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Effect of Growth Hormones i.e., IAA, Kinetin and Heavy Metal i.e., L.ead Nitrate on the
Internal Morphology of Leaf of Phaseolus vulgaris L.
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Abstract: Histomorphology of the leaves of Phaseolus vuigaris L. were studied following treatments with
growth hormones 1.e., IAA and Kinetin and heavy metal 1.e., Pb (NO;), The data was collected after 15 days
and compared with control. Tn 50 ppm TA A, 50 ppm Kinetin as well as 50 ppm TAA+50 ppm Kinetin 3 additional
leaf primordia were observed when compared with control while in all other treatments five leaves were
observed. Moreover, application of 50 ppm IAA and 50 ppm Kinetin also registered an increase in leaf area,
consequently the fresh and dry weight of leaves were also mcreased. While application of 50 ppm Pb, 50 ppm
TAA+50 ppm Pb and 50 ppm Kinetin+50 ppm Pb revealed decrease in the above parameter. SLA also showed
increase. The growth hormones also registered increase in the number of stomata, size of guard cells, as well
as stomatal pore, stomatal index and %age of open stomata. Whereas, 50 ppm Pb and 50 ppm Pb+50 ppm
Kinetin showed remarkable decrease in the %eage of open stomata. Moreover, the number and size of palisade
cells, width of spongy cells, width of abaxial and adaxial epidermal cells, number of xylem elements and width
of metaxylem elements also showed increase when treated with 50 ppm TAA, 50 ppm Kinetin individually as well
as 1n combinations. While all the above parameters showed decrease with the application of 50 ppm Pb alone
and 1in combination with 50 ppm [AA and 50 ppm Kmetin.
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Introduction

Growth and development of plants 1s the net result of
metabolic processes controlled by the natural as well as
synthetic hormones. Appropriate concentration of growth
hormoenes can stimulate the activity of key chemical
substances and physiological processes, which are
reflected by growth (Awan, 1999). Auxins bring about a
number of morphological, genetical and physiological
changes in leaf (Steward, 1972; Krishnamoorthy, 1981).
Furthermore, Leopold and Kriedemann (1975) showed that
application of TAA to plant tissues caused increase in the
number of open stomata. The epidermal cells of leaves
treated with IA A were smaller than control was reported
by Keller (2001). Moreover, El-Aishy et al. (1976), Igbal
and Mahmood (1980), Chaudhry and Zahur (1992),
Tuominen et al. (1997) and Awan et al. (1999) reported
that IAA mereased the leaf area. IAA also increased the
dry weight of leaves (Kumar e af., 1981). Cytokinins are
involved in the control of numerous and important
processes associated with plant growth and development
(Brault et al., 1999). Ferguson and Guinel (2001 ) reported
that cytokimins are involved in chlorophyll stabilization
and may have a role in the altered levels of chlorophyll
found in leaves. Application of cytokinins promote the
expansion of leaf tissue (Pozsar, 1967). Heavy metals are
observed to be growth inhibitors. Application of heavy
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metals to the leaves show decrease m the number of open
stomata and thereby O, deficiency m plant (Fitter and
Hay, 1981). Heavy metals have direct physiclogical toxic
effects was reported by Botkin and Keller (1995).
Furthermore, Stoyanova (1998) reported that heavy metals
bring about anatomical changes in primary leaves hence
treatments induced changes in the shape of palisade cells.
Pb dust from automobile exhaust which lands on the
crops growing on roadsides result in deleterious effects
when absorbed through leaves (Zaikovskaya, 1990).
Furthermore, Pb binds the essential enzymes and cellular
components and inactivates them (Cunningham and
Saigo, 1995). Moreover, effects of Pb on plants include
reduction in growth parameters (Dalal ef al., 1985; Baura
et al., 1986; Prasad and Prasad, 1987). Heavy metals also
disrupt the metabolic processes of living organisms
(Moran et al., 1986).

