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ABSTRACT 
 

Two field experiments were carried out during 2013/2014 and 2014/2015 seasons at the 
Experimental Farm, Faculty of Agriculture, Zagazig University, Sharkia Governorate, Egypt using 
eight genotypes to study lead, cadmium and zinc tolerance in wheat (Triticum aestivum L.). The 
results showed significant differences among wheat genotypes for all the studied characters. Wheat 
genotypes Misr 1 and Line 3 were classified as tolerant to heavy metals stress as they exhibited heavy 
metals sensitivity index less than unity with high values of proline content, leaf chlorophyll content, 
flag leaf area and yield attributes, less values of Pb, Cd and Zn contents in most cases. Whereas, Giza 
168 was ranked in the first order in sensitivity to heavy metals stress followed by Line 5, Line 1 and 
Gemmeiza 11 while, Line 4 and Line 2 was relatively moderate sensitive to heavy metals stress. 
Negative and significant correlation was detected between heavy metals sensitivity index and each of 
proline content, number of spikes/m2, number of grains/spike and grain yield (ard./fad.). Whereas, 
positive and significant correlation was detected  between heavy metals sensitivity index of grain 
yield and each of Pb content, Cd content and Zn content. Path coefficient analysis indicated that, the 
maximum direct effect on lead sensitivity index of grain yield was accounted for proline content 
(0.564) followed by number of grains/spike (0.124). The remaining traits, Pb, Zn, Cd contents, had 
negative direct effect on heavy metals sensitivity index. The highest indirect effects were detected by 
Pb content via number of spikes/m2 (0.742), Zn content via number of spikes/m2 (0.731), number of 
spikes/m2 via  Pb conten (0.618) and Cd content via number of spikes/m2 (0.613). Proline content also 
had a cognizable indirect effect (0.455) via Pb content and Zn content (0.392), therefore indirect 
selection for these characters may be effective for improving heavy metals pollutants tolerance in 
wheat. 

 
Key words: Wheat, stress, Proline, physiology, Heavy metals tolerance correlation and Path 

coefficient analysis. 

 
Introduction 
 

Wheat (Triticum aestivum L.) is a potential source food for overgrowing world population. In 
Egypt, wheat is the main winter cereal crop used as a staple food for urban and rural societies. Across 
the last years, the average annual consumption of wheat grains is about 14 million tons, while the 
average annual local production is about 9.28 million tons with an average grain yield of 18.0 
ardab/feddan (FAOSTAT, 2014).  

Wheat plants are risky with many stresses. Heavy metal stress is a great one of these stresses. 
Wheat yield is decrees, due to heavy metals stress (Khan et al., 2006; Awaad et al., 2010 and El 

Gharbawy et al., 2015).Pollution throw heavy metal is a major environmental problem because their 
contamination is harmful to humans, wild life and agriculture (Gratao et al., 2005). 

Heavy metals such as lead (Pb), cadmium (Cd) and zinc (Zn) enter in the plant environment due 
to natural industrial sources. The most industrial sources of these metals are industrial sludge sewage 
discharging, super phosphate fertilizers and burying the non-ferric wastes in land (Rowland et al., 
1997). These metals pollute food source and collected in agricultural products across water, air and 
soil pollution (Lin et al., 2004). Moreover, toxic heavy metals contaminate the food chain due to 
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uptake and accumulation by plants, posing a potential threat to human health (Brzóska and 
Moniuszko-Jakoniuk, 2001 as well as Sponza and Karaoğlu, 2002). 

Heavy metals causing oxidative stress due to their toxic to higher plants by, displacing other 
essential metals in plant pigments or enzymes, leading to disruption of function of these molecules 
and of many metabolic processes, and finally reducing growth and yield (Wang et al., 2003). Also, 
Zengin  and Munzuroglu (2005); John et al. (2008); Awaad et al.(2010); Bhatti et al.(2013) and El 
Gharbawy et al. (2015) reported that heavy metals stress reduced leaf chlorophyll content, flag leaf 
area and yield components. Among the heavy metals, cadmium (Cd), lead (Pb) and zinc (Zn) are 
commonly considered as toxic to both plants and humans. Cd contamination of wheat led to renal 
impairment and bone disease. 

