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Abstract. Environmental pollution by toxic heavy metals is one of the most serious issues that world populations have to
cope with. Lead is one of the most toxic for humans and plants with great damage for the environment.
Faba bean (Vicia faba L.) is an annual legume crop which is consumed as plant foods for human and animal nutrition.
Thus, this study was undertaken to evaluate the effect of stigmasterol at recommended dose (500 μM), a promising plant
development regulatory substance in alleviating the deteriorative effect of Pb at 0.0 and 400 mg/l on faba bean plants. The
photosynthetic pigments, photosynthetic activity (14CO2-assimilation), transpiration rate,

antioxidant enzymes activities,

glutathione contents, free proline, total protein, total phenol, lipid peroxidation (malondialdehyde content) and inorganic
nutrient contents (nitrogen, phosphorus and potassium) were investigated.
The results revealed that lead-stressed bean plants treated with stigmasterol had increased levels of photosynthetic
pigments (chlorophyll a+b and carotenoids) as compared with lead-stressed plants. The level of antioxidant system
components (superoxide dismutase, peroxidase, catalase, and glutathione peroxidase) increased in response to stigmasterol
treatment as compared to lead-stressed plants. Enhanced antioxidant activities helped to decrease oxidative damage and
develop tolerance against lead stress in stigmasterol-treated faba bean plants. An increase in the degree of lead tolerance
induced by stigmasterol was indicated by the improvement of photosynthetic pigments and consequently the photosynthetic
activity and weight of 100 grain. Lead treatments decreased the transpiration rate as compared to the control plant.
Meanwhile, transpiration rate increased in response to stigmasterol treatment as compared to lead-stressed plants.
Lead treatments decreased the macronutrient level (N, P and K) as compared to the control plants. Meanwhile leadstressed bean plants pretreated with stigmasterol had an increased level of these element contents.
The data provided evidence that stigmasterol treatment reduced the adverse effects of lead stress on faba bean plants, and
might play a key role in providing stress tolerance by stimulation of the antioxidant system as a stress protection mechanism.
Eventually, the results of the present investigation clearly manifested that the addition of the stigmasterol (500 μM), to faba
bean plants grown in soil contaminated by lead up to 400 mg/l, boosted plants to overcome or even reduce lead toxicity and
thus obtained relatively better growth, better quality and yield, as well as better chemical composition.
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activities is increasing. Most of the environmental

1. Introduction

contaminants are chemical by-products and heavy metals

The global problem concerning the contamination of

such as lead (Pb). The sources of lead included smelting,

the environment as a consequence of anthropogenic

combustion of leaded gasoline, or applications of leadCorresponding Author: Helal Ragab Moussa
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Faba bean, Vicia faba L., is one of the world’s most

contaminated media (sewage sludge and fertilizers) to land
[1,2,3,4],

wastes,

important legume crops as a source of protein. In Egypt it is

power transmission and military operations

used in the human diet, as animal feed, and for industrial

[5,6]. Despite a long history of its beneficial use by

purposes [31,32]. The nutritional value of faba bean has

humankind, lead has no known biological function in living

been attributed to its high protein content, which ranges

organisms [7].

from 25 to 35%. The seeds are also a good source of sugars,

pesticides,

intensive

agriculture,

municipal

Lead released into the environment makes its way into

minerals and vitamins; being particularly rich in calcium

the air, soil and water [8]. Lead is a cumulative poison

and iron, and the contents of thiamin, tocopherols, niacin

which when present at higher doses causes serious

and folic acid are high as compared with other grains [33].

irreversible damage to the human brain, kidneys, nervous

In Egypt, faba bean (Vicia faba L.) is produced in an

system and decline in mental, cognitive and physical health

average area of 69720 ha with an average yield of 1896

[9]. Diverse biochemical changes in green plants in

kg/ha [34]. Although Egypt is the third highest producer of

response to Pb have been reported by several authors,

faba beans, the country imports a considerable quantity

which includes reduction in the rates of photosynthetic

from China to satisfy the local requirement.

activity and transpiration rate, net CO2 uptake, photosystem

Stigmasterol is a structural component of the lipid core

II efficiency, stomatal conductance [10], DNA synthesis

of cell membranes and is the precursor of numerous

and mitotic activity [11,12]. It also reduces plant growth,

secondary metabolites, including plant steroid hormones, or

namely the length of roots and shoots, leaf area, the fresh

as carriers in acyl, sugar and protein transport [35]. Sterols

and dry mass of both roots and shoots [11,13,14], plant

play an important role in plant development [36,37].

