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ABSTRACT
The problem associated with soil salinity and lead (Pb) pollution is alarming for food crops 
production in arid and semi-arid regions of the world. To investigate Pb tolerance in rice cultivars 
under salt-affected conditions, a study was conducted at the Institute of Soil and Environmental 
Sciences, University of Agriculture, Faisalabad-Pakistan during the year 2013. Two rice cultivars 
viz. Shaheen Basmati and KS-282 were exposed to varying levels of Pb i.e. 0, 100, 200 and 
300 kg ha-1 as Pb(NO3)2 in both normal and salt-affected soils. The tolerance indices and effect 
of relative toxicities on different plant parameters like plant height, straw dry matter and paddy 
yield were more prominent in salt-affected Pb-contaminated soil than in normal Pb-contaminated 
soil. In general, with Pb application, Pb tolerance indices on growth parameters were higher. 
However, relative Pb toxicity was found to be lower in Shaheen Basmati than KS-282. The 
tolerance indices for paddy yield were 64.9 and 52.9% for Shaheen Basmati and 43.8 and 
38.7% for KS-282 at 300 kg Pb ha-1 in normal as well as salt affected soils. Applied Pb affected 
the photochemical efficiency which was significantly (P ≤ 0.05) more in KS-282 than Shaheen 
Basmati. The total chlorophyll contents in Shaheen Basmati at the highest level of applied Pb 
(i.e. 300 kg ha-1) was 30.1 and 23.2 SPAD-value, while in KS-282 it was 24 and 17.7 SPAD-
value, in normal and salt affected soils, respectively. The results were significantly (P ≤ 0.05) 
related to the Pb uptake and translocation in both normal and salt-affected soils. On the basis of 
these results, it is concluded that Shaheen Basmati was more tolerant to Pb toxicity compared 
to KS-282 in both normal and salt-affected soils.
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INTRODUCTION
Lead (Pb) is a major anthropogenic contaminant 
that has polluted many aquatic and terrestrial 
ecosystems since the industrial revolution 
(Bhatti et al., 2013). It is one of the most widely 
distributed heavy metal that is highly destructive 
to plants and most difficult to control (Pourrut 
et al., 2011). Besides natural sources, exhaust 
fumes of automobiles, chimneys of factories, 
mining, effluents from storage pigments, metal 
plating and pesticides are also major sources 
of Pb (Seregin and Ivanov, 2001). It is also a 
component of leaded batteries, rubber, paints, 
metal products (steel and brass) and dusts 
(Sharma and Dubey, 2005). Due to low solubility 
and strong binding capacity with soil colloids, Pb 
has long residence time in soil (Iqbal et al., 2016), 
causing a large number of direct and indirect 
effects on plant growth and metabolism (Bhatti 
et al., 2013). It induces many biochemical and 

structural changes in biological systems. The Pb 
in soil not only changes the soil microorganism 
activities and deteriorates soil fertility, but also 
directly influenced the physiological processes 
and main symptom of Pb stress includes leaf 
chlorosis and stunted plant growth (Pourrut et al., 
2011). The Pb-induced reduction in chlorophyll 
pigments and oxidative stress in crop plants has 
also been reported (Li et al., 2012). 

The Pb uptake and transport in plants strongly 
depend on the type of soil and plant species. In 
salt-affected soils, heavy metals concentration in 
plants may increase or decrease the dependence 
on type of plants, salinity, metal ion concentration 
and other environmental conditions (Iqbal et al., 
2017a; Kabata and Pendias, 2001). Moreover, 
variations among genotypes for tolerance to Pb 
can be found in rice crop. Tolerance of plants to 
heavy metals may result from avoidance or by 
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tolerating it or both (Sharma and Dubey, 2005). 
Relative toxicity and tolerant index are important 
indicators that reflect the heavy metal tolerance 
of plants (Gyawali and Lekhak, 2006). Significant 
differences among rice genotypes for heavy 
metal relative toxicity and tolerance indices were 
reported, when exposed to Mo (Rout and Das, 
2002), Cr (Gyawali and Lekhak, 2006) and Pb 
(Mahmood et al., 2007). The degree of toxicity, 
accumulation and transport of Pb also varied 
greatly among rice varieties (Liu et al., 2003).

