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Ameliorative Effects of Organic Fertilizer, Trichoderma and Silicon
on Productivity and Quality of Tomato Grown under Contaminated
Soil Conditions CrossMark
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HE PRESENT study was carried out during the summer seasons of 2017 and 2018 in

Talkha city, Dakahlia Governorate, Egypt near El-Mansoura-Damietta highway and El
Delta Company for Fertilizers and Chemical Industries, where lead (Pb) and copper (Cu) levels
in the soil exceed the permissible levels. Therefore, the aim of this study was to alleviate the
adverse effects of heavy metals (HMs) on tomato plant (Solanumlycopersicum L.) Super Strain
B F,. Twelve treatments were conducted which were the interactions between two silicon (Si)
foliar spraying (without or 300 ppm Si) and six soil amendments : 100% chemical fertilizers
(CF), 50% farmyard manure (FYM), 100% FYM, 100% CF+ Trichoderma spp. (T), 50%
FYM + T. and 100% FYM + T. Data indicate that Pb and Cu were accumulated in tomato
organs to hazardous levels in the following descending order : roots > shoots > fruits and
shoots > roots > fruits, respectively which consequently severely reduced tomato plant growth
and fruit yield and fruit quality. Results also, showed that the application of Si treatment sole
or in combination with soil amendments markedly enhanced plant height, dry weight, total
chlorophyll, number of fruits/plant, total yield/fed, Vitamin C, acidity %, TSS and taste index,
where as, reduced Pb and Cu concentrations in different plant organs, bio-concentration factor
(BCF) and translocation factor (TF). However, Si + FYM + T. treatment was superior in these
respects, therefore increased the net return. Also, negative correlations were obtained between
fruit yield and BCF of Pb or Cu and between taste index and TF of Pb or Cu.

Keywords: Solanumlycopersicum L., Bio-concentration factor, Lead, Copper, Farmyard
manure, Trichodermaspp., Silicon.

Introduction exceeding critical limits i.e., 60mg/kg Pb and
70mg/kg Cu in the soil according to FAO/WHO
(2001).This is acutely evident inEgypt, especially
in areas adjacent to the highways, domestic
wastewater and industrial zonewhich pose a
critical concern to plants,environment and human
at the end of the food chain. In northeastern of
the Delta, particularly in Talkha, an industrial
and agricultural city, the soil is heavy in texture
with relatively high pH, low organic matter and
contaminated by copper and lead, besides low
quality irrigation water which was a mixture
of industrial waste from El Delta Fertilizers
Co. and sewage and agricultural wastewaters.

Contamination by HMs has emerged with the
industrial revolution and then sharply increased
in urban due to due to increased population
activity and in rural areas due tointensive
agriculture production to meet food demand
of a growing population. Intensive agricultural
pollution arises from both natural (geological)
and anthropogenic activities i.e., various
stationary and mobile sources (Bilos et al., 2001).
Agricultural amendments e.g., sewagesludge,
mineral synthetic fertilizers and pesticidesrelease
large quantities of HMs (Anagawa et al., 2019),
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Thus, high amounts of potential toxic HMs
were transported for more than five decades
before necessary safety precautions were taken
recently. Plants differ in their tolerance to HMs
and most of the economic plants are fortunately
not hyperaccumulators. Therefore, they evolved a
range of mechanisms in the detoxification such as
avoidance i.e., preventing HMs uptake, exclusion
into the vacuole away from metabolic processes,
chelation of HMs by organic components (organic
acids, amino acids or peptides) and/or enhancing
oxidative defense system. In Egypt, tomato
crop occupies about one third of vegetables
area (182444 hectares) in 2017 according to
FAO Stat. Although tomato is considered as an
intermediate accumulator to HMs, but it is the
most consumed vegetable as fresh and cooked
fruits (7297108 ton/year) in 2017 according to
FAOSt at (2017). It is also an important export
crop (more than 20 tons/year). The presence of
HMs such as Pband Cu reduces the nutritional
value of tomato fruit (Anagawa et al., 2019)
as they are considered systemic toxicants to
human, since Pbrecommended permissible limits
in tomato fruit are 0.1- 10mg/kgdw, while the
normal limits of Cu in plant tissues are 2-20mg/
kgd waccording to FAO/WHO (2001). Although
copper is a micronutrient, but at high levels can
be a major health hazard to human that causing GI
mucosal ulcerations, bleeding, acute hemolysis,
hepatic necrosis, nephropathy, hypotension,
tachyeardia tachypnea, dizziness, headache,
convulsions, lethargy and coma. However, lead
(Pb) even in low level is toxic and could cause
neurological damage, lowers IQ and attention,
encephalopathy, bone deterioration, hypertension
and kidney disease (as reported by Agency for
Toxic Substances and Disease Registry).

HMs are bioaccumulated and non-
biodegradable and their availability and uptake
from soil to plants depend on plant variety and
soil characteristics e.g., clay and organic matter
contents, pH and cation exchange capacity
(CEC). With increasing soil pH, the mobility
of Pb increases, whereas of Cu decreaseswhich
affectstheirabsorption by the plants (Podlesakova
et al., 2002). Toxicity of HMs may result from
the inhibition of plant cellular activities (Hall,
2002) by binding HMs with sulphydryl groups of
proteins, the replacement of an essential element
resulting in deficiency symptoms (Van Assche and
Clijsters, 1990) or bythe stimulation of reactive
oxygen species (ROS), (Dietz et al.,1999). Finally,
plant growth inhibition, crop yield depression and
quality deterioration are a result.

Egypt. J. Hort. Vol. 46, No. 2 (2019)

Removal or fixation of HMs by remediation
can be the most appropriate techniques. Removal
by phytoremediation is environmental safe, but
it needs long time. However, removal by soil
leaching is extremely expensive and polluted
the ground water. On the other hand, fixation
technique i.e., HMs immobilization by adsorption,
absorption or chelation could be safer, cheaper
and faster technique. vbThe organic fertilizersnot
only improve physical, chemical and biological
characteristics of soils, but also have a potential
alleviation of metal toxicity (Gul et al., 2015 and
Rady et al., 2016). Moreover, Trichodermaspp.
fungusis, a beneficial toolin modern agricultural
system. It is well documented as an organic
solventand as a bioremediation treatment, since
it could improvemetal stress tolerance in plants
due to its important role in protection against
oxidative damage throughincreasing activities
of ascorbate and glutathione-recycling enzymes
(Mastouri et al., 2012) as well asproducing
auxins, ethylene, gibberellins, phytoalexins
and phenols (Lopez-Bucio et al., 2015).
Moreover, 7. canincreaseproline production
and ROS scavenger activities (Hidangmayum
and Dwivedi, 2018), in addition to enhanceroot
biomass production and nutrient availability and
efficiency. Generally, 7 remodels or manipulates
the plant immune response by reprogramming
their transcriptome and proteome. Moreover, with
increasing crop yields, agricultural intensity and
less incorporationoforganicmatter back in to the
soil, Si loss by plant uptake is more pronounced
than its mineralization, resulting in Si depletion
zone which makes Si now a quasi-essential
element. Si as a fertilizer is applied to many crops
in several countries for increased productivity
and sustainable production. Moreover, it has
beneficial effects on alleviating both biotic and
abiotic stresses (Ma,2004). The most significant
effects of silicon on metal toxicity are reducing
the uptake through metal adsorption and inhibiting
ROS production (Rizwan, 2012).

