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Phytotoxicity of Lead on the Physiological Parameters
of Two Varieties of Broad Bean (Vicia Faba L.)
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Abstract: The phytotoxicity of heavy metals can be expressed on roots and visible part of plants and can be
characterized by molecular  and  metabolic  answers  at  various  levels  of  organization  of the  whole  plant.
The present study was undertaken on two varieties of broad bean Vicia faba (Sidi Aïch and Super Aguadulce).
The device was mounted on a substrate prepared by mixing sand, soil and compost, the substrate was
artificially contaminated with three doses of lead nitrate (Pb(NO ) ) 0, 500 and 1000 ppm. Our objective is to3 2

follow the behavior of plant under this stress by evaluating the physiological parameters. The results revealed
that a reduction in the parameters of the productivity (chlorophyll and proteins production) with increasing the
osmoregulators (soluble sugars and proline). These results showed that the production of broad bean is
strongly modified by the disturbance of its internal physiology under lead exposure.
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INTRODUCTION several years, it was taken from a 30 cm depth in order to

One of the main issues in environment is the lead ground dried with the free air is filtered by a sieve of 2 mm.
contamination of the atmosphere, water and the grounds. The substrate is put in cylinders out of PVC of 90 cm
This metal cannot be biodegrade and persists in the height and 11 cm diameter. Each cylinder is closed in its
environment for long periods. To concede like basal side by fabric filter of 0.1 cm diameter of the pores.
physiologically nonuseful [1], lead is potentially toxic for A sample of the soil was analyzed to determine these
the living organisms and it can induce a degradation of physicochemical properties (Table. 1). These analyzes
the biological activity [2], the plants and water quality, were carried out at the regional laboratory of the National
even with weak concentration. It leads to the inhibition of Institute of the Soils and the Irrigation and Drainage of
germination and the root elongation, also; it leads to the Ksar Chellala-Tiaret, Algeria.
reduction in the production of biomass and the
photosynthetic activity, inducing a  delay  of  growth, a Vegetable Material: The seeds of Vicia faba of the two
fall of production and with damage on the external varieties Sidi Aïch (V1) and Super Aguadulce (V2) are
morphological  level  [3-6]. The  various tests performed carefully provided by the Technical Institute of the Field
in  the   present   work,   focuses   on   the  estimation of Crops of Sidi-Bel-Abbes Algeria, these seeds are rinsed
the  effects  of  lead  on  the  physiological behavior of with water then plunged during fifteen minutes in a
two varieties of broad bean at various developmental sodium hypochlorite solution with 6 % to eliminate any
stages. possible fungal contamination. After several rinsings with

MATERIALS AND METHODS hypochlorites, the seeds were put to germinate in food

Preparation of the Substrate: The substrate is prepared water and raised by polystyrene plates of 1.5 cm. After
based on a mixture of sand, soil and compost in that, the boxes were placed in a cupboard, at darkness, in
proportion of 8v/3v/1v. The soil has been taken from the room temperature and with a high humidity for three to
farm of the University of Tiaret on a piece in fallow for four days.

avoid any possible atmospheric lead contamination, the

water to eliminate the remainders from sodium

plastic boxes, on compacted absorbing paper, soaked with
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Table 1: Physicochemical property of the Soil used

Granulometry % (Pipette Of Robinson)

- < 2µm 05.26

- 2 µm to 20 µm 07.89

- 20 µm to 50 µm 44.18

- 50 µm to 200 µm 17.52

- 200 µm to 2 mm 25.15

pH (AFNOR X31-103 Soil/Water:2/5) 07.67

Electric conductivity (Ms/Cm) (Iso:11265 Soil/Water:1/10) 0.416

Organic matter (%) (Walkley Method) 0.13

Nitrogen Total (%) (Kjeldahl ISO:11261) 0.18

Assimilable phosphorus (ppm) Joret Hebert AFNOR:X31-161 N.D

Total limestone (%) Calcimeter Bernard ISO:10693 04.41

Active limestone (%) 0.75

cation exchange capacity (CEC) In Meq/100g of Sol 10

U.S.D.A Texture: Silt Loam

N.D: not determined

Crop Management: The young plants after four days of
germination were transplanted on a device made up of
three levels, with ten repetitions for each level for the two
varieties. The device was placed under semi-controlled
greenhouse. The irrigation is currently carried out every
two days in order to ensure the maintaining of the ground
with the field capacity. The nutritive solution is brought
once all the three irrigations. The plants are preserved
under greenhouse until the end of the experimentation for
60 days duration.