Materials and Methods

The present study deals with the effects of growth
hormones 1.e., [AA and Kinetin and heavy metal 1.e., Pb
(lead nitrate) on the leaves of Phaseolus vulgaris L., of
family Leguminosae (Fabaceae). Growth hormones and
heavy metal were used individually as well as in
combinations 1.e., 50 ppm IAA, 50 ppm Kinetin, 50 ppm
Pb, 50 ppm IAA+50 ppm Kinetin, 50 ppm [AA+50 ppm
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Pb, 50 ppm Kinetint+50 ppm Ph, 50 ppm TAA+50 ppm
Kinetint50 ppm Phb.

Seeds were grown m petri plates under controlled
environmental conditions i growth chambers in the
month of March in Anatomy research lab for 15 days.
Ten ml of each concentration of growth hormones as well
as heavy metal were added individually as well as in
combination (as mentioned above) in separate petri plates.
They were shifted to the dark chamber until germination
started. Then they were transferred to the chamber having
16 h light period and 8 h dark period. Then dose of 10 ml
nutrient solution (Hewitt, 1963) and 10 ml of distilled water
were applied on alternate days for 15 days. After 15 days
the number of leaves, leaf area, fresh and dry weight and
specific leaf area were calculated. In the mternal
morphology, 1 cm long x 1 cm wide leaf pieces were fixed
in Corney’s modified fluid Material was dehydrated and
cleared in tertiary butyl alcohol grades, infiltrated and
embedded in paraffin wax. The embedded material was
processed in transverse planes with rotary microtome (10-
15 pm). The material was then passed through descending
series of xylene and stained with Safranine and fast green
and mounted in Canada balsam.

The material was observed under the microscope. Data
obtained was compared with control as well as among
themselves. All data was subjected to statistical analysis
(Steel and Torrie, 1981).

Results

External morphology: In the control plants, after 15 days
the number of leaves observed were five. In IAA and
Kimnetin treatments and in the mixed dose of [A A+Kinetin
3 additional leaf primordia were observed, while in all
other treatments the number observed was the same as in
control (Table 1).

Fresh weight of all the five leaves in control was 0.2416 g.
An increase of 4.71 and 16.26% was observed with TAA
and Kinetin treatments, whereas Pb treatments showed a
well marked decrease 1.e., 51.24%. Siumilarly, application of
the mixed doses of IAA+Pb, KimetintPb and
TAA+Kinetint Pb registered decrease in fresh weight as
compared to control (Table 1). On the other hand, the dry
weight of leaves increased with the application of IAA
and Kinetin, which being 14.15 and 39.73%, respectively.
In Pb treatments as well as in the mixed doses of TAA+ Pb,
KinetintPb and TAA+KinetintPb the decrease in dry
welght was observed (Table 1). However, in the mixed
dose of IAA+Kinetin the decrease was negligible.

The area of leaves in plants treated with TAA and Kinetin
showed expansion (Fig. 2, 3). Contrarily Pb treatments
showed sigmificant decrease 1.e., 44.54%. Moreover, all the
mixed doses registered decrease in the area (Table 1).
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Fig.1 |

Fig.1:  Seedling of Phaseolus vulgaris in control.

Fig. 2. Plant treated with TAA.

Furthermore, the specific leaf area observed in control was
981.16%. Application of IAA and Kinetin showed
decrease of 8.25% and 20.98%, whereas the maximum
increase in SLA was observed in Pb and KinetintPb
treatments, which being 39.29% and 37.66%, respectively.
All other mixed doses also registered increase as
compared to control (Table 1).
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Table 1: Effect of growth hormones i.e., TAA, Kinetin and heavy metal i.e., Pb on external morphology of leaves

