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ABSTRACT:

This study aimed to assess the effects of nickel (Ni) and lead (Pb) as heavy metal elements on seed germination and seedling
growth of three fabaceae tree species; Gleditsia triacanthos Leucaena leucocephala and, Robinia pseudoacacia. Each of Ni and
Pb were applied as NiCl, and PbCl, at variegated concentrations viz., 0, 15, 30 and 45 mg.Kg™ soil for each salt and their
interactions under field conditions. The results showed that neither Ni nor Pb had a significant effect on the percent of G.
triacanthos seeds germination, whereas, plant leaf area significantly increased at Nil5 and Ni30, P15, P30, and P45 while not
significantly affected other vegetative growth characters as compared to the control treatment. For L. leucocephala it seemed to be
more tolerant to the increasing Ni and Pb metals concentrations. For R. pseudoacacia Ni application cause a significant increase
for plant height for all treatments, and root dry matter percent, nodules number at both Ni30, Ni45, whereas Pb application causes
a significant increase in plant leaf area. No root nodules were seen in G. triacanthos species. From the results, it seen that the
inhibition caused by Ni and Pb elements was rely on the element concentration, kind of metal, and the species of plant. Results
indicated that low levels of nickel chloride is necessary for plant growth, while, increasing the concentrations of nickel chloride
inhibited seed germination, and plant growth and may cause toxicity, yet the tolerance efficiency depends on the species of the
plant. As conclude all studied species were affected by Ni and Pb that were added to soil which reflects on seed and seedling
performance. L. leucocephala was more tolerant to Ni and Pb heavy metals compared to two other species, and high
concentrations especially the 45 mg.kg™® had more effects on the studied characteristics. In respect to this study results, it
suggested that L. leucocephala had the best heavy metal tolerance reactions, so it is recommended to cultivating this species in
that areas contaminated with heavy metals especially nickel and lead round Irag and Kurdistan regions.
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1.INTRODUCTION :

The subject of heavy metals nowadays has
received the care of scientists in the world, due to
their risky effects on human health and the plant.
The toxicity of heavy metals includes making the
biomolecules inactive either by blocking the
essential functional groups or by displacement of
the essential metal ions (Nyiramigisha, 2021).

Zn, Cu, and Ni in low concentrations are
considered micronutrients or essential elements,
and it is necessary for plants growth.

Organic contaminants biodegradation inhibited in
soils polluted with toxic metals, which also cause
risks to humans and the ecosystem by polluting
soil, water, and food, increasing desertification
and many other problems (Kumari and Amarnath,
2021and Alvarez, et al., 2019). Soil is the media
for seed germination, survival and plants growth.
Nowadays, most soisoilsl are polluted by
numerous materials like Ni and Pb as heavy
metals, which decrease soil fertility, limit plant
growth, and affects crop yields (Deswal and
Laura, 2018).

Lead (Pb) is one of the highly toxic heavy
metals, also called protoplasmic poison and it is a
hazardous pollutant for the environment
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(Mehboab, et al., 2018). Although it is not one of
the essential elements for plants, it is found
accumulated in different parts of the plants and
effects negatively on different physiological
processes, such as seed germination inhibition,
delays seedling growth, chlorosis, photosynthesis,
cell death at high concentrations level (Fazal,
2015, and Sharma and Dubey, 2005). Nickel
(Ni*") at low concentration is an essential
micronutrient element for seed germination and
normal plant growth. It becomes toxic at high
concentrations in the soil and plants. At toxic
levels it affects many biochemical and
physiological processes in the plants (Amjad, et
al., 2020).

The mechanisms of root for uptake Ni and Pb is
mainly done by a passive diffusion and/or active
transport depending on the plant species, acidity
of soil, exist of other metals in addition to the
concentration of Ni?* in the soil solution, whereas
Pb is generally taken up by passive diffusion,
mostly through intercellular spaces of the
apoplast, following the water movement within
the plant (Kun, et al., 2021; Joseph, et al.,2018,
and Abdel Aziz, et al., 2014).

G. triacanthos, L. leucocephala, and R.
pseudoacacia plant species are planted as
landscape in Iraqi Kurdistan region, they are
important for carbon restoration, soil stabilization
and landfills and wastelands re-vegetation, also in
biotherapy. These plants produce high levels of
biomass, grow rapidly, easily cultivated, and most
importantly, tolerate and can accumulate high
level concentrations of heavy metals in their
aboveground parts.

The aims of this study were to test the effects of
Ni and Pb elements as soil polluted heavy metals
on some characteristics regarding the morphology
and physiology of G. triacanthos, L.
leucocephala, and R. pseudoacacia as three forest
tree species belong to fabaceae family.

