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ABSTRACT:

Hexaploid wheat contains 42 chromosomes while tetraploid wheat contains 28 chromosomes.
Chromosomal behavior affected with heavy metal treatments. Heavy metal causes chromosomal
abnormalities. Heavy metals as a toxic substances reduce the respiratory ratio and biosynthetic process.
The phytotoxicity of heavy metals liberal through human activities reduces crop growth and yield. The
current investigation was conducted to evaluate the effect of some heavy metals; Effect of cadmium [Cd],
zinc [Zn], copper [Cu] and lead [Pb] on the growth of five different wheat genotypes at different stages of
growth under field conditions. The results exhibited that heavy metals have a significant effect on some
growth and yield traits. Cadmium had the least significant effect on plant traits, followed by zinc, copper
and lead. Wheat genotypes differed in their response to heavy metal stress. Furthermore, it can be
accomplished that the wheat genotype Beni Suef 5 had the highest tolerance to metals followed by
Gemmayzeh 12 and Beni Suef 6, while Sakha 94 and Misr 1 showed the least tolerance to metals. Tolerant
genotypes at different growth stages can be used commercially under heavy metal stress and can also be
used as donor varieties to develop promising varieties intended for agricultural production under heavy
metal stress.
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INTRODUCTION

Wheat is a staple food crop for about 36% of growth. Since seed germination is sensitive to
the world's population. Wheat is a major physical and chemical conditions of the
component of human diets, but about 10% of rhizosphere, a reduction in seed germination,
wheat is retained by industry (for the production vigor and subsequent seedling growth under
of starch, malt, paste, gluten and dextrose,). HM toxicity has been observed in most cases
Heavy metal (HM) toxicity has been a global (Adrees et al. 2015).

concern in recent years and is a serious threat to
the environment and human health. In the case
of plants, a high concentration of heavy metals
negatively affects cellular metabolism due to the
generation of reactive oxygen species (ROS) that
target key biological molecules Riyazuddin, ef al.

Such as many plants, wheat is also sensitive
to heavy metals (Stani'si’c Stoji'c et al. 2016).
When heavy metals enter plants, stress leads to
various effects in plants, ranging from
germination and growth, to biochemical effects
and reduced wheat productivity Sindhu et al.

(2021). (2015). Naturally, the plant requires major
Plants use different strategies to relieve the elements for growth. Although these trace
negative effect of HM toxicity by reducing the elements are fundamental, exposure to heavy
uptake of these HMs and sequestering them into metals can hardly damage plants. The effect of
the vacuoles with the help of different heavy metals on plants begins in the root zone,
molecules including proteins like where metals and mineral substances interact
phytochelatins, metallothioneins, compatible with root exudates (Alengebawy et al. 2021).

solutes, and minor metabolitesRiyazuddin, et al.
(2021). reported that the toxic effect of HM can
be observed on all plant tissues and at all stages
of the plant life cycle from grain germination to
maturity; Moreover, these effects are more
pronounced during grain germination and root

Cadmium is an unnecessary and dangerous
heavy metal, and the accumulation of cadmium
in plants leads to toxic effects that can inhibit the
transport of iron to plant shoots (Schiitzendiibel
et al. (2002); Jibril et al. (2017). Cadmium has a
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toxic effect on plant morphology (eg, reduction
of plant weight and length of roots and shoots),
cytotoxicity (eg, reduction of chlorophyll content
and inhibition of photosynthetic performance),
and metabolic processes (eg, chlorosis and cell
damage). Stolt et al. (2006) who studied the
performance of different genotypes of wheat in
Cadmium absorption. Genetic differences in
Cadmium accumulation occurred due to
different physiological and morphological traits
of the genotypes.

Zinc may have substantial role in various
metabolic  processes, like photosynthesis,
respiration, and the assimilation of other major
nutrients, and in the activation of antioxidant
enzymes, Saifullah et al. (2016). It is indicated
that the accumulation of zinc in the roots or
shoots of plants causes serious damage, as an
excessive increase in zinc in plant cells leads to a
major disturbance in the physiological processes
in plants, followed by the death of the plant
(Liang and Yang 2019).

