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ABSTRACT

The main objective of this study was to determine the impact of allelopathic potentials of non-polluted
(reference site) and polluted Psidium guajava leaf powder on germination and metabolites accumulation
in Vicia faba. Psidium guajava leaves were collected from Edko (non-polluted) and Amrayya (polluted)
regions to represent the two types of leaves respectively. The experimental design was a complete
randomized with three replicates. Non-polluted and polluted P. guajava dry leaves powder was mixed
with sandy loam soil in ratios to get different concentrations (1, 2, 3 and 4%) in addition to soil without
powder as control. The dry weight (g seedling™®) and shoot length (cm) of V. faba seedlings achieved their
reductions at high concentration percentages (3 and 4%). On the other hand, P. guajava leaves in the
polluted region exhibited more reduction in seedlings root length (cm) compared with the leaves of non-
polluted. The decrease in pigment content of leaves as well as carbohydrate and protein content in
seedlings shoot and root was remarkable due to polluted rather than non-polluted leaf powder. The
concentration of different nutrient elements varied with respect to the element, organ and applied powder.
The increased polymorphism and the genomic template stability (GTS) percentages may indicate the
adaptation of V. faba plant to non-polluted treatments than to the polluted ones. The leaf cells from V.
faba treated with 4% non-polluted and polluted powders showed marked differences in their metabolic
processes that explain the noticeable differences in fine structure of leaf cells.
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INTRODUCTION

Plants may affect others growing in their vicinity in a
stimulatory or inhibitory manner through released biolo-
gically active compounds often termed as allelocom-
pounds or allelochemicals. Recently, the phenomenon
receiving an increased attention and is considered to be
applied in practice for weeds and pest management
(Prasanta et al., 2008). Plant extract that is not deco-
mposed was thought to contain secondary compounds
with allelochemical activity or phytotoxic which cause
growth inhibition (An et al.,, 1993) and alter the
available resources in the environment (Wardle et al.,
1998). Allelochemicals are believed to be a joint action
of several secondary metabolites including phenolic
compounds (Dalton, 1999), flavonoids (Berhow and
Voughn, 1999), juglone (Jose and Gillespie, 1998) and
terpenoids (Langenheim, 1994).

It is evident that abiotic stress factors especially
industrial pollutants influence growth and secondary
metabolite production in higher plants. The influences
are well marked as productivities of plants depend on
the changed ecosystem (Ramakrishna and Ravishankar,
2011). Plant secondary metabolites are often referred to
as compounds that have no fundamental role in the
maintenance of life processes in the plants, but they are
important for the plant to interact with its environment
for adaptation and defense (Seigler, 1998). Heavy met-
als contamination in agricultural environments can res-
ult from atmospheric fallout, pesticide formulations,
contamination by chemical fertilizers, and irrigation
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with poor quality water (Marcovecchio et al., 2007).
Heavy metals rank high among the chief contaminants
of leafy vegetables, fruit trees and medicinal plants
(Ajasa et al., 2004).

Psidium guajava L. (guava, Myrtaceae) is a native fruit
tree in the tropical rain forest. Its fruits are widely
consumed either fresh or processed and it is also used in
ethnomedicine for several purposes (Qian and Nihori-
mbere, 2004).There are two most common varieties of
guava: the red (P. guajava var. pomifera) and the white
(P. guajava var. pyrifera) (Haida et al., 2011; Kaneria
and Chanda, 2011). Guava plants were shown to be
effective accumulators of sulfur and fluoride in biomo-
nitoring studies and were sensible to ozone in semi
controlled experiments (Rezende and Furlan, 2009;
Furlan et al., 2010). With this context, P. guajava may
consider as a bioindicator as they are very sensitive to
water and soil pollutants. Such pollutants caused damage
of their leaves, impair photosynthetic apparatus and
enhance the accumulation of heavy metals and some
secondary metabolites as well as alteration of protein
pattern in their leaves and fruits (Hemada and El-Darier,
2016).

Therefore, this work aimed to investigate the allele-
pathic potential of non-polluted and polluted P. guajava
leaves on germination efficiency, growth and some
physiological parameters of V. faba (cv. Balady 716,
Fabaceae) crop plant as a recipient species. The aim was
interprets to validate whether the polluted P. guajava
leaves elicit harmful effect on the associated broad bean
cultivation or not through allelopathic applications.
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MATERIALS AND METHODS

Sampling and Analysis of Plant Materials

Six P. guajava trees were selected during summer
2017 at Edko and Amrayya regions to represent non-
polluted and polluted types of trees respectively. The
trees are homogenous and more or less at the same age
and size. Ten samples from healthy leaves were colle-
cted from each tree of the two study sites and thoro-
ughly mixed to obtain a site composite sample. The
samples were washed thoroughly with running tap water
then distilled water to remove dust particles from leaf
surfaces. All samples were dried in an oven at 60°C till
constant weight then powdered in an electrical mill.