survival rates [15], the number and size of leaves, tillers and

Stigmasterol is considered to be one of the mostly free or

inflorescence and finally plant yield [16,17]. Moreover,

conjugated sterols that play essential functions in plant

lead accumulation negatively affected the contents of each

growth [35]. A number of studies have provided evidence

of chlorophyll a,b, a+b and carotene as a result of

that stigmasterol plays a role in response to biotic and

photosynthetic pigment degradation [17,18,19,20,21,22],

abiotic stresses [38,39].

the levels of total sugars, nitrogen, protein, nitrate and free

The objective of the current study was to investigate the

amino acids in various tested plants [14,16,17] and the

effect of stigmasterol at recommended dose (500 μM), a

absorption

and

promising plant development regulatory substance in

magnesium by polluted plants as it dramatically affects the

alleviating the deteriorative effect of Pb at 0.0 and 400 mg/l

permeability of plasma membranes to these elements

on faba

of

calcium,

phosphorus,

potassium

bean

plants.

The

photosynthetic

pigment,

14

resulting in nutrient imbalance [23-25]. In stress conditions

photosynthetic activity ( CO2-assimilation), transpiration

(biotic or abiotic stresses), different protective processes are

rate, antioxidant enzymes activities (superoxide dismutase,

enhanced such as accumulation of compatible solutes

peroxidase and catalase), glutathione contents, free proline,

(proline and soluble sugars) which play an important role in

total

osmoregulation, enzyme protection and scavenging of free

(malondialdehyde content) and inorganic nutrient contents

radicals [26-28], increase in the activities of detoxifying

(nitrogen, phosphorus and potassium) were investigated.

enzymes

and

enhanced

tissue

lipid

protein,

total

phenol,

lipid

peroxidation

peroxidation.

Malondialdehyde (MDA) is a cytotoxic product of lipid
peroxidation and an indicator of free radical production and

2. Materials and Methods

consequent tissue damage [29].

Plant Material and Experimental Conditions.

Lead-exposed plants may have high concentrations of

Uniform-sized faba bean seeds (Vicia faba L.) cv. Giza

phenols produced as an enzymatic strategy to cope with

2 was purchased from the Crop Institute, Agriculture

metal-caused oxidative stress [30].

Research Center, Giza, Egypt. Grains were surface
sterilized in 0.1% (w/v) sodium dodecyl sulphate solution
95
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and then thoroughly rinsed with sterile deionized water. The

determined as the decrease in absorbance at 340 nm due to

seeds were then soaked overnight (12 h) in either distilled

the oxidation of NADPH by the method of Navrot et al.

water or 500 μM freshly prepared stigmasterol solution

[45]. Superoxide dismutase activity (SOD, EC 1.15.1.1)

(solution was prepared by dissolving stigmasterol in a

was assayed by the nitrobluetetrazolium modified method

minimum amount of chloroform then complete to the total

from that described by Dhindsa et al. [46]. Peroxidase

volume by distilled water) the recommended dose (RD, 500

(POD, EC 1.11.1.7) following the method of Macheix and

μM) was selected according to El-Greedly and Mekki [40].

Quessada [47]. Free proline content was estimated

Ten seeds per treatment were sown in each pot at 3 cm

photometrically in acidic ninhydrin assay according to the

depth. The seeds were germinated in pots (40 cm high × 35

method adopted by Bates et al. [48]. Total phenols were

cm diameter), each filled with 15 kg sandy loam soil with

determined in the ethanolic extract following the method

2.5% organic matter and available N, P and K

described by Simons and Ross [49] using folin reagent.

–1

concentrations of 170, 80 and 200 mg kg , respectively. To
simulate soil pollution, the soil was amended with lead

Elemental Analysis.

nitrate Pb(NO3)2 at a concentration of 400 mg/l. The

Determination of potassium in shoot of faba bean was

treatments are, T1 (water, control), T 2 (lead at 400mg/l),T3

done by flam photometer (Jenway, PFP-7). The method of

(stigmasterol at 500 μM), and T 4 (lead at 400 mg/l +

Prokopy [50] was applied for phosphorus estimation. Total

stigmasterol at 500 μM).

nitrogen was determined using the Kjeldahal method

After emergence, the seedlings were thinned to four

according to AOAC [51].

healthy seedlings per pot. Plants were grown in a controlled
environment growth chamber with 15-h photoperiod; 65%–

Statistical Analysis.

75% relative humidity; and day and night temperatures of

Data were analyzed using a stat view ANOVA program.