The plant needs a small amount of Cu for
plant nutrition and seed production. However,
at high concentrations, Cu is a highly toxic
metal, (Wuana and Okieimen. 2011; Chiou and
Hsu. 2019). Adrees et al. (2015) reported that Cu
toxicity led to a decrease in crop yield,
chlorophyll biosynthesis, and plant productivity
by modifying photosynthesis and nutrients.

Lead (Pb) is among the heavy metals is the
second most harmful pollutant after arsenic and
was recently listed as the “Chemical of great
concern”” according to new European REACH
regulations Pourrut et al. (2011). It strongly
influences normal plant metabolism,
physiological traits, crop growth and yield
(Sharma and Dubey 2005; Ashraf et al. 2015). Pb
is not major for plant growth (Diaconu et al.
2020). It is classified as a major pollutant due to
its high toxicity Chauhan et al. (2020). Normally,
lead ions are transported from the soil to the
plant via the roots through the xylem Gupta et
al. (2019).Lead toxicity is dangerous to plants
even at low concentrations, which hinders good
plant growth and reduces crop yield and
productivity Ashraf ef al. (2017). In general, lead
reduced morphological traits, like length (shoot
and root), fresh and dry biomass of shoots, and
number of tillers/ plant. Therefore, the aim of
this study was to study the polluting effects of
heavy metals (cadmium, zinc, copper and lead)
on some morphological traits (botanical and
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yield characteristics) of wheat cultivars with
atrophic level.

MATERIALS AND METHODS

This study was conducted at the Faculty of
Home Economics, Al-Azhar University; during
2020 & 2023, aimed to study the pollution effects
of some heavy metals on five different
genotypes wheat with aretrophic level.

Experimental design:

Five replicates of each genotype, with a total
of 325 pots with 15 cm x 18 cm each containing
2.600 kg of soil.

Plant material:

The five wheat cultivars selected for this
investigation. Grains of the material involved in
the current study were kindly obtained from
Field Crops Research Institute, Agricultural
Research Center, Giza.

The five wheat genotypes from the Poaceae
family; two genotypes of durum wheat and three
of aestivum wheat were named as; Beni Suef 5,
Beni Suef 6 (T. durum) and Gemmayzeh 12,
Sakha 94, Misr 1 (T. aestivum).

Experimentation:

The conducted experiment consists of three
treatments of Cd, Zn, Cu & Pb; with five
replicates for the selected genotypes and control.
With three concentrations for each metal in
which, three hundred twenty-five pots. Grains
were planted first in seedling trays with soil
consisting of peat moss and sand washed in a
ratio of 1:1 for a period of 20 days for groups of
five varieties, with a total of 20 seedling trays,
and they were irrigated with tap water every
five days. Seedlings were transferred to the pots
on the 21st day of seedling byl0 seedlings of
each genotype for each replicate. The potting
experiments were conducted in a natural
environment system (from November to April)
for a period of six months. Periodic irrigation
with tap water is resumed every five days until
the 40th day of planting. Irrigation was carried
out using treatments by adding heavy metals to
the irrigation water according to the
concentrations shown below, with a total of
three times per week. The first treatment was at
the 41st day of cultivation. Each pot was
irrigated with about half a liter of heavy metal
treated water. Periodic irrigation with tap water
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starting 58 days is resumed every five days until
the plant reaches the pasty stage.

Preparation of stock solution:

Standard solutions of Cd, Zn, Cu and Pb
were prepared by dilution of 1000ppm certified
standard solutions as Jamali, et al. (2009).

To prepare desired Cadmium concentrations.
It is used to prepare the desired cadmium stock
by dissolving 1.95 g of cadmium chloride
(CdCI2.H20) in 1000 ml of distilled water. A
volume of 30 liters of water for irrigation, using
a pipette with a capacity of 1 ml and drawing an
amount of stock as follows:

The first concentration Cd 1 0.01 Ppm by
adding 0.3 ml / 30 liters.

The second concentration is Cd 2 0.05 Ppm by
adding 1.5ml / 30 liters.

The third concentrate Cds 0.1 ppm by adding
3 ml /30 liters.

