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ABSTRACT

A pot experiment was carried out in greenhouse to study the effect of 
lead (Pb) applied as a toxic metal with and without molybdenum (Mo) 
on growth, dry matter yield of chickpea plants and N fixation using 15N 
dilution technique. The experiment was laid out in randomized complete 
block design in three replicates of each treatment. Before sowing, the 
legume chickpea seeds inoculated with Rhizobium Leguminesarum. Lead 
was applied  as lead sulfate at rates of  0,50 and 100 mg Pb kg-1 soil, 
while, molybdenum was applied as molybdenum sulfate at levels of  0, 1, 
2 and 3 mg Mo kg-1 soil. Results demonstrated that, in general trend, the 
highest weights of seeds and shoots were 15.36 g pot-1 and 19.68 g pot-1 
observed in the pots received rate of (Pb 0 + Mo 3) ratio, respectively. For 
N-uptake by seeds and shoots, the highest values were 763.87  mg pot-1 
and 324.34 mg pot-1 achieved in the pots received rate of (Pb 0 + Mo 3) 
ratio. While for pb-uptake by seeds and shoots, the highest values were 
8.0 mg pot-1 and 43.0 mg pot-1 achieved with the rate of (Pb 100 + Mo 0) 
ratio. Using 15N dilution technique, in seeds, the highest value of (Ndff%) 
was (11.85%), achieved with rate of (Pb 50 + Mo 3) ratio and dose of 
(Pb100 + M 1) ratio while, the highest value of (Ndfa%) was (40.21%), 
achieved with rate of (Pb100 + Mo 1) ratio and followed by (39.81%) 
with dose of (Pb100 + Mo 2) ratio, respectively. 
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The present study aims to improve the antioxidant and antimicrobial 
properties of cake and produce low calorie cake through substitution of  
wheat flour (WF) by irradiated broccoli (Brassica oleracea L.var italica) 
powder. In this study broccoli heads powder and broccoli leaves pow-
der were gamma irradiated at dose levels of 0, 3, 5 and 7 kGy. Results 
showed that ethanolic (70%) extract of irradiated broccoli heads powder 
(IBHP) and irradiated broccoli leaves powder (IBLP) at a dose level of 5 
kGy had higher total phenolic compounds (TPC) and antioxidant activ-
ity (AOA) compared to control and other doses. Thus, IBHP and IBLP 
at dose level of 5 kGy were selected for fortification of cake. IBHP was 
used to substitute (0, 1.5, 3, and 4.5 %) of WF in making cake, as well, 
replacement of WF (0, 1, 2 and 3%) by IBLP. The results showed that the 
cake processed from IBHP and IBLP had pronounced improvement (%) 
in its chemical composition (protein, lipids, ash and fiber content) while, 
the energy value and carbohydrate content decreased with increasing the 
replacement level. Also, the results showed that the TPC content, AOA, 
volume and specific volume were increased by increasing substitution 
level of IBHP and IBLP compared to control samples. On the other hand, 
total intensity, L*and a* values of the crust and crumb were decreased, 
whereas Chroma and b* values were increased for crumb and decreased 
for crust for all cake treatments by the addition of IBHP and IBLP com-
pared to control sample. For microbiological properties, the results 
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INTRODUCTION

Chickpea (Cicer arietinum L.) is an 
important pulse crop grown and con-
sumed all over the world, especially 
in the Afro-Asian countries. It is a 
good source of carbohydrates and 

protein, and the protein quality is considered to be 
better than other pulses. Chickpea has significant 
amounts of all the essential amino acids except sul-
fur containing types, which can be complemented by 
adding cereals to daily diet (Jukanti1 et al., 2012). 
It can be a very useful legume crop for incorporation 
into short-term rotation and for fixation of nitrogen 
in soil and its fertility (Ali and Kumar, 2009). Addi-
tionally, Şehirali (1988) reported that, dry chickpea 
kernels contain 16.4-31.2% protein, 1.5-6.8% oil, 
38.1-73.3% carbohydrate and 1.6-9.0% cellulose; 
therefore, kernels are used as a significant source of 
nutrient for humans.