Plants with good proline content, chlorophyll content and other physiological and biochemical 
characters had high tolerance to heavy metals (Bhatti et al., 2013; Chibuike and Obiora, 2014; Gill, 
2014 and El Gharbawy et al., 2015). Crop tolerance to heavy metals stress has been extensively 
studied and genetic variation has been found among wheat genotypes in their reaction to heavy metals 
toxicity. Thus thirteen bread wheat cultivars revealed significant differences in grain concentrations of 
Zn (Gao et al., 2011), wheat cultivars ACSAD 903 and Sakha 94 were more tolerant to lead than 
ACSAD 925 (Awaad et al., 2010), wheat cultivar Sehar 06 performed well under Cd stress, while 
Inqlab 91 had poor performance (Ahmed et al., 2012) and wheat cultivar Chakwal 97 was more 
tolerant to lead stress than Sehar 06 (Bhatti et al., 2013) 

The recent studies data revealed that a significant positive correlation between the concentration 
of heavy metals in the grain and genotypes, indicating the possibility of breeding cultivars with a low 
potential for accumulation of heavy metals (Mahgoub et al., 1998 and Awaad et al., 2010). 

Characterization of heavy metal accumulation in wheat and identification of germplasm tolerance 
to effects of heavy metals is an important step towards the creation and use of tolerant cultivars to 
heavy metals pollutions in agricultural production systems. This requires the study of the germplasm 
of cultivated plants and their wild relatives, and the selection of donors that accumulate minimum 
quantity of heavy metals and varieties that are promising for cultivation in areas contaminated with 
heavy metals. 

This study aimed to identification of wheat germplasm tolerant to lead, zinc and cadmium and the 
identification of promising wheat genotypes destined for implementation into the agricultural 
production and breeding programs. 
 
Materials and Methods 
 

Field experiment was done during 2013/2014 and 2014/2015 seasons at the Experimental Farm, 
Faculty of Agriculture, Zagazig University, Sharkia Governorate, Egypt using eight wheat 
genotypes(Table 1) to study lead, cadmium and zinc tolerance in wheat (Triticum aestivum L.). The 
eight wheat genotypes were treated under controlled conditions carefully at 80 days age due to 
spraying lead, cadmium and zinc mixture solution. The mixture of heavy metals was prepared using 
Zinc sulphate, Lead acetate and Cadmium carbonate with concentrations of 500, 250 and 250 mg/L, 
respectively .This toxic solution was used previously by Gough et al. (1979) and Chen et al. (2003). 
The same eight wheat genotypes were sprayed with distilled water and used as control. The other 
agronomic practices were followed in identical conditions. A complete randomized block design with 
three replications was used. Plot size was 3.6m2 (6 rows, 4 meters length with 15 cm apart) and 
planted at rate of 300 seed/m2. Date of planting was Nov., 22nd and 29th in the first and second season, 
respectively 

At 110 days age, ten guarded plants from each genotype in every replicate of treated and 
untreated plants were used to estimate flag leaf area, also leaf chlorophyll content was estimated using 
SPAD-502 apparatus (Castelli et al., 1996).  

At harvest, plant height (cm), number of fertile spikelets/spike, number of sterile spikelets/spike, 
number of spikes/ m2, number of grains/spike, 1000-grain weight and grain yield (ard./fed.) were 
determined. 

 Determination of total nitrogen was carried out with Micro-Kjeldahel method (A.O.A.C., 1990) 
then protein content was determined using the formula: Protein content = Total N  X  5.75; content of 
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the amino acid proline (μ mole/g dry weight) using the procedure by Bates et al. (1973) and Cd, Pb 
and Zn content using atomic absorption spectrophotometer in dry powdered grains. 
 