Rice is an important food crop of Pakistan for 
both domestic consumption and export (Akram, 
2007). Several biotic and abiotic factors including 
salinity and heavy metal toxicity can decrease 
rice yield and quality (Iqbal et al., 2015). Rice is 
very sensitive to salinity but tolerant to sodicity 
(Khan and Abdullah, 2003). Salinity upsets growth 
and physiological processes of plants owing to 
specific ion effects, nutritional imbalances, low 
osmotic potential of soil solution (water stress) or 
a combination of all of these factors (Ashraf and 
Harris, 2013). There are few examples of genetic 
differences being exploited for salt-tolerance 
between Shaheen Basmati and KS-282 in salt-
affected growth mediums (Arshadullah et al., 
2011; Jamil et al., 2012). It is expected that crop 
species/varieties having better salt-tolerance, in 
general, could absorb and bio-accumulate less 
metals (Ghafoor et al., 2012; Iqbal et al., 2015).

In literature, there is limited information regarding 
the relationship between Pb toxicity, photosynthetic 
pigments and salinity. Therefore, it is very  
important to recognize the variations between two 
rice cultivars having salt-tolerance capability as 
well as for Pb uptake and translocation. In present 
study, two rice cultivars (Shaheen Basmati and 
KS-282) were investigated for Pb toxicity tolerance 
with respect to its effect on chlorophyll contents, 
tolerance indices for growth parameters, Pb 
uptake and translocation.

MATERIALS AND METHODS

Physico-chemical properties of soil used for 
experiment
This study was conducted in the wire house at 

the Institute of Soil and Environmental Sciences, 
University of Agriculture, Faisalabad (latitude 
31.4310o North, longitude 73.0695oEast) during 
the year 2013. Surface soil (0-20 cm) was 
collected from the Proka Farm II, UAF having 
fine silty, hyperthermic, moderately permeable, 
friable, typic camborthids soil characteristics. 
Soil samples were air–dried, ground with wooden 
roller, passed through 2 mm sieve, thoroughly 
mixed and then analyzed for physico-chemical 
properties such as: texture, saturation paste pHs, 
saturation paste extract electrical conductivity 
(ECe), sodium adsorption ratio (SAR), cation 
exchange capacity (CEC), soil organic matter, 
lime contents (CaCO3), ammonium-bicarbonate-
diethylene-triamine-penta-acetic acid (AB-
DTPA) extractable Pb and total Pb following the 
methods described in ICARDA Manual (Estefan 
et al., 2013). The properties of soil used for this 
experiment are presented in Table 1.

Preparation of soils for pot study
The treatments comprised Pb0 = uncontaminated 
control, Pb100= Pb at 100 kg ha-1 soil, Pb200 = Pb 
at 200 kg ha-1 soil and Pb300 = Pb at 300 kg ha-1 
soil, using Pb(NO3)2 as a source. Same set of 
treatments were also investigated in salt-affected 
soils having EC 5.96 dS m-1 and SAR 21.92 
(mmolL-1) ½. The required amount of soils was 
impregnated with designed rates of Pb by mixing 
Pb salt through solution in distilled water equal to 
75% of saturation percentage. Then the soils were 
allowed to equilibrate for 60 days in a moisture 
level maintained at about field capacity. Then the 
white glazed pots were filled with 12 kg soil each, 
pre-lined with polythene bags to prevent leaching. 
The experiment following prescribed treatment 

Table 1. Characteristics of soil used for pot study.
Parameters Value
Textural class Sandy loam
Sand (%) 68.5
Silt (%) 14.2
Clay (%) 17.3
pHs 7.67
ECe (dS m-1) 5.96 
SAR (mmol L-1)1/2 21.92
Saturation percentage 29.23
CEC (cmolckg-1) 5.38
Organic matter (%) 0.83
CaCO3 (%) 1.76
AB-DTPA extractable Pb (mg kg-1) 2.93
Total Pb (mg kg-1) 18.84
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layout in triplicate, was arranged in a completely 
randomized design. 