Nitrogen (N) deficiency is frequently a ma-
jor limiting factor for high yielding crops all over 
the world (Salvagiotti et al., 2008; Namvar et al., 
2011). The most important role of N in the plant is its 
presence in the structure of protein and nucleic acids 
which are the most important building and informa-
tion substances of every cell. In addition, N is also 
found in chlorophyll that enables the plant to transfer 
energy from sunlight by photosynthesis. Thus, the 
supply of N to the plant will influence the amount 
of protein, amino acids, protoplasm and chlorophyll 
formed. Consequently, it influences cell size, leaf 
area and photosynthetic Activity (Kibe et al., 2006; 
Alam and Haider, 2006; Caliskan et al., 2008; Sal-
vagiotti  et al., 2008). Therefore, adequate supply 
of N is necessary to achieve high yield potential in 
crops. In general, N deficiency causes a reduction in 
growth rate, general chlorosis, often accompanied by 
early senescence of older leaves, and reduced yield 
(Caliskan et al., 2008; Erman  et  al., 2011).

Molybdenum (Mo) which is an important micro-
element for chemical reactions in plant, is commonly 

used for seed priming which is more effective than 
soil or foliar applications (Mahler, 2005) and Her-
nandez et al. (2009), they also reported that the high 
levels of Mo in the soil may be harmful; although 
low quantities of seed treatment by Mo (0.03 pound 
per acre) are useful for plant growth, Therefore, only 
about 0.2 to 5 ppm of Mo is needed for plants. Simi-
larly, sandy soil the Mo and other fertilizer applica-
tions depend on the soil moisture and pH. Contrarily, 
Bambara and Ndakidemi (2010) demonstrated that 
the Mo is less available in acidic soil and foliar ap-
plication can overcome this problem. Although fo-
liar application of Mo is beneficial, but the seed and 
soil applications remain effective for longer period 
under normal conditions. Molybdenum is required 
for the formation of the nitrate reductase enzyme 
and in the legume it plays an additional role in sym-
biotic nitrogen fixation. The nitrogen fixing enzyme, 
nitrogenase is composed of molybdenum and iron 
and without adequate quantities of these elements, 
nitrogen fixation can’t occur (Robinson, 1973).

Lead has been listed as a hazardous heavy metal 
pollutant due to its high toxicity (Qi et al., 2018). 
Long-term exposure to low concentrations of Pb 
leads to high toxic levels. The main source of Pb 
contamination in the soil is its geogenic contribu-
tion, which reduces the soil microbial activities. The 
effects of Pb on soil are several, such as reducing 
soil nutrients; microbial diversity, and soil fertility 
(Dotaniya et al., 2020). Furthermore, earthworms 
(Eisenia fetida) are usually affected by Pb toxicity, 
which may cause earthworm mortality. Reducing Pb 
bioavailability in the soil through phytoremediation 
or phytostabilization strategies is an important issue 
that should be a focus of concern (Lan, 2020). Many 
studies were done on the effect of Pb on agricultural 
soil in different geographical locations. Vega et al. 
(2010) reported the impact of soil properties on ab-
sorption and retention of Pb. The results indicated 
that soil pH and cation exchange capacity were the 
important parameters influenced by Pb accumula-
tion.
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Nitrogen assimilation is an important plant met-
abolic process, which not only controls development 
plant growth but also plays an important role in plant 
survival under stress conditions. As said by Burger 
and Jackson (2003) nitric oxide is a major nitrogen 
source and is required during different metabolic 
processes.

Nitrate is converted into NH4+ via a process 
constituted of two steps; during the first step, NO3 
is converted into nitrite with the action of the en-
zyme nitrate reductase, and in the second step nitrite 
is converted into NH4+ with the action of nitrite re-
ductase.

Metal toxicity significantly reduces nitrogen as-
similation process. However, the level of reduction 
depends on the sensitivity and localization of en-
zymes to heavy metal toxicity. Moreover, concentra-
tion, mobility and duration of heavy metal ions in 
growth medium further aggravate alterations in the 
process of nitrogen assimilation.

The exposure to metals at higher concentrations 
could result in severe damage to various metabolic 
activities leading consequently to the death of plants. 
The exposure of excess levels of metals to plants in-
hibits physiologically active enzymes (Gadd, 2007) 
inactivates photosystems (Sandmann, 1980), and 
can possibly destroy the mineral metabolism.  

Therefore, in this study, it was aimed to study 
the effect of Pb applied as a toxic metal and with or 
without on the productivity of chickpea yield under 
wheat yield as a reference crop and N fixation using 
15 N dilution.