Biometrical assessment: 
 

The obtained data were statistically analyzed by analysis of variance (ANOVA), (combined data), 
according to Steel et al. (1997). The least significant difference (P<0.05) was calculated for the 
parameters exhibiting a significant effect and to compare treatments mean, correlation and path 
coefficient analyses were computed according to Svab (1973). Data of wheat grain yield were used to 
estimate heavy metals tolerance measurements as follows: 
1. Tolerance index (ToL) (Rosielle and Hambling, 1981). Tol= YP- Ys 
2. Heavy metals sensitivity index (LSI) (Fischer and Maurer, 1978). H.S.I= (1-YS/ YP)/SI and HI= 
(1- ỲS/ỲP); Where, HI: heavy metals stress intensity. 
3. Relative performance (P) (Abo-Elwafa and Bakeit, 1999). P= (YS/YP)/R Where, R= (ỲS/ỲP); 
YP= Yield potential under normal conditions. 
YS= Yield potential under stress conditions. 
ỲS and YP= yield of all genotypes in the stress and normal conditions, respectively. 

 
Table 1: Pedigree and origin of the eight studied wheat genotypes 

Genotypes Pedigree Selection history 

Misr 1 OASIS/KAUZ//4*PASTOR. 
CMss00Y01881T-050M-030Y-
030M-030WGY-33M-0Y-0S 

Gemmeiza 11 
BOW "S" /KVZ "S" //7C/Seri 82/3/ Giza 
168/Sakha61 

GM 78922 – GM – 1 GM – 2 GM 
– 1 GM – OGM 

Giza168 MIL/BUC//Seri: CM93046-8m-oy-om-2y-OB. 
Line1 Sakha 93/Sids6 CGZ(16)GM-2GM-OGM 
Line2 Giza 168/Sids7 CGZ(7)4GM-2GM.OGM 

Line3 WAXWING*2/KUKUNA 
CGSS01B00057T-099Y-099M-
099M-099Y-099M-11Y-0B 

Line4 WAXWING*2/KUKUNA 
CGSS01B00055T-099Y-099M-
099M-099Y-099M-13Y-0B 

Line5 BABAX/LR42//BABAX*2/3/TUKURU/ 
CGSS01B00050T-099Y-099M-
099M-099Y-099M-45Y-0B 

 
Results and Discussion 
 
Morpho-physiological characters: 
 

Mean performance for morpho-physiological characters under both normal and heavy metals 
stress environments are given in Table (2). The results showed significant differences among wheat 
genotypes for all studied characters under normal and heavy metals stress environments. These results 
indicate the presence of high degree of genetic variability among the studied wheat genotypes, valid 
for selecting and breeding new cultivars more tolerant to heavy metals pollution. Similar results were 
presented by Awaad et al.(2010) and El Gharbawy et al. (2015). 

Heavy metals resulted in a reduction of plant height, flag leaf area and chlorophyll content in all 
genotypes compared to the normal conditions. 

It is evident that heavy metals reduced plant height by (4.25%), flag leaf area by (9.3%) and 
chlorophyll content by (7.74%) as compared to the normal condition. In this connection, Awaad et al. 
(2010) reported a reduction of 12.6% for flag leaf area and 15% for chlorophyll content of wheat 
leaves due to lead stress. In addition, Bhatti et al. (2013) found that Pb stress reduced total chlorophyll 
in wheat leaves. 

Plant height of the genotypes Line 1, Line 3, Line 4 and Line 5 were more affected by heavy 
metals compared with the other genotypes. On the other hand, wheat genotypes Misr 1, Gemmeiza 11, 
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Giza 168 and Line 2 performed well for plant height under both conditions, suggesting that these 
wheat genotypes are more tolerant to heavy metals stress for this character. 

Heavy metals had the most drastic effect on flag leaf area in the genotypes Giza 168, Line 1, Line 
2 and Line 4 comparable with the other genotypes. On the other hand, wheat genotype Misr 1, Line 2 
and Line 3 performed well for flag leaf area under both environments, suggesting that the latter wheat 
genotypes are more tolerant to heavy metal stress for this character. These results are in conformity 
with the finding of Awaad et al. (2010) who reported high degree of genetic variability among the 
response of wheat genotypes to lead stress. 