Treatments No. of leaves Fresh weight Dry weight Area of Specific leaf
per plant of leaves (g) of leaves (g) leaf (sq. crm) area (SLA)
Control 5 0.2416+0.00004 0.04301+0.0001 42.2+15.36 981.16
50ppmIAA 5+3 Primordia 0.2530+0.021 0.0491+0.0001 44.2+13.82 900.20
50 ppm Kinetin 5+3 Primordia 0.2802+0.00004 0.0601+0.023 46.6+15.13 775.38
50 ppm Pb 5 0.1178+0.021 0.0174£0.0002 23.4+7.40 1344.83
50 ppm TAA+50 ppm Kinetin 543 prim 0.2369+0.0005 0.0420+0.0001 42.0£14.10 1000.00
50 ppm Kinetint+50 ppm Pb 5 0.1270+£0.00005 0.018+0.00009 24.6+7.59 1366.66
50 ppm TAA+50 ppm Pb 5 0.2117+0.0001 0.0379+0.046 41.8+17.81 1102.90
50 ppm IAA+50 ppm Kinetint+50 ppm Pb 5 0.1998+0.00008 0.034£0.023 39.6£18.31 1164.70
Table 2: Effect of growth hormones i.e., IAA, Kinetin and heavy metal i.e., Pb on epidermis of leaves
Size of Guard cells
No. of stornata/ No. of epidermal

Treatments mm? cells/ mm? Length (um) Width (um)
Control 15.28+0.34 45.85+0.54 100.66+0.54 30.66+0.27
50 ppmIAA 15.70+0.60 43.31+£0.24 120.00+0.94 40.00+£0.47
50 ppm Kinetin 20.80+0.24 40.76+£0.23 100.88+0.72 2933042
50 ppm Ph 14.40+0.94 43.31+0.60 120.00+0.24 37.00+0.54
50 ppm IAA+50 ppm Kinetin 19.29+0.60 45.83+£0.24 110.00£0.27 32.33£0.60
50 ppm Kinetint+30 ppm Pb 14.10+0.54 33.12+0.72 100.66+0.98 31.33£0.54
50 ppm IAA+50 ppm Pb 17.83+£0.72 44,58+£0.42 100.83+£0.23 31.33+£0.23
50 ppm TAA+50 ppm Kinetint50 ppm Pb 19.10+£0.42 40.76+0.24 119.66+0.60 36.330.72

Size of stomatal pore % of open and closed stomata

Stornatal

Length (uum) Width (um) index Open (%) Close (%)
Control 60.5+£0.23 30.0£0.42 24.99 91.66 833
50 ppmIAA 79.00+0.54 36.66+0.27 26.00 92.66 7.33
50 ppm Kinetin 67.66+0.42 38.33+0.24 33.70 83.33 37.50
50 ppm Ph 83.3340.72 35.00+0.60 24.95 57.14 4218
50 ppm IAA+50 ppm Kinetin 72.00+£0.026 31.66+0.72 29.62 81.81 18.18
50 ppm Kinetint+30 ppm Pb 62.66+0.54 32.33+0.24 2872 37.40 62.60
50 ppm IAA+50 ppm Pb 60.00+£0.27 29.00+£0.42 28.56 44.00 56.00
50 ppm TAA+50 ppm Kinetin+50 ppm Pb §0.50:+0.60 32.00+£0.27 31.90 76.80 23.20
Table 3: Effect of growth hormones i.e., IAA, Kinetin and heavy metal i.e., Pb on epidermis and mid vein of leaves
Treatments Width of adaxial Width of abaxial Width of median No. of xylem Width of metaxylerm
(50 ppm) epidermal cells (um) epidermal cells (um) vascular bundles (um) elements elements (um)
Control 30.00+0.89 22.00+1.09 304.00+0.61 31.00+0.45 32.00+0.33
TAA 29.2040.81 21.00+0.96 331.00+0.54 33.80+1.27 34.00+=0.90
Kinetin 32.2040.67 20.2040.47 329.00+0.54 30.90+0.24 31.80+0.90
Pb 28.60+1.09 19.20+0.36 268.00+£0.81 26.40+0.96 28.20+0.24
IAA+Kinetin 38.4041.20 26.40+0.47 357.00£1.47 38.80+1.34 36.00+£0.96
TAA+PD 26.20+0.80 18.60+2.00 296.00£1.50 30.20+0.67 28.80+0.54
KinetintPh 27.40+0.67 17.80+1.90 312.00+0.72 24.40+0.89 25.80+0.28
IAA+KintPb 29.004+1.09 16.20£1.30 320.00£1.86 26.60+0.45 28.60+:0.45
Table 4: Effect of growth hommones i.e., TAA, Kinetin and heavy metal i.e., Pb on mesophyll tissue of leaves
Treatments No. of palisade Layers of Length of palisade ~ Width of palisade Width of spongy Width of mesophyll
(50 pprm) cells in 100 um palisade cells cells pm (x40) cells pm G cells pm Ge0) tigsue pum
Control 49.00+1.28 1 170.00+0.24 44.20+0. 54 60.00+0.99 226.90+0.16
TAA 65.00+0.68 1 172.00+=0.45 47.00+2.50 76.00+0.24 248.60+1.07
Kinetin 72.00+1.14 1 170.20+0.76 45.80+0.47 68.40+0.47 221.20+0.65
Pb 44,00+£0.92 1 162.20+=0.89 37.20£0.60 58.60+0.67 168.80+=0.16
TAA+Kin 78.00+0.86 1 184.40+1.24 48.20+0.45 80.00+1.05 148.60+1.02
IAA+Pb 52.0041.11 1 164.40+0.90 38.40+1.09 68.80+1.03 118.80+=0.81
KintPb 54.00+1.06 1 154.80+1.09 39.60+1.90 60.00+1.09 161.80=0.65
IAA+Kint+Pb 60.004+0.71 1 179.20+0.54 40.00+0.96 70.604+0.65 130.80+1.69