MATERIAL AND METHODS

Experimental site:

A pot experiment was carried out at the Soil and 
Water Research Dept., Nuclear Research Center, 
Egyptian Atomic Energy Authority, Inshas, Egypt. 

The soil tested through this study (as growth 
medium) was obtained from Inshas, Sharkia Gover-
norate from (0-15 cm depth) layer. The Soil samples 
were air dried ground and sieved to pass through a 2 
mm sieve.  Some physical and chemical characteris-
tics of the tested soil are presented in Table (1).   

Table (1) : Physical and chemical properties in soil.

Property Value

Particle size distribution (%)
Coarse sand 64.1
Fine sand 26.4

Clay 6.8
Silt 2.7

Soil Texture Sand
pH (1:2.5 paste) 7.97

E.C. (ds m-1) 0.27
Total N (%) 0.007

Pb (mg /kg soil)  0.06 

Cations (meq 100 g-1 soil)

Ca 1.25
Mg 1.00
Na 0.32
K 0.09

Anion (meq 100 g-1 soil)

SO4
-- 0.53

CO3
-- 0.00

HCO-
3 0.88

Cl- 1.25

Plant Material: Seeds of chickpea and wheat 
cultivar were kindly supplied by the Agriculture Re-
search Centre, Giza, Egypt. 

Experimental set-up: Plastic pots of 20 cm di-
ameter and 16 cm height were chosen for the experi-
mentation purpose. The pots were sealed from the 
bottom in order to avoid leaching of heavy metal 
from soil. Twenty Kg of aerial dry sand soil was 
filled in each pot reaching up to a height of 14 cm 
and diameter of 16 cm and the experimental treat-
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ments were arranged in a complete randomized 
block design with three replicates.

Metal treatments:

Plastic pots were divided into two groups, the 
first group was planted (by chickpea seeds) and the 
second group was planted by the reference crop 
(wheat seeds), N-15 labelled (5% atom excess) as 
urea was applied at one level (60 kg N fed -1) after 21 
days from  planting. Under first group, before sow-
ing, chickpea seeds were inoculated with Rhizobium 
Leguminous.  Also, before sowing, lead was applied 
as lead sulfate at the rate of 0, 50 and 100 mg Pb kg-1 
soil and molybdenum was applied as molybdenum 
sulfate at levels of 0, 1, 2 and 3 mg Mo kg-1 soil and 
the all were mixed thoroughly with the soil. A basal 
dose of P and K was applied according to recom-
mended rate as a source of single super phosphate 
and potassium sulfate with two groups. Wheat and 
chickpea were sown (4 seeds pot-1) and soil moisture 
was maintained at 60% of soil at water holding ca-
pacity. 

Metal accumulation:

After 120 days of growth, shoot, and seeds pods 
for both plants were collected separately, washed by 
distilled water, dried at 70°C, weighed, ground and 
kept for analysis. Plant samples were digested and 
analyzed according to Page et al. (1982).  Total Pb 
was determined using Atomic Absorption Spectrom-
etry model GBC 902. Total P assayed calorimetri-
cally using stannous chloride and ammonium mo-
lybdate. Nitrogen % was determined using kjeldahl 
method, 15N-analyzed by an automated emission 
spectrometer (NOI-6PC) following the description 
of (IAEA) 2001. 

Statistical Analysis: Results in this work were 
subjected to ANOVA analysis followed by Duncan’s 
multiple range test (DMRT) according to SAS soft-
ware program (1987).

RESULTS

Seeds and shoots weights of chickpea yield: 

Data listed in Table (2), shows that seeds shoots 
weights significantly (P >0.05) affected by the appli-
cations of different levels of molybdenum (Mo) also 
lead (Pb) and their interactions under rate of nitro-
gen source which applied as urea fertilizer (5% atom 
excess) at one dose . Furthermore, in general trend, 
the highest weights of seeds and shoots were 15.36 g 
pot-1 and 19.68 g pot-1 observed in the pots received 
rate of (Pb 0 + Mo 3) ratio, respectively. While, the 
lowest weights of seeds and shoots were 4.07 g pot-1 
and 6.57 g pot-1 observed at the rate (Pb 100 + Mo 0) 
ratio, respectively. On the other hand, concerning the 
means effect, the highest weights of seeds and shoots 
yields of chickpea were 11.03 g pot-1 and 17.16 g 
pot-1 recorded with the interaction of (Pb 0 x Mo), 
while the lowest weights were 5.76 g pot-1 and 9.88g 
pot-1 recorded with the interaction of (Pb 100 x Mo), 
respectively. 