Pot experiment was carried out to assess the effect of
different levels of P. guajava leaves crude powder
mixed with sandy loam soil (% w/w) on some growth
parameters [seedling shoot and root dry weights (g
seedling™) and lengths (cm)] as well as some metabolic
and mineral elements constituents (photosynthetic pig-
ments, total carbohydrates and total proteins, and
protein profile) in addition to the ultrastructure of V.
faba plant leaf). To accomplish this aim, five pots of 10
seeds for each tested crude powder: soil levels (0, 1, 2,
3, and 4%) were used. After 21 days, the homogenous
seedlings were carefully collected from each treatment;
washed with tap water to remove the adhering soil
particles and then by distilled water and gently blotted
with filter paper.

Determination of photosynthetic pigments of V. faba
plant leaf (chlorophyll a, chlorophyll b and carotenoids
(mg g™ fresh wt. of leaves) were determined spectro-
photometrically according to Metzner et al. (1965).Total
carbohydrates in the dry shoot and root was determined
by using a colorimetric method (Herbert et al., 1971).
Total protein content was determined by the method
described by Lowry et al. (1951). Concentrations of
some mineral elements in the dried shoot and root (at
60°C) were determined using the method of cottenie

et al. (1982). Sodium dodecylsulfate poly-acrylamide
gel electrophoresis (SDS-PAGE) was performed to
distinguish and fragment total soluble protein for the
different treatments according to the method of
Laemmli (1970). Genomic template stability (GTS %)
was calculated according to the following equation:
GTS = (1-a/n) x100, Where "a" is the average number
of polymorphic bands detected in each treated sample
and "n" is the number of total bands. Percentage of
polymorphism observed in SDS-PAGE profiles was
calculated and included disappearance of normal band,
appearance of a new band with control profile. Tem-
plate stability (GTS, a qualitative measure of genotoxic
effects) was according to Liu et al. (2007). Samples of
V. faba leaves anatomy were prepared and studied by
transmission electron microscope according to Glauret
and Glauret (1955) and Mollenhauer (1959).

Statistical analysis of data

All data were subjected where suitable to one or
Two-way analysis of variance (ANOVA) according to
COSTAT 2.00 statistical analysis software supplied by
CoHort Software Company (Zar, 1984). Pair-wise com-
parisons of means were performed using Least Signi-
ficant Differences (LSD) at 0.05 probability level.

RESULTS

Generally, table (1) showed a significant reduction in
dry weight (g seedling™) and length (cm) of V. faba
shoot as affected with non-polluted and polluted leaf
powders concentrations compared to control. The two
parameters achieved their marked reductions at higher
concentration percentages (3 and 4%). Additionally, the
two mentioned parameters for root were found to decr-
ease progressively with the increase in polluted powder
percentage relative to control. Commonly, the polluted
leaves powder exhibited more reduction compared to
non-polluted one.

Table (1): Variation in dry weights (g) and length (cm) of shoot and root of Vicia faba seedlings germinated in soil supplemented
with different concentrations (%w/w) of non-polluted (NP) and polluted (P) Psidium guajava leaves.

Dry weight (g) Length (cm)
Treatment (%) Shoot Root Shoot Root
NP P NP P NP P NP P
Control 0.2620.0 0.940.01 29.93+0.25 16.80+0.10
1 0.14+0.10 0.15+0.01  0.06+0.10 0.07+0.02  28.0+2.00 29.0+0.00 12.95+0.05 14.5+0.20
2 0.050.02 0.23+0.01°  0.02£0.02 0.07+0.04 247+040 282+0.30° 11.35+0.10 13.2+0.10
3 0.12+0.01 0.09+0.020  0.03+0.01 0.05+0.01 25.67+0.35  24.1+0.87° 10.60+0.0 11.1+0.17"
4 0.110.01 0.02+0.00°  0.04+0.03  0.04+0.02 22.5+0.10 20.0+0.00" 8.00+0.870  8.80+0.17
Treatment  F=244.96" (<0.001") F=7.337(0.001") F=129.83"(<0.001™) F=657.06""(<0.001™)
Concentrations F=11.31"(0.003™) F=4.72"(0.042™) F=0.11(0.747) F= 73.437(<0.0017)
Interaction  F=116.89"(<0.001") F=1.51(0.237) F=15.63"(<0.001™) F= 9.547(<0.001™)

Data was expressed by using mean + SD., “: Statistically significant with NP ,F: value for two way ANOVA test,**: Statistically significant at p < 0.05
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Table (2): Variation in total photosynthetic pigments (mg g™fresh weight) of Vicia faba leaves germinated in soil
supplemented with different concentrations (w/w) of non-polluted (NP) and polluted (P) Psidium guajava leaves.