Internal morphology

Type of stomata: In the present study amisocytic as well
as paracystic stomata were observed m the epidermis of
P. vulgaris. However, anisocytic type was dominant i.e.,
75% anisocytic and 25% paracystic type was observed
(Fig.5).
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In the internal morphelogy, the number of stomata/mm?
showed nonsignificant mcrease with IAA treatments n
comparison with control (Table 2). All other treatments
registered increase except KinetintPb which exhibited
decrease in the number i.e., 14.10 (Table 2). On the other
hand, the number of epidermal cells/mm’* decreased with
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Fig. 3. Kinetin treated plant.

Fig. 4:  Plant treated with lead mtrate.

all treatments. However, the decrease with IAA+Kinetin
was negligible. The length and width of guard cells
showed mcrease with applied IAA and Pb, whereas
Kinetin treatments showed msigmficant decrease.
Moreover, the effects of the mixed doses of KmnetintPb
and TAA+Pb are more or less similar to the control
(Table 2). Application of the mixed doses of IAA+Kinetin
and IAA+Kinetin+Pb showed mcrease i both the length
and width. However, the size of stomatal pore was
increased with TAA and Pb, while Kinetin treatments
showed some inhibition i size (Table 2). An increase in
the length and width was also observed with the mixed
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Fig.5
Fig. 5: Epidermis showing amsocytic and paracystic type
of stomata.

Flg.ﬁ

Fig. 6:Leaf of Phaseolus vulgaris treated with IAA
showing mid vem.

doses of IAA+Kinetin, KinetintPb and IAA+Kinetint+Pb
(Table 2).

The stomatal index in control plants was observed to be
24.99  which showed increase with all treatments.
However, the %age of open and close stomata registered
nonsignificant increase with the application of TAA. In
Kinetin treatments 83.33% open and 37.5% close stomata
were observed, while lead (Pb) treatments showed
increase in the number of closed stomata up to 42.18%
and decreased the number of open stomata up to 57.14%.
The maximum number of closed stomata was observed in
the leaves treated with Kinetint+Pb. In the rest of the mixed
doses the number of open stomata showed decrease,
while the number of closed stomata increased (Table 2).
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Fig. 7: Transaction of leaf treated with kinetin showing
mid vein.

Fig. 8: Leaf treated with lead nitrate.