N-Uptake in seeds and shoots of chickpea yield

Data presented in Table (3), shows that N-uptake 
by seeds and shoots significantly (P > 0.05) affected 
by the applications of different levels of molybdenum 
(Mo) also lead (Pb) and their interactions under rate 
of nitrogen source. Moreover, the highest values of 
N-uptake by seeds and shoots of chickpea yield were 
763.87  mg pot-1 and 324.34 mg pot-1 achieved in the 
pots received rate of (Pb 0 + Mo 3) ratio, whereas 
the lowest values recorded of 65.78  mg pot-1 and 
94.92 mg pot-1 achieved at the rate of (Pb 100 +Mo 
0) ratio, respectively. On the other hand, concerning 
the means effect, the highest values recorded 376.50 
mg pot-1 and 261.01 mg pot-1 , recorded with the in-
teraction of (Pb 0 x Mo), while the lowest values of 
N-uptake were 130.93 mg pot-1 and 150.57 mg pot-1 
recorded with the means of (Pb 100), respectively.
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Pb-Uptake in seeds and shoots of chickpea yield:

Data listed in Table (4), shows that Pb- uptake 
in seeds and shoots statistically (P > 0.05 ) affected 
by the applications of different levels of molybde-
num  (Mo) also lead (Pb) and their interactions under 
rate of nitrogen source which applied as urea fertil-

izer (5% atom excess) at one dose . Furthermore, the 
highest values of Pb–uptake by seeds and shoots of 
chickpea yield were 8.0 mg pot-1 and 43.0 mg pot-1 
achieved with the rate of (Pb 0 + Mo 0) ratio, while 
the lowest values were 0.8  mg pot-1 and 5.4 mg pot-1 
observed with the rate of (Pb 0 + Mo 3) ratio, respec-
tively. On the other hand,  under rate of (Pb 50 + Mo 

Table (2) : Seeds and shoots of chickpea yield as affected by addition of different levels of molybdenum (Mo) 
      also lead (Pb) and their interactions under one dose of nitrogen source as urea fertilizer.

Table (3) : N uptake by seeds and shoots of chickpeas yield as affected by addition of different levels of mo
                 lybdenum (Mo) also lead (Pb) and their interactions under dose of nitrogen source as urea fertilizer.

L.S.D at 0.05 Seeds  Shoots
Molybdenum (Mo) = 6.789  10.123
Lead (Pb) = 9.601  14.316
Inter (Mo x Pb) = 13.567  20.246

L.S.D at 0.05 Seeds  Shoots
Molybdenum (Mo) = 279.37  160.66
Lead (Pb) = 395.09  227.20
Inter (Mo x Pb) = 558.74  321.31

Seeds weight of chickpea yield (g pot-1)

Pb (mgkg-1)
Mo concentration ( mg kg-1)

Mo 0 Mo 1 Mo 2 Mo 3 Means
Pb 0 6.06 8.98 13.72 15.36 11.03
Pb 50 4.77 6.42 7.61 9.31 7.03

 Pb 100 4.07 5.25 6.50 7.23 5.76

Shoots weight of chickpea yield (g pot-1)

Pb 0 11.86 18.07 19.01 19.68 17.16
 Pb 50 7.62 8.24 14.51 15.57 11.49
 Pb 100 6.57 7.90 12.24 12.82 9.88

N-Uptake in seeds of chickpea yield (mg pot-1)

Pb (mgkg-1)
Mo concentration ( mg kg-1)

Mo 0 Mo 1 Mo 2 Mo3 Means
Pb 0 144.14 247.80 350.17 763.87 376.50
Pb 50 102.35 176.47 218.58 317.40 203.70
Pb 100 65.78 144.82 152.56 160.56 130.93

N-Uptake in shoots of chickpea yield (mg pot-1)

Pb 0 170.33 261.31 288.05 324.34 261.01
Pb 50 114.50 132.79 239.01 264.09 187.60
Pb 100 94.92 115.14 211.60 180.63 150.57
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3) ratio, Pb-uptake by seeds and shoots were (2.5 mg 
pot-1 and 17.0 mg pot-1 ), while, under rate of (Pb 100 
+ Mo 3) ratio, the results recorded (4.6 mg pot-1  and 
19,20 mg pot-1), respectively.  concerning the means 
effect, the highest means values were 6.55 mg pot-1 

and 26.88 mg pot-1   recorded with the means of (Pb 
100), while the lowest mean values were 1.10 mg 
pot-1 and 6.38 mg pot-1  recorded with the means of 
(Pb 0), respectively. 

