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Abstract

The aim of the experiment was to evaluate the role of kinetin and spermidine in modifying the
metal uptake and biomass accumulation by mash bean. Four mash bean varieties were grown
in pots. In one group of plants, chromium (Cr) was added in doses of 30 and 60 mg kg of soil
material. In another group, lead (Pb) was added in doses of 20 and 40 mg kg of soil material.
Plants were sprayed twice, at the age of 20 and 30 days, with 1.0 mM strength of spermidine
and 100.0 mM that of kinetin. Each treatment was replicated four times. The pots were
arranged in complete randomization. Data of four replicates were taken at the physiological
maturity of plants. Concentrations of chromium and lead elements in the root stem and seeds
were determined, in addition to dry biomass. Data were subjected to statistical analysis using
Costat statistical package software. Significant reductions were recorded in the concentrations
of elemental heavy metals in the root, stem and seeds induced by kinetin and spermidine.
Furthermore, biomass was increased by kinetin and spermidine. In plants grown under chro-
mium stress, kinetin and spermidine were found more effective in reducing the concentration
of chromium in roots and shoots but the analogous effect was insignificant regarding the reduc-
tion of chromium concentration in seeds. When lead stress was imposed, spermidine was found
to be more effective in reducing concentrations of lead in the root and shoot but kinetin was
proven to be less effective in this regard. The effects of both PGRs were found to be pronounced
in alleviating the metals’ toxicities in terms of plant air dried biomass.
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INTRODUCTION

The presence of one metal affects the availability and translocation
of another one in the soil and plant. In other words, antagonistic and syner-
gistic behaviors exist among elemental ions (Salgare, Acharekar 1992).
The potential of plants for the absorption and accumulation of one metal
equally enables them to acquire or outcompete other elemental ions (Djingova,
Kuleff 2000, Taiz, Zeiger 2002). Also, a wide range of other phenomena, such
as microbial biomass, C and N mineralization and availability, respiration
and enzymatic activities, are taken under consideration while studying the
bioavailability of ions. Another important factor that affects the metal avail-
ability is the degree of their complexation with ligands (Norvell 1984,
Marques et al. 2009).

Kinetin belongs to the group of molecules which have low molecular
weight and play a role in plant growth and development (Zalabak et al.
2013, Sosnowski et al. 2019). Treatment with kinetin is reported to augment
metal stresses in term of K, N, Ca uptake (Haroun et al. 2003). The cell
division, growth dominance at the apical region, germination, morphogenesis,
nutrient assimilation, development and process of organ senescence are the
main aspects controlled by PGRs. Kinetin increases chlorophyll content and
photosynthesis (Nahar et al. 2016, Ahanger et al. 2018).

Polyamines (PAs) are also low molecular weight compounds belonging
to the class of aliphatic amines. These, like kinetin, perform important func-
tions, especially in stress tolerance (Chen et al. 2019). When applied exo-
enously, polyamines can provide protection to plants against metal stress
(Yu et al. 2018). During stress conditions, polyamines in cells are accumulat-
ed and their concentration is regulated (Yu et al. 2019). Free radical scav-
enging (Drolet et al. 1986), cations balancing pH (Preibe, Jager 1978)
or stabilization of membranes by interactions of ions (Ballas et al. 1993)
are mediated by polyamines. Increase in the endogenous level of polyamines
(putrescine, spermidine and spermine) at the expense of K concentrations
was reported (Sarjala et al. 1997). Higher consumption of K ions in the plant
necessitates their greater absorption and translocation as compared to metal
ions and thereby it decreases the relative accumulation of metal ions.

MATERIALS AND METHODS

A pot culture experiment was carried under ambient conditions for the
purpose of evaluating the effect of kinetin and spermidine on heavy metal
uptake and distribution in four genotypes of mash bean (Vigna mungo L.
Hepper) in chromium (Cr) and lead (Pb) contaminated soil material. Effluents
free sandy clay loam soil material was chosen to fill the plastic pots lined
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with polyethylene sheet. A batch of 6kg of soil material was out in each pot
and watered to obtain the set saturation percentage for one week. Pots were
used as the culturing medium of four mash bean genotypes, namely i.e., 80,
88, 97 and ES-1. Five seeds were sown in each pot. Ten days after germina-
tion, three seedlings were kept in each pot by manual thinning to ensure the
uniformity of nutrients uptake. Three sets of chromium metal levels (0, 30
and 60 mg kg') were maintained. Similarly, three sets of lead metal levels
(0, 20 and 40 mg kg!) were maintained. Chloride salts of both metals in the
form of water solution were added to the pots to achieve the set metal levels.
One group from each metal was foliarly sprayed with distilled water, kinetin
and spermidine at 20, 30 days after germination. Kinetin and spermidine
solutions used were of 100.0 mM and 1.0 mM respectively. Complete ran-
domization of treatments with four replications was implemented for the
arrangement of pots,. Plants were irrigated and sprayed with insecticides
as and when needed. Four plants were harvested from each treatment
of every variety at physiological maturity for data collection. After determi-
nation of the plants’ dry biomass, their roots, stem and seeds were used
for elemental analysis.