 
Table 2: Mean performance of eight bread wheat genotypes for plant height, leaf chlorophyll content and flag 

leaf area under normal and heavy metals stress conditions 
Character 

 
Genotypes 

Plant height (cm) Flag leaf area (cm2) Chlorophyll content 

Control Stress Control Stress Control Stress 

Misr 1 98.26 94.60 37.66 36.53 46.4 45.2 
Giza 168 92.10 90.80 27.06 22.46 44.4 38.6 

Gemmeiza 11 101.86 101.47 51.26 45.00 47.6 44.6 
L1 108.20 98.63 31.26 26.43 50.3 43.5 
L2 106.26 104.50 34.63 31.00 46.7 44.6 
L3 91.70 88.63 37.03 34.86 45.2 42.5 
L4 92.93 84.60 38.66 35.56 47.2 43.9 
L5 107.36 101.50 32.03 30.83 44.0 40.6 

Mean 99.83 95.59 36.20 32.83 46.5 42.9 
LSD 0.05 5.31 5.92 2.74 3.01 1.42 1.46 

 

The wheat genotypes Giza 168, Line 1 and Line 5 exhibited the largest decrease of chlorophyll 
content. These results are in the same line with Zengin and Munzuroglu (2005) who indicated that 
total chlorophyll content declined progressively with increasing concentrations of heavy metals. In 
addition, John et al. (2008) found that application of Cd and Pb decreased the total chlorophyll with 
time. Moreover, El Gharbawy et al. (2015) indicated that heavy metals stress reduced chlorophyll 
content in wheat leaves. On the other hand, the chlorophyll contents of wheat genotypes Misr1, 
Gemmeiza11, Line 2 and Line 3 were less affected by stress condition, suggesting that the latter 
wheat genotypes are more tolerant to heavy metal stress for this character. In this connection, wheat 
genotypes varied significantly for their tolerance to lead stress (Awaad et al., 2010), cadmium stress 
(Ahmed et al., 2012) as well as cadmium and zinc stress (Shaikh et al., 2013). 

 
Yield and its attributes: 
 

The results in Table (3) reveal that differences among wheat genotypes were significant for 
number of fertile spikelets/ spike, number of sterile spikelets / spike, number of spikes / m2, number 
of grains/spike, 1000-grain weight and grain yield, indicating that the genotypes differed in genes 
controlling these characters. These results are in the same line with El Gharbawy et al. (2015). 

The results showed that heavy metals reduced fertile spikelets number / spike by (6.39%) as 
compared to the normal condition. While, number of sterile spikelets / spike were increased by (32.92 
%) under heavy metals stress. 

 Heavy metals had the most drastic effect on wheat genotypes Misr 1, Line 1, Line 3 and Line 
4 for number of fertile spikelets / spike comparable to the other genotypes. On the other hand, 
genotypes Giza 168, Gemmeiza 11, Line 2 and Line 5 produced the same number of fertile spikelets / 
spike under heavy metal stress as compared to the normal condition, suggesting that the latter wheat 
genotypes are more tolerant to heavy metal stress for this character. 

Number of sterile spikelets / spike was increased due to heavy metals stress in the genotypes Line 
1, Line 3, Line 4 and Line 5, while the genotypes Misr 1, Gemmeiza 11, Giza 168 and Line 2 were 
less affected by the heavy metals treatment than the other wheat genotypes, which mean that they are 
the most stable genotypes for this character. 
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Data in table (3) show significant differences among the studied genotypes for number of spikes / 
m2, number of grains / spike, 1000-grain weight and grain yield / plant under both the normal and 
heavy metals stress conditions. These results provide evidence that the studied genotypes were 
genetically different in genes controlling grain yield and its components. The obtained results were 
previously supported by Jain and Sastry, (2012) and Barraclough et al. (2014). Heavy metals tended 
to reduce number of spikes / m2, number of grains / spike, 1000-grain weight, and grain yield / m2 by 
15.62%, 14.34%, 7.65% and 32.9% respectively. 

     Heavy metals stress reduced number of spikes / m2 of the most studied wheat genotypes, while 
the genotypes Misr 1, Line 1, Line 3 and Line 4 had relatively high values of this character under 
heavy metals, suggesting that the latter wheat genotypes are more tolerant to heavy metal stress for 
this trait. 