Khudhur S.  Albarzinjil I. /ZJPAS: 2023, 35 (SpD): 32-43

33

2. MATERIALS AND METHODS

2.1. Plant Materials and Growth Condition
Three tree species of fabaceae family: L.
leucocephala, R. pseudoacacia, and G.
triacanthos were classified by Dr. Serwan T. Al-
dabbagh, Field Crops and Medicinal Plants Dept.,
College of Agricultural Engineering Sciences,
Salahaddin University — Erbil. The healthy
legume seeds (Figure 1) were collected from the
campus of Koya University, Iraqi Kurdistan
Region on 25™ of March 2021. The mature pods
were collected directly from 10 years aged with
straight bales and well-formed trees by climbing
them manually.

At a private field in Koya city located at 44°38 E,
36 °4N and 570 m of altitude above sea level, a
factorial experiment with a complete randomized
design with three replications were used for each
species to study the effects of concentrations (0,
15, 30 and 45 mg.kg ™' soil) of two heavy metals
nickel chloride (NiCly and lead chloride (PbCly)
and their interactions on each species separately.

Seeds were soaked in ordinary water at room
temperature for 24 hours as described by Hamad
and Anwer (2021). The planting of seeds were
done using black polyethylene bags (sized 10x10x
30 cm) filled with 3 kg of loamy soil that well
mixed with the required concentrations of NiCl,
or PbCl, which were denoted as (Nip, Nis, Nisg
and Niys) for the first salt and (Pb, Pbis, Pbsg and
Pbys) for the second salt respectively, with their
interactions. Each experimental unit consists of 10
polyethylene bags. After seed establishment, three
healthy seedlings (2.5 cm in length) were
maintained. The pots were kept outside in the field
(Table 1) and the pots were watered when needed
with tap water to provide a possible uniform soil
moisture conditions. 3 months after seed
germination, samplings were prepared for taking
the following characteristics:
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Figure 1. Seeds of (A) G. triacanthos, (B) L. leucocephala and (C) R. pseudoacacia species.

Table 1. The maximum and minimum temperatures, the relative humidity and the amount of

rainfall during the growing season (2021) *

Air Temperature (C°)

Relative Humidity(%b6) Rain fall

Maximum Minimum

Maximum

Minimum

26 4

83 29

39 10

85 18

43 19

50 16

47 22

38 13

48 25

29 12

48 23

33 14

45 22

September

35 15

39 13

October

* Agro-Meteorological Station in Koya city.

2.2 Studied Characteristics

Ahmadloo et al. (2012) described the rate of seed
germination (G), as is shown below:

G(%) = g £«100  where:

G(%)= Germination percentage, L = Number of
planted seed, S= Total number of emerged
seedlings

Ranal and Santana (2006) expressed a formula for
the velocity of germination as following:
n

M(days) = Z NG, / Z G,

i=1
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Where: M: velocity of germination (in days), G:
seedlings number that emerged on the day of
remark, N: number of days that counted since the
day of sowing until the day of remark.

2.2.2. Vegetative Growth

Included the height of plant, numbers of leaves,
leaf area of plant which were estimated by using
the image j software as declared in Martin (2013).
Stem and root diameter were measured using
vernier caliper. Lengths of roots and nodules
number were measured as it stated by Abdul
(2009). Shoot, root and nodules of dry matter were
measured as it mentioned in Al-Sahaf (1989).

2.3. Statistical Analysis

The study was conducted according to a
Factorial Complete Randomized Design (F,-CRD)
for each plant species as individual experiment.
Kind of the salt was the first factor, and the
concentration of salts was the second factor. Each
treatment was replicated three times and ten bags
were considered as an experimental unit. Treatment



means were compared by the analysis of variance
test (ANOVA) using the SAS statistical program.
The test of Duncan’s multiple range (o < 0.05) was
used for comparing between treatment means (Al-
Mohammadi and Al-Mohammadi, 2002).

3. RESULTS AND DISCUSSIONS

3.1. Effects of nickel, lead and their
interactions on seed performance and
some vegetative growth of G. triacanthos

From the results shown in Table (2) it was
found that neither Ni or Pb or their interactions
had a significant effects on the percent of G.
triacanthos seeds germination, whereas the seeds
were germinated earlier with increasing Ni and Pb
concentrations compared to no Ni or Pb plants,
while the germination velocity decreased at Ni
and Pb 45. Also for the interactions where the
control treatment seeds emerged later (47.9 days)
significantly compared to all other interactions
except the treatment Ni30Pb15. For the vegetative
growth parameters, we saw that the control
treatment did not differ significantly with the
treated plants for plant height, diameter of stem
and the percent of shoot and root dry matter, Plant
leaf area significantly increased at bot Nil5, Ni 30
as compared to control while decreased
significantly at Ni 45. The results were agree with
that of Ahmad, et al.,(2009), whom established
that Ni concentrations at low levels promoted
significantly sunflower seed germination and
improved the growth of seedling, fresh and dry
weights of germinating seeds, plumule and length
of radicle, while higher concentrations caused a
significant inhibition in seeds germination.
Regarding Pb effects on the studied vegetative
growth characteristics, it is found that it had no
significant effects on each of stem diameter, plant
leaves number, and the percent of shoot and root
dry matter content, whereas increasing Pb
concentration to 45 mg.kg™ decreased plant height
significantly to 27.2 cm compared to 31.4 and
29.5 cm for the 15 mg.kg™ and the plants that not
received Pb element. Using Pb at 15 mg.kg™
concentration  increased plant leaf area
significantly to 21.9 cm? whereas increasing the
concentration to 30mg.kg? and 45mg.kg™
decreased this parameter, which is still higher
significantly than the control treatment. Using
high concentration of Pb element caused non-
significant increase in root length, whereas they
caused a significant decrease in root diameter