Digestion of plant material

Samples of roots, seeds and stem were ground into fine powder using
a Tecator high-speed mill (Foss Tecator AB, Hoganas, Sweden). Material
(0.5 g) was digested with concentrated H,SO, and H,O, (35%).

Lead and chromium contents determination

Using a Perkin Elmer 3100 EDS Atomic Absorption Spectrophotometer,
digested aliquots which were treated with the respective metal were evalua-
ted for Cr and Pb. Standard setting of the instruments were: air-acetylene
flame, head of burner (10 cm), wavelength (357.9 nm), slit (0.7 nm) and lamp
current (20 mA). The samples which were found out of calibration range
of 0 to 5 mg L' were diluted accordingly (Yoshida et al. 1976). Air dried
biomass was determined by weighing the sun-dried whole plant.

Statistical analysis

The results were subjected to evaluation in a Costat computer package
(CoHort Software, Berkeley, CA). The Duncan’s New Multiple Range test
(at 5% level) was applied for comparison of mean values. Significant F values
were compared in MSTAT-C software (Duncan 1955).
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RESULTS

Chromium content in root (g kg?)

Varieties revealed significant variability in their responses for chromium
content in roots due to differences in the toxicity of the metals and different
responses of the plants to PGRs (kinetin and spermidine). The variations
in the alleviating roles of PGRs were significant when noted in the different
varieties. Soil applied chromium and lead concentrations also showed signi-
ficant effects on its accumulation (Tables 1, 2, 3).

Table 1

Mean sums of squares for chromium content in root, shoot and seeds (g kg?') of mash bean
(80 days age) after exposure to chromium (30, 60 mg kg soil)] accompanied with sprays
of kinetin (100.0 mM) and spermidine (1.00 mM)

MSS for chromium
Source df

root shoot seed
Variety (V) 3 4.5707%%* 7.5352%%% 3.0843%%*
Metal (M) 2 1346.1009%** 430.7892%%* 0.0055%%*
PGRs 2 4.5726%%% 6.0425%%% 1.0917%%*
V xM 6 3.5799%%* 2.9041%%% 4.0770%%*
V x PGRs 6 1.8796%%* 0.6741%%* 1.8333%%*
M x PGRs 4 3.2288%%* 1.7418%%* 2.2048%%%
V x M xPGRs 12 1.0592%%* 0.7313%%% 1.0101*
Error 108 0.3909 0.0406 5.1763

*¥* P<0.005, ** P<0.05, * P<0.05

Table 2

Mean sums of squares for lead content in root, shoot (g kg') and seeds (g kg?') of mash bean
(80 days age) after exposure to lead (20, 40 mg kg soil)] accompanied with sprays of kinetin
(100.0 mM) and spermidine (1.00 mM)

MSS for lead
Source df

root shoot seed
Variety (V) 3 0.5347%** 0.1774%%* 3.7045%**
Metal (M) 2 476.4075%** 95.7136%** 0.0054%***
PGRs 2 0.3621%** 0.4374%** 3.9916%**
V xM 6 0.1546%** 0.0690%** 3.8218%**
V x PGRs 6 0.0678%** 0.1125%%** 1.8598**
M x PGRs 4 0.2497%** 0.0861%** 1.9486%**
V x M xPGRs 12 0.0908*** 0.0576%** 1.1168*
Error 108 0.0095 0.0082 5.1763

*** P<0.005, ** P<0.05, * P<0.05
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Table 3
Mean sums of squares for air dried biomass (g) of mash bean (80 days age) after exposure
to chromium (30, 60 mg kg soil) and lead (20, 40 mg kg soil) accompanied with sprays
of kinetin (100.0 mM) and spermidine (1.00 mM)

Source df MSS values for dry biomass
Variety (V) 3 2.300%**
Metal (M) 4 96.969%%*
PGRs 2 49.440%**
V xM 12 1.154%%*
V x PGRs 6 0.389%
M x PGRs 8 1.547%%*
V x M xPGRs 24 0.541%**
Error 180 0.156

*** P<0.001, * P<0.05

A definitive relationship occurred between the soil chromium concentra-
tion and its accumulation in the root (Table 4). The concentration of chromi-
um 1n the root was dependent on its supply to any of the varieties (Table 4b).
This accumulating behavior of chromium in roots was consistent in all the
varieties (Table 4c). Exogenous application of PGRs decreased the root metal
content (Table 4c), and this alleviated the impact of metal stress except the
effect of spermidine for higher chromium supplemented plants (Table 4b).