The current study aimed to figure out the
deleterious effects of Pb and Cu on tomato as
a highly consumed vegetable and to assess the
ameliorative effects of organic fertilizer (FYM),
Tricchoderma and Si as environmentally friendly,
economical and sustainable alternatives.

Material and Methods

The experiments were carried out during
summer seasons of 2017 and 2018 at Talkha
Cityadjacent to El-Mansoura-Damietta highway
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and El Delta Company for Fertilizers and
Chemical Industries (31°.05'N, 31°.38'E with an
elevation of 7 meters above sea level), Dakahlia
Governorate (Egypt’s fourth largest governorate
by population) to study the effectof farmyard
manure, Trichoderma ssp. and siliconon mitigating
the harmful effects of Pb and Cucontaminated
soil on tomatoplant (Solanumlycopersicum L.),
Super Strain BF1.Preceding the initiation of the
experiment, soil samples at a depth of 0-50 cm
were collected and analyzed (Cottenie et al.,1982).
The soil analysis results are shown in Table 1. On
16" March, tomato seedlings (35 day-old) were
transplanted in both seasons at 50 cm apart on
one side of ridge of 4m long and 1m width with a
capacity of 3 ridges. The experimental plot had a
net area of 12m?>.

Soil amendments

Fertilization rates

For inorganic fertilization practice, a dose
of 200kg /fed calcium superphosphate (15.5%

P,O,) was added during soil preparation. While,
nitrogen fertilizer was added in three doses; 150
and 200kg/fed as ammonium sulphate (20.6 %
N) and 150 kg/fed as ammonium nitrate (33.5%
N) at 30,60 and 90 days after trans planting,
respectively. Potassium sulphate (48% K,O) was
added once at 90 days after transplanting at a
rate of 100kg /fed. However, the application of
mineral synthetic fertilizers may impose concern
regarding the entry and toxic accumulation of
HMs in agro-ecosystems as shown in Table 2.
Pb and Cu contents in the mineral fertilizers
used were determined by an atomic absorption
spectrometer (GFAAS, Perkin Elmer PinAAcle
900T, Perkin Elmer Inc., Waltham, USA). As for
organic fertilization, the calculated quantity of
FYM (1.22 %N) to achieve the total N-fertilizer
is 9.988 ton/fed. Chemical analysis of FYM is
shown in Table 3. Fully decomposed farmyard
manure was thoroughly mixed with the upper
20cm layer of the soil prior to planting.

TABLE]1. Physical and chemical properties of the experimental soil .

Properties Season 2017 Season 2018
Physical analysis
Clay % 48.2 47.9
Silt % 25.1 26.4
Sand % 26.7 25.7
Soil texture Clay Clay
Chemicalanalysis
*pH 7.6 7.5
**EC(dSm™) 1.25 1.25
oM 1.86 1.93
CaCoO, 2.81 2.65
Available nutrients (ppm)
N 46.3 44.6
P 15.6 14.9
K 298.0 302.0
Ions( meq/ 100g soil)
(HCO,y 1.50 1.66
Cr 3.9 3.01
(S0~ 1.4 1.50
Heavy metals (mg/kg dw)
Pb 313 235
Cu 77 79

*pH of 1: 2.5 (Soil: Water) water suspension, **EC of 1: 5 (Soil: Water) water extract.
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TABLE 2. Heavy metals in samples of mineral fertilizers used in these experiments.

Total (mg.kg™)

Fertilizer Cu b
Calcium super Phosphate 24.4 7.4
Ammonium nitrate 0.8 19.1
Ammonium sulphate 1.8 21.0
Potassium sulphate 2.1 22.0

TABLE 3. Chemical analysis of the farmyard manure used during seasons of 2017 and 2018.

Total HMs Available HMs
. pH EC OM C:N ° o, content (mg.kg") (mg.kg™")
Properties 'y 5)  (@S/m) (%)  ratio P% K%
Pb Cu Pb Cu

2017 6.9 4.12 335 21:1 0.54 1.02 110.6 56.1 18.7 5.9

2018 7.4 4.17 352 20:1 0.55 098 98.4 433 223 5.8
Trichoderma inoculation . 100% FYM (9.988ton/fed.)

A liquid suspension of Trichodermaharzianum . 100% CF + T.

and T viride inequal proportions was used as . 50% FYM (4.994ton/fed.) + T.
a mixture. The inoculum was provided from . 100% FYM (9.988ton/fed.) + T.

Research of Biological Nitrogen Fixation unit
(BNF), Soil, Water and Environment Research
Institute, Agricultural Research Center, Giza,
Egypt. The fungus suspension (5ml) containing
Igm mycelium of each inoculum (10*° conidia/ml)
was inoculated as plant-bed before transplanting.

Siliconfoliar spraying

K-silicate (K,SiO,: 11% K,O and 22%Si0,)
was purchased from Technogreen Co., Cairo,
Egypt. Also, it is preferable to dissolve K-silicate
in warm water first before preparing the assigned
concentration (300ppm). Tomato plants were
foliar sprayed during the growth period starting
at 20 days after transplanting and applied 15 days
interval for 4 times, while tap water was sprayed
and served as a control treatment. The normal
agricultural practices for tomato -cultivation
under Delta conditions were followed according
to the recommendations of Egyptian Ministry of
Agriculture and Land Reclamation.