Khudhur S.  Albarzinjil I. /ZJPAS: 2023, 35 (SpD): 32-43

35

which reached to 0.29 and 0.32 cm compared to
the plants that not received this element (0.38 cm).
Interactions between Ni and Pb effects on the
vegetative growth differ according to the studied
characteristics, where only the interactions of 0
and 30 mg.kg™ Ni with different Pb concentrations
increased the plant height and plant leaves number
significantly in comparison to the control
treatment, whereas, differences between the
control treatment and most other interactions were
not differed significantly regarding the plants
stems diameter. Interactions of 15 and 30 mg.kg™
Ni with different Pb concentrations increased the
plant leaf area significantly compared to the
control treatment, whereas, the interactions of 45
mg.kg™ Ni cause a significant decrease in this
characteristic. Dry matter percentage of each of
shoot and root was affected non-significantly by
each of Ni and Pb application in compare to the
non-treated plants. Regarding root length most
interactions of Ni decreased them significantly.
Most of the interactions were not differed
significantly except the significant increase in root
diameter which reached to 0.43 cm for each of
NOPb15, N15Pb0, and Nil5Pb45 treatments
respectively. Same results were gained by many
researchers, where Pb treatment cause a
significant reduction in the germination of seeds,
length of shoot, seedling dry weight and many
other characteristics when compared to the control
treatment (Mehboob, et al.,, 2018; Ahmad, et
al.,2009; Muhammad, et al.,2008; Seregin and
Kozhevnikova, 2006 and Le on et al., 2005). With
regard to the characteristics of the vegetative
growth, root nodules is not formed in Gleditsia
plant genus (Figure 2), where Gledistsia genus is
phyllogenetically located at the base of the
fabaceae family where there is no nodules among
the species of this genus (Faria and Olivares,
2022), however the root form some hypertrophic
outgrowth, where there are bacteria found inside
structures which are very like to infection threads
in legumes, and nitrogenase enzyme is present in
this material (Faria, et al. 2002).

3.2. Effects of nickel, lead and their
interactions on seed performance, some
vegetative growth and nodules of L.
leucocephala

Results in Table (3) show that each of Ni and
Pb had significant effects on the percent and
velocity of seed germination, and some growth
parameters for L. leucocephala seedling. It is
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clarify that increasing Ni concentration cause a
significant decrease in the percent of seed
germination, where the highest value (38.4%) was
recorded for untreated plants, whereas the low
value (22.3%) was recorded for the high
concentration (45mg.kg™ soil), this decrease in the
percent of seed germination may due to harmful
effects on the mineral nutrients content, sugar
transport, water balance, distract membranes
function and ion balance of cytoplasm particularly
K* ion (Kumar, et al.,2019). This study appears
that the velocity of germination significantly
increased with Ni application (Zayed, et al.,2012).
Also for Pb application the highest germination
percent (34.3%) was recorded in the control
treatment, while a lower germination percent was
recorded for the 30 mg.kg-1 soil, whereas high
concentration of Pb (45 mg.kg-1 soil) decreased
the velocity of germination to 21.3 days compared
to no Pb treatment. Ni application significantly
increased plant high at all concentrations, while
increased significantly at Nil5, Ni45 plant leaf
area and shoot dry weight at Ni30. Both Ni30,
Ni45 increased significantly percentage root dry
matter and nodules number as compare to control,
whereas it doesn’t had a significant effect on the
stem and root diameter, plant leaves number and
nodules dry matter percent. At the same time Pb
had no significant effects on each stem diameter
root and nodules dry matter percent. The results
from Table (3) indicate the effect of Ni was
toward increasing the vegetative growth,
compared to the Pb application, and this may due
to Ni is consider as essential element for the
growth and development of plants, whereas Pb is
not, because Ni at low concentrations is one of
essential micronutrients for seeds germination and
plant growth, whereas, it toxicity appear with its
high concentration in the soil and plants, although
tolerance efficiency depends on the plant species.
Excessive amount of toxic element typically
caused decrease in germination of seeds and
growth of plants (Table 3), whereas Pb is one of
the heavy metals not essential in cell metabolism
processes, but it’s absorption is very easy, so they
accumulated in different parts of plants. Pb
element inhibits seed germination, also delays
seedlings growth, it inhibits photosynthesis
process, declines in minerals nutrition, growth
stunting, and other symptoms, and may lead to a
cell death at high level concentrations. All these
disorders  distressed normal  physiological
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activities of the plant (Fazal, 2015, and Sharma
and Dubey, 2005).