In the plants grown in soil with the chromium concentration of 30 mg kg
and treated with distilled water, the elemental concentration of chromium
in the root was 7.28 g kg!. This value dropped to 6.67 g kg! when the plants
were sprayed with kinetin. The plants grown in soil with the chromium con-
centration of 60 mg kg' and exposed to distilled water foliar spray, had the
elemental concentration of chromium in roots equal 11.51 g kg!. However,
the values were lower, 10.36 and 10.14 g kg, when plants were subjected
to sprays of kinetin and spermidine, respectively (Table 4a). These effects
of PGRs were found in all the varieties (Table 4c). Kinetin reduced the
chromium content of V, (Mash 80) and spermidine reduced significantly
the chromium content of all the varieties (Table 4a). The lowest chromium
content was found in V, (Mash 80), which the other varieties had the same
concentration of chromium in their roots (Table 4c).

Chromium content in the shoot (g kg?)

The plant shoot content of chromium differed statistically between the
varieties. Different metals and PGRs (kinetin and spermidine) also affected
the shoot chromium content to a markedly different degree. Varietal
response to soils applied chromium concentrations and to the application
of PGRs (kinetin and spermidine) differed when assessed separately and
in combination of both treatments (Table 1). Exogenous application of kinetin
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Table 4

Chromium content in the root (g kg!) of mash bean (80 days age) after exposure
to chromium (30, 60 mg kg soil) accompanied with sprays of kinetin (100.0 mM)

and spermidine 1.00 mM, values are as means + SE

(a) Indices of metal augmentation by kinetin and spermidine (n=16, L.SD=0.4382)

Specification Disziéieai]Hzo Kinetin spray szg::;line (n=48, Ilt/ISeSI:lO. 2529)
No metal input 0.27+0.03e 0.22+0.02¢ 0.28+0.02¢ 0.25+0.03¢
Cr (30 mg kg 7.28+0.45¢ 6.67+0.59d 7.38+0.77¢ 7.110.63b
Cr (60 mg kg?) 11.51+0.38a 10.36+0.57b 10.14+0.19b 10.67+0.50a

(b) Differences of varietal responses to kinetin and spermidine (n=12, LSD=0.5059)

Specification Distilled H,0 spray Kinetin spray Spermidine spray
\A 6.15+2.39ab 4.88+1.99d 5.45+2.11¢c
v, 6.35+2.38ab 6.02+2.26b 6.54+2.32a
v, 6.63+2.56a 6.22+2.36ab 5.494+2.12¢
v, 6.29+2.42ab 5.88+2.26bc 6.25+2.25ab
Mean (n=48, LSD=0.2529) 6.35+2.36a 5.75+2.16b 5.93+2.14b
(c) Differences of varietal responses to metal stress (n=12, LSD=0.5059)
Specification | No metal input Cr (30 mg kg') | Cr (60 mg kg) Mean
(=36, LSD=0.2921)
\A 0.273+0.03f 5.86+0.52¢ 10.34+0.48ab 5.49+2.12b
v, 0.260+0.03f 8.12+0.46¢ 10.54+0.56ab 6.30+2.26a
v, 0.236+0.02f 7.06+0.54d 10.76+0.53a 6.11+2.30a
v, 0.256+0.03f 7.41+0.44d 10.05+0.42b 6.144+2.24a

Different letters following the values show significant differences between values.
V,—Mash 80, V,— Mash 88, V,— Mash 97, V,— Mash ES-1

and spermidine reduced significantly the chromium content of the shoots
in all varieties (Table 5¢). In this regard, the effect of spermidine was found
to be stronger than that of kinetin (Table 5a).

However, none of the PGRs was able to have an effect on plants under
the higher chromium stress. In plants grown in soil with the chromium con-
centration of 30 mg kg! and exposed to distilled water foliar spray, the ele-
mental concentration of chromium in the shoot was 4.66 g kg'. This amount
decreased to 4.25 and 3.89 g kg! when plants were sprayed with kinetin and
spermidine.

The plants grown in soil with the higher dose of chromium (60 mg kg!)
and treated with distilled water spray had the elemental concentration
of chromium in the shoot as 6.53 g kg!. This amount decreased to 5.93 and
5.20 g kg when plants were sprayed with kinetin and spermidine (Table 5a).
Both PGRs were effective in decreasing the shoot chromium content of plants
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Table 5

Chromium content in the shoot (g kg?) of mash bean (80 days age) after exposure to chromium
(30, 60 mg kg soil) accompanied with sprays of kinetin (100.0 mM) and spermidine 1.00 mM,

values are as mea

ns + SE

(a) Indices of metal augmentation by kinetin and spermidine (=16, L.SD=0.1412)

Specification DiStsi;Leai]Hzo Kinetin spray Sp:;r;;i;line (n=48, Ilt/ISeSI:lO. 0815)
No metal input 0.10+£0.01g 0.07+0.01g 0.08+0.01g 0.08+0.01c
Cr (30 mg kg 4.66+0.28d 4.25+0.37e 3.89+0.42f 4.27+0.38b
Cr (60 mg kg?) 6.53+0.25a 5.93+0.50b 5.20+0.48¢ 5.88+0.50a

(b) Differences of varietal responses to kinetin and spermidine (n=12, LSD=0.1631)