The width of adaxial epidermal cells showed negligible
decrease with the application of TAA, whereas, the width
was increased with Kinetin treatments, while Pb proved to
be inhibitory (Table 3). The mixed dose of TAA and
Kinetin showed increase, which being 28% as compared
with control. Contrarily the application of the mixed doses
of TAA+Pb, Kinetin4Pb and IAA+Kmetn+Pb showed
decrease. In the abaxial epidermal cells a small decrease 1-
e; 4.5% was observed with applied IAA, while Kinetin and
Pb treatments showed 8.18 and 12.72% decrease in width.
The mixed dose of [AA+Kmetin increased the width,
while other mixed doses showed inhibition (Table 3). The
median vascular bundle showed increase in width with
TAA and Kinetin treatments (Fig. 6, 7) whereas lead (Pb)
showed decrease as compared with control (Fig. 8). A well
marked increase of 17.43% was observed in width, with
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the application of TAA+Kinetin treatments. However,
TAA+PD treatments registered inhibition. KinetintPb and
IAA+KinetintPh treatments showed negligible increase.
The number of xylem elements showed increase with the
application of TAA, whereas Kinetin showed negligible
decrease (Table 3). Pb showed significant inhibition in the
number 1.e., 26.40 as compared with control (Fig.8).
Application of the mixed dose of IAA+Kinetin exhibited
increase in number up to 38.8, while all other mixed doses
decreased the number (Table 3).

The width of metaxylem elements showed increase with
IAA (Fig.6), no effect with Kinetin and intibition with
lead. Mixed doses also revealed decrease except for
TAA+Kinetin, which showed expansion (Table 3).
Applied TAA and Kinetin registered increase in the
number of palisade cells in 100 pm. However, Pb
treatments showed inhibition. Application of the mixed
doses also showed increase in the number. Moreover, the
maximum number was observed in IAA+Kinetin doses 1.¢.,
78 palisade cells in 100 um. The length of palisade cells
was observed to increase with IAA treatments when
compared with control (Table 4). Applied Kinetin also
showed increase but it was nonsignificant, contrarily lead
(Pb) mhibited the length. Application of the mixed doses
of TA A+Kinetin and TAA+Kinetint+Pb showed increase up
to 8.47 and 6.14%. Contrarily TAA+Pb and Kinetin+Pb
exhibited decrease i.e., 3.92 and 8.94%, respectively. The
width of palisade cells registered some increase with TAA
and Kinetin treatments, while lead (Pb) showed inhibition
inwidthi.e., 15.83% (Fig. 8).

Contrarily the mixed dose of IAA+Kinetin showed an
increase which being 12.66%. Decrease 0of 13.12, 10.40 and
9.50% was registered with the mixed doses of TAA+Pb,
KinetintPb and TAA+Kinetin+Pb, respectively. The width
of spongy cells mcreased with IAA and Kinetin
treatments as compared with control (Table 4), while Pb
treatments showed negligible inhibition. However, the
mixed dose of TAA+Kinetin registered well marked
increase 1.e., 33.33%, while all the rest of the mixed doses
showed negative effect (Table 4). The width of mesophyll
tissue as a whole showed increase with TAA treatments,
while applied Kinetin and Pb reduced the width.
Moreover, all the mixed doses also registered intubition
(Table 4).

Discussion

In the present study applied IAA and Kmetin showed
increased number of leaves, tlus increase may be
attributed to the enhancement of apical meristemic activity
(Gordon and Buess, 1973). Contrarily applied lead nitrate
showed inhibition in growth parameters. Dalal et al.
(1985), Baura et al. (1986) and Prasad and Prasad (1987)
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came out with the conclusion that lead has inhibitory
effect. Moreover, applied TAA and kinetin showed
expansion in leaf area (Table 1; Fig. 2, 3). This may be due
to the wall loosening enzymes which were activated by
the application of hormones (Keller and Christopher, 2001)
whereas Pb treatments showed negligible decrease in area
(Fig. 4). Begoma et al. (1998) working on Indian mustard
observed similar effects. The mixed doses of Pb more or
less showed same effects (Table 1).