 
Table 3: Mean performance of eight bread wheat genotypes, for grain yield and its attributes under normal and heavy metals 

stress conditions 

Grain yield  
(ard.* / fad.**) 

1000-grains 
weight (g) 

Number of grains 
/ spike 

Number of spikes/ 
m2 

Number of sterile 
spikelets / spike 

Number of fertile 
spikelets / spike 

Character 
 
Genotypes 

Stress Control Stress Control stress Control Stress Control stress Control Stress Control  
16.46 22.70 41.66 42.00 46.33 54.00 321.33 367.66 2.40 2.00 17.86 19.33 Misr 1 
13.57 23.86 38.66 45.33 43.00 53.66 296.00 366.33 2.53 2.06 17.26 18.26 Giza 168 
15.82 24.93 43.00 47.33 47.33 57.33 299.33 353.66 3.40 3.26 18.66 18.93 Gemmeiza 11 
15.70 24.96 41.33 44.66 45.00 50.66 318.00 421.33 5.33 3.86 16.00 18.26 L1 
16.00 23.70 44.00 48.00 45.33 48.00 315.33 379.33 2.83 2.40 17.20 17.53 L2 
18.00 20.26 43.33 46.00 49.00 50.33 340.33 340.00 3.53 2.20 16.73 18.06 L3 
16.23 23.86 42.33 42.33 47.66 55.66 320.00 379.66 3.06 1.80 16.86 19.80 L4 
15.68 25.63 40.00 46.33 43.00 58.33 298.33 365.00 2.73 1.86 22.33 22.46 L5 
15.93 23.74 41.79 45.25 45.83 53.50 313.58 371.62 3.23 2.43 17.86 19.08 Mean 
2.134 2.003 3.25 3.380 6.578 5.172 30.268 43.552 1.001 0.742 2.12 1.505 LSD.05 

*ardab = 150 kg        ** faddan = 4200 m2 

 Number of grains / spike was declined strongly due to heavy metals stress in the genotypes Line 
5, Giza 168 and Gemmeiza 11 by 26.28, 19.87, 17.44%  and  respectively. It is evident that they are 
more sensitive to heavy metals than the other wheat genotypes. 

Thousand grain weights of genotypes Line 2, Line 5 and Gemmeiza11were drastically decreased 
under heavy metals stress comparable with the other genotypes, which mean that they are more 
sensitive to heavy metals stress than the other wheat genotypes for this character.  

      The wheat genotypes Line 5, Giza 168, Gemmeiza 11 and Line 1 performed well for grain 
yield / (ard. / fad.) under normal condition and had poor performance under heavy metal stress. On the 
other hand, the wheat genotypes Misr 1, Line 3 and Line 4 performed well for grain yield / (ard. / 
fad.) under both normal and stress conditions, suggesting that the latter wheat genotypes are more 
tolerant to heavy metal stress for grain yield. Similar findings were also reported by Ahmed et al. 
(2012) and Bhatti et al. (2013). On the other hand, grain yield / (ard. / fad.) of the genotype Giza 168 
was more sensitive to heavy metals stress. 

 
Chemical analysis: 
 

 Data in Table (4) show highly significant differences among the studied genotypes for protein 
content, Proline content, Zn content, Pb content and Cd content under both the normal and heavy 
metals stress conditions. These results provide evidence that the studied genotypes were genetically 
different in genes controlling these characters, the results showed that heavy metals increased protein 
content by (0.97%). This result is in accordance with the finding of Ergün and Öncel (2012) who 
reported that application of Pb and Cd increased the amount of soluble protein. 

Protein content had been increased in almost genotypes under heavy metals stress compared to 
the normal condition. The genotypes Line 3, Line 4, Line 5, Giza168 and Gemmeiza11 exhibited the 
relatively high protein content in grains under heavy metals treatment. While, the genotypes Misr 1,  
Line 1 and Line 2  revealed low protein content under heavy metals stress. 