Salts of Zinc chloride (ZnCl?), Copper
chloride (CuCl2.2H20) Luksiené & Racaité (2008)
and Lead Acetate (CsHsOs Pb) with high purity
(99.0%) were used to prepare desired metals
concentrations. To prepare the desired stocks by
dissolving 2.1 g, 2.77 g and 1.569 g, respectively,
in 1000 ml of distilled water. The concentrations
of the three treatments for each metal of them
are obtained for a volume of 30 liters of water for
irrigation, as follows;

The first concentration Zn 1, Cu 1 and Pb 1(5
Ppm) by adding 150 ml /30 L.

The second concentration is Znz, Cu2 and
Pb2(10 Ppm) by adding 300 ml /30 L.

The third concentrate Zns, Cus and Pbs(15
Ppm) by adding 450 ml /30 L.

All the plants were fertilized twice at day 27
and 66 of the age of the plants using granular
urea fertilizer 46% nitrogen by dissolving 2 g of
fertilizer / 0.5 liter of tap water for each pot.

Vegetarian characteristics of wheat varieties:
shoot height

Using a ruler from the surface of the soil to
the end of the plant, the height of the plants was
measured in cm, which were taken for the five
wheat varieties for all treatments, at the age of 85
and 115 days from sowing, before starting to
expel the spikes and at the milky stage,
respectively. The data were recorded and
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statistical analysis was performed after obtaining
the averages of the readings and testing the
significance of the coefficients for the items
using chi-square.

Crop characteristics or (Harvest Parameters) of
wheat varieties:

Whole plant samples were collected from
each pot at harvest.

By using the scale data was recorded the
following readings on gm for all replicates of the
varieties and treatments:

1- Total weight (T.w) gm.
2- spike weight (Sp. w) gm.
3- 100 grains weight (100 G.w) gm.

Where the grains were separated from the
spikes and measured the weight of 100 grains.

Statistical Analysis

Testing the significance of the treatments for
the varieties was done using CHISQUARE as
shown in the tables.

Statistical analysis:

The experiments were subjected to
completely randomized design. Each treatment
was replicated five times. Values from triplicate
determinations of each sample were averaged.
Data were analyzed statistically by CHI-
SQUARE test, at the 5% &1% probability level.

RESULTS AND DISCUSSIONS

Heavy metals like cadmium (Cd), copper
(Cu) , zinc (Zn) , lead (Pb) and chromium (Cr),
are an important group of trace elements, which
can adversely affect humans, animals and plants
if they are in concentrations higher than normal.
The results of the current study exhibited that
cadmium, zinc, copper and lead have a
significant effect on the plant characteristics of
wheat varieties at 85&115 days (Tablel,2,3&4,
respectively). (T.H/ 85D* mean total height at 85
at days / T.H/ 115D** mean total height at 115 at
days).

The analysis of data for Cd concentrations
effect (Table 1) showed that Cdi(0.01ppm) and
Cds(0.1ppm) were highly effect for the height of
the plants at the age of 85 days of Beni Suef 5
and Beni Suef 6, respectively, by increasing the
height with 78 and 74 %, respectively, while
Sakha 94 was sensitive for Cd2(0.05 ppm) by
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increasing the height with 32 %, also
Gemmayzeh 12 and Misr 1were sensitive to Cds
by increasing the height with 63 and 7 %
respectively.

The same results were obtained at 115 D for
the total height at the varieties; Beni Suef 6, Beni
Suef 5, Sakha 94 and Gemmayzeh 12 by
increasing the plant height with 190, 160, 60 and
40 %, respectively, by Cd: for the first variety
and Cds for the rest varieties, respectively, these
results were agreed with Riyazuddin et al.
(2021), Who found that tolerant plants detoxify
HM toxicity by activating a complex signaling
network that often culminates in the activation
of a defense response involving the
accumulation of (1) antioxidants to detoxify
excess ROS, (2) secondary metabolites to
sequester HMs in vacuoles, and (3) compatible
solutes for osmoregulation as well as mineral
transporter regulation, among others. Misr 1
variety was found to be shocked at Cd'/115D
and tolerant after (Cd2&Cds) with no effects
controlled with normal plants.