Raising and transplantation of rice nursery
Seeds of two salt-tolerant rice cultivars (Va = 
Shaheen Basmati, Vb = KS-282), were obtained 
from Rice Research Institute, Kala Shah Kaku, 
Punjab - Pakistan. Healthy seeds of both rice 
cultivars were grown in polythene lined trays 
containing sand, pre-washed with 0.05 N 
hydrochloric acid (HCl). Yoshida nutrient solution 
was applied to raise the nursery of rice. Distilled 
water was used for irrigation during seedling 
growth of rice. Four weeks old rice seedlings of 
both cultivars were transplanted at three seedlings 
per hill and five hills per pot were maintained 
(Iqbal et al., 2015). 

Fertilization and irrigation
Rice crop was fertilized at 160-100-77-15 kg ha-1 

of NPK and Zn, respectively. The source fertilizers 
for NPK and Zn were urea, DAP, potassium sulfate 
(SoP) and ZnSO4.7H2O. The Pb was applied 
as Pb(NO3)2 salt and was properly mixed into 
respective pots. All P, K, Zn and half of N (by making 
solution), were applied at time of preparation 
of pots while rest of N was applied in two equal 
splits; 30 and 45 days after transplantation. The 
pots were maintained submerged with 2-3 cm 
of water above soil surface throughout the crop 
growth duration. Irrigation water was analyzed 
for pH,, EC, soluble ions by titration, SAR and 
Pb as ICARDA Manual (Estefan et al., 2013). 
The determined data regarding composition of 
pumped ground water used for irrigation are 
presented in Table 2.

Determination of chlorophyll contents
After two months of rice nursery transplantation, 
flag leaf total chlorophyll content index in terms 
of Special Products Analysis Division (a SPAD, 
division of Minolta) value was determined from leaf 
tip to leaf base via a hand-held SPAD-502 meter 
(Minolta, Osaka, Japan) and then averaged. 

Pigment contents (chlorophyll a and b) in rice plants 
were extracted following the method of Arnon 
and Hoagland (1949). The chopped leaves were 
extracted with 80% acetone. The absorbance was 
measured at 645 nm and 663 nm for chlorophyll 
a, b, respectively via spectrophotometer (Nicolet 
evolution 300, Thermo Electron Corporation, 
Japan). Then chlorophyll a, b were calculated 
according to the Litehtenhaler and Wellburn 
(1983) formulae:

Chlorophyll a (mg g-1 leaf fresh weight) = [12.7(OD663) -2.69 
(OD645)] × V/1000 × W

Chlorophyll b (mg g-1 leaf fresh weight) = [22.9(OD645) -4.68 
(OD663)] × V/1000 × W

Here,

OD = Optical density, V = Volume of sample and 
W = Weight of sample

Harvesting, measurement and sampling of 
rice 
At maturity, rice crop was harvested and data on 
plant height, straw dry matter and paddy yield 
were recorded. Rice plant (straw and paddy) 
samples were collected from each pot and stored 
for Pb analysis. The Pb relative toxicity (RT) 
(Gyawali and Lekhak, 2016) and tolerance index 
(TI) (Farooqi et al., 2011) for rice was calculated 
using following formulae. 

 

               
Here, 

A = plant height/straw dry matter/paddy yield of 
rice in control pots and B = plant height/straw dry 
matter/paddy yield of rice in Pb-treated pots.

Table 2.  Composition of  pumped  ground  water  used  
               for irrigation.

Parameters Value
pH 7.71
EC (dS m-1) 0.64
TSS (mmolcL

-1) 6.40
CO3

2- (mmolcL
-1) Absent

HCO3
- (mmolcL

-1) 3.1
Cl- (mmolcL

-1) 2.60
SO4

2- (mmolcL
-1) 0.70

Ca2+ + Mg2+ (mmolcL
-1) 4.40

Na+ (mmolcL
-1) 1.97

RSC Nil
SAR (mmol L-1)1/2 1.33
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Pb concentration in rice samples
Rice samples (straw and paddy) were washed with 
sequentially tap water and distilled water to remove 
any adhering material. The plant material was 
blotted dry with tissue paper and then air-dried for 
two days in shade followed by oven-drying at 65 ± 
5°C for 72 h to obtain oven-dry weight. After oven-
drying, the plant material was ground to a particle 
size < 1 mm using a mechanical grinder (MF 10 IKA, 
Werke, Germany). After grinding, the samples were 
uniformly mixed and 1g portion was digested in a 
3:1 mixture of nitric acid to perchloric acid at 150°C 
(Miller, 1998). Concentration of Pb in rice straw and 
paddy filtered digests was determined using flame 
atomic absorption spectrometry (FAAS; Model 
Thermo S-Series, Thermo Electron Corporation, 
Cambridge, UK). 

