianming W. The
determination of flavonoids contents in mulberry
and their scavenging effects on superoxide radicals
Food Chem. 1999; 64: 555-559.

Julkunen-Titto R. Phenolic constituents in the &=av
of northern willows: Methods for the analysis of
certain phenolics. J Agricult Food Chem. 1985; 33:
213-217.

Mekni M, Flamini G, Garrab M, B. Hmida R,
ICheraief I, Mastouri M, Hammami M. Aroma
volatile components, fatty acids and antibacterial
activity of four TunisiarPunica granatuni. flower
cultivars. Industrial Crops Prod. 2013; 48: 111-117

33.

34.

35.

36.

37.

38.

40.

41.

42.

43.

Adams RP. Identification of essential oil compo-
nents by gas chromatography mass spectroscopy.
Carol Stream, IL: Allured Publishing Corporation,
1995.

Stenhagen E, Abrahamsson S, Lafferty FW.
Registry of mass spectral data. New York: John
Wiley and Sons. 1974.

Flamini G, Tebano M, Cioni PL. Volatiles emission
patterns of different plant organs and pollen of
Citrus limon Analyt Chim Acta. 2007; 589: 120-

124,

Chiapuso G, Sanchez AM, Reigosa MJ, Gonzaiez L,
Pellissier F. Do germination indices adequately
reflect allelochemical effects on the germination
process? J Chem Ecol. 1997; 23:; 2445-2453.

Delabays N, Ancay A, Mermillod G. Recherche
d'espéces végétales a propriétés allélopathiques. R
Suisse De Viticult Arboricult Hortic. 1998; 30: 383
387.

Chung J.K, Ahn S, Yun J. Assessment of allelo-
pathic potential of barnyard gras&chinochloa
crus-gall)) on rice Qryza satival..) cultivars. Crop
Prot. 2001; 20: 921-928.

Haouala R, Khanfir R, Tarchoune, A, Hawala S,
Beji M. Allelopathic potential ofrrigonella foenum-
graecumL. Allelop J. 2008; 21: 307-316.

. Covelo F, Gallardo A. Changes in the spatial

structure of oak carbon-based secondary compounds
after pine harvesting. Forest Ecol Manag. 2009;
258: 2511-2518.

Pasqualini V, Robles C, Garzino S, Greff S,
Bousquet-Melou A, Bonin G. Phenolic compounds
content inPinus halepensisvill. Needles: a bio-
indicator of air pollution. Chemosphere. 2003; 52:
239-248.

Oleszek W, Stochmal A, Karolewski P, Simonet
AM, Macias FA, Tava A. Flavonoids frorRinus
sylvestris needles and their variation in trees of
different origin grown for nearly a century at the
same area. Biochem Syst Ecol. 2002; 30: 1011-
1022.

Nerg A, Kainulainen P, Vuorinen M, Hanso M,
Holopainen JK, Kurkela T. Seasonal and geogra-
phical variation of terpenes, resin acids and total
phenolics in nursery grown seedlings of Scots pine
(Pinus sylvestrid..) New Phytol. 1994; 128: 703-
713.

Baskin JM, Baskin CC. Physiology of dormancy
and germination in relation to seed bank ecology.
In: Leck MA, Parker VT, Simpson RL (Eds.),

European Journal of Biological Research 2015; 5 (3): 86-103



102 | Refifa et al. Geographic variation in phytochemical constituents and allelopathic potential of Pinus halepensis barks

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54.

55.

Ecology of soil seed banks. San Diego, Academic 56. Souto XC, Gonzalez L, Reigosa MJ. Comparative

Press. 1989; 53-66.

Almaghrabi OA. Impact of drought stress on
germination and seedling growth parameters of
some wheat cultivars. Life Sci J. 2012; 9:590-598.

Brahmi F, Mechri B, Dhibi M, Hammami M.
Variations in phenolic compounds and antiradical
scavenging activity ofOlea europaealeaves and
fruits extracts collected in two different seasons.
Industrial Crops Prod. 2013; 49: 256-264.

Ayaz FA, Hayirlioglu-Ayaz S, Alpay-Karaoglu S,
Gruz J, Valentova K, Ulrichova J, Strnad M.
Phenolic acid contents of kalBrassica oleraceae
L. var. acephala DC.) extracts and their antioxidan
and antibacterial activities. Food Chem. 2008; 107:
19-25.

Gao-Feng XU, Fu-Dou Z, Tian-Lin L, Di W, Yu-
Hua Z. Induced effects of exogenous phenolic acids
on allelopathy of a wild rice accessio®ryza
longistaminata S37). Rice Sci. 2010; 17: 135-140.

De Martino L, Mancini E, De Almeda LFR, De Feo
V. The antigerminative activity of twenty seven
monoterpenes. Molecules. 2010; 15: 6630-6637.

Wang R, Peng S, Zeng R, Ding LW, Zengfu X.
Cloning, expression and wounding induction of e-
caryophyllene synthase gene fronMikania
micrantha H.B.K. and allelopathic potential of e-
caryophyllene. Allelop J. 2009; 24: 35-44.

Singh HP, Batish DR, Kaur S, Arora K, Kohli RK.
a-pinene inhibits growth and induces oxidative
stress in roots. Ann Bot. 2006; 98:1261-1269.

Bais HP, Weir TL, Perry LG, Gilroy S, Vivanco JM.
The role of root exudates in rhizosphere interastio
with plants and other organisms. Annu Rev Plant
Biol. 2006; 57: 233-266.

Tiger RC, Silva NH, Santos MG, Honda NK, Falcao
EPS, Pereira EC. Allelopathic and bioherbicidal
potential of Cladonia verticillaris on the
germination and growth oflLactuca sativa
Ecotoxicol Environ Saf. 2012; 84: 125-132.