Interactions between two elements Ni and Pb on

the percent of seed germination most of the
interactions were not differ significantly from the
control treatment, but the interactions between the
highest concentrations levels of Ni and Pb
decreased the percent of seed germination
significantly (Table 3). Some seedling growths
such as plant height, plant leaf area, dry matter of
root and nodules number were increased
significantly ~ with increasing Ni and Pb
concentrations levels, while number of leaves was
decreased with increasing the concentrations.
These changes in plants exposed to Pb element
where described by Fahr, et al.(2013), where the
plants already developed many tolerance
mechanisms that are triggered as a response to the
exposure to Pb element, this element usually
affects through plant root systems which respond
rapidly through either by callus synthesis and
deposition, ending Pb entering by creating a
barriers, or uptakes large amount of Pb then
restoration in the vacuole which supplemented
many changes in root branching and growth, and
finally by translocation the Pb to the hyper-
accumulators plant shoots.

L. leucocephala was more tolerant to the
increase of Ni and Pb concentrations levels. Some
species can growth at higher metal concentrations,
which are highly toxic to other species. The
results showed that Ni and Pb were less toxic
metals for L. leucocephala plant species. The
result shows that the low concentrations of nickel
chloride are required for the normal growth of
plants. Whereas, increasing in nickel chloride
levels will reduced seed germination and
subsequent plant growth and as a result cause
toxicity (Ahmad, et al.,2009). Same result was
described by Shweti, et al. (2018) that Ni at low
concentration is consider essential micronutrient
for seed germination and the growth for wheat,
however, toxicity will appear with high
concentration in the soil and plants. However the
tolerance efficiency will depends on the species of
the plant. Also Pavlova, et al., (2018), who studies
the effect of Ni on Alyssum markgrafii and A.
mural seeds, where the ability to germination
decreased with increasing the Ni concentrations,
whereas hypocotyl elongation were stimulated at
low Ni concentrations, but the root elongation was
inhibited for both species, which firm that the



plant roots were more sensitive than hypocotyl to
Ni element.

3.3. Effects of nickel, lead and their
interactions on seed performance, some
vegetative growth and nodules of R.
pseudoacacia

The results of Table (4) shows that Ni
application to the soil had a significant effects on
all the studied characteristics for seeds
performance and the growth of seedling of R.
pseudoacacia except the percent of root dry
matter, where the differences were not significant.
Increasing concentration of Ni led to a decrease in
the percent of seed germination significantly to
16.4% for the highest Ni concentration (45 mg.kg’
! soil) compared to no Ni treatment (57.5%),
however, this decrease was offset by a significant
decrease in days for seed germination with
increasing the concentration to reach 24.8 days for
the 45 mg.kg™ soil treatment compared to no Ni
application plants (40.1 days), because it appears
toxicity with high concentrations in the soil and
plants. However, tolerance efficiency depends on
the plants species, same results were obtained by
(Shweti, et al., 2018) who establish that low
concentrations of Ni consider as stimulator for
wheat seed  emerging,  whereas, high
concentrations are toxic. Regarding the effects of
Pb on seed performance, it is shown that there
were non-significant differences between Pb
concentrations with no Pb application in respect to
the percent and velocity of seed germination. For
the interaction between Ni and Pb, there were
significant effects on the percent and velocity of
seed germination, and it is appear that the
interaction of low concentrations of each of Ni
and Pb (15 mg.kg™?) gave the best combination
(74.7 % and 26.2 days) for the percent and
velocity of seed germination.

Regarding the vegetative growth and nodules, Ni
application significantly increased root diameter
and nodules dry mater percentage at all treatments
as compare to control, while decreased
significantly other plant characteristics, it may due
to a higher activation of the stores to the rest of
the root nodules, prompting an enlarge in the root
nodules dry weight (Sahu,et al., 2020). There were
non-significant differences between the control
with most Pb concentrations especially for the
plant height, stem diameter, plant leaves number,
percent of shoot dry matter, root diameter, and
percent of nodules dry matter, whereas plant leaf
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area significantly increased at all treatments and
the highest value was by adding Pb at
concentration Pb15. Inversely Pb application
causes a significant decrease in plant root length,
because those plants grow under the stress of
heavy metals suffering a shortage in the energy
amount required for a good growth of the plants
grown in stressed environment (Tai, et al.,2022
and Kang, et al., 2018). Regarding the nodules
number there were significant differences between
all Pb treatments, where the highest value found in
the 30 mg.kg™ whereas the lowest value was in 45
mg.kg™ treatment.