Lead addition: Only one application was carried out, 25th

day after the plants transplanting. This application
comprises two amounts (level of treatment) 500 ppm (D.2),
1000 ppm (D.3) and with a control amount (D.1). Lead is
brought in the form of lead nitrates Pb(NO ) .3 2

Measured Parameters
Proportioning of the Chlorophyll Pigments: The
concentrations of chlorophyll were determined by
spectrometry according to the procedure quoted by
Lichtenthaler [7]. 100 mg of fresh leaves were cut into
small pieces, incubate in 10 ml of 80 % acetone and kept
in darkness at 4°C for 24h. Absorbance of the solution
was recorded at 645 nm for chlorophyll a and 663 nm for
chlorophyll b.

The following equations are used to calculate the
concentrations of chlorophyll in the leaves (in mg/g) [8]:

Chlorophyll a = 12.25 × A663 - 2.79 × A645(Chl. A)
Chlorophyll b = 21.50 × A645 - 5.10 × A663(Chl. B)
Chlorophyll a+b = 7.15 × A663 + 18.71 × A645
(Chl. A+B)

Proportioning of Soluble Sugars: Simple sugars (glucose,
fructose and sucrose) are extracted by a solvent able to
solubilize them and block the enzymatic activities apt to
degrade them. They are proportioned by the method of
Shields and Burnett [9]. For that, 100 mg of fresh leaves
were macerated in 5.25 ml of 80 % ethanol for 24 h. 2 ml of
alcoholic extract was diluted with 20 ml of 80 % ethanol
and placed in ice water, then 4 ml of anthrone (2 g of
anthrone diluted in 1 L of sulfuric acid) was added. After
agitation, the solution was heated for 8 min at 92 °C in
water bath and kept in darkness at room temperature for
30 min. Absorbance was read at 585 nm and the
concentrate of soluble sugars was expressed as mg/g
fresh weight leaves.

Total Protein Rate of Seeds: The total protein
determination was carried out after determination of total
nitrogen by the method Kjeldahl [10] according to the
following formula:

Total proteins (%) = NR % x 6.25 [11].

Proportioning of the Proline: The followed method is that
of Troll and Lindsley [12], simplified and developed at the
point by Dreier and Goring [13]. For that, 100 mg of fresh
leaves were put in 2 ml of 95 % methanol and heated for 10
min at 95°C. After cooling of solution, 1 ml of extract was
added to 1 ml of distilled water and 1 ml of ninhydrin
solution (40 ml distilled water, 60 ml acetic acid and 500 mg
ninhydrin), the mixture solution was heated for 30 min in
a boiling water bath until a red color develops. The
solution was added to 3 ml of toluene, agitated with vortex
briefly and kept for 30 min in darkness. Absorbance was
read by spectrophotometry at 528 nm. Contents of proline
were expressed as µg/g of fresh weight leaves.

Statistical Analysis: The results are presented in
averages ± standard deviation and studied by stat box
version 6.40 in order to arise variance with two factors in
randomization, the effect being significant when p < 0.05.

RESULTS

Content of the Chlorophyll Pigments: For the values of
the rate of chlorophyll has (Table 2) one announces a
reduction according to the amount of lead for the V2
starting from D3, with 6.86 (mg/g) for the control, 6.81
(mg/g) for D2 and 3.97 (mg/g) for D3. In the same way for
V1, the reduction in the values of chlorophyll was
recorded  only   starting   from  D3 (7.65 mg/g) and a slight
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Table 2: Chlorophyll rate depending on the dose of Pb for V1 and V2.
Variety Pb dose (ppm) Chl. A (mg/g) Chl. B (mg/g) Chl.A+B(mg/g)
V1 0 9.72±3.59 1.75±2.68 11.47±1.93

500 10.30±1.66 1.98±2.27 12.28±1.84
1000 7.65±1.81 1.36±3.27 9.01±2.64

V2 0 6.86±2.79 1.53±2.58 8.39±1.28
500 6.81±0.92 1.13±1.69 7.94±1.28
1000 3.97±1.91 0.83±1.64 4.80±1.08

Table 3: Variance of the physiological parameters
Variables Pb dose (F1) Variety (F2) Interaction (F1xF2)
Chl. A  0*  0.001*  0.837ns
Chl. B  0.403ns  0.754ns  0.917ns
Chl.A+B  0*  0*  0.463ns
Total proteins  0*  0*  0*
Proline  0.031*  0.016*  0.628ns
Soluble sugars  0.631ns  0.014*  0.472ns
ns: insignificant *: significant.

increase 10.30 (mg/g) for D.2 against 9.72 (mg/g) for the
control. Moreover, one notices that the values recorded
for V1 are more important than those recorded  for  V2.
The variance analysis (Table 3) watch an effect very
highly significant of variety factor on the rate of
chlorophyll has (p < 0.001) in the same way for lead dose
factor.