Abrahim D, Takahashi L, Kelmer-Bracht AM, Ishii-

Iwamoto EL. Effects of phenolic acids and

monoterpenes on the mitochondrial respiration of
soybean hypocotyls axes. Allelop J. 2003; 11: 21-
30.

Belz RG, Hurle K. A novel laboratory screening
bioassay for crop seedling allelopathie. J Chem
Ecol. 2004; 3: 175-198.

Prati D, Bossdorf O. Allelopathic inhibition of
germination by Alliaria petiolata (Brassicaceae).
Am J Bot. 2004; 91: 285-288.

58.

59.

60.

61.

63.

64.

65.

66.

67.

. Ormefo E,

analysis of allelopathic effects produced by four
foresty species during decomposition process in
their soils in Galicia (NW. Spain). J Chem Ecol.
1994; 20: 3005-3015.

. Javaid A, Shafique S, Bajwa R, Shafique S. Effect

of aqueous extracts of allelopathic crops on
germination and growth oParthenium hystero-
phorusL. South Afr J Bot. 2006; 72: 609-612.

Inderjit, Callaway RM, Vivanco JM. Can plant

biochemistry contribute to understanding of
invasion ecology? Trends Plant Sci. 2006; 11: 574-
580.

Regildo MGS, Jodo GFB, Valter HMS, Gustavo
FM, Luciana PS. Allelopathic effect of the peel of
coffee fruit. Scientia Horticult. 2013; 158: 39-44.

Seal AN, Pratley JE, Haig TJ, An M, Wu H, Pratley
JE, et al. Plants with phytotoxic potential: Woliem
pine Wollemia nobili$ Agricult Ecosyst Environ.
2010; 135: 52-57.

Bruce TJA, Pickett JA. Plant defence signalling
induced by biotic attacks. Curr Opin Plant Biol.
2007; 10: 387-392.

Fernandez C, Mevy JP. Plant

coexistence alters terpene emission and content of
Mediterranean species. Phytochem. 2007; 68: 840-
852.

Duke SO, Dayan FE, Rimando RM, Schrader KK,
Aliotta G, Oliva A, Romagni JG. Chemicals from
nature for weed management. Weed Sci. 2002; 50:
138-151.

Jerez M, Pinelo M, Sineiro J, Ninez MJ. Influence
of extraction conditionson phenolic yields fromin

bark: assessment of procyanidins polymerization
degree by thiolysis. Food Chem. 2006; 94: 406-414.

Navarrete P, Pizzi A, Tapin-Lingua S, Benjelloun-
Mlayah B, Pasch H, Delmotte L, Rigolet S. Low
formaldehyde emitting biobased wood adhesives
manufactured from mixtures of tannin and
glyoxylated lignin. J Adhes Sci. 2012; 26: 1667-
1684.

Nishida N, Tamotsu S, Nagata N, Saito C, Sakai A.
Allelopathic effects of volatile monoterpenoids
produced bySalvia leucophyllainhibition of cell
proliferation and DNA synthesis in the root apical
meristem ofBrassica campestriseedlings. J Chem
Ecol. 2005; 31: 1187-1203.

Turk MA, Tawaha AM. Effect of sowing rates and
weed control method on winter wheat under
Mediterranean environment. Pak J Agron. 2002; 1:
25-27.

European Journal of Biological Research 2015; 5 (3): 86-103



103 | Refifa et al. Geographic variation in phytochemical constituents and allelopathic potential of Pinus halepensis barks

68.

69.

70.

71.

72.

Corréa LR, Soares GLG, Fett-Neto AG. Allelo-
pathic potential oPsychotria leiocarpaa dominant
understorey species of subtropical forests. Sodith A
J Bot. 2008; 74: 583-590.

Lorenzo P, Pereira CS, Rodriguez-Echeverria S.
Differential impact on soil microbes of allelopathi
compounds released by the invasiwkcacia
dealbatalink. Soil Biol Biochem. 2013; 57: 156-
163.

Zhu X, Zhang J, Ma K. Soil biota reduce
allelopathic effects of the invasiv&upatorium
adenophorumPlos One. 2011; 6: e25393.

Rafiqul Hoque ATM, Ahmed R, Uddin MB,
Hossain MK. Allelopathic effect of different
concentrations of water extracts ofAcacia
auriculiformis leaf on some initial growth
parameters of five common agricultural crops. Pak J
Agron. 2007; 2: 92-100.

Shanshan S, Wenjie Z, Wang B, Tang J, Chen X.
Secondary metabolites from the invasi@elidago
canadensid.. accumulation in soil and contribution
to inhibition of soil pathogerPythium ultimum
Appl Soil Ecol. 2011; 3: 280-286.

Dmitrovic S, Simonovic A, Mitic N, Savic J, Cingel
A, Filipovic B, Ninkovic S. Hairy root exudates of
allelopathic weedChenopodium muralé.. induce
oxidative stress and down-regulate core cell cycle
genes inArabidopsisand wheat seedlings. Plant
Growth Regul. 2014; 75: 1-18.

Majeed A, Chaudhry Z, Muhammad Z. Allelopa-
thic assessment of fresh aqueous extracts of
Chenopodium album. For growth and yield of
wheat (riticum aestivunlL.). Pak J Bot. 2012; 44:
165-167.

Razzaq A, Cheema ZA, Jabran K, Hussain M,
Farooq M, Zafar M. Reduced herbicide doses used
together with allelopathic sorghum and sunflower
water extracts for weed control in wheat. J Plant
Prot Res. 2012; 52: 281-285.

European Journal of Biological Research 2015; 5 (3): 86-103