Most interactions effect between Ni and Pb
concentrations on the vegetative growth and
nodules parameters, effects non-significantly
compared to the control plants in respect to plant
height, plant stem diameter, and plant leaf area,
whereas interactions of high concentrations of Ni
(30 and 45 mg.kg™) cause a significant decrease in
plant leaves number, percent of shoot dry matter,
root length, and nodules number, on the other
hand these interactions increased the root diameter
significantly compared to the control treatment
plants. It appears from Table (4) results that high
concentrations of nickel affects were more toxic
than lead, because of the higher differences
between Ni treatments than that of Pb element.
These results indicated that little amount of the
salt nickel chloride is required for stimulating R.
pseudoacacia seed performance and seedling
growth, whereas, increasing levels of nickel
chloride decreased seed germination and the
growth of plant and cause toxicity, because of
nickel is one of the essential micronutrients for
germination of seeds and subsequent plant growth
at low concentrations, whereas it is become toxic
with high concentrations in the plant and soil.
However the efficacy of elements tolerance
depends on the species of the plant (Singh, 2020;
Anwar, et al., 2022; Kabira, et al., 2018; Sharifi,
2017; Jaime, et al.,2012, and Singh, et al., 2010).
Inhibition of root growth is clear in plants treated
with Pb which agrees with Fazal, (2015) and
Sharma and Dubey (2005).

Differences were seen between the studied
plants regarding most of the vegetative growth
parameters because heavy metals uptake and
accumulation is vary even from species to species
within a genus (Kun, et al., 2021), and the
contaminants distribution in a plant is minded by
the plant physiological character, and the
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distribution depends on the mobility of the
contaminant in the plant tissues, on the type of
plant, and the conditions of its growth Stofejova,
et al (2021). Low seeds germination for the
studied species were clear, which may be due to
germination condition especially the high
temperature, where the average temperature
during the germination period was 10-39 °C
(Table 1) that is more than the optimal
temperature for most seeds germination.
Regarding the results of these specie after seeds
soaking for 24 hours, it was seen that the seeds
coat of G. triacanthos, was more rigid than R.
pseudoacacia seeds, which is more rigid than L.
leucocephala seeds, this property is appear from
the results of Tables (2, 3 and 4) where it was seen
that effect of Ni and Pb on G. triacanthos
germination performance was less than other
species, which may due to the accumulation of the
metals in the coat of seeds, while the endosperm
appeared to be lacking of Ni and Pb, and the coats
of seed can decrease the amount of Ni and Pb
entering the seeds (Le'on, et al., 2005).
Decreasing in germination velocity is clear where
Ni is used for the three species because Ni is
consider as one of the essential mineral elements
for plants which is required in small amounts for
healthy growth and development (Kun, et al.,
2021; Joseph, et al.,2018 and Abdel Aziz, et al.,
2014). From the figure (2) it is seen that the
growth of each of L. leucocephala and R.
pseudoacacia species was more than that of G.
triacanthos species, and this may due to the exist
of root nodules, which the host plants delivers
energy as photosynthate and, on the other hand
receives nitrogen combination for its growth and
development (Yusuf, et al., 2011). As it appears
from Figure (2) all the nodules for L.
leucocephala and R. pseudoacacia species were
distributed on secondary roots. The rhizobia exist
inside nodules fixed the atmospheric N into
ammonia which is considered a nitrogen source
for the legumes. Increasing nodules number and
dry matter and some other parameters for L.
leucocephala and R. pseudoacacia species may
due to exist of some rhizobia including that strains
resistant to heavy metals and can stimulate the
growth of plants under the stress of heavy metal
(De Angelis, et al., 2022). Generally, we saw that
effects of Pb was less compared to Ni because
lead is not an essential element and is considered
relatively unavailable for living organisms due to

ZANCO Journal of Pure and Applied Sciences 2023

immobilization in soil and the transportation from
roots to plants is limited (Kacéalkova, et al., 2014).

@A) (B) ) ©

Figure 2. Each column illustrates the seedling growth in field and
the seedling with roots, for (A) G. triacanthos, (B) L.
leucocephala and (C) R. pseudoacacia species

CONCLUSIONS AND
RECOMMENDATIONS:

The results of this study indicated each of G.
triacanthos, L. leucocephala, and R. pseudoacacia
species that grown in soils contaminated with Ni
and Pb show different responses regarding
germination performance, vegetative growth, and
nodules. In general, high concentrations especially
the 45 mg.kg™ soil in combination with lead had
more effects on the studied characteristics. Also,
results showed that metal tolerance differs
significantly between the species, where R.
pseudoacacia was the best for germination
velocity, and L. leucocephala for most vegetative
growth parameters followed by G. triacanthos
then R. pseudoacacia. Also we can conclude that
Ni was more effective on seed and growth
performance than Pb element, whereas Pb is
significantly increased leaf area of both R.
pseudoacacia and G. triacanthos for all
treatments, while for L. leucocephala increased
only at 45mg/g. This study needed to be
completed in order to determine maximum
amount of Ni and Pb that plants can tolerate, and
the ability of these fabaceae species to other heavy
metals
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Table 2. Effects of nickel, lead and their interactions on some vegetative growth of G. triacanthos plant.