Concerning proline content, the genotypes Misr1, Line 4, Line 3 and Line 1 had the most 
increment of proline content as compared to the other genotypes. It is evident from the data presented 
in Table (4) that heavy metals (Zn, Pb and Cd) resulted in an increase of Zn, Pb and Cd accumulation 
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by 24.72, 742.86 and 30.97%, respectively. The obtained results are in accordance with the finding of 
Wang et al. (2016) who reported that heavy metal concentrations in wheat were increased with their 
increase in the medium and the duration of treatment. 

The maximum values of Zn content under heavy metals stress were obtained in the genotypes 
Line 5 (51.50 mg /100 gm dwt ), Giza 18 (48.45mg /100 gm dwt), Line2(47.50mg /100 gm  
dwt),Gemmeiza11(46.40 mg100 gm dwt ) and Misr1(45.30 mg /100 gm dwt ). In this connection 
similar finding was reported by El Gharbawy et al. (2015) who found that treated wheat plants with 
zinc increased the concentration of Zn in wheat grains as compared to the untreated plants. In 
addition, the increases of Zn content due to exposing wheat plants to high doses of Zn depend on 
wheat variety. The wheat cultivars showed significant genotypic differences in grain concentrations of 
Zn as compared to the control (Gao et al., 2011). These finding confirmed the results obtained in the 
current study. 

 
Table 4: Mean performance of eight bread wheat genotypes for some chemical characters under normal and heavy metals 

stress conditions 
Cd  content 

(mg/100gm dry 
weight) 

Pb content 
(mg/100gm dry 

weight) 

Zn content 
(mg/100gm dry 

weight) 

Proline content 
(μmoles/g.d.w.) 

Protein content (%) 
Character 
 

Genotypes 
stress Control stress Control stress Control Stress Control stress Control 

0.127 0.121 0.112 0.012 45.30 33.98 10.06 7.13 11.18 12.23 Misr1 

0.201 0.116 0.127 0.017 48.45 37.68 8.41 6.83 11.58 10.83 Giza168 
0.132 0.116 0.121 0.016 46.40 35.91 8.71 8.25 11.31 11.33 Gemmeiza11 
0.142 0.104 0.117 0.011 44.45 32.38 9.06 7.86 10.36 11.55 L1 
0.144 0.110 0.114 0.016 47.50 34.63 8.89 7.89 11.05 11.01 L2 
0.122 0.115 0.108 0.008 31.65 37.83 9.90 7.50 11.45 10.42 L3 
0.139 0.116 0.121 0.015 40.35 36.88 10.19 9.01 12.08 10.86 L4 
0.179 0.112 0.126 0.020 51.50 35.83 8.40 7.30 12.21 12.11 L5 
0.148 0.113 0.118 0.014 44.45 35.64 9.20 7.72 11.40 11.29 Mean 
0.016 0.0034 0.003 0.003 0.18 0.43 0.038 0.037 0.18 0.35 LSD.05 

 
Lead content in wheat grains (mg/100gm dry weight) changed from 0.008 (Line 3) to 0.020 (Line 

5) with an average of 0.012 under normal environment and from 0.108 (Line 3) to 0.127 (Line 5) with 
an average of 0.019 under heavy metals stress environment. 

  It can be seen from the data presented in Table (4) that heavy metal stress (Zn, Pb and Cd) led to 
increase the level of Pb in wheat grains by eight folds as compared to the normal environment. The 
obtained results are in the same line with the finding of Nan et al. (2002) who obtained significant 
liner correlations between concentration determined in soil and concentrations of heavy metals Cd and 
Pb in wheat plants.  
    The highest values of Cd content under heavy metals stress were 0.201 and 0.179 mg / 100 gm dwt 
(Line 5 and Giza 168). On the other hand, the lowest values of Cd content under heavy metals stress 
were 0.122 mg /100 gm dwt (Line 3).Wheat genotypes having the lowest values of  Cd content are 
more tolerant to heavy metal stress. The differences in the accumulation of Cd in the different organs 
of wheat genotypes under heavy metals stress are in accordance with the finding of Bhatti et al. 
(2013) who reported different response to heavy metals stress among wheat varieties. 
 