Our results in Table 2 revealed that the first
concentration of Zinc (Zni/ 5.0 ppm) at the
height of the plants sensitivity at the age of 85
days of Beni Suef 5 and Beni Suef 6, Gemmayzeh
12 and Sakha 94 and Misr 1, respectively, by
increasing the height with 59, 41, 46,27 and 13 %,
respectively, these results were agreed with
Riyazuddin et al. (2021).

Meanwhile at 115 days gave that Zni was
affected on the sensitivity of height of the plants
of Beni Suef 5 and Sakha 94, while Zn2 (10.0
ppm) affected on Beni Suef 6, respectively, by
increasing the cultivars height with 195, 57, and
160%, respectively, these results were agreed
with Riyazuddin et al. (2021), but Zns(15.0ppm)
affected on Gemmayzeh 12 by decreasing the
height variety with 81%, this result was agreed
with Mahmood et al. (2007), who reported in
another study that a significant inhibition of
shoot height of wheat was also observed with
increasing Zn. Misrl gave non-significant for Zn
treatments at the height variety in age of 115
days. This result was agreed with Stolt et al.
(2006).

Data in Table 3 revealed the effected of Cu on
the same varieties, Cuz (10.0ppm) was highly
significant at the height of the plants at the age
of 85 days of Beni Suef 5 by increasing the height
with 56 %, and the treatment of Cus(15.0ppm)
was increased the plant height at the varieties of
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Beni Suef 6, Gemmayzeh 12 and Sakha 94 by
increasing the height with 46, 21 and 6 %,
respectively, these results were not agreed with
Riyazuddin et al. (2021), who found that
transport of HMs from contaminated soil via
roots to aerial parts and their accumulation in
plant cells directly interferes with cellular
metabolism of shoots leading to a decrease in
height as observed in a variety of crop and non-
crop plants including wheat (Sharma & Sharma.
(1993)., rice (He et al. (2014).

While Cu was not affected at the height of the
plants at the age of 85 days the variety of Misrl
this result was agreed with Stolt et al. (2006).

Data in Table 3 showed that at 115 days, Cu:
was more effected at the variety of Sakha 94 by
increasing the height with 75 % and Cuzwas the
same effect at the varieties of Beni Suef 5 and
Beni Suef 6 by increasing the height with 180
and 130 %, respectively. And also Cus at the
varieties of Gemmayzeh 12 and Misrl by
increasing the height with 34 and 25 %,
respectively, these results were not agreed with
Riyazuddin et al. (2021). But agreed with Day
&Weber. (1981), who found in last study that
wheat irrigated with wastewater produces taller
plants and higher grain productivity than wheat
mature with groundwater. Gemmayzeh 12 and
Misr1 varieties reduced in its length at Cuzby
67 and 21%, respectively, and these results were
in agreement with Adrees et al. (2015), who
reported that copper toxicity led to a reduce in
crop productivity, chlorophyll biosynthesis, and
plant productivity by modifying photosynthesis
and nutrients.

Our results in Table 4 suggested that, Pbi1and
Pbs, respectively were more sensitive at the
height of the plants at the age of 85 days at the
varieties of Beni Suef 6 (Pb1), Beni Suef 5 and
Gemmayzeh 12 (Pb2) by increasing the height
with 53, 54 and 25 %, respectively. these results
were agreed with Stolt et al. (2006). and
Riyazuddin ef al. (2021). While Misr1 variety was
decreased the height by Pb1 with 15 %, this result
was agreed with.

Our results in Table 4 suggested that, Pbi1and
Pb2, respectively were more sensitive at the
height of the plants at the age of 85 days at the
varieties of Beni Suef 6 (Pb1), Beni Suef 5 and
Gemmayzeh 12 (Pb2) by increasing the height
with 53, 54 and 25 %, respectively. these results
were agreed with Stolt et al. (2006). and
Riyazuddin et al. (2021). While Misr1 variety was
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decreased the height by Pb1 with 15 %, this result
was agreed with.

The Zinc treatments results showed that
Zns,1& 3, respectively, were affected at the total
yield weight of Beni Suef 5, Sakha 94 and Misr 1
by decreasing with 21, 40 & 50 %, respectively,
(Table 6), but Zn: was increased Gemmayzeh 12
total yield weight with 30 %. The Zn treatments
were no effects (Table 6) to Beni Suef 6, these
results were.

