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ABSTRACT
The genus petunia is a plant of high monetary imperativeness in overall agriculture and gives
paramount qualities to serve as model plant for contemplating plant advancement. This generally
developed family of blossoming plants fits in with solanaceae gang. It is an important flower in
landscape because of colour diversity. They grow well in low humidity, moist soil. Salicylic acid
(SA) helps to mitigate the detrimental effects of drought on plants by activating defense system
of plant. This study was designed to determine the effect of SA on growth, morphological,
physiological and flowering characteristic of the petunia under different levels of drought stress.
There were four levels of drought stress (Control, 3 days, 6 days and 9 days water intervals) and
four levels of SA (0, 0.01, 0.05 and 0.1 Mm). The treatments plan was comprised on all possible
combinations of salicylic acid and drought stress. Overall the effect of drought stress on all the
morphological growth parameters of petunia were studied in the experiment was highly
significant whereas, salicylic acid had highly significant effect only on leaf firing percentage,
flower size and root length. The effect of salicylic acid application was more prominent on

physiological parameters such as transpiration rate, stomata conductance, and water use
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efficiency. Thus the salicylic acid application at the applied dose proved effective to mitigate the

impact of drought stress but the effect was not exclusively elaborate on the morphology of the

plant.
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INTRODUCTION

The genus petunia is a plant of high
monetary  imperativeness in  overall
agriculture and gives paramount qualities to
serve as model plant for contemplating plant
advancement [1]. This generally developed
family of blossoming plants fits in with
solanaceae gang. It is an important flower in
landscape because of colour diversity. This
plant is native to Argentina and Brazil and
included over 35 species. Petunias are
considered an annual bedding plant but may
perennial in warmer climates [2,3]. Petunias
can tolerate relatively harsh conditions and
hot climates. They grow well in low
humidity, moist soil. Petunia is recognized to
be the initially developed padding plant and
has stayed one of the most loved genera for
creating new mixed bags [1]. In Pakistan,
awareness for floriculture industries 1is
increasing day by day and growers are
shifting from conventional cropping system
to floriculture forming and are growing
petunia, gladiolus, narcissus, freesia, roses,
tuberoses, Irish, carnation and lilies etc.

Trend of using flower for interior decoration

is increasing rather than growing in gardens.

Favourable environmental conditions of
Pakistan regarding to ornamental plants
multiplication and propagation is best due to
diversity in climate [4]. Water is a valuable
product. Irrigation water shortage is the real
issue on the planet, at last putting pressure on
the development and yield of the crops.
Disregarding the expanding interest of
irrigation water aggregate accessibility of
water is declining constantly. To satisfy the
prerequisites of the quickly developing
population of the world, the greater part of
the uncultivated area has turned to profitable,
thus putting pressure on the accessible water
assets [5]. Pakistan is likewise included
around the nations influenced by extreme
drought stress and this shortfall of water is
developing step by step. It is archived that
4.9 million hectares (1/4™ of the aggregate
developed territory) has influenced by
drought [6]. Extreme drought brings about
the oxidative harm to the cellular parts [7-9].
Ion of reactive oxygen species showed
damaging response to lipid per oxidation
[10,11] protein denaturing [12] and harms to

nucleic acids [13]. Plants are maintained to
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different biochemical and physiological
pathways restricted ~ water

conditions [14-17].

submerged

Objective of study:

e Evaluation of different levels of drought
stress on growth and flowering potential
of petunia

e Estimation of mitigation of effects of
drought on growth and flowering of
petunia through foliar application of SA

Materials and Methods

Present study was conducted at Floriculture

Research Area, Institute of Horticultural

Sciences,

Faisalabad, Pakistan (latitude 31°30 N,

longitude 73°10 E) to investigate the effect of

University of  Agriculture,

Salicylic acid on growth and flowering of
petunia under different levels of drought
stress. The seeds of Petunia cultivar (Falcon
Fi) were purchased from local seed
distributor in the month of September. The
seeds were sown in October in seed
germination trays in peat moss. After 6
weeks of seed germination, healthy and
vigorous seedlings were transplanted in
plastic pots (24 cm diameter and 28 cm
depth) containing sand, silt, farm yard

manure and leaf compost in equal volume as

_ Loss in weight on oven drying (g)

growth medium. Growth media was analyzed
for several parameters given under.
Growth medium analyses
Several physical and chemical characteristics
of the media used were estimated with
selected field capacity.
Field capacity
Field capacity was calculated by the formula:
FC =SP/2
Where, SP = Saturated Paste
Media  saturated  paste for  the
measurement of field capacity
To estimate the field capacity, growth media
was soaked with distilled water and allowed
to stand over-night. Soil was considered on
field capacity when the saturated paste was
made that did not accumulate water in
depression and fell freely from spatula.
Saturation percentage (SP)
For the determination of SP, five samples of
100 g of the media used were taken from at
the time of filling the pots. These samples
were incubated at 105°C for 24 hours. These
oven dried media samples were weighed and
average was found out for the determination
of total moisture contents of the soil at the
time of planting petunia. Saturation

percentage was determined by following

formula:

SP =

x100

Oven dried soil weight (g)
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pH of saturated soil paste
With the help of Sensodirect-200 pH meter,

pH was recorded after calibrating it with
buffer solution of pH 4.00 to 8.00. pH of
paste was 7.82.