Experimental design

The experiment was laid out in a complete
randomized block design (RCBD) with 3
replicates. The experiment consisted of two
factors as follows:Tow Si foliar spraying levels
(without or 300ppm) and 6 soil amendments:
. 100% CF
. 50% FYM(4.994ton/fed.)
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Data recorded
Vegetative growth, total chlorophyll of leaf and
fruit yield characteristics

A sample of three plants was taken randomly
from each experimental plot after80 days from
transplanting to determine plant height (cm) and
dry weight/plant (g). Moreover, total chlorophyll
of leaf was determined as described by Von
Wettstein (1957). At harvesting stage, number
of fruits/plant was recorded and total yield
(the weight of fruits of all harvests) as kg/plot
was recorded, then total yield as ton/fed was
estimated.

HMSs contentsinroots, shoots and fruits

Pb and Cu contentsin different plant organs
(roots, shoots and fruits) were analyzed by atomic
absorption spectrometry (GFAAS, Perkin Elmer
PinAAcle 900T, PerkinElmer Inc., Waltham,
USA). HMs were determined in roots and shoots
samples at 120 days after transplanting andin
fruits (sample of 10 tomato fruits/plot) at breaker
stage. Roots, shoots and fruits samples were oven
dried at 70°C until constant weight, and then the
dried samples were ground in a stainless-steel
grinder to a fine powder. Afterward a weight of
0.1 g of dried samples was wet digested, the acid
digested solution was used to measure Pb and Cu
contents.
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HMSs accumulating capacities

Tomato plant may have the potential to
accumulate metals, so the bio-concentration
factor (BCF) and translocation factor (TF) were
estimated for HMSs uptake capacities. BCF is a
ratio between a metal content within the plant
organs to a total metal content in the soil. However,
the TF is a ratio between a metal content within
a plant organ to a metal contentin another plant
organ.BCF and TFwere calculated according to
Liu et al. (2009) using the following formula :

_ Cplant

BCF
Csoil

C (shoots or fruits)
TE =
C (root or shoots)

Where: C is the concentration of metal in different
plant organs.

If BCF < 1.00, it indicates that the plant can only
absorb but not accumulate metal.

If BCF > 1.00, it indicates that the plant may have
potential to accumulate metal.

Relative reduction of Pb and Cu TF was
calculated as follow:

Pb or Cu TF of control — Pb or Cu TF of treatment

Relative response of TF % =

Fruit quality

At red ripe stage, a sample of 10 fruits per
experimental plot were randomly harvested and
used for determining total soluble solid (TSS)
(°Brix) using a hand refractometer, acidity %
by a pH meter and vitamin C according to the
methods described in (AOAC, 2000). Also, taste
index was calculated using the equation proposed
by Navez et al. (1999)

Brix degree

Taste index = — >
aste MEEX =20 x Acidity

+ Acidity

Economic Performance

Based on market prices, economic
performance of tomato plants (gross return,
treatment cost, total variable cost, net return and
benefit-cost ratio) was calculated as average of the
two seasons according to Boardman et al. (2001).

Statistical analysis

The obtained data were subjected to statistical
analysis of variance (ANOVA) using CoStat
statistical analysis system (Version 6.303, Co
Hort, USA, 1998-2004). Mean comparisons
were performed using Duncan’s Multiple Range
Tests at 5% level of probability according to the
procedures reported by Snedecor and Cochran
(1982). Moreover, correlation between fruit yield
and either BCF of Pb or Cu andbetween taste
index and either TF of Pbor Cu were analyzed.

Results and Discussion

Vegetative growth traits, total chlorophyll of leaf
and yield characteristics

Data in Table 4 indicate that both foliar
spraying of 300ppm Si and soil amendment

x 100

Pb or Cu TF of control

treatments alleviate the adverse effects of Pb
and Cu pollution on leaf chlorophyll content and
vegetative growth and yield characteristics. The
most pronounced results ofsoil amendments were
obtained with 100% FYM+T. followed by 50%
CF + 50% FYM+ T, except fortotal chlorophyll
of leaf in the 2" season where the difference did
not reach to the significance at 5% level.

Concerning the interaction between Si
application and soil amendments, data revealed
that all assigned treatments enhanced vegetative
growth and yield attributes and total chlorophyll
of leaf. The treatment of Si foliar spraying +100%
FYM+T. followed by Sifoliar spraying + 50%
FYM+T. were superior to the other treatments,
except for total chlorophyll of leaf in the 1%
season, where the highest value was recorded by
the treatment of Sifoliar spraying +100% FYM+T.
followed by Si foliar spraying + 50% FYM+T.
inoculation.

Shabana et al. (2012) found significant
reductions in most of studied vegetative and
yield traits of tomato and bean plants grown
under pollution conditions. Hladun et al. (2015)
and Alaboudi et al. (2018) found that Cu and
Pbadversely affected the fresh and dry weights
of sunflower (Helianthus annuus. L.) and radish
(R. sativus) shoots. The exposure to excess
levels of HMs reduces plant growth and yield
due to the inhibition of photosynthesis, nutrient
assimilation and cell division (Arellano et al.,
1995, Sharma & Dubey, 2005 and Sanaa, 2015)
as well as physiologically inhibition of active
enzymes (Gadd, 2007) and mineral metabolism
(Janas et al., 2010).
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The alleviated effects of assigned treatments
on growth yield and chlorophyll parameters may
be attributed to some operating mechanisms
which might be led to decrease HMs uptake and/
or decrease their translocation from roots to shoots
and fruits as shown later in Table 6 and Fig. 3.
Concerning K-silicate application, specific roles
of Si in abiotic stress tolerance as antioxidant
may contribute to its importance inactivation
of antioxidant enzymes (superoxide dismutase
and catalase), reducing lipid oxidation of cell
membranes and stimulation ROS scavenging
capacity (Elkhatib et al., 2017; Yavas and Unay,
2017). Also, Si may be able toaccumulate HMs
in silicate forms (nontoxic). In addition, Si has
important roles in increasing RNA, DNA and
chlorophyll synthesis and in maintaining plant
water status. In other word, the enhancement
effects of Si on stressed tomato could be the
sum of enhancement of growth, chlorophyll,
and many antioxidant enzymes and inhibiting
H,0O, activity (Hassan et al., 2017) which were
consequently reflected on the yield production.
The role of potassium as a component ingredient
in K- silicate in assisting the processes that ensure
carbon assimilation and transportation to the fruits
cannot be ignored (Nesreen et al., 2011).