Photosynthetic pigments (mg g*fresh weight)

Treatment (%) Chla Chlb Carot. Total
NP p NP P NP P NP P
Control 105.90+0.70 48.30+0.10 14.90+0.40 169.10+0.10
1 96.3+0.20 89.0+0.70° 52.7+0.10  38.7#0.00° 16.1+0.10  22.8+0.10" 165.1+0.10  150.5+0.10"
2 88.2+0.10 745+0.30° 41.620.10  30.1#0.10° 15.2+0.20  27.1+0.10" 145.0+0.45  131.7+0.20"
3 80.7+0.17 56.0£0.60" 37.0+0.60 27.6£0.30° 15.9+0.10  30.5+0.00° 133.6+0.10 114.1+.10
4 72.4+0.0 44.8+0.60° 31.3+0.10  22.3+0.10" 16.8+0.30  43.8+0.20° 125.3+0.0  110.9+0.10

Treatment  F=9006.06"(<0.001")
Concentrations F=6829.95"(<0.001™) F=11118.519"(<0.001") F=20513.4347(<0.001")  F=36527.755"(<0.001")
Interaction ~ F=855.27""(<0.001™) F=808.904"(<0.001") F=2857.443"(<0.001") F=2558.181"(<0.001")

Data was expressed by using mean + SD., - Statistically significant with NP ,F: value for two way ANOVA test ,*: Statistically significant at p < 0.001
Interaction (Treatment vs Concentrations)

F=0453.231"(<0.001") F=3615.991"(<0.001")  F=90791.819°(<0.001")

Table (3): Variation in total carbohydrates and total proteins content (mg g™dry weight) of Vicia faba seedlings, shoot and root,
germinated in soil supplemented with different concentrations (w/w) of non-polluted (NP) and polluted (P) Psidium guajava
leaves.

Total proteins (mg g™dry weight) Total carbohydrates (mg g dry weight)

Treatment (%) Shoot Root Shoot Root
NP P NP P NP P NP P
Control 199.0+0.0 115.57+0.0 227.110.0 126.57+0.0
1 175.1#0.01  175.3+0.01°  91.1#0.02  111.0"+0.02 197.520.02  221.4'+0.01 108.5+0.04  132.7°+0.01
2 160.1£0.01  120.6x0.02°  72.840.01  103.0"+0.01 191.6£0.01  230.1+0.02 93.6+0.02 131.0"£0.01
3 90.840.01  171.740.0" 66.30.01  106.1°+0.01 1335+£0.01  196.6+0.02 87.10.01 117.6"+0.01
4 78.00.01 151.8#0.01"°  451+0.01  95.5+0.02 116.330.02  173.1'+0.02 71.7+0.01 101.4°+0.01
Treatment F=75469359"(<0.001™) F=12129306"(<0.001™) F=34666623""(<0.001"") F=5180791"(<0.001"™)

Concentrations F=42839784"(<0.001™)
Interaction F=43756115"(<0.001")

F=41242338"(<0.001")
F=3906309""(<0.001™)

F=47450089"(<0.001™)
F=4667248"(<0.001")

F=15344280"(<0.001")
F=1075074"(<0.001")

Data was expressed by using mean + SD; : Statistically significant with NP ,F: value for two way ANOVA test,**: Statistically significant at p < 0.05

Interaction (Treatment vs Concentrations)

Pigments (chlorophyll a, b and carotenoids) were
decreased due to all concentrations compared to control
and the decrease was remarkable for polluted rather than
non-polluted leaf powder (Table 2). Data also showed a
decrease in total carbohydrates and total protein contents
in shoot and root of recipient species and the decrease
was more noticeable under polluted compared to non-
polluted leaf powder (Table 3).

Variation in the percentages of some nutrient elem-
ents in shoot and root of V. faba seedlings was illustr-
ated in table (4). Notably, in shoot the two types of
leaves significantly increased the content of Na, P, Fe
and Ni while the content of Zn and Cu decreased. The
concentration of Ca was increased and decreased as
affected by the addition of non-polluted and polluted
leaf powder respectively. With respect to the root, data
showed that the concentration of Na and Cu was
increased upon applying the two types of leaf powders
while that of Ca was decreased. Regarding Mg and Fe
contents, an increase and decrease was exhibited as
affected by non-polluted and polluted powders respe-
ctively.
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Protein in V. faba seedlings treated with non-polluted
(NP) and polluted (P) P. guajava leaves was represented
in tables (5 and 6) as well as figure (1). The total number
of bands was 30 bands (198 to 28 KDa) with four com-
mon bands at 169, 165, 129 and 64 KDa. The specific
bands was 3 in 2% NP (181, 145, and 53 KDa), while 4%
non-polluted, 2% polluted and 4% polluted treatment
were specified with one band for each treatment at 198,
8land 164 KDa, respectively. The maximum percentage
of polymorphism was 45% at 2% NP; however the
minimum was 29 % at 4% P. The new appearance bands
in the protein patterns was of V. faba treated with 2 and
4% non-polluted treatments and were 11 and 9 KDa,
respectively, while 7 and 6 new bands in 2 and 4% pollu-
ted samples, respectively. The disappeared bands at 2 and
4% non-polluted were 5 and 4 bands, respectively and 6
disappeared bands at both 2 and 4% polluted treatments.
The genomic template stability (GTS, %) exhibits a con-
siderable variation relative to the control. The 2% of non-
polluted treatment attained the maximum percentage of
GTS (53.3%). On the other hand, the minimum percent-
tage achieved with 4% of polluted treatment was 40% .
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Table (4): Variation in the contents (%) of some nutrient elements of Vicia faba seedlings germinated in soil supplemented with
different concentrations (%w/w) of non-polluted (NP) and polluted (P) Psidium guajava leaves.