Heavy metals tolerance measurements: 
 

 Data of heavy metals tolerance measurements (Table 5) show that, wheat genotypes with 
highest values of relative performance (P) such as Misr1, Line 2, Line 3 and Line 4, yielded less 
different values (Tolerance index (ToL) between yield stress (YS) and yield potential (YP) and 
coupled with heavy metals sensitivity index (HSI), where higher values of HSI (>1) indicated a higher 
degree of sensitivity to lead stress for genotypes and vice versa (Awaad et al., 2010). 

The results of (P) and (ToL) are coupled with (HSI) and indicated that Giza168 ranked in the first 
order (1.549) in sensitivity to lead stress followed by Line 5 (1.395) ,Line 1 (1.334) and Gemmeiza11 
(1.314),whereas Line 4 and  Line 2 of 1.149 and 1.168 might be considered as relatively moderate 
sensitive to heavy metals stress. The results of heavy metals tolerance measurements coupled with 
morpho-physiological and chemical characters, so Giza168, Line 5 and Line 1 exhibited lower values 
of proline content, leaf chlorophyll content and flag leaf area, higher values of Zn, Pb and Cd 
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contents. These genotypes exhibited low to moderate values of yield contributing characters. The 
remaining wheat genotypes Misr 1 and Line 3 appeared to be more tolerant to lead stress as they 
recorded H.S.I less than unity, these genotypes exhibited in general high values of proline content, 
leaf chlorophyll content, flag leaf area, less values of Zn, Pb and Cd contents along with higher values 
of yield attributes. 
Table 5: Heavy metals tolerance measurements of grain yield for eight bread wheat genotypes 

Genotypes 
 

Tolerance index 
(Tol) 

Heavy metals 
sensitivity index (HSI) 

Relative performance (P) 

Misr 1 6.237 0.987 1.005 
Giza 168 10.288 1.549 0.788 

Gemmeiza 11 9.113 1.314 0.879 
L1 9.266 1.334 0.871 
L2 7.7 1.168 0.935 
L3 2.267 0.402 1.231 
L4 7.633 1.149 0.942 
L5 9.953 1.395 0.848 

 
Correlation coefficient between heavy metals sensitivity index with morpho-physiological, 
chemical and yield attributes characters: 
 

The correlation coefficient between heavy metals sensitivity index and the studied characters 
were computed under both normal and stress conditions to demonstrate the important characters for 
developing heavy metals tolerance in wheat genotypes. Results given in Table (6) show that 
correlation coefficient between heavy metals sensitivity index and each of Pb content and grain yield 
under normal conditions was positive and significant.  

 
Table 6: Correlation coefficients between heavy metals sensitivity index with the studied morpho-physiological, 

chemical and yield contributing characters under normal and heavy metals stress treatments 
(Pooled data of the two seasons) 

Characters Normal  Heavy metals stress 
Protein content 0.359 0.038 
Proline content -0.049- -0.708* 
Pb content 0.773* 0.861** 
Cd content -0.251- 0.707* 
Zn content -0.233- 0.876** 
Chlorophyll content  0.239 0.578  
Flag leaf area (m2) -.225- -0.354 
number of sterile spikelets 0.195 -0.036- 
number of fertile spikelets 0.267 0.305 
No. of spikes/m2 0.457 -0.905** 