Moreover, 7. strains are known as plant
growth promoting fungi. They are able to
produce various bioactive secondary metabolites,
which stimulate plant growth and increase plant
tolerance against abiotic stress i. e. environmental
stressesthrough increased root growth, nutrient
uptake and inducing protection against oxidative
stress. 7. harzianum enhanced photosynthesis
and growth rates, reduced electrolyte leakage
and lipid peroxidation rates (Ghorbanpour et al.,
2018) and ameliorated HMs stresses by inducing
physiological protection against cellular damages
in tomato (Hidangmayumand Dwivedi, 2018).
7. inoculated sunflower mitigates the phytotoxic
effects of Pb*? by increasing antioxidant enzymes
level (Devi et al.,2017) and/or accumulation and
translocation to leaves (T¢llez-Vargas etal., 2017).
On the other hand, the yield response to organic
manure application could be attributed to improve
physical, biological and chemical properties of
the soil resulting in better supply of nutrients to
the plants. Angelova et al. (2013) stated that the
content of bioavailable metal species whichis
an indicative of HM simmobilization could be
reduced by organic matter enrichment.

Heavy metal content

The effects of Si foliar spraying and soil
amendments of FYM and 7. fungi on HMs
content (Pb and Cu) in roots, shoots and fruits
of tomato plants are shown in Table 5 and Fig.1.
As a result of the higher mobility of Cu than Pb,
Cu content was following the descending order:
shoots > roots > fruits, while Pb one was : roots
> shoots > fruits. Foliar spraying of Siat a rate
of 300ppm and soil amendments with FYM
and 7. significantly decreased HMs contents in
different tomato plant organs compared with
untreated plants. Regarding the interaction
between Si foliar spraying and soil amendments,
the results clearly show that the highest contents
of HMs were observed in roots, shoots and fruits
of tomato plants that were amended only with
chemical fertilizers (CF), whereas the lowest
contents were occurred with plants sprayed by
Si and soil amended with FYM+ T. inoculation
followed by Si foliar spraying and soil amended
with 50% FYM + T. In addition, Si foliar spraying
combined with soil amendments, particularly
FYM + T. significantly decreased Pb and Cu
contents in fruits compared with other treatments
and did not exceed the maximum permissible
levels (10 and 20 mgkg! dw for Pb and Cu,
respectively) (Fig. 1).

Radwan and Salama (2006) and Bagdatlioglu
et al. (2010) are in accordance with these results.
They revealed that the high contamination
found in vegetables might be closely related to
the pollutants in farm soil, irrigation water and
ambient air or due to pollution from the highway
traffic. Anagawa et al. (2019) stated that tomatoes
grown near the industrial activityare as and
highway traffic contain higher levels of HMs
than that far from it. HMs could be accumulated
in the plant organs more than the maximum
permissible levels (MPL), the threshold limit
values proposed by FAO/WHO (2001) in mg/kg
plant dry weight, (Bagdatlioglu et al., 2010 and
Shabana et al., 2012), particularly in conventional
cultivation.Commercial fertilizers,pesticides and
other synthetic chemicals are used repeatedly to
enhance the agricultural crops productivity which
unfortunately increased HMs accumulation in
soil and plants (Bagdatlioglu et al., 2010 and
Osma et al., 2012).
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Fig. 1. HMs content in tomato fruits as affected by silicon spraying and soil amendments of FYM and Tricchoderma

compared with maximum permissible level (MPL).

Pb concentration in roots was higher than that
in shoots due to its lower mobility in both soil and
plant (Podlesakova et al., 2002 and Hladun et al.,
2015). The most significant effect of silicon on Cu
toxicity is by reducing uptake and root-to-shoot
translocation and by increasing Cu adsorptionas
well as its roles as an antioxidant under
abioticstresses. In addition, organic amendments
led to an effective immobilization of both Pb and
Cu (Angelova et al., 2013).

Heavy metal accumulating capacities

Data in Table 6 clearly indicate that the
bio-concentration factor (BCF) in plant and
translocation factor (TF) in tomato fruits of both
Pb and Cu were significantly decreased by foliar
spraying of Si at a rate of 300 ppm in both
seasons, except for TF of Cu, where no significant
difference was observed during both seasons.
However, the quantity of mobile forms of HMsi.e.,
available forms depended on the type and the rate
of soil amendments, FYM significantly decreased
BCF and TF of Pb and Cu, especially when
combined with 7. inoculation. The interaction
effects also clear that under conventional
cultivation, tomato plant may have the potential
to translocate HMs to fruits and accumulate metal
in the plant since the BCF >1.0. Whereas, the
plant can only absorb but not accumulate metal
due to organic and biological treatments and Si
application, which reduced BCF to less than 1.00.

Figure 2 obviously clear that sharp reductions
in TF of Pb and Cu in all treatments under the
conditions of this study relative to conventional
production system. The treatment of FYM+T.
combined with Si foliar spraying was superior
in these respects. On the other hand, negative
correlations between BCF of Pb and Cu from
one side and total yield (ton/fed.) to another side
are shown in Fig. 3. The obtained results were
significant in both cases at a confidence level
of 95%, with determination coefficients (R?)
of 0.622 and 0.241, respectively, indicating a
reversal of HMs accumulation in tomato plant
and fruit yield.

When investigating whether a plant is a hyper-
accumulator of a metal, both BCF and TF are
considered (Sanaa, 2015). Murti¢ et al. (2018)
found that the low accumulation of HMs in tomato
fruits is the result of synergy of different plant
defense mechanisms that limiting or reducing
HMs transport from root to fruits. Cu had the
higher TFs and BCFs indices, especially in the
low level of metal in the soil compared to Pb,
which was mostly immobile in the plant (Hladun
et al., 2015; Alaboudi et al., 2018). Therefore, Cu
accumulated in all plant organs, while Pb is highly
concentrated in the roots. However, essential
copper and non-essential lead competes for the
same transmembrane carrier (Sanaa, 2015). The
most significant effect of silicon is reducing HMs
toxicity by activating ROS scavengers (Yavas
and Unay, 2017). In addition, Kabata- Pendias
(2010) found that organic matter adsorbs HMs
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e.g. Cu, Zn, Pb and Cd, which generate stable
forms and lead to their accumulation in organic
formulation in soil. Moreover, organic matter
e.g. poultry and cow manures not only improves

the physical characteristic and the nutrient status
of soils significantly, but also reduces HMs
availability, leading to lower plant uptake by HMs
immobilization (Anglelova et al.,2013).

TABLE 6. Pb and Cu accumulating capacities of tomato plant grown under contaminated soil conditions as affected
by silicon spraying and soil amendments with FYM and Trichoderma during seasons of 2017 and 2018.