Agreed with Kirmani ef al. (2018), who
mentioned that the toxic concentration of zinc
negatively  affected  the  morphological,
physiological and yield traits of wheat varieties.

As well as the spikes weight of the varieties
Beni Suef 6 and Gemmayzeh 12 were decreased
(8.0 %) and increased (60.0 %), respectively, by
Zn3 and Zno, respectively,

While Beni Suef 5, Sakha 94 and Misr 1, not
effected by Zn. The same results were obtained
by Kirmani et al. (2018).

For the 100 grains weight data in Table 6
suggested that Beni Suef 5, Beni Suef 6 and
Sakha 94 were increased with 29, 43 & 20 %,
respectively, by Zni, Znz2 & Zni. Gemmayzeh 12
and Misr 1 were decreased with 7& 4%,
respectively, by Zns. These result were agreed
with Stolt ef al. (2006). And agreed with Si-ping
et al. (2022), who found that as the level of zinc
increased, the wheat yield first increased and
then decreased, indicating that treatment with a
low level of zinc could increase wheat yield,
while treatment with a high level of zinc could
cause a decrease in yield.

The analysis of data Table 7 suggested that,
Cui, Cu2& Cus, were severe effect on total yield
weight of Beni Suef 5, Sakha 94 and Gemmayzeh
12 by decreasing with 35, 29 & 4 %, respectively,
and increasing at Cuz in Beni Suef 5 (11.0%).
These results were agreed with Agarwala &
Sharma 1979, whom found that lower grain
yield in low-copper plants. This is due to the
reduced number of effective tillers, disturbance
of grain setting and production of primitive ears
in these plants. While the Cu treatments were no
affects (Table 7) at Beni Suef 6, Misr 1 and the
rest treatments of the previous varieties.

As well as the spikes weight of the varieties
Gemmayzeh 12 and Misr 1 were increased with
7 & 4 %, respectively, in each of them at both of
Cui and Cu2. These results showed that Cu
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treatments had no effects on all varieties. While
Ghani and Naheed. (2011), reported that the
plants at low copper had decreased height and
profuse tillering which could be attributed to the
loss of apical dominance of the main stem.

Results in Table7 showed that; although
Gemmayzeh 12 was decreased with 22 % by Cus,
results gave increasing for the 100 grains weight
in Beni Suef 5(Cuz & Cus), Beni Suef 6 (Cui, Cuz
& Cus) and Sakha 94 (Cux& Cus), respectively,
with (11&11%), (26, 16 &43%) & (11& 38 %),
respectively. Four of the varieties (except Beni
Suef 6) by the rest of treatments were showed
not affected on 100 grains weight. These results
were agreed with Mussarat et al. (2021), whom
reported that wheat grain yield significantly
affected with heavy metals in the water
irrigation, and reflected in the wheat grains
which had about 2 folds higher heavy metals.
And also agreed with Arshad et al. (2011), whom
suggested that there was gradual increase in
total biomass with increasing levels of Cu. And
agreed with Ghani and Naheed. (2011), whom
found that plants with low copper had reduced
in length and tillering which could be attributed
to a loss of apical dominance over the main
stem.

Lead Pb treatments in Table 8 were gave
attributed results for the total yield weight in
wheat varieties, results in Beni Suef 5 (Pbz), Beni
Suef 6 (Pbi& Pbs) and Misr 1 (Pbi& Pb2) had no
effected with Pb treatments. The same table gave
significant decreasing at Pb1 (Beni Suef 5), Pbs,
Pb2 & Pbs (Sakha 94) and Pbs(Misr 1) for the total
yield weight with 4.0%, (7.0, 19.0 &12.0 %) and
5.0 %, respectively. These results were agreed
with Sharma and Dubey. (2005), Whom reported
that lead strongly affects normal plant
metabolism, physiological traits, crop growth
and productivity.

Table 8 also showed that Gemmayzeh 12 was
increased total yield weight at all Pb treatments
with 4.0, 17.0 & 8.0 % respectively, while Beni
Suef 5, Beni Suef 6 increased by Pbs & Pb: with
28 &12 %, respectively.