Germination Plant Stem Plant Plant Leaf | Shoot Dry Root Root Root Dry
Treatments Percent | Velocity Height diameter Leaves Area Matter Length diameter Matter
2
(%) Days) (cm) (cm) Number (cm?) (%) (Cm) (cm) (%)
Nickel con. (mg.kg ™ soil)
Ni 0 55.7 2 37.1° 28.9% 0.28% 14.8° 17.7° 64.5° 26.0° 0.36° 71.1°
Ni 15 54.0° 35.9° 27.6° 0.25° 125° 25.7° 57.0° 20.9° 0.33%® 82.8°2
Ni 30 48.2° 33.8°¢ 31.0° 031° 15.4° 26.4° 50.8° 24.3° 0.34%® 77.6°
Ni 45 50.1°2 29.7° 29.6 % 0.28% 14.1° 8.3°¢ 5432 25.8° 0.30° 775%
Lead con. (mg.kg™ soil)
Pb0 54.8° 36.2° 29.5%® 0.28° 14.1° 16.9° 55.8 @ 23.9%® 0.38° 76.1°
Pb 15 55.7° 35.1° 314° 0.29° 14.9° 21.9° 60.7 ° 23.3° 0.34%® 75.9°
Pb 30 48.1° 34.1% 29.0™ 0.28° 14.1° 19.7° 57.0° 244 0.29°¢ 77.1°
Pb 45 49.4° 31.2° 27.2°¢ 0.28° 1362 19.6° 53.0° 25.4° 0.32" 79.7°
Interaction between Ni and Pb concentrations
NiO PhO 53.02 47.9° 25.1 % 0.27%° 11.4 % 14.2 © 64.7° 26.0 e 0.33" 65.7%
NiO Pb15 38.0° 384" 34.1° 0.33° 15.2 ¢ 22.7° 64.8 2 23.0 %™ 0.43°2 66.7%
NiO Ph30 49.0° 36.5 24.1° 0.23% 16.2%® 16.3° 65.8° 30.0° 037 78.7%®
NiO Pb45 60.3°2 25.59 32.3% 0.30 % 16.1%® 16.3° 62.9° 25,2 Pedet 0.30° 73.1%®
Ni15 PbO 49.7° 36.9°¢ 28.7 P 0.27 % 14.9 < 32.0° 43.4° 21.21 0.43% 788%®
Ni15 Pb15 63.7° 28.1 % 30.0 < 0.27% 11.1°¢ 23.0° 64.4° 19.3°¢ 027 83.0%®
Ni15 Pbh30 51.0° 34.9 O 29.7 @ 0.26 ® 12.0 °® 25.3° 55.82 22.0 1 0.17° 76.7%
Ni15 Pb45 51.7 2 35.3 22.27 0.20° 12.1 °® 22.5° 39.4° 21.1 0.43° 92.6°
Ni30 Pb0 56.0° 28.2 %1 34.2° 0.30% 15.2 ¢ 11.5% 66.3° 21.4 0.37% 85.3%
Ni30 Pb15 55.0 ¢ 46.0%® 31.5%® 030%® 14.4 e 33.0° 54.3° 23.0 % 037%® 80.5®
Ni30 Pb30 41.7° 385" 32.3® 030%® 15.1 ¢ 31.0° 57.0° 23.] cOef 0.33" 82.7%®
Ni30 Pb45 40.0° 31.0 %0 25.6 %' 0.33° 16.7° 30.3° 50.3° 290 0.30 ™ 61.7°
Ni45 Pb0 60.7° 31.6 “™0 30.0% 0.27 ®° 14.9 @ 100 48.8° 27.1% 0.37% 746%®
Ni45 Pb15 66.0° 27.8°1 30.2 & 0.27 ®° 13.7 et 9.0° 59.3° 27.2°%¢ 0.30 > 73.4%
Ni45 Pb30 50.7° 265 29.8 @< 0.33% 13.0 oo 6.0" 49.6° 22.7°1 0.30° 70.5%
Ni45 Pb45 45.7°% 32.9 ¢t 28.7 P 0.27 ®° 14.7 %< 8.0 59.32 26.1 30 0.23% 91.4°
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Table 3. Effects of nickel, lead and their interactions on some vegetative growth of L. leucocephala plant.