Bioconcentration factor (BCF) Translocation factor (TF)

Parameters Pb Cu Pb Cu
lst 2nd lst an lst znd lst an
Si Conrol 1.33a 135a 3.19a 334a 0.10a 0.13a 0.110a 0.121a
Treatment Si (300ppm) 1.04b 0.78b 2.10b 227b 0.08 b 0.09b 0.105a 0.109a
CF 1.94a 190a 434a 445a 0.158a 0.19a 0.160 a 0.185a
42 50%FYM 140b 141b 330b 3.49b 0.087c 0.10d  0.116abc 0.118¢
= E FYM 1.03¢ 0.76d 2.28d 2.37d 0.080d 0.11c 0.071 ¢ 0.076e
R 2 CF+T. 1.47b 1.08c 2.84c 3.09c¢ 0.106b 0.12b 0.127ab 0.123b
§ 50%FYM+T. 0.74d 0.74e 188e¢ 20le 0.064¢ 0.06e 0.091bc 0.088 d
FYM+T. 0.54e¢ 050f 122f 143f 0.047f 0.05 f 0.083bc 0.091d
Interaction
CF 2.13a 23la 5.04a 5.09a 0.212a 0.293a 0.192a 0.245a
7 50%FYM 1.58¢ 1.72b 344d  3.63d 0.093d 0.092f 0.122ab 0.123¢
E FYM 1.01e 092g 2.14h 2.251 0.081 ¢ 0.125¢ 0.062b 0.075g
s CF+T. 1.54d 1.42d 3.57¢ 3.88b 0.092d 0.101e 0.11b 0.111d
z 50%FYM+T. 1.00 e 1.06f 2.93f 2.99f 0.054h 0.053h 0.092b 0.085 f
FYM+T. 0.71g  0.671 2.021 2.21h 0.07g 0.090f 0.082b 0.085f
CF 1.75b 1.49¢ 3.65b 3.81c 0.104c 0.093f 0.127ab 0.124¢
E 50%FYM 1.22¢ 1.11e 3.16¢ 3.34e 0.081e 0.114d 0.109b 0.112d
o& FYM 1.05Sf 0.6l 243g  248g  0.078ef  0.095ef 0.08b 0.077g
3 CF+T. 1.39d 0.73h  2.12h  2.31h 0.12b 0.144b 0.143ab 0.135b
7 50%FYM+T. 048h 042k 0.83j 1.02j 0.073fg 0.066g 0.089b 0.091ef
FYM+T. 0.361 0.341 0.42k  0.64k 0.023i1 0.0141 0.084b 0.096¢

CF: 100% chemical fertilizers; FYM: 100% farmyard manure; 7:: Trichoderma inoculation.
Means followed by the same letter(s) within each column are not significantly different according to Duncan’s Multiple Range Test at
p=<0.05.
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Fig. 2. Relative reduction percentage of Pb and Cu translocation factor for both Pb and Cu
to tomato fruits as affected by Si foliar spraying and soil amendments of FYM and
Trichoderma under contaminated soil soil conditions (average of the two seasons).
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Fig. 3. Correlation between tomato fruit yield (ton/fed.) and BCF of Pb and Cu (average of the two seasons).

Fruit quality

Data in Table 7 indicate that foliar spraying
of Si at 300ppm enhanced tomatofruit quality i.e.
TSS, acidity and Vitamin C contents as well as
taste index, a sensory attribute, under Pb and Cu
contaminated soil conditions, except for acidity%
in the 1* season where the increment did not
reach the significance at 5% level. Concerning
soil amendments, Table 7 illustrates that soil
amendments with FYM enhanced tomatofruit
quality and taste index. The most pronounced
one was the treatment of FYM with or without 7.
inoculation, except for acidity % in the 1% season
where no significant difference was observed
between treatments. It is of interest to mention
that tomato fruit is considered tasty when taste
index is higher than 0.85(Navez et al.,1999).

The interaction effects also reveal that all
assigned treatments improve fruit quality and
taste index of tomato plant grown in contaminated
soil, except for acidity % and taste index in the 1%
season where the difference did not reach to the
significant level at 5%. The lowest records were
obtained with conventional cultivated plants i.e.
chemically fertilized plants. However, the highest
records were obtained with organic fertilized
plants, especially those inoculated with 7. and
foliar sprayed with 300ppm Si.

Moreover, negative correlations between TF
of either Pb or Cu and taste index are shown in Fig.
4. At a confidence level of 95%, the results are
significant in both correlations with determination
coefficients (R?) of 0.436 and 0.527, respectively,
indicating a reversal of HMs translocation to
fruits and fruit taste.

Copper bio- concentration and translocation
coefficients were higher than those of lead under
experimental conditions of this study may be due
to its lower concentration in the soil as previously
shown in Table 1 and higher mobility compared
with Pb.

In accordance with these results, Stamatakis et
al. (2003) and Elkhatib et al. (2017) found that
application of Si led to an increase in TSS, vitamin
C and Ca in tomato fruits. Hassan et .al. (2017)
also foundthat chemical fertilizer rich in soluble
nitrogen could cause a decrease in the ascorbic
acid content, probably because of increasing
the plants’ leaf density, which promoted more
shading over the fruits. The taste of the fruits as a
sensory attribute is an important consumer quality
parameter and a difference between conventional
and organic fertilized tomatoes could be perceived
by smell or taste with high reliability.

Economic Performance

The economic feasibility of tomato grown
under Pb and Cu contaminated soil as affected
by Si foliar spraying and soil amendments
with FYM, mineral fertilizers and Trichoderma
inoculum during seasons of 2017 and 2018
are presented in Table 8. The obtained results
showed that the highest value of both net return
(16615 LE. fed') and benefit-cost ratio (2.50)
was obtained by 100% FYM + 7. and 300ppm Si
foliar spraying, followed by 50% FYM + 7. and
Si application (13715 LE. fed') compared with
other treatments. Therefore, these treatments
are considered more economical for tomato
production under the conditions of the present
study.
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TABLE 7. Tomato fruit quality as affected by silicon spraying and soil amendments of FYM and Trichoderma
under contaminated soil conditions during seasons of 2017and 2018.