The spikes weight was found to be more
sensitive for (Pbi, Pb2 & Pbs) by increasing in
varieties; Beni Suef 5 with (7.0, 7.0 &7.0 %),
Gemmayzeh 12 with (7.0, 27.0 &42.0 %) and Misr
1 with (4.0, 10.0 & 4.0 %), respectively. While
decreasing Sakha 94 with 4.0 & 4.0 % by Pbx&
Pbs, respectively. Only Beni Suef 6 (all
treatments) and Sakha 94 (Pb1) were not affected.
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This results were agreed with Sharma and
Dubey. (2005), Whom reported that lead
strongly affects normal plant metabolism,
physiological characteristics, crop growth and
productivity. It often results in diminished
growth, distortion of cellular structures, ionic
homeostasis, decrease in chlorophyll
biosynthesis, hormonal imbalance, and induces
over-production of reactive oxygen species
(ROS) in plants (Shahid et al., 2011; Kumar et al.,
2012).

As for the 100 grains weight data in Table 8
showed that Beni Suef 5, Beni Suef 6,
Gemmayzeh 12, Sakha 94 and, Misr 1 were
increased, this result was obtained with
Mussarat et al. (2021), whom reported that wheat
grain yield was significantly affected by heavy
metals in irrigation water, and this was reflected
in the wheat grains that contained heavy metals
about 2 times higher.
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Table 1: The effects of Cd. Treatment(T) on wheat varieties on total height (T.H/ 85D) * and (T.H /115D) **
cm.

. Cd. Conc. T.H/
Variety (T/ ppm ) T.H/ 85D 115D

Control 62.2 68.3

Cdi1 (0.01) 69.2" 87.3"

Beni Suef 5

Cd2 (0.05) 67.1" 77.3"

Cds (0.1) 67.6™ 87.6™

Control 60.3 67.3

Cdi1 (0.01) 61.3ms 78.6™

Beni Suef 6

Cd= (0.05) 66.0™ 74.5"

Cds (0.1) 67.0" 78.3"

Control 62.3 73.0

Cd: (0.01) 64.5" 76.3"

Gemmayzeh 12

Cd= (0.05) 65.0” 75.3"

Cds (0.1) 68.6™ 78.3"

Control 67.3 79.3

Cdi (0.01) 68.0ms 84.6™

Sakha 94

Cd2 (0.05) 72.0" 81.6™

Cds (0.1) 70.7" 86.0™

Control 68.6 76.6

Cdi (0.01) 70.6" 74.6"

Misr 1
Cd- (0.05) 68.3ns 75.6m
Cds (0.1) 70.8™ 77.0ns
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Table 2: The effects of Zn. Treatment(T) on wheat varieties on total height (T.H/ 85D) * and (T.H /115D) **
cm.

. Zn. Conc.
Variet TH/8D  T.H/115D

! (T/ppm)
Control 62.2 68.3
Zm (5.0) 68.3" 82.3"

Beni Suef 5
Zn2 (10.0) 65.3" 73.0"
Zns (15.0) 64.3" 76.7"
Control 60.3 67.3
Zn (5.0) 68.3" 73.0"
Beni Suef 6
Zn2 (10.0) 64.7" 77.6"
Zns (15.0) 62.3" 74.3%
Control 62.3 73.0
Gemmayzeh 12 Zm1 (5.0) 67.7" 72.0rs
Zn2 (10.0) 66.5" 69.3"
Zns (15.0) 64.0" 65.3"
Control 67.3 79.3
Zm (5.0) 71.6 86.0™
Sakha 94
Zn2 (10.0) 69.3" 83.0"
Zns (15.0) 65.4" 82.6
Control 68.6 76.6
an (50) 71_6H 77.0ns
Misr 1

Zn2 (10.0) 70.3" 76.70s
Zn3(15.0) 67.3r 76.3ns
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Table 3: The effects of Cu. Treatment (T) on wheat varieties on total height (T.H/ 85D) * and (T.H /115D)