Using 15N isotopic dilution: 

Nitrogen derived from fertilizer (Ndff%) by 
seeds and shoots of  chickpea yield.  

Data listed in Table (5), shows that nitrogen de-
rived from fertilizer (Ndff%) markedly affected by 
the application of different levels of molybdenum 
also lead (Pb) and their interactions under dose of 
nitrogen source as urea fertilizer.  Furthermore, of 
seeds, at zero (Pb), the highest values of (Ndff %) was 
14.22% observed with (Mo), followed by (12.70%), 
with (Mo1). On the other hand, for means, the high-
est values was (11.85%), achieved with rate of (Pb 
50 +Mo 3) ratio and dose of (Pb 100 + Mo 1) ratio, 
respectively. of shoots, at zero (Pb) the highest value 
of (Ndff %) was 15.46% achieved with rate of (Mo 
0), followed by 14.21% which recorded with rate of 
(Mo 2), respectively. At (Pb), the highest value of 
(Ndff%) was  13.03% achieved with rate of (Pb 50 + 

Table (4) : Pb uptake by seeds and shoots of chickpea yield as affected by addition of different levels of 
      molybdenum (Mo) also lead (Pb) and their interactions under one dose of nitrogen source as urea 
     fertilizer.

Pb-Uptake in seeds of chickpea yield (mg pot-1)

Pb (mgkg-1)
Mo concentration ( mg kg-1)

Mo 0 Mo 1 Mo 2 Mo3 Means
Pb 0 1.4 1.1 1.1 0.8 1.10
Pb 50 4.0 3.3 3.0 2.5 3.20
Pb 100 8.0 7.2 6.4 4.6 6.55

Pb-Uptake in shoots of chickpea yield (mg pot-1)

Pb 0 7.0 6.8 6.3 5.4 6.38
Pb 50 31.0 21.1 18.2 17.0 21.82
Pb 100 43.0 24.0 21.3 19.2 26.88

L.S.D at 0.05 Seeds  Shoots
Molybdenum (Mo) = 3.955  18.341
Lead (Pb) = 5.593  25.940
Inter (Mo x Pb) = 7.100  36.682

Mo 1) ratio, followed by 10.53% observed with rate 
of (Pb100 + Mo 1) ratio, respectively. 

Nitrogen derived from fertilizer (Ndff%) by seeds 
and shoots of wheat yield as a reference crop:   

Data listed in Table (6), shows that nitrogen de-
rived from fertilizer (Ndff%) markedly affected by 
the application of different levels of molybdenum 
(Mo) also lead (Pb) and their interactions under dose 
of nitrogen source as urea fertilizer.  Furthermore, 
of seeds, at zero (Pb), the highest values of (Ndff 
%) was 23.02% observed with (Mo), followed by 
(21.10%) observed with rate of (Mo 1). On the other 
hand, under (Pb), the highest values was (19.82%), 
achieved with rate of (Pb 50 +Mo 2) and followed 
by 20.40% with dose of (Pb 100 + Mo 1) ratio, re-
spectively. of shoots, at zero (Pb), the highest value 
of (Ndff %) was 16.84% achieved with rate of (Pb 0 
+ Mo 0), followed by14.01% which achieved at the 
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same rate, respectively. At (Pb), the highest value of 
(Ndff%) was 12.84% achieved with rate of (Pb 50 + 

Mo 0) ratio, followed by 12.16% observed with rate 
of (Pb 100 + Mo 0) ratio, respectively.

Table (5) : Effect of lead toxicity with different levels of molybdenum on nitrogen derived from fertilizer 
     (Ndff%) by seeds and shoots of chickpea yield.

Table (6) : Effect of lead toxicity with different levels of molybdenum on nitrogen derived from fertilizer 
     (Ndff%) by seeds and shoots of wheat yield as a reference crop.

Nitrogen derived from fertilizer (Ndff %) by seeds

Pb (mgkg-1)
Mo concentration ( mg kg-1)

Mo 0 Mo 1 Mo 2 Mo 3
Pb 0 14.22 12.70 7.55 12.09
Pb 50 9.47 12.40 9.82 11.85
Pb 100 7.17 11.85 6.79 10.44

Nitrogen derived from fertilizer (Ndff%) by shoots

Pb 0 15.46 14.21 12.04 8.50
Pb 50 11.79 13.03 10.59 7.73
Pb 100 9.39 10.53 9.88 7.21

Nitrogen derived from fertilizer (Ndff %) by seeds of wheat as a reference crop.