Parameters TSS (°Brix) Acidity (%) VC (mg/100 gfw) Taste index
Treatments 1% 2nd 1% 2nd 1 2nd 1% 2nd

Si conrol 435b 47b 0.54a 051b 22.4a 22.72b  0.94b 0.97b
Treatment Si (300ppm) 485a S54a 055a 057a 213D 257 a 0.99 a 1.04 a
CF 35e 445e 054a 053¢ 18.7f 21.18e  0.88f 0.95¢e

2 50% FYM 435¢c 485d 055a 053¢ 21.6d 23.1c 0.95d 0.99d

_ g FYM 54a 52b 0.50a 0.55ab 25.7a 26.6a 1.02b 1.02b
3 e CF+T. 424d 50c 056a 053¢ 193¢ 21.75d 093e 1.0 cd
g 50% FYM+T. 47b 5.15b 057a 053¢ 22.6¢ 2582b 098c  1.01bc

: FYM+T. 55a 5.55a 0.56a 0.56a 233D 26.75a 1.05a 1.06 a

Interaction

CF 34f 41h 052a 0.50d 18.3] 20.13h 085a 0.91h

7 50% FYM 4.2d 45g 052a 0.50d 21.1f 222¢g 0.92a 0.95¢
E FYM 53bc  50e 0.53a 0.52c 254c¢ 26.13¢c  1.03a 1.0 ef
= CF+T. 3.8¢ 45g 0.55a 0.50d 18.81 1931 0.89 a 0.95¢
= 50% FYM+T. 43d 46g 056a 0.50d 229d 2347f 094a 0.96¢g
FYM+T. S1c 53cd 055a 053¢ 28.0a 25.13d 1.01a 1.03cd

CF 36ef 48f 0.56a 0.56b 19.1h 2223¢g 090a 0.99f

E 50% FYM 45d 52d 058a 0.56b 22.0e 24.0e 097 a 1.02de
Q& FYM 55b 54bc 047a 057ab  26.0b 27.07b  1.01a 1.04cd
8 CF+T. 45d 55b 056a 0.56b 198 g 242 e 096a 1.05bc
2 50% FYM+T. S.1c 57a 057a 0.58a 222¢ 28.17a 1.0la 1.07ab
FYM+T. 59a 58a 057a 0.58a 18.5] 2837a 1.08a 1.08 a

CF: 100% chemical fertilizers; FYM: 100% farmyard manure; 7: Trichoderma inoculation.
Means followed by the same letter(s) within each column are not significantly different according to Duncan’s Multiple Range Test at
p<0.05.
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Fig. 4. Correlation between taste index and TF of Pb and Cu in tomato fruit (average of the two seasons).
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TABLE 8. Economic feasibility study for tomato cultivation under contaminated soil condition as affected by
silicon spraying and soil amendments of FYM and Trichoderma.

Total yield Gross Treat. Total variable Net Benefit
return cost cost return cost
Treatments (ton/fed)  vpifed)  (£E/fed) (EE/ fed) ((E/fed)  Rate  Order
) (2) (3) “ ) (6)
100% CF 12.81 19215 3050 12210 7005 1.57 10
50%FYM 13.98 20970 2120 11280 9690 1.86 6
100% FYM 12.52 18780 1200 10360 8420 1.81 8
100% CF+T. 13.24 19860 3450 12610 7250 1.57 10
50%FYM+T. 14.81 22215 2520 11680 10535 1.90
100% FYM+T. 16.3 24450 1600 10760 13690 2.27 2
100% CF+Si 13.06 19590 3350 12510 7080 1.57 10
50%FYM-+Si 14.1 21150 2420 11580 9570 1.83 7
100%FYM+Si 14.33 21495 1500 10660 10835 2.02 4
100%CF+T.+ Si 15.52 23280 3750 12910 10370 1.80 9
50%FYM+T.+Si 17.13 25695 2820 11980 13715 2.14 3
100%FYM+T.+Si 18.45 27675 1900 11060 16615 2.50 1

(1) tomato yield as average of two seasons, (2) Gross return as yield (ton fed-1) x 1500 LE ton-1, (3) Treatment cost was calculated
according to the following prices: Calcium Super phosphate =100 LE / 50 kg, Ammonium nitrate=160 LE /50 kg, Ammonium sulphate=
200 LE /50 kg, Potassium sulphate= 300LE / 25 kg, Farmyard manure (FYM) =120LE / ton, Si=70LE/kg, (4) Total variable cost (LEfed™")
including: Treatment cost plus land leasehold, transplants, labors and other agricultural practices, which equal nearly 9160LEfed™. (5)

=2)r-®. (0= 2/ 4.

It is noteworthy to draw attention that the Pb
contaminated fruits were produced with 100%
chemical fertilizer treatment even with the
application of 7. and Si (Fig. 1). Therefore, under
the current research conditions, it is advisable not
to use the mineral fertilizersforheal thier fruits
production.

Conclusion

The concentration of HMs in plants varies
depending on plant species, metal physiochemical
characters andsoil conditions. Under the conditions
of the current investigation, the translocation and
accumulation rates of Cu were higher than that of
Pb. Tomatoes are considered medium tolerant to
HMs and at the same time, showed an important
phytoremediation potential of contaminated soils
by means of HMs phytostabilization preferentially
in roots and low translocation rates to the edible
organ (fruits). Tomatoes can be -effectively,
safely and economically produced under Pb and
Cu-contaminated clay soil conditions provided
some appropriate treatments are followed. Under
these conditions, Si, FYM and Trichoderma
significantly reduced the deleterious effects of
HMs on tomato plant growth, yield and fruit
quality, particularly HMs content in the fruit.

The most effective recommendation was foliar
spraying with 300ppm Si and soil amendments
with 100% FYM+T. to obtain a satisfactory yield
with heal thier and good quality fruits.

Aknowledgment: Special thanks to Prof. Dr.
Gamal Ahmed Abd El- Fattah Mekhemar,
Research Biological Nitrogen Fixation unit
(BNF), Soil, Water and Environment Research
Institute (SWERI) for his kindly provided of
Trichoderma spp.

Funding statements: No funding was provided.
Conflicts of interest: No conflicts were declared.

References

Alaboudi, K.A., Berhan, A. and Brodiec, G. (2018)
Phytoremediation of Pb and Cd contaminated soils
by using sunflower (Helianthus annuus) plant. Ann.
Agric. Sci., 63,123-127.

Anagawa, M.,Zereffa,E.A., Firmechale,D. and Ananda
Murthy, H.C. (2019) Determination of heavy
metals in tomato andits support soil samples from
horticulture and floriculture ndustrial area, Ziway,
Ethiopia.Research &Development
Science, 10(1)p.729.

in  Material

Egypt. J. Hort. Vol. 46, No. 2 (2019)



276 ABEER I. SHABANA AND DOAA M. MOSTAFA

Anglelova, V.R., Akova,V.I., Artinova, N.S. and Ivnova,
K.I. (2013) Theeffect of organic amendments on
soil chemical characteristics. Bulgarian J. Agric.
Sci., 19 (5), 958-971.