For the rates of chlorophyll B (Table. 2) the results
show a progressive reduction for V2 according to the
amount of lead, 1.53 (mg/g) for D.1, 1.13 (mg/g) for D.2 and
0.83 (mg/g) D.3.For V1 one records a slight increase in
chlorophyll B for D.2 1.98 (mg/g) against 1.75 (mg/g) for
the control and 1.36 (mg/g) for D.3. V1 variety records
values higher than those of V2.

The chlorophyll A+B rates follow in a great part the
rates of the chlorophyll A, these values (Table. 2) present
for V1 an increase for D.2 of 12.28 (mg/g) against 11.47
(mg/g) for D.1, then they fall down to 9.01 (mg/g) for D.3.
For V2 the values record a reduction according to the
amount which is very important for D.3 of order 4.80
(mg/g) against 8.39 (mg/g) for D.1 and 7.94 (mg/g) for
D.2.It is also announced that V2 records inferior rates with
those recorded for V1. The variance analysis (Table 3)
shows an effect very highly significant (p < 0.005) of
variety factor and for the lead dose factor.

Soluble Rates Sugars: For the contents of soluble sugars
the results showed that an increase according to the
amount for the two varieties, namely 72.86 (µg/g) against
83.62 (µg/g) for D.1, 117.81 (µg/g) against 99.62 (µg/g) for
D.2 and finally, 131.71 (µg/g) against 163.14 (µg/g) for
D.3.The variations according to the variety are not visible
owing to the fact  that  the  values  remain  brought  closer

Fig. 1: Evolution of soluble sugars amount according
lead dose for V1 and V2

Fig. 2: Evolution of total proteins rate according lead
dose for V1 and V2

(Fig. 1). V2 records the greatest value for the D.3 amount
with 163.14 (µg/g) of average.The variance analysis
shows a significant effect of lead dose factor on the sugar
content with a probability p < 0.05 (Table 3).

Rate of Total Proteins: The values recorded for the rate of
total proteins register a reduction for V1, they pass from
33.06 % for the witness to 24.33 % for D.2 and arrives for
D.3 at 22.02 %, this reduction also affects the values
recorded for V2 which records 36.51 % average for D.1,
then 33.67 % for D.2 and 24.37% for D.3 (Fig. 2). It is also
noticed that V2 records rough protein values higher than
that recorded for V1.The variance analysis (Table 3)
showed that variety factor has an effect very highly
significant (p < 0.005), lead dose factor with an effect very
highly significant (p < 0.005) and also an effect very
highly significant (p < 0.005) for the interaction between
the two factors (F1xF2).

Content of Proline: The results of proportioning of the
proline showed an increase according lead dose for the
two varieties with 220.49 µg/g (D.3), 103.70 µg/g (D.2) and
100.12  (µg/g)  for D.1 (for V1) and, 123.83 µg/g (D.3), 62.72
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Fig. 3: The proline evolution according lead dose for V1
and V2

µg/g (D.2) and 53.95 (µg/g) for D.1 (for V2) (Fig. 3). The
variance analysis (Table 3) shows a significant effect of
variety factor with a threshold of probability p < 0.05, in
the same way for lead dose factor with a significant effect
proportions (p < 0.05).

DISCUSSION

The exposure of the seedlings to lead can led to the
inhibition of photosynthesis and the reduction of the
output photosynthetic [5, 6, 14-18]. The results obtained
show a significant regression on the rates of the
chlorophyll according to the lead amount present in the
medium. Wang et al. [8] showed that lead can decrease
the rate of chlorophyll, but this reduction remains weak
contrary to the reduction observed in the presence of Zn
and Cu. In the same way, the results also showed a
reduction in the rates of pigments, this reduction seems to
be very significant for chlorophyll A and chlorophyll A+B
(the reduction in chlorophyll A+B is the result of the
reduction in chlorophyll A). Chlorophyll A seems more
sensitive to Pb action, than chlorophyll B these results are
in agreement with those obtained by Xiong et al., [14] and
Pourrut [19].