Germination Plant Stem Plant Plant Shoot Root Root Root Nodules | Nodules
Treatments Height | diameter | Leaves Leaf Dry Length | diameter Dry Number Dry
Percent | Velocity (cm) (cm) Number Area Matter (cm) (cm) Matter Matter
(%) (Days) (cm?) (%) (%) (%)
Nickel con. (mg.kg*soil)
Ni 0 38.4° 20.1°¢ 40.0° 0.40° 9.0° 29.6° 53.1° 32.2% 0.55% 73.0° 5.50 © 57.6°
Ni 15 33.3%® 21.1°¢ 45.3° 0.38° 9.3° 346° 61.4% 30.0° 0.50° 81.8% 5.33°¢ 61.7°
Ni 30 29.8° 425° 447° 0.38° 9.7° 27.2°¢ 70.8° 32.0% 0.54° 84.0° 9.25% 60.3°2
Ni 45 223° 245° 441° 0.37° 93¢ 35.4° 65.3%® 342° 0.50° 85.4° 8.41° 50.8°
Lead con. (mg.kg™ soil)
Pb 0 34.3° 26.7° 43.1%® 0.38° 95° 30.1° 72.0° 347° 0.55° 79.8°2 6.33°¢ 56.4 2
Pb 15 32.3% 33.7% 455° 0.40° 10.02 31.7° 68.8° 31.2° 0.54%® 82.2° 8.33° 67.6°
Pb 30 26.8° 26.5° 445° 0.39° 9.8° 30.1° 55.6° 31.6% 0.51%® 83.2° 7.25° 55.32
Pb 45 30.3% 21.3°¢ 40.9° 0.36° 8.1°" 34.8° 54.1° 30.9° 0.49° 78.9° 6.58 ™ 51.1°2
Interaction between Ni and Pb concentrations
NiO Pb0 37.3%° 18.6 ® 37.3%™ 0.40® 105%® 24.0°¢ 60.4 ¢ 44.0° 0.53 ™ 50.0 3.39 485%
Ni0 Pb15 33.3%1 27.7°¢ 455° 047° 9.3%d 324" 67.7% | 30.5 0.53" 89.0° 6.7 % 77.9°
Ni0 Pb30 38.3% 19.1% 430° 0.37% 104 % 28.5 30.5° 30.2 ° 0.67° 87.7% 6.7 52.1°
NiO Pb45 447 ° 15.0° 339° 0.37% 6.3° 335% 53.7°°¢ 24.1° 0.47" 65.3 537 52.0°
Ni15 PhO 32.3%° 248 450° 0.37% 8.5 36.3% 75.6%¢ | 30.9" 057 % 90.1° 6.3 54.7°
Nil5 Pb15 29.0°7 20.9 ® 454° 0.37% 9.8 *¢ 325" 85.8° 28.1° 0.53" 76.5% 7.3 73.1°
Ni15 Pbh30 27.0°9 19.3% 455° 0.43% 102 | 327" 50.2 ¢ 25.9 « 0.43° 73.7% 50" 66.3°
Nil5 Pb45 44.7° 19.7 % 450° 0.37% 8.9 ™ 36.9 % 34.0% 35.9° 0.47" 86.7° 279 52.9°
Ni30 Ph0 447 ° 430° 465° 0.37% 9.8 *¢ 25.9 % 82.7% 28.9° 0.53" 90.1° 9.0 ¢ 74.0°
Ni30 Pb15 44.7° 58.3° 449° 037%® 11.0° 24.6 % 58.4 % 322" 0.57% 815 10.7 62.7°
Ni30 Ph30 16.3™ 39.7° 448° 0.40 ® 9.3%¢ 23.1° 79.6 ¢ 35.2° 0.50 ™ 82.1% 8.3 63.8°
Ni30 Pb45 13.7 ¢ 29.1°¢ 424 0.37% 8.8 "¢ 35.0% 62.5 %1 31.4" 0.57 % 82.0 % 9.0 ¢ 40.8°
Ni45 Ph0 23.0 ¢ 20.6 * 433° 0.37% 9.5 %0 34.1°% 69.0 2 349° 0.57 % 89.0° 6.7 % 485°
Ni45 Pb15 22.3°%9 30.0 ¢ 46.1° 0.40 ® 10.1%¢ 375% 63.4 %1 34.1° 0.53" 81.6 % 8.7 56.7
Ni45 Pb30 25.7 9 28.0°¢ 44.8° 0.37% 9.3%¢ 36.1% 62.2 %9 349° 0.43° 89.2°2 9.0%° 39.0°
Ni45 Pb45 18.3°1 206 * 422%® 0.33° 8.2¢ 33.7% 66.4 2 32.8" 0.47" 81.6% 9.33% 59.0°

* Means followed by the same letters with in columns are not significantly different at p <0.05 according to the Duncan test.
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Table 4. Effects of nickel, lead and their interactions on some vegetative growth of R. pseudoacacia plant.