Specification Distilled H,0 spray Kinetin spray Spermidine spray
\A 3.72+1.42bc 3.62+1.32cd 3.34+1.20fg
V2 3.80+1.45b 3.56+1.45¢d 3.53+1.32de
v, 3.37+1.24ef 2.66+0.97h 2.18+0.81:
V4 4.17+1.53a 3.83+1.45b 3.18+1.24¢g
Mean (n=48, LSD=0.0815) | 3.76+1.38a 3.41+1.29b 3.05+1.15¢
(c) Differences of varietal responses to metal stress (n=12, LSD=0.1631)
Specification | No metal input Cr (30 mg kg?) | Cr (60 mg kg™) Mean
(=36, LSD=0.0941)
v, 0.09+0.01f 4.68+0.14¢ 5.91+0.35b 3.56+1.28b
v, 0.07+0.01f 4.24+0.22d 6.58+0.18a 3.63+1.37b
v, 0.09+0.01f 3.49+0.36e 4.61+0.43¢ 2.73+1.02¢
v, 0.08+0.01f 4.67+0.43c 6.44+0.27a 3.73+1.39a

Different letters following the values show significant differences between values.
Explanations see Table 4.

grown in chromium contaminated soil (Table 5b). The content of chromium
was found to correlate with its supply in soil (Table 5 b), and this was con-
sistent in plants of all the varieties (Table 5¢). Variety V, (Mash ES-1) had
the highest and variety V, (Mash 97) had the lowest Cr content in the shoot
(Table 5¢).

Chromium content in seeds (g kg?)

The varieties differed in the seed content of chromium. Varietal respons-
es to PGRs were also different. The differences in the effect of PGRs (kinetin
and spermidine) were significant as regards the translocation of chromium
to seeds. The soil chromium concentration affected its accumulation in seeds
(Table 1).
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The plants grown in soil with the chromium concentration of 30 mg kg
and exposed to distilled water foliar spray had an elemental concentration
of chromium in seeds equal 0.027 g kg'. This amount decreased to 0.021
and 0.025 g kg' when plants were sprayed with kinetin and spermidine.
In plants treated with distilled water spray and 60 mg kg?' of chromium,
the concentration of chromium in seeds was 0.034 g kg'. This amount
decreased to 0.031 and 0.033 g kg! when plants were sprayed with kinetin
and spermidine (Table 6a). The concentration of chromium in seeds depen-
ded on its supply to soil (Table 6¢) in various varieties (Table 6b). Exogenous
application of kinetin and spermidine decreased the chromium content
of seeds in plants grown in chromium polluted soil (Table 6b). The chromium

Table 6

Chromium content in seeds (g kg?) of mash bean (80 days age) after exposure to chromium
(30, 60 mg kg soil) accompanied with sprays of kinetin (100.0 mM) and spermidine 1.00 mM,
values are as means + SE

(a) Indices of metal augmentation by kinetin and spermidine (n=16, L.SD=1.594)

Specification

Distilled H,0
spray

Kinetin spray

Spermidine
spray

Mean
(n=48, LSD=0.0013)

No metal input

0.006+0.0008a

0.013+0.0014a

0.015+0.0024a

0.011+0.0025¢

Cr (30 mg kg)

0.027+0.0010a

0.021+0.0017a

0.025+0.0009a

0.025+0.0017b

Cr (60 mg kg)

0.034+0.0014a

0.031+0.0013a

0.033+0.0011a

0.032+0.0014a

(b) Differences of varietal responses to kinetin and spermidine (n=12, LSD=1.841)

Specification

Distilled H,0
spray

Kinetin spray

Spermidine spray

<

1

0.022+0.0067a

0.021+0.0043a

0.023+0.0051a

<

2

0.021+0.0062a

0.020+0.0045a

0.025+0.0039¢a

<

3

0.022+0.0062a

0.023+0.0042a

0.024+0.0044a

4

0.023+0.0059a

0.023+0.0028a

0.026+0.0027a

Mean (n=48, LSD=0.0013)

0.022+0.0061

0.022+0.0039

0.024+0.0041

(c) Differences of varietal responses to metal stress (n=12, LSD=1.841)

Specification

No metal input

Cr (30 mg kg™)

Cr (60 mg kg)

Mean
(n=36, LSD=0.0010)

0.009+0.0015a

0.025+0.0018a

0.033+0.0014a

0.022+0.0053b

0.010+0.0024a

0.023+0.0024a

0.033+0.0012a

0.022+0.0050b

0.010+0.0019a

0.025+0.0011a

0.033+0.0010a

0.023+0.0049ab

0.015+0.0030a

0.025+0.0012a

0.032+0.0020a

0.024+0.0040a

Different letters following the values show significant differences between values.
Explanations see Table 4.
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content was in seeds of V, (Mash ES- 1) was higher than in seeds of all other
varieties (Table 6¢).

Lead content in the root (g kg?)

Plants of the tested varieties differed in their behavior regarding the
lead accumulation in the root. The lead concentration in soil and the applied
PGRs (kinetin and spermidine) also affected the root content of lead
to a markedly different degree. Responses of the varieties to the metal and
PGRs (kinetin and spermidine) varied when assessed separately and in com-
bination of both treatments (Table 2).