Pb (mgkg-1)
Mo concentration ( mg kg-1)

Mo 0 Mo 1 Mo 2 Mo 3
Pb 0 23.02 21.10 12.30 11.52
Pb 50 15.46 20.40 11.84 10.90
Pb 100 11.52 19.82 11.28 10.60

Nitrogen derived from fertilizer (Ndff%) by shoots of wheat as a reference crop.

Pb 0 16.84 14.04 12.77 11.50
Pb 50 12.84 12.03 11.22 9.72
Pb 100 12.16 11.54 10.94 7.52

Nitrogen derived from air (Ndfa%) by seeds and 
shoots of chickpea yield:

Data listed in Table (7), shows that nitrogen de-
rived from air (Ndfa%) markedly affected by the 
application of different levels of molybdenum (Pb 0 
+ Mo 1) also lead (Pb) and their interactions under 
dose of nitrogen source as urea fertilizer.  Further-
more, in seeds, at zero (Pb), the highest values of 
(Ndfa%) was 39.81% observed with (Mo 1), fol-
lowed by (38.62%) observed with rate of (Pb 0 + Mo 
2). On the other hand, with (Pb), the highest value 

was (40.21%), achieved with rate of (Pb 100 + Mo 
1) ratio and followed by 39.81% with dose of (Pb 
100 + Mo 2) ratio, respectively. In shoots, at zero 
(Pb), the highest value of (Ndfa%) was 26.09% 
achieved with rate of (Pb 0 + Mo 3), followed by 
8.19% which achieved at rate of Pb 0+ (Mo 0), re-
spectively. At (Pb), the highest value of (Ndfa%) was  
22.78% achieved with rate of (Pb 100 + Mo 0) ratio, 
followed by 20.47% observed with rate of (Pb 50 + 
Mo 3) ratio, respectively



( 48 ) Moursy and Ismail J. Nucl. Tech. Appl. Sci., Vol.10, 2022

DISCUSSIONS 

Seeds and shoots weights of chickpea yield: 

The combined application of both lead and mo-
lybdenum were not found superior to their single 
application even though lead played major role in 
augmenting the yield. In this regard, Gurpreet et al. 
(2013) reported that root and shoot weight collec-
tively refers to biomass production which ultimately 
refers to the plant productivity. Imposition of heavy 
metals viz. lead and nickel in Vigna mungo L. caused 
a substantial reduction in dry weight of both root and 
shoot. It was observed that in comparison to lead, 
nickel caused more deleterious effect on dry weight 
in black gram. On the other hand, Gurpreet et al. 
(2013) showed that shoot fresh weight the decrease 
was 7% and 11% at 10 µM concentrations of lead 
and nickel, but at high concentration the decrease 
was 18% and 27% over control. It has been shown 
that roots are less affected as compared to shoot, be-
cause roots translocate further these heavy metals to 
shoot and cause reduction in leaf pigment and also 
in fresh weight of the plant. But with the nitrogen 
treatment some how the deleterious effects was re-
duced root and shoot fresh weight slightly increased, 
whose the increase was 55% and 60% over control 
at 100 µM concentration of lead and nickel in root 
fresh weight and in shoot fresh weight the increase 

was 10% and 29% over control at 100 µM control of 
lead and nickel. However, Taiz and Zeiger (2013) 
reported that molybdenum favors agricultural pro-
duction by acting in plants as a cofactor of enzymes 
that participate in nitrogen metabolism, and partici-
pates as a constituent of the enzymes nitrogenase 
and nitrate reductase  essential in assimilation of N 
by plants, indicating their potential as fertilizers for 
chickpea crops.