Determination of Pb translocation and uptake 
by rice 
The translocation factor (TF) of Pb in rice 
was determined using the ratio of paddy-Pb 
concentration to straw-Pb concentration (Majid et 
al., 2012). The Pb uptake (mg pot-1) by rice straw 
or paddy was calculated by Pb concentration (mg 
kg-1) in rice straw or paddy × straw dry matter or 
paddy yield (g pot-1) / 1000 (Hadi and Bano, 2010).

Statistical analysis
The data gathered were analyzed statistically 
using “Statistix 8.1” statistical computer software 
package(s) following analysis of variance 
technique (ANOVA) and least significant difference 
(LSD) test at 5% level of significance was applied 
to differentiate the treatments. 

RESULTS AND DISCUSSION
The results showed that Pb relative toxicity (RT) 
increased and tolerance indices (TI) reduced 
on growth parameters with all applied Pb levels 
significantly (P ≤ 0.05) (Fig. 1). With increasing 
levels of soil applied Pb (i.e., 100, 200 and 300 kg 
ha-1), Pb RT (%) of rice cultivars on plant height, 
straw dry matter and paddy yield increased and 
decreasing order was Vb> Va. Among tested rice 
cultivars, TI in Va (Shaheen Basmati) was high, 
indicating its tolerance to applied Pb; however, Vb 
(KS-282) showed low TI, found sensitive to applied 
Pb in both normal and salt-affected soils. TI value 

for paddy yield was 64.9% in Shaheen Basmati 
in normal soil at 300 kg Pb ha-1 but decreased in 
salt affected soil to 52.9%. However, TI value was 
lower in KS-282 i.e. 43.8% in normal soil at 300 kg 
Pb ha-1 and 38.7% in salt affected soil (Fig. 1). Such 
tolerance of Pb can be due to inherent capacity of 
this variety. The variety contained more Pb tolerant 
genes required to confer heavy metal tolerance 
over a range of increasing concentrations. The 
other reason for high tolerance to Pb can be less 
change in physiological associations of tolerance 
mechanism and growth of plant (Kabir et al., 
2010). Similarly, substantial differences in heavy 
metal tolerance indices were found among rice 
varieties perceptible to Pb (Mahmood et al., 2007), 
Mo (Rout and Das, 2002) and Cr (Gyawali and 
Lekhak, 2006). Rout and Das (2002) suggested 
that tolerance index is an important indicator to 
screen genotypes for heavy metal tolerance. Plant 
species showed differences in tolerance to heavy 
metal depending on the number of metacentric 
chromo somes or diploid chromosomes and total 
length of the diploid complement (Patra et al., 2004). 
The analysis revealed that increasing levels of Pb 
treatments decreased the Pb tolerance indices and 
increased the Pb relative toxicities of rice cultivars 
both in normal and salt-affected soils. Mahmood 
et al. (2007) described that tolerance indices of 
rice seedlings were inversely related to Pb and 
NaCl treatments. This happened possibly due to 
greater decrease in root length and shoot height 
in response to adverse effects of both salinity and 
Pb toxicity. Moreover, Ali et al. (2004) reported 
that salt tolerance in rice plants is not a function of 
single organ or plant trait, but it is product of all the 
plant attributes. Hence, a rice genotype having 
relative salt tolerance for all plant attributes can 
be ranked as an ideal one. The growth and yield 
indices of Shaheen Basmati were also found to 
be higher compared to other rice variety in salt-
affected (Hussain et al., 2003) and  heavy metals 
contaminated (Abbas et al., 2010; Niaz et al., 
2010) growth mediums. In present study, similar 
responses in growth parameters can be the 
reason for considering Shaheen Basmati as Pb 
tolerant variety compared to KS-282. 