Treatment (%) Cu Zn Ni Fe P Mg Ca Na
Concentration (%) Shoot
Control 5.97°+0.35 3.90°+0.17 0.30°:0.02 0.20+0.03 9.540.10  1.60°+0.10  3.90°t0.10 0.10°¢0.01
NP 1.20°0.17 0.70°:0.10 0.70°+0.20 0.50+0.30 125°40.20 2.30°+0.20  4.60°t0.10 2.30°:0.10
P 0.80°0.10 0.70°+0.20 0.60*+0.10 0.50+0.20 1444020 1.60°+0.10  1.80°40.10 0.60°+0.20
F 455.286"  384.0" 7.753" 2.063 610.333" 24500 637.000"  238.922"
p <0.001" <0.001"  0.022 0.208 <0.001" 0.001" <0.001"  <0.001"
Concentration (%) Root
Control 1.10°40.10 0.20£0.10 - 2.90+0.10 3.40°0.20 2.30+0.10 14.6°£0.0  1.20°40.20
NP 1.70°+0.10 0.20%0.10 — 4.30°+0.20 6.90°+0.10 2.80°+0.35 12.3%+0.0 2.20°+0.10
P 420°40.20 0.40£0.17 - 2.50°+0.30 3.40°0.20 1.80°+0.20  10.6°40.1  3.67°%0.12
F 405.500"  2.400 - 57.429" 408.333"  13.235" 3627.0° 218.737"
p <0.001" 0.171 - <0.001" <0.001" 0.006" <0.001" <0.001"

F,p: Fand p values for ANOVA test, Sig.
bet. grps was done using Post Hoc Test (Turkey)

Means with Common letters are not significant (Means with Different letters are significant)

*: Statistically significant at p <0.05 .

Table (5): Molecular weights (KDa) of storage proteins in Vicia faba seedlings treated with non-polluted (NP) and polluted (P)

Psidium guajava leaves powder.

Table (6): Total number of bands, common band, numbers of specific bands, percentage of polymorphism, appeared (a) and
disappeared (b) bands and genomic template stability (GTS%) of storage proteins in Vicia faba seedlings treated with non-polluted

Treatment (%)

Control  Non-polluted (NP)  Polluted (P)
2 4 2 4

- - 198 - -

- 193 193 - -

- - 189 189 -

- 183 183 183 183

- 181 - - -

177 - - 177 177

- 173 173 173 173

169 169 169 169 169

168 168 168 - -

- - 167 167 167

166 166 166 - -

165 165 165 165 165

- - - - 164

162 - - 162 -

- 159 159 - 159

150 - 150 - 150

- 145 - - -

- - 141 141 -

- 136 - - 136

130 - 130 130 -

129 129 129 129 129

- 125 - 113 -

- - - 81 -

64 64 64 64 64

- 53 - - -

50 - - - 50

36 36 36 - -

34 - - - -

- 28 28 - -

(NP) and polluted (P) Psidium guajava leaves powder.

Treatment (%)

Character Control Non-polluted Polluted
2% 4% 2% 4%
Total number of bands 13 17 18 14 13
Common band 4
Specific band - 3 1 1 1
% of polymorphism - 42 45 32 29
@) - 10 9 7 6
(b) - 5 4 6 6
GTS% - 53.3 433 433 40
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Figure (1): Protein fingerprinting patterns of Vicia faba
treated with non-polluted and polluted Psidium guajava leaf
powder.

The electron microscope sections of leaf cells from V.
faba treated with 4% non-polluted and polluted P. guajava
leaf powder showed noticeable differences in the fine
structure of cells which could be correlated with the
marked differences in the metabolic responses of the plant
to the imposed stress by different powders. These visible
changes (Figure 2) when compared to control could be
summarized as: 1) the ultrastructural responses of palisade
cells are obvious, as 4% polluted leaf treatment injuries
appeared in leaves when compare with control. Rema-
rkably, it increased considerably the proportion of chloro-
plasts showing abnormal shape, swelling or disarrange-
ement of the lamellae and distorted thylakoids membranes,
2) in the absence of starch, small grana could be seen
injured thylakoids (swelling and curling) and high density
of stroma (Plate F), 3) the cell wall become thicker with
loose fibrillar structures and appearance of a markedly
asymmetric cell wall in the 4% polluted leaf treatment, 4)
marked dispersed chromatic materials were noticed in the
4% polluted leaf treatment, 5) the nuclei exerted a strong
heterogeneous chromatin structure. However dispersed
chromatin materials were detected in 4% polluted leaf
treatment (Plate C), 6) marked dispersed chromatic
materials was observed, thus reflecting the suppression of
nucleic acid biosynthesis.

Figure (2): Transmission electron microscopy of the Vicia
faba leaf : A and D) Control, B and E) 4% unpolluted leaf
treatment
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DISCUSSION

Allelopathy is a physiological phenomenon with ecolo-
gical implications (Reigosa et al., 2006) and considered
as a sustainable applicable technique in plant ecology.
Mixed cropping system (planting two or more crops on
the same field) is now more common where cultivation of
vegetable and crop species is an old common practice as
intercrops in fruit trees orchards (Gliessman, 1985). Indu-
strial activity represents the most significant source of air
pollution in the study area at Amrayya, Egypt. An incre-
ase in industrial pollution suggests increasing dust depo-
sition onto vegetation and the effect of dust on fruit trees
was identified (Braun and Fluckiger, 1987). A wide vari-
ety of fruit tree species have been studied in their respo-
nse to dust which may cause physical injury to tree leaves
and bark, reduced fruit setting and a general reduction in
growth (Lal and Ambasht, 1984).