AOAC, (2000) Official Method of Analysis. AOAC
International 17" ed. Maryland, USA.

Arellano, J.B., Lazaro, J.J., Lopez-Gorge, J., Baron,
M. (1995) The donor side of photosystem II as
the copper-inhibitory binding site. Photosynthetic
Research.50, 698-701.

Bagdatlioglu, N., Nergiz,C. and Ergonul,P.G. (2010)
Heavy metal levels in leafy vegetables and some
selected fruits. J. Consumer Protection Food
Safety, 5,421-428.

Bilos, C.,Colombo, J.C., Skorupka, C.N. and Rodriguez
Presa,M.J. (2001) Source, distribution and
variability of airborne trace metals in La Plata City
area, Argentina. Environ Pollut., 111(1),149-158.

Boardman, A.E., Greenberg, D.H., Vining, A.R.
and Weimer, D.L. (2001) Cost-benefit analysis.
Concepts and practice, 2™ ed. Prentice Hall, Upper
Saddle River.

Cottenie, A., Verloo, M., Kiekens L., Velgh , G. and
Camerlynch, R. (1982) Chemical analysis of plants
and soils, Lab., Anal Agrochem. State Univ., Ghent
Belgium.

Devi, S., Sreenivasulu, Y. and Rao, K. (2017) Protective
role of Trichodermalogibrachiatum (WT2) on lead
induced oxidative stress in Helianthus annus L.
Indian J. Exp. Bio., 55,235-241.

Dietz, K.J., Baier, M. and Kridmer, U. (1999) Free
radicals and reactive oxygen species as mediators
of heavy metal toxicity in plants. In: Prasad MNV,
Hagemeyer J., eds. Heavy metal stress in plants:
from molecules to ecosystems. Berlin: Springer-
Verlag, 73-97.

Elkhatib, H.A., Gabr, M.S.H., Roshdy, A.H. and Abd
Al-Haleem, M. (2017)The impacts of silicon and
salicylic acid amendments on yield and fruit quality
of salinity stressed tomato plants. Alex. Sci. Exch.
J., 38(4), 933-939.

FAOSTAT, (2017) Food and Agricultural Organization
of the United Nations. Rome, Italy, http://faostat.
org/statistic.

FAO/WHO (2001) Report on the 32" Session of
the Codex Committee on Food Additives and
Contaminants, ALINORM 01/12, Beijing, China,
20-24 March 2000. Joint FAO/WHO Food Standard

Egypt. J. Hort. Vol. 46, No. 2 (2019)

Programme, Codex Alimentarius Commission,
24" Session, 2—7 July, Geneva, Switzerland (http//
www.fao.org).

Gadd, G.M. (2007) Biogeochemical transformations of
rocks, minerals, metals and radionuclides by fungi,
bioweathering and bioremediation., Mycol. Res.,
111, 3-49.

Ghorbanpour, A., Salimi, A., Ghanbary, M.A.T,,
Pirdashti, H. and Dehestani, A. (2018) The effect
of Trichodermaharzianum 1in mitigating low
temperature stress in tomato (Solanumlycopersicum
L.) plants. Sci. Hort., 230,134-141.

Gul, S., Naz, A., Fareed, 1. and Irshad, M. (2015)
Reducing heavy metals extraction from
contaminated Soils using organic and inorganic
amendments — a Review.Pol. J.Environ. Stud.,
24(3), 1423-1426.

Hall, J.L. (2002) Cellular mechanism of heavy metal
detoxification and tolerance. Exp. Bot., 53, 1-11.

Hassan, S.A., Mijin, S., Yusoff, U., Ding, P. and
PuteriWahab, E.M. (2017) Nitrate, ascorbic acid,
mineral and antioxidant activities of Cosmos
caudatus in response to organic and mineral-based
fertilizer rates. Molecules, 17, 7843-7853.

Hladun, K.R., Parker, D.R.andTrumble, J.T. (2015).
Cadmium, copper, and lead accumulation and
bioconcentration in the vegetative and reproductive
organs of Raphanussativus: implications for plant
performance and pollination. J. Chem. Ecol., 41,
386-395,D01 10.1007/s10886-015-0569-7.

Hidangmayum, K. and Dwivedi, P. (2018) Plant
responses to Trichoderma spp. and their tolerance
to biotic tresses. J. Pharmacog. Phytochem.7(1),
758-766.

Janas, K.M., Zieli,A., Ska-Tomaszewska,J., Rybaczek,
D., Maszewski J., Posmyk, M.M., Amarowicz,R.
and Kosinska, A. (2010) The impact of copper
ions on growth, lipid peroxidation, and phenolic
compound accumulation and localization in lentil
(Lens culinarisMedic.) seedlings, J. Plant Physiol.,
167, 270-276.

Kabata-Pendias , A. (2010) Trace elements in soils and
plants, 4" ed., CRC Press Taylo & Francisgroup,
LLC Raton, Florida, USA.

Liu, WX, Liu JW., Wu, M.Z., Li, Y., Zhao, Y., Li, S.R.
(2009) Accumulation and translocation of toxic
heavy metals in winter wheat (7riticumaestivum L.)
growing in agricultural soil of Zhengzhou, China.
Bull Environ Contam Toxicol, 82 (3),343-347.



AMELIORATIVE EFFECTS OF ORGANIC FERTILIZER, Trichoderma AND SILICON ... 277

Loépez-Bucio J, Pelagio-Flores R, Herrera-Estrella A.
(2015). Trichoderma as biostimulant: exploiting the
multilevel properties of a plant beneficial fungus.
Sci. Hortic., 196,109-123.

Ma,J.F. (2004) Role of silicon in enhancing the
resistance of plants to biotic and abiotic stresses.
Soil Sci. and PI. Nut., 50 (1), 11-18.

Mastouri, F., Bjorkman, T. and Harman, G.E. (2012)
Trichodermaharzianum  enhances  antioxidant
defense of tomato seedlings and resistance to water
deficit. Mol Plant Microbe Interact., 25,1264-1271.

Murti¢, S., Civic, H., Zahirovic, C. and Karic, L.
(2018) Uptake of heavy metals by tomato plants
(Lycopersicumesculentum ~ Mill.)  and  their
distribution inside the plant.  Agriculture &
Forestry, 64 (4), 251-261.

Navez, B., Letard, M., Graselly, D. and Jost, M. (1999)
Les crite’res de qualite” de la tomate. Infos-Cti.,
15547,,-41,.