Germination Plant Stem Plant Plant Shoot Root Root Root Nodules Nodules
Treatments Height | diameter | Leaves Leaf Dry Length | diameter Dry Number Dry
: (cm) (cm) Number Area Matter (Cm) (cm) Matter Matter
Percent | Velocity (cm?) (%) (%) (%)
(%) (Days)
Nickel con. (mg.kg ™ soil)
Ni 0 57.5°2 40.1° 28.33° 0.40 2 16.65° 31.71° 67.98° 34.20° 0.26° 69.46 ° 10.67 2 49.43°
Ni 15 55.8 2 28.8° 25.55° 0.36° 12.88° 28.46° 48.66 ° 30.20° 0.33° 66.46° 9.42° 64.37 2
Ni 30 53.7° 25.2°¢ 23.30°¢ 0.32° 8.63° 28.33° | 63.43® | 28.83° 0.34° 71.60° 8.25°¢ 64.30 2
Ni 45 16.4° 24.8° 24.11% 0.30° 8.40° 25.21°¢ 48.26° 25.1°¢ 0.40° 70.38° 4.67° 62.20°
Lead con. (mg.kg-1 soil)
Pb 0 47.67 % 29.5 % 26.41° 0.35° 11.46° 24.54 ¢ 63.1° 31.67° 0.34% 70.23°2 9.33° 58.99 &
Pb 15 54.42 2 31.0° 22.78° 0.31° 11.61® | 3250° 62.83°2 28.38° 0.31° 73.61° 6.67°¢ 53.35°
Pb 30 38.1° 28.3° 25.51° 0.34% 13.50 ° 2954° | 56.48% | 29.33° 0.35° 68.23 2 11.75° 67.45 2
Pb 45 433%® 30.0® 26.58°2 0.36° 10.00° 27.13° 45.96° 28.90° 0.32% 65.83 2 5.259 60.50 %
Interaction between Ni and Pb concentrations
Ni0 Pb0 15.3° 38.9 27.53° 0.37" 16.23% | 28.00%9 | 71.67® | 34.67% 0.23° 69.63 2 13.33°2 44,07 °
Ni0 Pb15 17.7° 45.1° 25.57 ° 0.37" 15.23° 36.00% | 65.93%% | 37.53% 0.23° 69.27% | 10.00° | 49.10°
Ni0 Pb30 21.7° 35.7 26.97° 0.37" 18.47° 32.33" | 72.67% 31.° 0.30 < 65.80% | 12.33® | 52.07 "™
NiO Pb45 11.0° 40.5° 33.77° 0.47° 16.67% | 3050°° | 61.67% | 33.10"™ 0.27 % 73.13°2 6.67 % 52.47 °
Ni15 Pb0 56.0 32.3% 2557 | 043%® 11.13° | 25.33™ | 4223 | 32.13%% | 0.30“® 68.90% | 1000 | 72.33%
Nil5 Pb15 74.7° 262" | 2500 | 0.30“ 16.00% | 32.83% | 60.67*% | 30.97° | 037" 81.03° 7.00% 58.17 *
Ni15 Pb30 25.7° 29.1° 2587>™ | 0.33¢ 16.87% | 27.67° | 52.97%% | 29.10% 0.37" 57.00° 14.00% | 69.63%
Nil5 Pb45 72.3° 276™ | 2557 | 037" 7.53° 28.00%9 | 357779 | 2857® | 0.30°® | 58.90° 6.00 57.33 °
Ni30 PhO 58.32 215" 2553 | 030 8.90° 28.83°T | 65.07* | 30.0°® 0.37" 65.13 2 8.00® 63.00 >
Ni30 Pb15 65.3° 28.7°9 | 21.90°% 0.30% 7.77° 29.67°° | 82.60°% | 2367 | 0.30°® 67.60 2 6.33° 45.00¢
Ni30 Pb30 53.7° 2479 | 2110% | 037" 9.43° 29.50°° | 64.27% | 30.30°® | 040%® 91.83°2 13.67° 86.13 2
Ni30 Pb45 52.7 @ 25.8™" | 2467 0.30% 8.43° 25.33" | 41.77°° | 31.33"7 | 0.30°* 63.80 2 5.00 ™ 63.07 *
Ni45 PhO 61.0° 255" 27.53° 0.30 9.57° 16.00" | 70.23% | 29.87°¢ 0.47° 77.27° 5.33™ 56.57 *
Ni45 Pb15 60.0° 23.9™ 18.67°¢ 0.27°¢ 7.43° 31.50™ | 42.10°° | 21.339 | 0.33"@ 78.532 3.33¢ 61.13°
Ni45 Pbh30 51.32 23.7™ 28.10° 0.30 9.23° 28.67°7 | 36.03% | 26.47°¢ | 0.33"™ 58.27° 6.67° 61.97 >
Ni45 Pb45 51.0° 25.8™ | 22.13% 0.30 7.33° 24679 | 4463 | 22570 0.40%® 67.47° 3.339 69.13 ¢

* Means followed by the same letters with in columns are not significantly different at p < 0.05 accordin to the Duncan test
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