Electric conductivity of saturation extract
(ECe)

With the help of Jenway Model-4070
conductivity meter, ECe was noted after
calibrating it with 0.01N KCI solutions. Cell

constant was calculated by the formula:

1.4118 dS m™
O =6.99
EC of 0.01 N KCI (dS m™)
ECe = 6.99dSm-'dried at105°C to a constant weight

The respective solution of Salicylic acid was
sprayed on foliage of petunia after 15 and 25
days of water stress. All plant protection
measures and cultural practices were kept
same for all pots. Pots were arranged
according to completely randomized design

(CRD) factorial with three replications.

1. W,SA, = Regular Watering

2. W;SA, = Watering after 3 days

3. W,SA, = Watering after 6 days

4. W;SA, = Watering after 9 days

5. W,SA; = Regular watering plus SA @ 0.01 mM

6. W;SA,; = Watering after 3 days plus SA @ 0.01 mM
7. W1SA, = Watering after 6 days plus SA @ 0. 01 mM
8. W;SA, = Watering after 9 days plus SA @ 0.01 mM
9. WySA; = Regular watering plus SA @ 0.05 mM

10.  W;SA; = Watering after 3 days plus SA @ 0.05 mM
11.  W,SA, = Watering after 6 days plus SA @ 0.05 mM
12.  W3SA, = Watering after 9 days plus SA @ 0.05 mM
13.  W,SA; = Regular watering plus SA @ 0.1 mM

14.  W;SA; = Watering after 3 days plus SA @ 0.1 mM
15.  W,SA; = Watering after 6 days plus SA @ 0.1 mM
16. Wi3SA; = Watering after 9 day plus SA @ 0.1 mM

W = Watering, SA = Salicylic Acid
Plants were allowed to grow and data was

recorded for different morphological and
physiological traits viz., plant height (cm)
leaf area (cm” with the help of leaf area meter
(Model CI-202, CID Bio-Science, USA), leaf
firing percentage, shoot length (cm), number
of flowers, flower size (mm), root length
(cm), shoot-root ratio of fresh weight, shoot-
root ratio of dry weight, leaf water potential
(by wusing pressure (Model
OSK2710. OOAW'A Seiki Japan), stomata

chamber
conductance, = water use  efficiency,
photosynthetic rate, transpiration rate (using
Infrared Gas Analyzer (IRGA) model LCi-
SD (ADC Bioscientific, UK) and chlorophyll
a, b (ug g') were calculated [18]. The data
was statistically analyzed through analysis of
variance technique [19].

RESULTS

Results for the effect of drought stress and
foliar application of salicylic acid on
photosynthetic rate of petunia (Tables 1, 1a)
showed that the effect of drought stress and
various applications of salicylic acid was

highly significant (P<0.01).
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Table 1: Analysis of variance for the effect of foliar application of salicylic acid on plant morphological traits under

drought stress

Drought stress had generally negative impact
on plant height where regular watering
resulted in significantly better plant height
with maximum mean plant height of 43.92
cm (Figure 1). Whereas longer watering
intervals resulted in poor plant height and
minimum mean plant height (24.83 cm) was
recorded in treatments where watering was
done after 9 days interval. Foliar application
of salicylic acid favoured plant height.
Maximum mean plant height (37.50 cm) was

recorded at 0.1 mM concentration of salicylic

(33.67

treatments where salicylic acid was not

cm) was recorded in control

applied. The interaction effect of drought
stress and salicylic acid application on plant
height was non-significant. Collectively,
maximum mean plant height (48 cm) was
recorded in treatments where regular
watering was done and salicylic acid was
applied at 0.1 mM concentration. There was
gradual increase in plant height with the
increase in concentration of salicylic acid for

all watering intervals.