Preliminary phytochemical screening of P. guajava
leaf aqueous extracts showed the presence of alkaloids,
triterpenes, tannins, saponins, glycosides, phenolic com-
pounds and flavonoids (Tambe et al., 2014; Hemada
and El-Darier 2016). In the same context, extracts con-
tain the phenolic compounds; gallic acid, catechin, epic-
atechin gallate, syringic acid, o-cumaric acid, resv-
eratrol, and Quercetin (Simao, 2017). Commonly, the
flavonoids content in leaves showed the tendency of
decrease as subjected to industrial air pollution effect
(Furlan et al., 2010).

The importance of the V. faba plant is due to its high
nutritive value in both energy and protein contents.
Therefore, increasing the crop production is one of the
most important targets of agricultural policy in several
countries (Mahmoud et al., 2004). The current study
was an attempt to demonstrate and verify the interfere-
ence of allelochemicals liberated from non-polluted and
polluted P. guajava leaves with germination efficiency
and growth as well as some physiological and bioche-
mical parameters of V. faba crop plant. Data exhibited a
significant reduction in dry weight and length of V. faba
shoot and root which was achieved its maximum at
higher concentration levels of P. guajava leaves from
polluted site compared to the not-polluted reference site.
In explanation, P. guajava leaves subjected to industrial
pollution at Amrayya may absorb and accumulate pollu-
tants in their leaves as a phytoremediation strategy.
Some studies have already identified P. guajava allele-
pathic effects on other species, for example, the effect
of P. guajava fruit extracts on cucumber germination
(Cucumis sativus) (Chapla and Campos, 2010), as well
as the effect of root exudates on lettuce (Lactuca sativa)
germination and root growth, and the root growth of
bristly foxtail (Setaria verticillata) (Brown et al., 1983).
Similarly, Vicia faba was sensitive to other plants
extracts as the extracts of Citrullus colocynthis and this
inhibitory effect increased with increasing extract
concentration (Salama and Al Rabiah, 2015).

The current work also revealed that leaf pigment con-
tent as well as total carbohydrates and total proteins in
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shoot and root of Vicia faba were decreased for all
concentrations compared to control and the decrease
was remarkable for polluted rather than non-polluted
leaf powder. Treatment by P. guajava leaf crude powder
caused significant increases in the photosynthetic
pigments (chlorophyll a, b and carotenoid) of sunflower
leaves relative to control (Dawood et al., 2012). Salama
and Al Rabiah (2015) found the allelopathic effect of
Citrullus colocynthis shoot extract caused a decrease of
carbohydrates and an increase of proteins for Hordeum
vulgare and Vicia faba crop plants. Similar effect was
by P. guajava which increased significantly the total
carbohydrate content in sunflower leaf tissues accom-
panied with a significant decrease in the total phenolic
content relative to control (Dawood et al., 2012).

The determination of trace metals is very important
because they are involved in biological cycles and
indicate high toxicity (Dhiman et al., 2011). In the
present investigation concentration of Na, P, Fe and Ni
increased as affected with the two types P. guajava
leaves while that of Zn and Cu were decreased. Non-
polluted and polluted leaf powder exhibited a different
effect on Ca content where increased and decreased
values respectively were recorded. The content of Na
and Cu in roots was increased upon applying the two
types of leaf powders while that of Ca was decreased.
Additionally, an increase and decrease attitude for Mg
and Fe was exhibited by non-polluted and polluted
powders. Nutrients can be stored for later use at a time
when the assimilation capacity may be inadequate
(Savchuk, 2000). El-Darier (2002) reported that Eucal-
yptus crude leaf powder significantly increases the
accumulation of phosphorus and potassium in leaves of
V. faba and Zea mays while nitrogen was not affected.
This nutrients accumulation is one of the most effective
mechanisms of phenolic compound actions (Einhellig
and Leather, 1988). The present results revealed that
allelopathic compound released from polluted P. gua-
java leaves significantly suppressed the accumulation of
Zn, Cu and Ca in shoot as well as Mg and Fe in root.
Many polyphenols at higher concentrations (4%) have
the ability to chelate divalent and trivalent metal ions
(Crawley, 1997) which may be coincided with the redu-
ction of growth and development in V. faba plant. The
same results were obtained by Puri and Khara (1991).

Vegetative storage protein (VSPs) provides the buil-
ding materials for growth and rapid expansion of veget-
ative structures after period of dormancy (Sozen, 2004).
VSPs were first described by Wittenbach (1983) in
soybean leaves. Because of their abundance in all vege-
tative tissues, they have been called vegetative storage
proteins. The present study evaluates the VSPs in V. faba
seedlings treated with non-polluted (NP) and polluted (P)
P. guajava leaves. Increased percentage of polymorphism
indicated the more adaptively of the V. faba plant to non-
polluted treatments than the polluted ones. Similarly, the
increase in GTS indicated that V. faba plants were more
stable and more adapted to non-polluted treatment than
polluted one.