No. of grains/spike 0.398 -0.786** 

1000-grain weight (g) 0.103 -.608- 
Grain yield (ard./fad.) 0.897** -.901** 

* and ** significant at 0.05 and 0.01 levels of probability, respectively 

Also, it appears to be positively but did not reach the level of significance with each of; protein 
content, leaf chlorophyll content, number of fertile spikelets /spike, number of sterile spikelets /spike, 
number of spikes/m2, number of grains/spike, 1000-grain weight and grain yield/fed. Whereas, 
negative association only was observed between heavy metals sensitivity index with the remaining 
characters. Whereas, under stress conditions, it is clear that, heavy metals sensitivity index was 
negatively and significantly associated with, proline content, number of spikes/m2, number of 
grains/spike and grain yield .In continuous, the association was negative but did not reach the level of 
significance between heavy metals sensitivity index and each of chlorophyll content, flag leaf area, 
number of sterile spikelets and 1000-grain weight. Positive and significant correlation was detected 
between heavy metals sensitivity index and each of Zn content, Pb content and Cd content. The 
obtained results reveal that proline content, number of spikes/m2, number of grains/spike and grain 
yield could be used as selection criteria for improving lead stress tolerance in wheat breeding 
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programs. Also, increasing chlorophyll content, flag leaf area, and 1000-grain weigh and decreasing 
Zn, Pb and Cd contents may be supported wheat grain yield under stress conditions and compensate 
the reduction in  
grain weight under heavy metals stress. In this respect, Mahgoub et al. (1998) showed that the level of 
total chlorophyll, cartinoids and proline can serve as a simple, reliable and early indicator of 
environmental pollution and represents a good model for the assessment of heavy metal toxicity in 
higher plants. 
 
Path coefficient analysis: 
 

The path coefficient analysis showed the contribution of different components over heavy metals 
sensitivity index in the genotypes under study. It prolongs an efficient way of finding out direct and 
indirect sources of correlation.  
Data presented in Table (7) show direct and joint effects of the studied characters i.e.; Proline content, 
Pb content, Cd content, Zn content, number of spikes/m2 and number of grains/spike under heavy 
metals stress conditions. It is important to mention that, the maximum direct effect on heavy metals 
sensitivity index of wheat grain yield was accounted for proline content (0.564) followed by number 
of grains/ spike (0.124). So the higher proline content was always necessary for achieving higher 
heavy metals pollutants tolerance.  

The remaining traits, Pb, Zn, Cd contents, had negative direct effect on heavy metals sensitivity 
index. Thus, with the increasing of heavy metals pollution around wheat plants the decreasing 
contents of these heavy metals in plant organs was more efficiently in tolerance of these plants to 
heavy metals stress Hereby, direct selection for increasing proline content and decreasing Pb, Zn, Cd 
contents in plant organs  may have resulted in improving heavy metals tolerance.  
 
Table 7: Direct (diagonal) and indirect effects of Proline content, Pb content, Cd content, Zn content, number of 

spikes/m2and number of grains/spike on heavy metals sensitivity index in wheat 

Characters 
Proline 
content 

Pb content 
Cd 

content 
Zn content 

number of 
spikes/m2 

number of 
grains/spike 

Proline content 0.564 0.455 0.111 0.392 -0.682 0.094 

Pb content -0.370 -0.694 -0.127 -0.370 0.742 -0.085 
Cd content -0.405 -0.569 -0.155 -0.340 0.613 -0.109 
Zn content -0.411 -0.477 -0.098 -0.539 0.731 -0.104 

Number of spikes/m2 0.461 0.618 0.114 0.472 -0.834 0.091 
Number of grains/spike 0.427 0.477 0.135 0.452 -0.612 0.124 

 
The highest indirect effects were detected by Pb content via number of spikes/ m2 (0.742), Zn 

content via number of spikes/ m2 (0.731), number of spikes/m2 via Pb conten (0.618),Cd content via 
number of spikes/ m2 (0.613). Proline content also had a cognizable indirect effect (0.455) via Pb 
content and Zn content (0.392). Number of grains/spike showed great indirect effect via Pb content 
(0.477), Proline content (0.427) and Zn content (0.452).Also, number of spikes/m2 had great indirect 
effect via Proline content (0.461) and Zn content (0.472). Also, Proline content, number of spikes/m2 
and number of grains/spike had considerable indirect effects (0.111), (0.114) and (0.135) via Cd 
content, respectively. 

 It may be concluded from the present studies that Proline content, Pb content, Cd content, Zn 
content, number of spikes/m2 and number of grains/spike appeared to contribute to the heavy metals 
sensitivity index. Therefore, indirect selection for these characters may be effective for improving 
heavy metals pollutants tolerance, as had been shown by (Awaad et al., 2010). 
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