The reduction of the rates of the pigments (in
particular chlorophyll A and chlorophyll A+B) is in
agreement with the work completed on  the  broad  bean
[8, 19, 20], or on other species [21]. The reduction in the
rates of the pigments can be the result of an inhibition of
the synthesis of chlorophyls by blocking of the ions Mg,
Mn and Fe [16, 22, 23]. Or by increasing the
chlorophyllase activity [16]. Or, the destruction of the
chloroplasts by the Species Reactivates  of  Oxygen
(ERO)  induced   by  the  presence  of  lead  [3].
Murkowski and Skórska [24] on Cucumis sativa and
Scenedesmus quadricauda showed that the  reduction  in

the photosynthetic activity is the resultant  of  the
inhibition of the transport of the electrons in the
photosystem II (PSII).

The research on the effect of lead on photosynthesis
revealed changes in several products  of  this  processes
in  particular the monosaccharides production [25, 26].
The changes of the rates of soluble sugars in tissues of
the plants which evolve in polluted environments by this
metal are not given with certainty  [6].  Certain  authors
[27, 28] detected a reduction in soluble sugars. Other
study by Azooz et al. [18] announced on the contrary an
increase according to the intensity of the stress applied.

Soluble sugars can play a part in the protection of
chlorophylls and carotenoids against the aggressiveness
of the metal stress [18]. Verma and Dubey [19] give this
accumulation to a very possible adaptation of the plant to
adjust and maintain a favorable osmotic potential. These
assumptions explain the results obtained in this study and
which show that the application of lead is accompanied
by a clear accumulation of soluble sugars. This
accumulation remains however conditioned by the
amount of lead and the time of its application.

In the presence of high lead concentration the
proteinic pool can be strongly decreased [5, 30-34]. The
results of this study showed a reduction in the rate of
rough proteins according to the added lead  amount
(effect very highly significant). Super Aguadulce variety
records protein values largely higher than those recorded
by Sidi Aïch due probably to a varietal criterion.

The reduction in the rate of proteins is in agreement
with the results reported by John et al. [35] on Lemna
polyrrhiza L. and Azooz et al. [18] on Hibscus esculentus,
they allotted this reduction to a lipidic peroxidation and
the fragmentation of proteins under the action of the ROS,
probably due to activation of the protease responsible for
the solubilization of proteins [3]. The reduction in the rate
of proteins on the level of the roots of broad bean is
reported by Beltagi [36] to an inhibition of the activity of
the nitrogenase.

The proline is among the amino-acids most present at
the level of the cells under the conditions of stress, it
plays a part in the tolerance of the plants to the
contamination  by   heavy   metals,   in   particular  lead
[18, 19, 35, 37].

The results obtained in this study, show a relative
increase in the contents of proline according to the
increase  in  the lead amounts applied in the substrate.
The accumulation of the proline was recorded in the
presence of strong amounts of lead in accordance with
Qureshi et al. [38]; John et al. [35] and Hedaya [20],
applied to plants of broad bean, or other species [8, 18].
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To maintain the hydric status, the plants secret 4. Brunet, J., A.  Repellin,  G.  Varrault,  N.  Terryn  and
massively the osmolytes in particular the proline [18, 38].
According to Hedaya [20] the latter seems to play a part
vital in the osmotic adjustment, moreover; this amino-acid
is regarded as a macromolecules stabilizer, a metals
chelator due to the presence of thiol grouping (- SH) and
a guard of the subcellular structure [18]. The accumulation
of the proline in cellular tissue is perhaps due to a
proteolysis [18, 19] induced by the presence of Reactive
Species of Oxygen (ERO) resulting from the presence of
lead [8].

CONCLUSION

The  present   study   revealed  notable disturbances
on  the  plan physiological of broad bean. On the one
hand, this study showed a reduction in biosynthesis
parameters    (photosynthetic     activity    and   rate of
total  proteins)  according  to  the  intensity of lead
applied in the substrate. In the other hand, the results
recorded in this study revealed an increase in the
osmoregulators (proline and soluble sugars) which are
accumulated following the presence of lead in the
substrate. The presence of lead in the medium induced
severe behavioral modifications on the physiological level
of broad bean.
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