Decrease in total chlorophyll contents in terms of 
SPAD-value was noted in all Pb levels for both 
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normal and salt affected soils. Chlorophyll a and b 
contents (Fig. 2) were greater in rice plants grown 
in normal and salt-affected Pb-contaminated soils 
than in uncontaminated soils. Nevertheless, at 
a certain defined rate of Pb contamination the 
decrease in chlorophyll contents was greater 
in salt-affected soil than normal soil. Among 
two tested rice cultivars, Shaheen Basmati had 
significantly (P ≤ 0.05) higher chlorophyll contents 
than KS-282. This variation in chlorophyll pigments 
might be due its genetic background and ability 
to withstand in salt and Pb stress (Sharma and 

Dubey, 2005; Zayed et al., 2014). Whereas, the 
lowest chlorophyll contents were observed in this 
study in both cultivars, at the highest soil applied 
Pb concentration (i.e. 300 kg ha-1) in presence of 
salinity.

There were also a few earlier reports on the 
Pb-induced reduction of chlorophyll contents 
in different crop species such as rice (Li et al., 
2012) and wheat (Bhatti et al., 2013). Iqbal et 
al. (2017b) reported significant effects of lead 
salts on growth, total chlorophyll contents and 
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tissue concentration of 14 rice genotypes. The Pb 
inhibited synthesis of chlorophyll by reducing the 
uptake of essential elements such as Mg and 
Fe by plants (Sharma and Dubey, 2005). In Pb 
treated plants more degradation of chlorophyll 
was reported owing to increased chlorophyllase 
activity (Drazkiewicz, 1994). The chloro phyll 
contents decreased due to the effect of Pb stress, 
with more harm to chlorophyll b than chlorophyll 
a (Vodnik et al., 1999). The consequence of Pb 
stress on chlorophyll contents varied with the 
plant species (Sharma and Dubey, 2005). In 
consonance with the present findings, Khan and 
Abdullah (2003) also found a significant effect 
of salinity/sodicity on chlorophyll concentration 
in tested rice cultivars being higher decrease 
in salt sensitive cultivars than tolerant ones. Ali 
et al. (2004) reported that the biosynthesis of 
photosynthetic pigments (chlorophyll a, b and 

total) in rice genotypes was severely affected 
through salinity stress. Decrease in chlorophyll 
concentrations was attributed to inhibitory effects 
of the accumulated ions of various salts on the 
biosynthesis of different chlorophyll fractions. In 
chloroplast, salinity affects the strength of forces 
bringing the complex pigment protein liquid. As 
the chloroplast is membrane bound, its stability 
is dependent on the membrane stability which 
under higher levels of salinity seldom remains 
intact due to which a decrease in chlorophyll 
of rice was recorded (Ali, et al., 2004). In this 
study experiment, the presence of salinity further 
aggravated the toxic effects of Pb on chlorophyll 
contents of both rice cultivars. Iqbal et al. (2017c) 
also reported a significant effect on chlorophyll 
contents of Oryza sativa after soil applied 
amendments under normal and salt-affected Pb-
spiked soil conditions.
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The Pb translocation from shoot to paddy (Fig. 
3) was significantly (P ≤ 0.05) increased with 
increasing rate of soil applied Pb in both normal 
and salt-affected soils. The Pb translocation in 
Shaheen Basmati was less than KS-282 at all rates 
of Pb contamination. Moreover, the shoot to paddy 
translocation of Pb was more in salt-affected Pb-
contaminated soil than normal Pb-contaminated 
soil. The uptake of Pb by rice straw and paddy 
(Fig. 3) increased with gradual increase in soil Pb 
concentration in both cultivars under normal and 
salt-affected soil conditions. Maximum uptake of 
Pb in straw and paddy was found in both cultivars 
in normal Pb-contaminated soil at soil Pb rate of 
300 kg ha-1. The uptake of Pb in rice straw and 
paddy was higher in normal Pb-contaminated 
soil than salt-affected Pb-contaminated soil. The 
increase in Pb uptake in rice straw and paddy 
was more in Shaheen Basmati than KS-282 due 
to growth dilution.