22 and 20°C. Photosynthetic photon flux density at

Statistically different groups were determined by Duncan’s

−2 -1

maximum plant height was about 440 μMm s . Cultural

test (P < 0.01) as described by Moussa [31].

practices, such as weed control and irrigation, were
performed as needed. The experimental design was

3. Results and Discussion

randomized complete block design with three replicates.

Photosynthetic

All determinations were carried out at the flowering
stage (50-day-old). Weights of 100 seed were determined at

photosynthetic

pigments,
activity

weights

of

100

14

( CO2-assimilation)

grain,
and

transpiration rate.

the harvest stage.

Data presented in Table (1) revealed that Pb treated
plants showed significant decrease in photosynthetic

Chemical Analysis.
Photosynthetic

activity

(14CO2-assimilation)

pigments (chlorophyll a+b and carotenoids), weights of 100
was

measured in the Radioisotope Department, Atomic Energy
Authority, Cairo, Egypt, with the method of Moussa [31].
Transpiration rate was determined as described by Ludlow
and Muchow [41]. Chlorophyll a,b and total carotenoids
were determined according to Dere et al.

[42]. Lipid

peroxidation was measured in terms of malondialdehyde
(MDA) content using the thiobarbituric acid reaction as
described by Madhava Rao and Sresty [43]. The catalase
(CAT, EC 1.11.1.6) activity was assayed from the rate of
H O decomposition following the method of Aebi [44].
2

grain, photosynthetic activity (14CO2-assimilation) and
transpiration rate by 25, 44, 25.6, 28.3 and 51.2 %,
respectively as compared to the control plants. These results
were in correspondence with those of Larbi et al. [23],
Zengin and Munzuroglu [52] and John et al. [53]
concerning the deteriorative effect of lead on chlorophyll
a,b & total chlorophyll. Our results also corroborated with
those of Romerio et al. [11] and Ali and Al-Homaidan [18]
concerning

retardation

of

photosynthetic

and

transpiration rates and net CO2 assimilation.

2

The glutathione peroxidase (GPX, EC 1.11.1.9) activity was

lead

Pb negatively affects many processes vital to the
photosynthetic pathway as chlorophyll biosynthesis, as it
06
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inhibits the activity of delta aminolevulinic acid dehydratase

both photosystem I and II and finally reduces the

enzyme responsible for the biosynthesis of heme pigments

metabolites of the carbon reduction cycle [13,18]. Any or all

[54], alters the action of ribulose 1,5-bisphosphate

of these effects can explain the significant damage and

carboxylase-oxygenase, interferes with the dynamics of the

death, or to even less extent, the reduction in growth,

thylakoid membrane, inhibits electron transport system in

metabolism and yield of faba bean plants.

Table 1. Effect of lead (400 mg/l) in Vicia faba plants pre-treated with stigmasterol (500 μM) on chlorophyll
a+b (mg g-1 FW), carotenoids (mg g-1 FW), weight of 100 grain (g), photosynthetic activity (10 3 Becquerel mg1
FW) and transpiration rate (mMH2O m–2s–1).

Treatment

Chlorophyll
(a+ b)

Carotenoids

Weights of
100 Grain

Photosynthetic Activity

Transpiration
Rate

T1

3.59b

1.67a

55.8b

13.720b

4.3a

T2

2.71d

0.94c

41.5d

9.830d

2.1b

T3

3.69a

1.69a

56.7a

14.625a

4.2a

T4

3.38c

1.43b

52.9c

12.546c

4.0c

Data are means of three replicates. Duncan’s test: within each column, same letter indicates no significant
difference between treatments (P<0.01).The treatments are, T 1 (control),T2 (lead at 400mg/l),T3 (stigmasterol at
500 μM), and T4 (lead at 400 mg/l + stigmasterol at 500 μM).

The decrease in chlorophyll content in lead-stressed
faba bean plants concomitant with the increase in proline

photosynthetic pigments chl a, chl b and carotene were
increased in maize as sitosterol concentration increased.

content (Table 2) is consistent with the suggestion that

A strong relationship exists between Pb application and

nitrogen might be redirected to the synthesis of proline

a decrease in photosynthesis of the whole plant and is

instead of chlorophyll [55].

believed to result from stomatal closure rather than a direct

Meanwhile, plant treatment with stigmasterol (500 μM)

effect of Pb on the process of photosynthesis [39].

+ lead (400 mg/l) showed a significant decrease in the

Antioxidant enzyme activities (catalase, peroxidase and

photosynthetic pigments (chlorophyll a+b and carotenoids),

superoxide dismutase), glutathione peroxidase, lipid

14

weights of 100 grain, photosynthetic activity ( CO2-

peroxidation levels (malondialdehyde), free proline,

assimilation) and transpiration rate by 5.8, 14.4, 5.2, 8.5 and

total phenols and total protein.