The ultrastructural responses of palisade cells of V.
faba leaves in the present study increase the proportion
of chloroplasts of abnormal shape, swelling or disarray-
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ngement of the lamellae and distorted thylakoids asso-
ciated with high density of stroma. Moreover, the cell
wall becomes thick and marked dispersion in chromatin
materials led to suppression of nucleic acid biosyn-
thesis. These alterations were prominent in polluted
leaves compared with non-polluted. In this context,
Lovett (1982) observed increased vacuolation and other
apparent disruptions in the root tip cells of flax to which
an allelochemicals had been applied. As well, phenolic
acids retarded hypocotyl growth in Phaseolus aureus
not through structural damage but rather by interference
with mitochondrial respiration (Koch and Wilson,
1977). Leaf cells of Sorghum bicolor were less damaged
than those of Zea mays at low water potentials (Giles et
al., 1974), and strengthen the hypothesis that main-
tenance of membrane structure is an important factor in
the ability of plants to withstand severe water stress.

CONCLUSION

The pollution impact on secondary metabolism is
dependent on pollutant chemistry and on the species
studied. Some species activate some biosynthetic path-
ways, while others are affected in different ways. The
present study may indicate that P. guajava may consider
as a bioindicator as they are very sensitive to different
industrial pollutants. Field experiments are needed beca-
use under natural conditions the variety of P. guajava
interactions with the physical environment and other
organisms can either intensify or decrease its allele-
pathic effects. Moreover, the study recommends that V.
faba was suitable and highly adapted to cultivate as
intercrop in non-polluted Guava orchards.

REFERENCES

AJASA, AM.O.,, M.O. BELLO, A.O. IBRAHIM, I.A.
OGUNWANDE, AND N.O. OLAWORE. 2004.
Heavy trace metals and macro-nutrients status in
herbal plants of Nigeria. Food Chem.; 85: 67-71.

AN M., I.LR. JOHNSON AND I.R. LOVETT. 1993.
Mathematical modeling of allelopathy: biological
response to allelochemicals and its interpretation. J.
Chem. Ecol., 19: 2379-2388.

BERHOW M.A. AND S.F. VOUGHN. 1999. Higher
plant flavonoids: biosynthesis and chemical ecology.
In: Inderjit KM, Dakshini M, Foys CL, eds. Princi-
ples and practices in plant ecology: Allelochemical
interactions.,p.p.: 423-438.

BRAUN, S., AND W. FIUCKIGER. 1987. Ambient air
pollution induced changes in amino acid pattern of
phloem sap in host plants-relevance to aphid infest-
ation. Envronmental Pollution.56: 209-216.

BROWN, M.J., J.B. KIRKPATRICK, A. ANDMO-
SCAL. 1983. Conservation status of endemic vasc-
ular plants in alpine Tasmania. Proceedings of the
Ecological Society of Australia, 12: 168-1609.

CHAPLA, T.E. AND J.B. CAMPOS. 2010. Allelo-
pathic evidence in exotic guava (Psidium guajava
L.). Brazilian Archives of Biology and Technology
53: 1359-1362.

COTTENIE, V., AM. KIEKENS, L.G. VELGH, AND


https://www.ncbi.nlm.nih.gov/pubmed/?term=Dhiman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21976824

Mostafa, M.H and El-Darier, S.M

R. CAMERLYNCK. 1982. Chemical Analysis of
Plants and Soils. P 44-45. State Univ. Ghent
Belgium, 63.

CRAWLEY, M.J. 1997. Plant secondary metabolism In:
Plant Ecology,Cambridge University press, Cambri-
dge,Great Britain,p:132-155.

DALTON, B.R. 1999. The occurrence and behavior of
plant phenolic acids in soil environment and their
potentials involvements in allelochemical interfere-
ence interactions: methodological limitations in
establishing conclusive proof of allelopathy. In:
Inderjit KM, Dakshini M, Foys CL, eds. Principles
and practices in plant ecology: Allelochemical
interactions. CRC Press, Bocaraton, Fl, 57- 74.

DAWOOD, M.G., M. EL-AWADI, AND K. ROKIEK.
2012. Physiological Impact of Fenugreek, Guava
and Lantana on the Growth and Some Chemical
Parameters of Sunflower Plants and Associated
.Journal of American Science 8: 166-174.

DHIMAN, A., A. NANDA, AND S. AHMAD. 2011.
Metal Analysis in Citrus Sinensis Fruit Peel and
Psidium Guajava Leaf. Toxicol Int. 2: 163-167.

EINHELLIG, F.A/A,, AND G.R. LEATHER. 1988.
Potentials for exploiting allelopathy to enhance crop
production. J.Chem.Ecol.14: 1829-1844.