In plants grown in soil with the lead concentration of 20 mg kg! and
exposed to distilled water foliar spray, the elemental concentration of lead
in the root was 4.83 g kg'. This amount decreased to 4.40 and 4.51 g kg'!
when plants were sprayed with kinetin and spermidine. The plants grown
in soil with the lead concentration of 40 mg kg' and exposed to distilled
water foliar spray had an elemental concentration of lead in the root equal
6.26 g kg!. This amount decreased to 6.24 and 6.15 g kg! when plants were
sprayed with kinetin and spermidine (Table 7a). The concentration of lead
in the root increased gradually in all varieties after exposure to the increas-
ing levels of lead concentration in soil (Table 7b). Exogenous application
of kinetin and spermidine decreased the lead content of the root in all
varieties (Table 7a). However, kinetin was effective for plants grown in soil
with low lead concentrations (Table 7b). The highest lead content (3.80) was
found in Mash ES- 1 and lowest one (3.51) — in Mash 80 (Table 7c).

Lead content in the shoot (g kg?)

The shoot content of lead varied significantly between the varieties.
The metal concentration in soil had a significantly different effect on the
shoot lead content. The observed effects of PGRs (kinetin and spermidine)
on the metal uptake were consistent when the different varieties were ana-
lyzed in the context of interactive effects of the treatments (Table 2).

In plants grown in soil with the lead concentration of 20 mg kg! and
exposed to distilled water foliar spray, the elemental concentration of lead
in shoots was 1.43 g kg'!. This amount decreased to 1.31 and 1.14 g kg! when
plants were sprayed with kinetin and spermidine. The plants grown in soil
with the lead concentration of 40 mg kg' and exposed to distilled water
foliar spray had an elemental concentration of lead in the shoot equal
3.01 g kg!. This amount decreased to 2.83 and 2.76 g kg! when plants were
sprayed with kinetin and spermidine (Table 8a). Exogenous application
of spermidine and kinetin reduced significantly the lead content of shoots,
with the latter substance being more effective than the former (Table 8c).
This was consistent in all varieties (Table 8a) and depended on the metal
concentration in soil (Table 8b). The content of lead depended on its supply
to soil, and was correlated with the higher levels of soil contamination in all
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Table 7

Lead content in the root (g kg™) of mash bean (80 days age) after exposure to lead
(20, 40 mg kg soil) accompanied with sprays of kinetin (100.0 mM) and spermidine 1.00 mM,
(values are as means + SE)

(a) Indices of metal augmentation by kinetin and spermidine (n=16; L.SD=0.0683)

Specification DiStsi;Leai]Hzo Kinetin spray Sp:;r;;i;line (n=48, Ilt/ISeSI:lO. 0395)
No metal input 0.14+0.02f 0.13+0.02f 0.12+0.0f 0.13+0.02¢
Pb (20 mg k) 4.83+0.16¢ 4.40+0.11e 4.51+0.12d 4.58+0.16b
Pb (40 mg kg™) 6.26+£0.07a 6.24+0.11a 6.15+0.09b 6.22+0.09a
(b) Differences of varietal responses to kinetin and spermidine (n=12, LSD=0.07887)
Specification DiStSill)I:;szo Kinetin spray Spermidine spray
v, 3.71+1.35¢d 3.41+1.28h 3.40+1.26h
v, 3.74+1.38bc 3.54+1.29g 3.67+1.35¢cde
v, 3.65+1.37de 3.62+1.37ef 3.57+1.33fg
v, 3.88+1.37a 3.79+1.38b 3.73+1.36bc¢
Mean (n=48, LSD=0.0395) 3.74+1.32a 3.59+1.29b 3.59+1.28b
(c) Differences of varietal responses to metal stress (n=12, LSD=0.07887)
Specification No metal input | Pb (20 mg kg') | Pb (40 mg kg*) _ Mear_l
(n=36, LSD=0.0456)
\A 0.10+0.00A 4.43+0.18f 5.99+0.06¢ 3.51+1.26¢
v, 0.13+0.01gh 4.58+0.09¢ 6.23+0.07b 3.65+1.30b
v, 0.10+0.01A 4.44+0.05f 6.31+0.06a 3.61+1.31b
v, 0.19+0.01g 4.88+0.16d 6.34+0.07¢a 3.80+1.33a

Different letters following the values show significant differences between values.
Explanations see Table 4.

the varieties (Table 8b). The maximum lead content (1.46) in bean shoots
was in Mash ES- 1 and the minimum one (1.30) was in Mash 80 (Table 8c).

Lead content in seeds (g kg™)

Lead accumulation by plants varied between the varieties. The varieties
responded differently to PGRs (kinetin and spermidine). The concentrations
of lead applied to soil led to significant differences in the lead accumulation
in bean seeds.