Nesreen, H. Abou-Baker, Abd-Eladl, M. and Abbas,
M. (2011) Use of silicate and different cultivation
practices in alleviating salt stress effect on bean
plants. Aust.J. Basic Appl. Sci., 5 (9), 769-781.

Osma, E., Ozyigit, LI., Leblebici, Z., Demir, G., and
Serin, M. (2012) Determination of heavy metal
concentrations in tomato (Lycopersiconesculentum.
Miller) grown in different station types. Romanian
Biotechnological Letters, 17 (1), 6962-6974.

Podlesakova, E., Nemecek, J. and Vacha, R. (2002)
Critical values of heavy metals in soils from the
viewpoint of the transfer pathway soil-plant.
RostlinnaVyroba, 48 (5), 193-202.

Radwan, M.A. and Salama, A.K. (2006) Market basket
survey for some heavy metals in Egyptian fruits and
vegetables.Food Chem. Toxicol.,44,1273—-1278.

Rady, M.M., Mounzer, O.H., Alarcén, J.J., Abdelhamid,
M.T. and Howlada, S.M. (2016) Growth, heavy
metal status and yield of salt-stressed wheat
(Triticumaestivum L) plants as affected by the
integrated application of bio- organic and inorganic
nitrogen fertilizers., J. Appl.Bot. Food Quality: 89,
21, 28.

Rizwan, M. (2012) Silicon-mediated heavy-metal
tolerance in durum wheat: Evidences of combined
effects at the plant and soil levels. Thesepourobtenir
le grade de Docteud’Aix-Marseilleuniversite,
Faculté des Sciences et Techniques, Discipline:
Geosciences del’Environnement ,France. (www.
theses.fr/2012 AIXM4335/abes) (Date of Access:
20.03.2017).

Sanaa, A. I. Moussa (2015) Heavy metal acquisition
from drain water, sediment and soil by two species
of amphibious plants. Egypt. J. Bot., 55 (1), 105-
125.

Shabana, Abeer A.; Huda, I. Ahmed and Aml, A. EI-
Awady (2012) Alleviate the adverse effects of some
heavy metals and improve quality and storability
of tomato and kidney bean plants grown under
pollution conditions. J. Pant Prod., Mansoura
Univ., 3 (1),1-15.

Sharma, P. and Dubey, R.S. (2005) Lead toxicity in
plants. Braz. J. Plant Physiol., 17, 1-19.

Snedecor, G.W. and Cochran, W.G. (1982) Statistical
Methods, 7" ed., The Iowa State Univ. Press, Ames.
Towa, USA.

Stamatakis A., Papadantonakis N., Savvas D., Lydakis-
Simantiris N. and Kefalas P. (2003) Effects of
silicon and salinity on fruit, yield and quality of
tomato grown hydroponically. Acta Hort., 609,141-
147.

Téllez-Vargas J., Rodriguez-Monroy M., Lopez-Meyer
M., Mon HMs-Belmont, R. and Septlveda-Jiménez,
G. (2017) Trichodermaasperellum amelioration of
HMs phytotoxic effects of copper in onion (A//ium
cepa L.). Environ. Exp., Bot., 136, 85-93.

Van Assche, F. and. Clijsters, H. (1990) Effects of
metals on enzyme activity in plants. Plant, Cell
Environ., 13, 195-206.

Von Wettstein, D. (1957) Chlorophyll, letale und der
submicroskpischeformmech sell-der- plastid.Exptl.
Cell. Res., 12, p.427.

Yavas, 1. and Unay,A. (2017) The role of silicon under
biotic and abiotic stress conditions. Turkish J. Agr.
Res., 4 (2),204-209.

Egypt. J. Hort. Vol. 46, No. 2 (2019)



278

ABEER I. SHABANA AND DOAA M. MOSTAFA

ablahal) Lalil) o aSluadly LajasSyl silly o pand) slacdl Ldaaal) i il
45 glal) dg il i gl caali Lgtaga g

daa) Abias daaa pled g 4l il Lo anl gl e

e = 5AL - e ] 5 Egaall 58 ge - Gl Ssag dgaa - padll Sgag ol

e ¢ Algiall Aailaeg Wl e 8 Yo VA 5 Y00V el Capal) Lisd S Gl Ll 03y ]
5 s 3 s Ay glasSll e liall 5 820030 Bl A8 5 @ jual) Jaliad 5 ) gaariall 335k (gl
Boball UV Caiad s Gl (e Cangll OS5 4 il 3 s 2 seddl aall e el s Galia )l (e S
i ilalae G Jelitll Jiai dlalaa VY ol ja) a3 Cua (2 (i i g (b)) abalekal) e ALE) jaliall
TV e h LS A i BlalaeT 5 salal e Yo 5 (lally G ISl La 5 o sSbually B 50
Losa sl il phady Aladdl + CFZY v+ « FYMYZ) « ¢+« (FYM) G2k slaw Zou(CF)aﬁués;wi
ol ALl jualinll Jagis il sl 285, Loy oS+ FYM 70+ + sba g oSl HFYM 72+,
Lﬁ)ﬁ}éﬂﬁ})ﬂh.\;é\@u‘;\)A‘Y‘@L\AS\)SL&SJM\EJP}JWL)&}?L&H\QUL\.}
il < jedal LS alaill i <53 < gy palea el < gl < sha s Ul sl s
(bl gl )) Cliia e Lee 5l Laad jia dpa , Y1 Clebaall 5 )5Sl a0 uanal) i) L
OBl g olad/ KN J geanalleculiall/ jlaillaae ¢ IS Jad g 5 sl e 35 631 (5 sina echlall Caladl o 5350
eaiall (5 sl € ) Jabeal QS5 Aalial) il eliac 8 Guladl) 5 alia )l (e JS S 3 Ladiall
ol e 7 ¢+ Aldes xall 13 & el el cilS s (TF) il Js) Jeles (BCF)
Salaa 5 y1adll J gmna (Ao A8 2 5a g daa o LS, ailadl 30k 3 ) <ol Cun ¢ sl + a2 sS4l
ol s alia N e JS JES) dalae 5 3530 dalaa (s oeladll 5 alia 1 (e S (5 saall S
d})}é&)wﬂﬁdﬁjdw} }MMiUML&JJJS:\\)S+L5.\LJW7 \~~un\a.n¢d=cid§3}

bl 8l &5 e ALEN jualially &5 Ll 4 53)

L35Sl ) i el sbendl ¢ g paadl 381 Jalaa culail ¢ abia ) calababall 3 ANl cilalsl)
OsSld) peaie

Egypt. J. Hort. Vol. 46, No. 2 (2019)