In the internal morphology, applied IAA, kinetin and
IAA+kinetin showed inerease i the width of both the
adaxial and abaxial epidermal cells. This increase may be
attributed to the expansion of leaf blade (Pozsar et al,
1967, El-Aishy et al., 1976; Igbal and Mahmood, 1980,
Chaudhry and Zahur, 1992; Tuominen et al., 1997; Awan
et al., 1999). The individual and mixed doses of Pb
showed some decrease which may be due to the
inhibitory effects of Pb as aforementioned (Magdalena
and Poskuta, 1998). In the present study, amsocytic as
well as paracystic stomata were observed (Fig. 5) in the
epidermal layer. However, amsocytic type was dominant
1e., 75% amsocytic and 25% paracystic. According to
Guyot (1971) plants may have more than one type of
stomata but a particular type is always dominant. Similar
results were observed in this study. The number of
stomata/mm’ registered increase with the application of
growth hormones individually and in mixed doses, while
a decrease in the number of epidermal cells/mm’® was
observed (Table 2). However, Pb and kinetint+Pb
treatments showed decrease. This decrease may be due to
the mhibitory effect of Pb (Magdalena and Poskuta, 1998).
The length of guard cells increased in IAA, TA A+kinetin
and TA At+kinetintPb treatments. This increase in length
may be due to increase in the enzymatic activity which in
turn controls cell division as well as cell enlargement
(Torrey, 1967). However, in IAA+Pb and kinetintPb
treatments reduction in length was observed. This may be
due to Pb which binds cellular compartments and
inactivates them (Cunningham and Saigo, 1995). Width of
guard cells increased in all treatments. On the other hand,
size of stomatal pore increased with all treatments except
TAA+PD (Table 2). Furthermore, the stomatal index in all
the treatments registered increase. This may be due to the
change in the number of stomata/mm’ and number of
epidermal cells/mm’. These morphological changes are in
turn  due to the activity of growth hormones
(Krishnamoorthy, 1981).

In the present study maximum number of open stomata
were observed with applied TAA, Leopold and
Kriedemann (1975) reported that applied TAA to plant
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tissues result in rapid and considerable increase in the
respiratory rate hence maximum number of open stomata
were observed, whereas i Pb treatments the number of
open stomata decreased and the number of closed
stomata ncreased which may be due to the oxygen
deficiency which 1s reported by Fitter and Hay (1981).
The vascular bundle showed expansion with growth
hormones. Kanthara) and Padmanabhan (1991) reported
that growth hormones are very effective n causing
expansion growth (Fig. 6, 7). In the present study similar
effect was observed. Stoyanova (1998) reported some
anatomical changes in primary leaves when treated with
heavy metals. In the present study no anatomical changes
were observed. However, the increase and decrease in the
width of mesophyll and metaxylem elements was seen
(Table 3). However, TAA and kinetin showed the most
positive effect and the maximum cell enlargement was
observed. Similarly, Tuominen et al. (1997) and Uggla et
al. (1998) reported wider metaxylem vessels with [AA
treatments. This may be due to the increase in cell wall
plasticity. Contrarily Pb and its mixed doses showed
inhibition i width. This observation 1s in confirmation
with the report of Botkin and Keller (1995) that the heavy
metals become incorporated in living tissues sometimes
permanently and have direct toxic effects. Application of
TAA and kinetin and in combination with Pb registered
increase in the number of palisade cells in 100 um
(Table 4). This may be due to increase in cell division
caused by TAA and kinetin (JTablonski and Skoog, 1954).
The application of growth hormones
expansion and elongation of palisade cells. Ingram et al.
(1986) reported similar effects. Sunilarly, when IAA,
kinetin and lead were applied simultaneously some
inhibition was observed (Table 4) thus showing the
antagomstic effect of lead mitrate.

Spongy cells registered mcrease in the width with the
application of TAA. Keller (2001) reported that auxin
induced growth is apparently mediated by cell wall
loosening or extensibility. Kinetin treatments also showed
increase (Table 4). Leopold and Kriedemann (1975)
observed more or less similar effects. However,
Zaikovskaya (1990) reported the deleterious effects of
heavy metals on plant. The width of spongy cells showed
inhibition with Pb and its mixed doses (Fig. 8). In the
present work the antagomstic effect of lead mtrate on the
leaves was observed. Although extraneous hormones 1.¢.,
IAA and Kin and having metal Pb mtrate showed their
clear effects with mdividual applications but no
generalized pattern was observed with the combination of
hormones and heavy metal.

caused the
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