The effects of PGRs (kinetin and spermidine) on metal uptake were dif-
ferent between varieties, and there were also evident differences for metal
stress interactive effects on the tested varieties (Table 2).
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Table 8

Lead content in the shoot (g kg?') of mash bean (80 days age) after exposure to lead
(20, 40 mg kg soil) accompanied with sprays of kinetin (100.0 mM) and spermidine 1.00 mM,
values are as means + SE

(a) Indices of metal augmentation by kinetin and spermidine (=16, L.SD=0.0634)

. . Distilled H,0 L. Spermidine Mean
Specification Kinetin spray
spray spray (n=48, LSD=0.0367)
No metal input |  0.06+0.01g 0.06£0.01¢g 0.03+0.006g 0.05+0.01c¢
Pb (20 mg kg?) 1.43+0.07d 1.31+0.07e 1.14+0.11f 1.30+0.10b6
Pb (40 mg kg) 3.01+0.06a 2.83+0.10b 2.76+0.11¢c 2.87+0.10a

(b) Differences of varietal responses to kinetin and spermidine (n=12, LSD=0.0733)

Specification Distsill)lre;inZO Kinetin spray Spermidine spray
\A 1.52+0.60ab 1.29+0.56f 1.10+£0.51g
v, 1.56+0.66a 1.37+0.58de 1.41+0.60cd
v, 1.46+0.64bc 1.47+0.59b¢ 1.30+0.60ef
v, 1.47+0.61bc 1.47+0.63bc 1.44+0.62cd
Mean (n=48, LSD=0.0367) 1.50+0.61a 1.40+0.57b 1.31+0.57¢
(c) Differences of varietal responses to metals stress (n=12, L.SD=0.0733)
Specification | No metal input | Pb (20 mg kg?) | Pb (40 mgke?) | o0 Ili/éegzo. 0042)
\A 0.06+0.014e 1.20+0.17d 2.66+0.10b 1.30+0.55b
v, 0.05+0.010e 1.35+0.06¢ 2.9440.09a 1.44+0.60b
v, 0.06+0.013e 1.26+0.09d 2.924+0.06a 1.414+0.59¢
v, 0.05+0.014e 1.37+0.03¢ 2.96+0.09¢a 1.46+0.60a

Different letters following the values show significant differences between values.
Explanations see Table 4.

In plants grown in soil with the lead concentration of 20 mg kg?! and
exposed to distilled water foliar spray, the elemental concentration of lead
in seeds was 0.025 g kg'. This amount decreased to 0.016 and 0.020 g kg
when plants were sprayed with kinetin and spermidine. The plants grown
in soil with the lead concentration of 40 mg kg' and exposed to distilled
water foliar spray had an elemental concentration of lead in seeds equal
0.032 g kg'!'. This amount decreased to 0.023 and 0.028 g kg'! when plants
were sprayed with kinetin and spermidine (Table 9a). Exogenous spermidine
and kinetin reduced significantly the lead content in seeds of all varieties,
and spermidine was more effective than kinetin (Table 9c¢). The effects
of these substances were without varietal discrimination (Table 9a) and soil
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Table 9

Lead content in seeds (g kg?) of mash bean (80 days age) after exposure to lead
(20, 40 mg kg soil) accompanied with sprays of kinetin (100.0 mM) and spermidine 1.00 mM,
values are as means + SE

(a) Indices of metal augmentation by kinetin and spermidine (n=16, L.SD=1.594)

Specification

Distilled H,0
spray

Kinetin spray

Spermidine
spray

Mean
(n=48, LSD=0.0012)

No metal input

0.004+0.0008

0.006+0.0014

0.010+0.0024

0.007+0.0020c

Pb (20 mg kg™)

0.025+0.0010

0.016+0.0018

0.020+0.0009

0.021+0.00220

Pb (40 mg kg')

0.032+0.0014

0.023+0.0013

0.028+0.0011

0.028+0.0022a

(b) Differences of varietal responses to kinetin and spermidine (n=12, LSD=1.841)

Specification

Distilled H,0
spray

Kinetin spray

Spermidine spray

1

0.021+0.0067

0.014+0.0041

0.017+0.0051

2

0.020+0.0062

0.013+0.0042

0.020+0.0039

3

0.021+0.0061

0.017+0.0041

0.019+0.0044

<|<]<]<

4

0.021+0.0058

0.016+0.0028

0.021+0.0027

Mean (n=48, LSD=0.0012)

0.020+0.0060a

0.015+0.0038¢

0.019+0.0041b

(c) Differences of varietal responses to metal stress (n=12, LSD=1.841)

Specification

No metal input

Pb (20 mg kg™)

Pb (40 mg kg™)

Mean
(n=36, LLSD=0.0010)

0.004+0.0006

0.021+0.0027

0.028+0.0024

0.017+0.0054c¢

0.006+0.0018

0.020+0.0028

0.028+0.0020

0.018+0.0050b¢

0.006+0.0010

0.022+0.0014

0.028+0.0018

0.018+0.0049ab

0.011+0.0023

0.022+0.0017

0.027+0.0030

0.020+0.0041a

Different letters following the values show significant differences between values.
Explanations see Table 4.

metal concentration dependent (Table 9b). An increasing amount of lead
in soil appeared to be responsible for greater lead accumulation in seeds
(Table 9b). The contents of lead correlated with its soil supply in all varieties
(Table 9c¢). The highest lead content (0.020) was found in seeds of Mash
ES- 1, and the lowest one (0.017) — in Mash 80 (Table 9c).