It has been reported earlier (Eltrop et al., 1991; 
Yang et al., 1993) that Pb uptake distribution in 
plants was highly influenced by soil and plant 
features, and varied considerably with plant 
species. Uptake of Pb by plants was affected by 
different plant attributes such as transpiration rate, 
root exudates, root surface area, etc. (Davies, 
1995). The plant species had differences in root 
activities and exudates which affected phyto-
availability of Pb (Stoltz and Greger, 2002). Liu 
et al. (2003) described that different rice cultivars 
had differences in uptake of Pb. They proposed 
that variation in the root absorption characteristics 
and exudates properties among cultivars resulted 
in differential uptake of Pb from soil. The low-
molecule complexes and ions of Pb were found 
mobile in rice plants (Yang et al., 1993). The 
variances in the forms of Pb existed in plants were 
might be attributed to variable translo cation of Pb 
in rice plants. The translocation properties of Pb 
not only varied significantly with plant species but 
also with cultivars within species. The retention 
abilities of roots for Pb might also affect the 
translocation of Pb to rice shoot (Liu et al., 2003). 
The uptake and accumulation of toxic elements to 
rice grain was also controlled by their soil contents 
apart from the effect of soil characteristics on 
the availability of these elements (Huang et al., 

2006). According to Cheng et al. (2006), heavy 
metals bioavailability was primarily influenced by 
physico-chemical properties of soil, total metal 
content and plant species. The Pb caused health 
risk through rice intake as these can be absorbed 
from soil to rice roots, transported and ultimately 
accumulated in rice grain (Liu et al., 2003; Qian et 
al., 2010).

Salinity has been observed as one of the main 
factors affecting metal translocation from roots 
to the shoots of some dicotyledonous species 
(Kadukova et al., 2006). Sari and Din (2012) 
reported that effect of salinity on heavy metal 
uptake by mangrove plants depends upon the 
metal and plant species. Usman et al. (2005) 
found that increased concentration of Pb in wheat 
shoot in the presence of salinity were the result 
of increased Pb mobility and availability due to 
the formation of Pb-Cl complexes. Under saline 
conditions, the Cl- more considerably increased the 
mobility of Pb than SO4

2- due to the formation of 
soluble ion pairs like PbCl+ (Acosta et al., 2011). 
The solubility and mobility of toxic elements in 
soil influenced their uptake (Zheng and Zhang, 
2011). In present study, uptake of Pb was higher 
in normal Pb-contaminated soil than the salt-
affected Pb-contaminated soil. In normal soil, 
rice growth was better than in the salt-affected 
soil. The plant growth in salt-affected soil was 
adversely affected due to soil salinity in addition 
to Pb toxicity. Therefore, uptake of Pb by plants 
was less with decreased growth in salt-affected 
Pb-contaminated soil, while Pb uptake by plants 
was higher grown in normal Pb-contaminated 
soil, because of their better growth dilution. The 
similar trend in results for Pb uptake by rice was 
also reported by Iqbal et al. (2017a). In present 
experiment, uptake of Pb by both rice cultivars 
was less in salt-affected soil than in normal soil. 
In salt-affected soil, plant growth was less which 
influenced by the uptake of Pb. At same time, 
reduced transpiration rate in salt-affected soil 
can also be responsible for reduced uptake of Pb 
(Iqbal et al., 2015; Qian et al., 2010). 

CONCLUSION
This  study  concludes  that chlorophyll contents 
and Pb tolerance indices gradually decreased, 
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while Pb relative toxicities, uptake and 
translocation in two rice cultivars increased with 
increasing levels of applied Pb (0, 100, 200 and 
300 kg ha-1) in normal and salt-affected soils. In 
Shaheen Basmati, higher chlorophyll contents, 
tolerance indices, lower relative toxicities, Pb 
uptake and translocation were observed than in 
KS-282 at all levels of applied Pb in both normal 
and salt-affected soils. Thus, Shaheen Basmati 
proved to be more preferable for farmers and can 
be used in further rice breeding programmes to 
increase salinity and Pb tolerance.
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