N-Uptake in seeds and shoots of chickpea yield: 

According to Faridul et al. (2015) who found 
that NO3 -N content in the soil depended on the 
amount of Mo applied. As well as, they observed that 
the highest NO3 -N content in the soil for 0.5 mg Mo 
kg −1, this content was significantly (P ≤ 0.05) higher 
than that of other treatments, except 1mg Mo kg−1.  
Also, the total N content of Mo-treated plants was 
significantly higher than that of control plants, and 
treatment with 0.5 mg Mo kg −1 resulted in increased 
total N content (41.1%) and uptake in the above-
ground portion of hairy vetch plants (41.2%) relative 
to that in the control. However, Ismail et al. (2012) 
mentioned that lead additions resulted in decrease of 
N-uptake by different parts of pea plant in spite of 
increasing fertilizer-N rate up to 40 mg N kg-1 soil.  
Pea plants treated with 50 mg Pb kg-1 soil plus 40 
mg N kg-1 soil reflected relative increase in N-uptake 

Table (7) : Effect of lead toxicity with different levels of  molybdenum on nitrogen derived from air (Ndfa%) 
      by seeds and shoots of chickpea yield.

   Nitrogen derived from air (Ndfa%) by seeds 

Pb (mgkg-1)
Mo concentration ( mg kg-1)

Mo 0 Mo 1 Mo 2 Mo 3
Pb 0 38.23 39.81 38.62 4.95
Pb 50 38.75 39.21 17.06 8.72
Pb 100 37.76 40.21 39.81 1.53

Nitrogen derived from air (Ndfa%) by shoots 
Pb 0 8.19 1.21 5.72 26.09
Pb 50 8.10 8.31 5.61 20.47
Pb 100 22.78 8.75 9.69 4.12
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by shoot and whole pea plants by about 32.19% and 
16.6%, over than that of the control, respectively. 

Pb-Uptake in seeds and shoots of chickpea yield:

Accordingly, in a pot experiment, Ismail et al. 
(2012), they showed that the highest values of Pb 
content were, 54.0, 11.55 and 55.2 mg pot-1 for pea 
shoots, pods and whole plants, respectively under 
treatment of 200 mg Pb kg-1 soil + 40 mg N kg-1 soil. 
Kobata and Pindias (1992) recorded that the toxic 
limit of Pb was 30-300 mg Kg-1 in plant. Accumula-
tion of Pb in plants causes physiological problems, 
such as DNA damage and destroying root and shoots 
systems Gichner et al. (2008), and affects the enzy-
matic activities Reddy et al. (2005). The effect of 
Pb toxicity on plants was studied by Ali and Nas 
(2018).

Using 15N isotopic dilution: 

The addition of lead at different levels led to a 
deficiency of nitrogen derived from the fertilizer, as 
well as nitrogen taken from the air. On the contrary, 
the addition of molybdenum had a clear effect on in-
creasing nitrogen, whether taken from the fertilizer 
or the air

CONCLUSION

Based on the results, it can be concluded that, 
the highest weights of seeds and shoots were 15.36 g 
pot-1 and 19.68 g pot-1 observed in the pots received 
rate of (Pb 0 + Mo 3) ratio, respectively. While, the 
lowest weights of seeds and shoots were 4.07 g pot-1 
and 6.57 g pot-1 observed at the rate (Pb 100 + Mo 0) 
ratio, respectively. The highest values of N-uptake 
by seeds and shoots of chickpea yield were 763.87  
mg pot-1 and 324.34 mg pot-1 achieved in the pots 
received rate of (Pb 0 + Mo 3) ratio, whereas the 
lowest values recorded of 65.78  mg pot-1 and 94.92 
mg pot-1 achieved at the rate of (Pb 100 +Mo 0) ratio, 
respectively. On the other hand,  the highest values 
of Pb – uptake by seeds and shoots of chickpea yield 
were 8.0 mg pot-1 and 43.0 mg pot-1 achieved with 

the rate of (Pb 100 + Mo 0) ratio, while the lowest 
values were 0.8  mg pot-1 and 5.4 mg pot-1 observed 
with the rate of (Pb 0 + Mo 3) ratio, respectively. 
Using 15N isotopic dilution, of seeds, at zero (Pb), 
the highest values of (Ndff %) was 14.22% observed 
with (Mo 0), followed by (12.70%), with (Mo 1). 
On the other hand, for interaction, the highest values 
was (11.85%), achieved with rate of (Pb 50 +Mo 3) 
ratio and dose of (Pb 100 + Mo 1) ratio, respectively. 
Whereas, for Nitrogen derived from air (Ndfa%), 
for interaction, the highest values was (40.21%), 
achieved with rate of (Pb 100 +Mo 1) ratio and fol-
lowed by 39.81% with dose of (Pb 100 + Mo 2) ra-
tio, respectively. 
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