Air dried biomass/plant (g)

The varieties revealed significant variation in their responses to the expe-
rimental factors regarding air dry mass, and statistically significant diffe-
rences among the effects of the metals’ toxicity were noted. The varietal
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response to PGRs (kinetin and spermidine) was not statistically different
between the varieties.

The differences in the alleviating effects produced by the PGRs (kinetin
and spermidine) were significant. The metals’ toxicity also showed signifi-
cantly different effects on dry biomass (Table 3).

In plants grown in soil with the chromium concentration of 30 mg kg
and exposed to distilled water foliar spray, the dry biomass was 3.29 g plant.
This amount increased to 4.85 and 3.79 g plant! when plants were spra-
yed with kinetin and spermidine. In plants under the chromium stress
of 60 mg kg concentration and treated with distilled water spray, the dry
biomass was 2.19 g plant!. This amount increased to 3.38 and 2.97 g plant!
for plants sprayed with kinetin and spermidine.

The plants grown in soil with the lead concentration of 20 mg kg
and exposed to distilled water foliar spray achieved the dry biomass
af 3.17 g plant!. This amount increased to 5.06 and 4.77 g plant! in plants
sprayed with kinetin and spermidine. In plants grown in soil with the lead
concentration of 40 mg kg'! and exposed to distilled water foliar spray,
the dry biomass was 2.06 g plant!. This amount increased to 2.64 and
2.87 g plant! when plants were sprayed with kinetin and spermidine
(Table 10a). Mean values of plant biomass in varieties were in the order
of V. (80)>V, (97)> V, (88), V, (ES 1) — Table 10b. Intensity of high lead
stress (40 mg kg! soil) was more than chromium at higher levels (60 mg kg!
soil) but similar at lower levels and effects of both metals were concentration
dependent (Table 106). Exogenous application of spermidine and kinetin
increased dry biomass (Table 10c¢) and this was noted in all varieties
(Table 10a).

DISCUSSION

In our experiment, the metal content in the root was higher than in the
shoot and seeds of stressed plant (Tables 4-9). Vajpayee et al. 2001 reported
increased concentrations of chromium in plants with the increase of this
element’s content in soil. Similarly, Foroughi et al. (1982) reported that
less lead was translocated to pods. It has been reported that Pb content
of the shoot remained much lower than in the root. Primarily, lead is known
to accumulate in root cell walls and a very limited amount of this metal
1s translocated to the shoot (Huang et al. 1997). In higher plants, roots act
as a barrier to the translocation of metals to upper parts of plants (Wallace,
Romney 1977), demonstrating the tolerance mechanism towards the metal
present in the root cells.

Differences among genotypes might be caused by their varied capability
of tolerating metal stresses. The tolerance may be due to solute accumulation
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Table 10

Air dried biomass plant(g) of mash bean (80 days age) after exposure to chromium
(30, 60 mg kg soil) and lead (20, 40 mg kg! soil) accompanied with sprays of kinetin
(100.0 mM) and spermidine 1.00 mM, values are as means + SE

(a) Indices of metals augmentation by kinetin and spermidine (n=16, L.SD=0.2755)

Distilled H,0

Spermidine

Mean

Specification spray Kinetin spray spray (n=48, LSD=0.1593)
No metal input 4.87+0.35bc 6.69+0.23a 6.71+0.36a 6.09+0.53a
Cr (30 mg kg 3.29+0.16d 4.85+0.30bc¢ 4.79+0.39b¢ 4.31+0.47b
Cr (60 mg kg?) 2.19+0.28h 3.38+0.24d 2.97+0.29¢f 2.85+0.37¢
Pb (20 mg kg) 3.17+0.29de 5.06+0.15b 4.77+0.20¢ 4.33+0.47b
Pb (40 mg kg) 2.06£0.15h 2.64+0.27g 2.87+0.14fg 2.52+0.26b

(b) Differences of varietal responses to kinetin and spermidine 0.2465

Specification DiStSiIl}:;yHZO Kinetin spray Spermidine spray
\A 3.15+0.55ef 4.88+0.67a 4.81+£0.84ab
v, 3.07+0.54ef 4.26+0.79d 4.28+0.81d
v, 3.25+0.42¢ 4.58+0.70bc 4.37+0.63cd
v, 2.99+0.74f 4.38+0.83cd 4.24+0.79d
Mean (n=80, LL.SD=0.1234) 3.11+0.56b 4.52+0.74a 4.42+0.76a
(c) Differences of varietal responses to metals stress (n=12, LSD=0.318)
Specifi- | No metal Cr Cr Pb Pb (1\:228
cation input (30 mg kg?) | (60 mg kg?) | (20 mg kg?) | (40 mg kg?) LSDZO.14125)
v, 6.31+0.56a | 4.93+0.63¢ 3.28+0.451 4.25+0.41efg | 2.63+0.21k[ | 4.28+0.79a
v, 6.14+0.52a | 4.06+0.26fgh | 2.81+0.20jk | 3.98+0.62gh | 2.37+0.26/m | 3.87+0.76¢
v, 5.75+0.57b | 4.36+0.38def | 3.04+0.18ij | 4.43+0.37de | 2.73+0.26jk | 4.06+0.65b
v, 6.16+0.52a | 3.89+0.40h | 2.25+0.37m | 4.67+0.45cd | 2.36+0.28/m | 3.87+0.83¢