EL-DARIER, S.M. 2002. Allelopathic Effects of
Eucalyptus rostrata on Growth, Nutrient Uptake and
Metabolite Accumulation of Vicia faba L. and Zea
mays L. Pakistan Journal of Biological Sciences, 5:
6-11

FURLAN, C.M., D.Y. SANTOS, L.B. MOTTA, M.
DOMINGOS, AND A. SALATINO. 2010. Guava
flavonoids and the effects of industrial air pollutants.
Atmospheric Pollution Research, 1: 30-35.

GILES, K.L., M.F. BEARDSELL, AND D. COHEN.
1974. Cellular and ultrastructural changes in meso-
phyll and bundle sheath cells of maize in response to
water stress. Plant Physiology, 54: 208-212.

GLAUERT, A., AND G.H. GLAUERT. 1955. Araldite
as an embedding medium for electron microscopy.
y. biophys. biochem. CytoL, 4: 191.

GLIESSMAN, S.R. 1985. Multiple cropping systems: a
basis for developing an alternative agriculture. In:
Innovative biological technologies for lesser develo-
ped countries, Washington, pp. 69-83.

HAIDA K.S., A. BARON, AND K.S. HAIDA. 2011.
Phenolic compounds and antioxidant activity of two
varieties of guava and rue. Rev Bras CiéncSaude 28:
11-19.

HEMADA M., AND S. EL-DARIER. 2016. Metabolic
responses of Psidium guajava L. trees irrigated with
polluted water. Research Journal of Agriculture and
Environmental Management, 5:001-010.

HERBERT D., P.J. PHILIPS AND R.E. STRANGE.
1971. Determination of total carbohydrates. Methods
in Microbiology, 58, 209-344.

JOSE S., AND A. GILLESPIE. 1998. Allelopathy in
black walnut (Juglans nigra) allely cropping. II.
Effects of Juglone on hydoponically grown corn
(Zea mays L.) and soyabean (Glycine max L. Merr.)
growth and Physiology. Plant and Soil 203: 199-205.

109

KANERIA, M., AND S. CHANDA. 2011. Phyto-
chemical and Pharmacognostic Evaluation of Leaves
of Psidium guajava L. (Myrtaceae). Pharmacog.,23:
32-41.

KOCH, S.J. AND R.H. WILSON. 1977. Effects of
phenolic acids on hypocotyl growth and mitoch-
ondrial respiration in mung bean (Phaseolus
aureus). Annals of Botany, 41: 1091-1092.

LAEMMLLI, U.K. 1970. Cleavage of Structural Proteins
during the Assembly of the Head of Bacteriophage
T4. Nature, 227:680-685.

LAL, B.,, AND R.S. AMBASHT. 1984. Impact of
cement dust the mineral and energy concentration of
Psidium guajava. Environ. Poll. ,29, 241-7.pp. 665-
70.

LANGENHEIM J.H. 1994. Higher plant terpenoids: a
phytocentric overview of their ecological roles. J.
Chem. Ecol., 20: 1223-1280.

LIU, W., Y. S. YANG, Q. X. ZHOU, L. J. XIE, P. J. LI
AND T. SUN. 2007. Impact assessment of cadmium
contamination on rice (Oryza sativa L.) seedling at
molecular and population levels using multiple
biomarkers. Chemosphere, 67: 1155-1163.

LOVETT, J.V. 1982. The Effects of Allelochemicals on
Crop Growth and Development. In: Chemical
Manipulation of Crop Growth and Development
(Ed. By J. S. McLaren), pp. 93-110. Butter worths,
London.

LOWRY, O.H., NJ. ROSEBROUGH, A.L. FARR,
AND R.J. RANDALL. 1951. Protein measurements
with the Folin phenol reagent. J. Biol. Chem., 193:
265-275

MAHMOUD, Y.A., M.K. EBRAHIM, AND M. ALY.
2004. Influence of some Plant Extracts and Micro-
bioagents on some Physiological Traits of Faba
Bean Infected with Botrytis fabae. Turk J. Bot.,
28:519-528.

MARCOVECCHIO, J.E., S.E. BOTTE, R.H. FREIJE,
AND LM.L. NOLLET. 2007. Heavy metals, major
metals, trace elements. Hand book of water analysis.
2nd ed. Boca Raton CRC Press: 275-311.

METZNER, H., H. RAU, AND H. SENGER. 1965.
Untersuchungen zursynchronisierbarkeit ein zelner
pigment-mangelmutanten von chlorella. Planta, 65:
186-194.

MOLLENHAUER, H.H. 1959. Permanganate fixation
of plant cells.J.Biophys. Biochem. Cytol. 6: 431-
436.

PRASANTA, KK, P.P. SRIVASTAVA, AK.
AWASTHI, AND S.R. URS. 2008. Genetic variab-
ility and association of ISSR markers with some
biochemical traits in mulberry (Morus spp.) genetic
resources available in India. Tree Genetics and
Genomes 4: 75-83.

PURI, S. AND A. KHARA. 1991. Allelopathic effects
of Eucalyptus tereticornisis on Phaseolus vulgaris
seedlings. Intern. Tree Crops J., 6: 287-293.

QIAN, H., AND V. NIHORIMBERE. 2004. Antioxi-
dant power of phytochemicals from Psidium
guajava leaf. J. Zhejiang Univ. Sci.5: 676-83.