** cm.

Cu. Conc.
Variet T.H/ 85D T.H/ 115D
Y (T/ ppm)
Control 62.2 68.3
Cui 50) 66.6" 76.0"
Beni Suef 5
Cuz (10.0) 68.6™ 79.3"
Cus (15.0) 67.3" 78.3"
Control 60.3 67.3
Cu1(5.0) 62.6" 73.0"
Beni Suef 6
Cu 2 (10.0) 64.0" 76.6™
Cus(15.0) 65.6" 73.3"
Control 62.3 73.0
Gemmayzeh 12 Cu1(5.0) 65.0 " 75.6"
Cu 2 (10.0) 62.0ms 66.0"
Cus (15.0) 66.0" 78.0"
Control 67.3 79.3
Cu (5.0) 65.3" 87.0™
Sakha 94
Cu2 (10.0) 71.0" 86.0"
Cus (15.0) 69.3" 83.3"
Control 68.6 76.6
Cu1 (50) 68.0ns 76.61s
Misr 1
Cu2 (10.0) 68.3ns 72.6
Cus (15.0) 69.3ns 81.0™
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Table 4: The effects of Pb. Treatments (T) on wheat varieties on total height (T.H/ 85D) * and (T.H /115D)

** cm.

Pb. Conc.
Variet T.H/ 85D T.H/ 115D
y (T/ ppm )
Control 62.2 68.3
Pbs (5.0) 67.3" 80.0"
Beni Suef 5
Pb2 (10.0) 68.0" 82.6™
Pbs (15.0) 66.3" 92.6™
Control 60.3 67.3
Pb: (5.0) 66.0" 70.0™
Beni Suef 6
Pb2 (10.0) 64.5" 70.3"
Pbs (15.0) 65.3" 84.3"
Control 62.3 73.0
Gemmayzeh 12 Pb: (5.0) 65.5 ™ 75.6™
Pb2 (10.0) 66.3" 74.30s
Pbs (15.0) 65.6" 102.3"
Control 67.3 79.3
Pbs (5.0) 67.0ms 85.3™
Sakha 94
Pb2 (10.0) 68.0ms 82.6™
Pbs (15.0) 67.0ms 84.3"
Control 68.6 76.6
Pbs (5.0) 65.3" 77.3ns
Misr 1
Pb2 (10.0) 70.3" 76.6m
Pbs (15.0) 67.5ms 82.0"
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Table 5: The effects of Cd. Treatments (T) on some yield characteristics of wheat varieties [ total weight
(T.w), spike weight (Sp. w) and 100 grains weight (100 G.w)] per gm.

Cd. Conc.

Variet T.w Sp.w 100 G.w
Y (T/ ppm) P
Control 2.3 0.6 3.4
Cd1(0.01) 2.8 0.8 3.2ns
Beni Suef 5
Cd2(0.05) 3.1" 0.8" 41"
Cds (0.1) 2.8" 0.9" 45"
Control 1.3 0.5 3.9
Cd1(0.01) 1.7 0.6ns 45"
Beni Suef 6
Cd2(0.05) 1.6™ 0.5ms 5.1"
Cds (0.1) 1.7 0.6ns 5.4
Control 2.1 0.6 3.7
Gemmayzeh 12 Cd1(0.01) 2.4 1.1~ 3.8ns
Cd2(0.05) 2.4 0.8 3.9
Cds (0.1) 2.4 0.9 43"
Control 3.4 1.0 3.2
Cd1(0.01) 3.3ns 1.0ns 3.3ns
Sakh94
Cd2(0.05) 3.2ns 1.0nms 3.2ns
Cds (0.1) 2.8" 1.0ms 44"
Control 3.2 09 3.7
Cd1(0.01) 3.3ns 1.1 3.0"
Misr 1
Cd2(0.05) 3.2ns 1.0ms 3.2"
Cds (0.1) 3.2ns 0.9ns 3.2"
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Table 6:The effects of Zn. treatment(T) on some yield characteristics of wheat varieties [ total weight (T.w)
and spike weight (Sp. w) and 100 grains weight (100 G.w)] per gm.