Different letters following the values show significant differences between values.
Explanations see Table 4.

as a result of the process called osmotic adjustment (Munns 2002). After
absorption, ions are compartmentalized in the vacuole or compatible solutes
are synthesized for osmotic adjustment (Hare et al. 1998). This osmotic
adjustment plays a role in the maintenance of cell turgidity and water
uptake. These are essential for many physiological processes (Zhang et al. 1999).

Plant air dried biomass decreased due to the metal application to soil
(Table 10). Reduction in dry biomass by heavy metal toxicity might be due
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to the inhibition of the plant’s growth. Growth inhibition occurs because
of the imbalance induced by metals for various enzyme activities and other
metabolic processes (Munns 2002, Lacerda et al. 2003). The photosynthetic
rate declines in response to chromium (Connell, Al-Hamdani 2001, Joshi
et al. 2003) and lead (Parys et al. 1998). Deleterious effects of lead on chloro-
phyll biosynthesis (Tomas, Singh 1996) and/or chlorophyll degradation
stimulate the activity of chlorophyllase, which might be another cause
of growth reduction (Abdel Basset et al. 1995).

Dry biomass was increased by kinetin application (Table 10). Kinetin
does so by promoting growth via inducing stomatal opening through
the activation of the channels (Lemtiri-Chlieh et al. 2000). Growth enhance-
ment might be due to the kinetin-induced increase in the photosynthetic rate
by increasing the amount of chlorophyll (Mumtaz et al. 1997), retarding leaf
senescence or kinetin-mediated increase in the number of leaves and leaf
area (Naqgvi 1999). Cytokinin might retard senescence by decreasing the
activity of lipoxygenase or by scavenging ROS generated under metal stress
(Liu et al. 2000). Kinetin-mediated increase of total yield contributes toward
enhanced biomass. This is due to the role of kinetin in controlling flower
senescence and promoting flower initiation, floral development, fruit setting,
and enhancing cell division and source sink relationship (Rylott, Smith
1990).

Spermidine also increased plant biomass (Table 10). The greater amount
of biomass might be due to the growth promotion by spermidine (Krizek
et al. 1997). The role of polyamines in plant growth may be attributed to the
DNA stabilization as these compounds can bridge minor and major DNA
grooves (Matthews 1993); to the stabilization of cell membrane (Kaur-
-Sawhney, Applewhite 1993), responses to stress (Kakkar et al. 2000) and
control of senescence (Del Duca et al. 2000). Polyamines have been reported
to play a role in enzyme activation and in the maintenance of ionic balance,
as well as in the regulation of growth and development (Aziz et al. 1999).
Biomass increase might also be due to the yield increase stimulated by sper-
midine. Polyamines are important for pollen maturation, germination and
flower development (Evans, Malmberg 1989). Polyamines also reduce senes-
cence. Decreased senescence may be due to the control of ethylene production
(Nichols, Frost 1985). Increase in yield and its contributing factors by sper-
midine might be a consequence of the higher uptake of nutrients mediated
by spermidine, or because of the increased water potential and sink strength.

Kinetin reduced the metal ion concentrations (Tables 4-9). Kinetin
induced enhanced K" accumulation, which might be the reason for the low
uptake of metal ions. The reduced uptake of the metals may be attributed
to the growth promotion by kinetin, resulting in the dilution of metal concen-
trations. Kinetin decreased the accumulation of lead and chromium in vari-
ous plant organs except for lead in seeds of plants grown under the higher
lead level.
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Spermidine reduced the content of metal ions (Tables 4-9). This might
be due to fact that polyamines regulate the cation channel for ionic move-
ment (Bruggemann et al. 1998). Differences in the varietal response might
be a consequence of genetic variability, which in turn is influenced by the
nutrient ions, especially nitrogen (Wang et al. 2000).

CONCLUSION

The study revealed that the application of spermidine and kinetin
increased substantially the plant dry biomass and significantly decreased
the concentrations of the heavy metal elements in the root, stem and seeds.
In plants grown under chromium stress, kinetin and spermidine were found
to play roles in reducing metal accumulation in root and shoot but could not
significantly reduced metal concentration in seeds. Under lead stress, sper-
midine was found to be effective in reducing concentration of lead in root and
shoot but kinetin was proven to be less effective in this regard. Both PGRs
were found to alleviate the effects of metals in term of plant air dried bio-
mass.
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