RAMAKRISHNA, A., AND G.A. RAVISHANKAR.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Nanda%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21976824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21976824
https://www.ncbi.nlm.nih.gov/pubmed/?term=Qian%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15101101

Allelopathic Indications of Non-polluted and Polluted Psidium guajava L.

2011. Influence of abiotic stress signals on
secondary metabolites in plants. Behavior, 6: 1720-
1731.

REIGOSA, J., N. PEDROL, AND |. GONZALEZ.
2006. Allelopathy: A Physiological Process with
Ecological Implications. Springer, pp. 639.

REZENDE, F.M. AND C.M. FURLAN. 2009. Antho-
cyanins and tannins in ozone-fumigated guava trees.
Chemosphere. 76: 1445-1450.

SALAMA, H.M. AND H.K. AL RABIAH. 2015. Phys-
iological effects of allelopathic activity of Citrullus
colocynthis on Vicia faba and Hordeum vulgare.
European Journal of Biological Research, 2: 25-35.

SAVCHUK, O.P. 2000. Studies of the assimilation
capacity and effects of nutrient load reductions in
the eastern Gulf of Finland with a biogeochemical
model. Boreal Environment Research, 5:147-163.

SEIGLER, D.S. 1998. Plant Secondary Metabolism.
Chapman and Hall (Kluwer Academic Publishers),
Boston, MA, 711.

SIMAO, AA., T.R. MARQUES, S. MARCUSSI, AND

110

A.D. CORREA. 2017. Aqueous extract of Psidium
guajava leaves: phenolic compounds and inhibitory
potential on digestive enzymes. Anais da Academia
Brasileira de Ciéncias.An Acad Bras Cienc. 89:
2155-2165.

SOZEN, E. 2004. Vegetative storage proteins in plants.
Anadolu University Journal of Science and Techn-
ology, 1: 1-7.

TAMBE, R., R.G. SINGHAL, K. BHISE, AND M.
KULKARNI. 2014. Phytochemical screening and
HPTLC fingerprinting of leaf extracts of Psidium
guajava Linn. Journal of Pharmacognosy and Phyto-
chemistry, 1: 52-56.

WARDLE, D.A., M. NILSSON, C. GALLET, AND O.
ZACKRISSON. 1998. An ecosystem-level perspect-
ive allelopathy.Biol.Rev.,73: 305-319.

WITTENBACH, V.A. 1983. Purification and chara-
cterization of a soybean leaf storage glycoprotein.
Plant Physiology, 73: 125-129.

ZAR, J. H. 1984. Biostatistical analysis. Englewood
Cliffs, NJ: Prentice-Hall. 620 p.


https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Rezende%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=19539346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Furlan%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=19539346
https://www.ncbi.nlm.nih.gov/pubmed/19539346
https://www.ncbi.nlm.nih.gov/pubmed/28678960

Mostafa, M.H and El-Darier, S.M

o Ao A5 glal) g A glal) e AB) gadl (3 6Y Alranl galail) slagy) cyY
J o8l il dpa¥) g A ol gacadl) i) g2

Al daaa Aadlu g ¢ laa Basaa A4S g e

ae g Hasay) c;\.i)l.'\s.m‘g\autéce}u\wc@‘ﬂ_}:\,\}yb&w‘?ﬂﬁ
ga.)ﬂ‘uaﬁ.d‘

A sall) skl e 480 gl 3151 (3 sl (AlasSll gabiaill slagyl il pilE aans g Aul all 038 (e (e N Cangdl OIS
(se ) Sof dihie e A8 sall Gl gan o3 2y Jdll i A Glal) oS5y alay) Je @kl (o al)
5 ) S AN e Jalsl) gl o pail) apenaill 1S5 il e GsY) e Gue sil) el (A ska) Ay jelall
S e Jpanll Al ) Apalall 4 Sl e 45 5Lall 5 2kl e A8lall (3151 (3 smnse i o3 285 3 jaill 6 ardiual
(g seedling™)<ilall o) sl (e S Gia 3y Aadbia Ao ganaS (§saune (s Al ) ALaYL (7€ 5T (Y o)) Adlisa
Glsl Celal 28 s AT Lali ey (ZE 5 T) Adlad) S ) o ga il & Lalias) Jsdll s SG () Jshas
Aisle e B3, sYL A i (au) AN Hia Jsh A (@AY ey el 8 lall dilaiall b 480 sl

g sanall o JS (& AN 8 gl s s g0 SU (s ginae ISy G5V (e raall (5 sinall B (=l QIS
493 jaaliall 3 5 (o geady Ll Dokl e 15 (3 smmar 40 8aS skall 31 5Y) sy Usgala 53l 5 (5wl
)i Ay 2030 (polymorphism)JSay! aaes judy S5 (3 sasall ¢ 515 sumnlly juaiell CoMA] ao cdlia) i
2 Aallaall s 480 Jl LA < yelalafy A8 slally 4l Agld) pe lallaall ge Joill il S5 L (GTS) psiand
Aagall Al b A salall CUDEAY) jud ) dpalV) Leillee & U sale DR & slall 5 &gkl e (ualasall (e 7€
LGsYI LAl

111