Zn. Conc.
Varie T.w Sp.w 100 G.w
Y (T/ ppm) P
Control 2.3 0.6 3.4
Zm (5.0) 2.2m 0.7ns 4.4~
Beni Suef 5
Zn2 (10.0) 2.5m 0.7ns 41"
Zns (15.0) 1.6™ 0.6ms 2.7
Control 1.3 0.5 3.9
Zm (5.0) 2.2ns 0.5ms 4.7
Beni Suef 6
Zn2 (10.0) 2.5ns 0.4rs 5.2*
Zns (15.0) 1.3ns 0.3" 4.7"
Control 2.1 0.6 3.7
Gemmayzeh 12 Zni (5.0) 1.7 0.7nn 4.0rs
Zn2 (10.0) 2.9" 1.2™ 3.7
Zns (15.0) 1.6™ 0.8" 3.2
Control 3.4 1.0 3.2
Zni (5.0) 22" 1.0ms 4.0"
Sakha 94
Zn2 (10.0) 2.6™ 1.0ms 2.7"
Zns (15.0) 2.6™ 0.9ns 2.7"
Control 3.2 0.9 3.7
Zni (5.0) 2.7" 0.9ns 4.0ms
Misr 1

Zn2 (10.0) 2.5" 1.0ms 3.4ns
Zns3 (15.0) 1.9 0.8ns 3.3"
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Table 7: The effects of Cu. treatment(T) on crop characteristics of wheat varieties [(total weight (T.w)
and spike weight (Sp. w) and 100 grains weight (100 G.w)] per gm.

Cu. Conc.
Varie T.w Sp.w 100 G.w
el (T/ppm) P
Control 2.3 0.6 34
Cui (5.0) 1.4~ 0.7ns 3.4ns
Beni Suef 5
Cuz (10.0) 2.8" 0.6ms 4.0
Cus (15.0) 1.9 0.7rs 4.0"
Control 1.3 0.5 3.9
Cu (5.0) 1.2ns 0.4ns 4.9
Beni Suef 6
Cuz (10.0) 1.2ns 0.5ns 4.7
Cus (15.0) 1.4ns 0.5ms 5.2"
Control 2.1 0.6 3.7
Gemmayzeh 12 Cui (5.0) 2.0ms 0.8" 2.8”
Cuz (10.0) 2.1ns 0.8" 3.6m
Cus (15.0) 1.8 0.6ns 3.6m
Control 3.4 1.0 3.2
Cu (5.0) 3.7ms 0.9ns 3.2ns
Sakha 94
Cu2 (10.0) 24" 0.9ns 3.8"
Cus (15.0) 2.6" 1.1ns 4.3
Control 3.2 0.9 3.7
Cu (5.0) 3.5n8 1.1 3.5ns
Misr 1
Cuz (10.0) 3.1ns 1.1 3.6m8
Cus (15.0) 2.9ns 1.0ns 4.0rs
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Table 8: The effects of Pb. Treatment (T) on crop characteristics of wheat varieties [(total weight (T.w) and
spike weight (Sp. w) and 100 grains weight (100 G.w)] per gm.

Pb. Conc.

Varie T.w Sp.w 100 G.w
el (T/ ppm) P

Control 2.3 0.6 3.4

Pb: (5.0) 2.0" 0.8" 4.2™

Beni Suef 5

Pb2 (10.0) 2.5" 0.8" 4.7

Pbs (15.0) 3.1" 0.8" 4.8"

Control 1.3 0.5 3.9

Pb: (5.0) 1.5m 0.5ms 5.2

Beni Suef 6

Pb2 (10.0) 1.7 0.6ms 5.3"

Pbs (15.0) 1.3mn 0.4ns 5.2*

Control 2.1 0.6 3.7

Gemmayzeh 12 Pbs1 (5.0) 2.4" 0.8 4.0rs
Pb2 (10.0) 2.7" 1.0™ 4.2"

Pbs (15.0) 2.5" 1.1~ 4.8"

Control 3.4 1.0 3.2

Pb (5.0) 2.9" 0.9ns 3.6

Sakha 94

Pb2 (10.0) 2.6™ 0.8 4.0"

Pbs (15.0) 2.8" 0.8 4.6"

Control 3.2 0.9 3.7

Pb (5.0) 3.3ns 1.1 4.4

Misr 1

Pb2 (10.0) 3.2ns 1.2” 4.8"

Pbs (15.0) 2.8 1.1 43"
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