6.8 %, respectively as compared to the control plants. Plants

The results presented in Table (2) revealed that Pb

pretreated with stigmasterol (500 μM) alone or in

treated plants showed a significant decrease in antioxidant

combination

the

enzyme activities (superoxide dismutase, peroxidase and

100

grain,

catalase), glutathione peroxidase and total protein by 36, 27,

( CO2-assimilation)

and

40, 37.2 and 34.2 %, respectively as compared to the

transpiration rate which were consistent with those of

control plants. Meanwhile, Pb treated plants showed a

[39,56,57].

significant

photosynthetic
photosynthetic

with

lead

pigments,
activity

(400

mg/l)

weights
14

stimulated
of

increase

in

lipid

peroxidation

levels

In agreement with these results, Kalinich et al. [58]

(malondialdehyde), free proline and total phenols by 60.7,

stated that spray application of stigmasterol enhanced the

50, and 26 %, respectively as compared to the control

photosynthetic apparatus and enzyme activity in beans. In

plants. These results are in agreement with that of [10,39].
Plants treated with stigmasterol (500 μM) + lead (400

addition, Abd El-Wahed [37] found that the contents of the

mg/l) showed a significant decrease in the antioxidant
06
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enzyme activities (superoxide dismutase, peroxidase and

In addition, proline accumulation was reported to serve

catalase), glutathione peroxidase and total protein by 5.1,

as a nitrogen storage compound and protect cellular

8.3, 14.3, 11.5 and 8 %, respectively as compared to the

structure [59]. It is also evident from the present study that

control plants. Also, decreased the lipid peroxidation levels

the level of proline increased in Vicia faba plants treated

(malondialdehyde), free proline and total phenols by 21.4,

with lead and decreased with stigmasterol treatment. This

14.8, and 5.6 %, respectively as compared to the control

finding might be explained by the fact that stigmasterol

plants. These results were consistent with those of [10,39].

enhances the biosynthesis of other amino acids and their
incorporation into protein [10].

Table 2. Effect of lead (400 mg/l) in Vicia faba plants pre-treated with stigmasterol (500 μM) on SOD (units
-1

-1

mg protein), POD (units mg protein), CAT (μMH O /min.gFW), GPX (μMNADPH/min.gFW), MDA (μM g-1
2

2

FW), free proline (μmol g-1 FW), total phenol (mg g-1 DW), and total protein (mg g-1 FW).

Treatment

SOD

POD

CAT

GPX

MDA

Free
Proline

Total
Phenol

Total
Protein

T1

7.8b

10.8b

3.5a

7.8b

2.2c

213c

17c

149b

T2

5.0d

7.9d

2.1d

4.9d

5.6a

427a

23a

98d

T3

8.1a

11.7a

3.2b

8.4a

2.0d

205d

19b

162a

T4

7.4c

9.9c

3.0c

6.9c

2.8b

250b

18c

137c

Data are means of three replicates. Duncan’s test: within each column, same letter indicates no significant
difference between treatments (P<0.01).The treatments are, T 1 (control), T2 (lead at 400mg/l), T3 (stigmasterol
at 500 μM), and T4 (lead at 400 mg/l + stigmasterol at 500 μM).

Inorganic Macronutrient Contents (nitrogen, potassium
and phosphorus ).

comparable studies confirmed the current data [25].

It is evident from Tables (3) that the content of most

disorder in plant mineral nutrition, an alteration in

major nutrient elements estimated in this study (N, P and K)

membrane permeability and its physiological activity and

decreased in Pb (400 mg/l) treated plants by 23.5, 33.8, 43.7

lowering pH of soil thus rendering most nutritive elements

%, respectively as compared to the control plants. Several

in soil unavailable to plant roots [10].

Accordingly, it is ascertained that Pb toxicity causes

Table 3. Effect of lead (400 mg/l) in Vicia faba plants pre-treated
with stigmasterol (500 μM) on the macronutrient contents of N, P
and K (mg g-1DW).
Treatment
T1
T2
T3
T4

N
98a
75d
93b
89c

P
77a
51d
73b
68c

K
65a
37d
61b
56c

Data are means of three replicates. Duncan’s test: within each
column, same letter indicates no significant difference between
treatments (P<0.01).The treatments are, T 1 (control), T2 (lead at
400mg/l), T3 (stigmasterol at 500 μM), and T4 (lead at 400 mg/l +
stigmasterol at 500 μM).
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However, when these elements were uptaken by plants,
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