IJBPAS, December, 2016, 5(12)
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SOov DF Plant Leaf Leaf firing Shoot No. of Flower Root Shoot- Shoot-
Height area % length flowers/plant Size length Root Root
fresh Dry
weight weight
ratio ratio
Water 3 2627.16%* 0.55* 21729.16%* 527.73%* 28447.42%* 307.42%* 503.5*%* 12.3%% | 35.83%*
Salicylic 3 116.66** 0.06ns 1606.33** 46.23%* 890.75%* 69.42%* 145.16** | 0.10ns 0.98ns
Acid
Water x 9 98.166ns 0.01ns 176.83ns 29.85ns 112.43ns 5.75ns 42ns 0.45ns 2.66ns
Salicylic
Acid
Error 32 280 0.45 2087.33 124 894.66 139.33 119.33 4.79 26.86
Total 47 3122 1.07 25599.66 727.81 30345.25 521.92 810 5.37 66.35
Table 1a: Analysis of variance for the effect of foliar application of salicylic acid on plant physiological traits under
drought stress
Sov DF | Transpirat Stomata Water Use Leaf water Photosynthetic | chlorophylla | Chlorophyll b
ion rate Conductance Efficiency potential rate
Water 3 8.38%* 1.87%* 17.88%* 38.12%* 976.25%* 21.30%* 6.74%*
Salicylic Acid 3 3.85%* 0.95%* 647.89%* 0.77%* 94.91** 0.45* 0.62%*
Water x 9 0.78* 1.63** 152.43%* 0.30ns 59.41%* 0.34ns 0.02ns
Salicylic Acid
Error 32 0.74 0.34 204.96 0.53 45.33 1.61 0.57
Total 47 13.76 4.78 1023.17 39.7325 1175.92 23.70 7.95
**=Highly Significant (P<0.01);*=Significant (P<0.05); NS=Non Significant
Plant height (cm) acid while minimum mean plant height
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Figure 1: Effect of foliar application of salicylic acid on plant height (cm) of Petunia under drought stress

Leaf area (cmz)
Drought stress had generally negative impact

on leaf area where regular watering resulted
in significantly better leaf area with
maximum mean leaf area of 4.02 cm? (Figure
2). Whereas longer watering intervals
resulted in poor leaf area and minimum mean
leaf area (3.73 cm) was recorded in
treatments where watering was done after 9
days interval. Foliar application of salicylic
acid did not have significant effect on leaf
area. Maximum mean leaf area (3.95 cm?)
was recorded at 0.1 mM concentration of

salicylic acid while minimum mean leaf area

(3.85 cm® was recorded in control treatments
where salicylic acid was not applied. The
interaction effect of drought stress and
salicylic acid application on leaf area was
non-significant.  Collectively, maximum
mean leaf area (4.10 cm®) was observed in
regular watering treatment and 0.1 mM
concentration of salicylic acid. A consistent
trend of increase in leaf area was recorded
with the increase of salicylic acid
concentration whereas a decreasing trend in
leaf area was observed with increase in the

intervals between water applications.

4.2 -

4 -
3.8 -
3.6 -
34 -
32 -

Leaf Area (cm2)

Regular 3 Days

Water Intervals

Sa“cﬂio% {-r\&id Dose
m0.01mM

= 0.05 mM
m0.1mM

6 Days 9 Days

Figure 2: Effect of foliar application of salicylic acid on leaf area of Petunia under drought stress
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Leaf firing %
Drought stress resulted in increased leaf

firing percentage and regular watering
resulted in reduced leaf firing percentage.
Maximum mean leaf firing percentage of
74.25% was recorded in treatments where
watering was done after 9 days interval
whereas regular watering resulted in
minimum leaf firing (Figure 3). Minimum
mean leaf firing percentage (18.67%) was
recorded in treatments where watering was

done on regular basis. Foliar application of

firing percentage. Maximum mean leaf
firing percentage (52%) was recorded in
control pots where no salicylic acid was
applied. Minimum mean leaf firing
percentage (36.33%) was recorded in pots
where 0.1 mM salicylic acid was applied.
Leaf firing percentage at 0.01 mM salicylic
acid was recorded to be 41.33% and at 0.05
mM was 46%. The interaction effect of
drought stress and salicylic acid application

on leaf firing percentage was found non-

significant.
salicylic acid resulted in decreased leaf
100 - m Control .. .
=0.01 mM Salicylic Acid Dose
80 - 0.05 mM
20.1mM
—_ 60
S
£ 40
£
® 20
s
0

Regular Wawysintervals

6 Days 9 Days

Figure 3: Effect of foliar application of salicylic acid on leaf firing % of Petunia under drought stress

Shoot length (cm)
Drought stress had generally negative

impact on shoot length where regular
watering resulted in significantly more shoot
length with maximum mean shoot length of
2692 cm (Figure 4). Whereas longer
watering intervals resulted in decreased
shoot length and minimum mean shoot
length (18.33 cm) was recorded in

treatments where watering was done after 9

days interval. Foliar application of salicylic
acid resulted in an increase in shoot length.
Maximum mean shoot length (24.75 cm)
was recorded at 0.1 mM concentration of
salicylic acid while minimum mean shoot
length (22 cm) was recorded in control
treatments where salicylic acid was not
applied. The interaction effect of drought
stress and salicylic acid application on shoot

length was non-significant.
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15 -

Shoot Length (cm)

Regular 3 Days
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m0.1mM

6 Days 9 Days

Figure 4: Effect of foliar application of salicylic acid on shoot length of Petunia under drought stress

Number of flowers/ plant

Drought stress had generally negative
impact on number of flowers per plant
where regular watering resulted in
significantly more number of flowers per
plant. Maximum mean number of flowers
per plant (72) was recorded in treatments
where watering was done on regular basis
whereas longer intervals between watering
resulted in a reduction in the number of
flowers per plant (Figure 5). Minimum mean
number of flowers per plant (12.42) was

recorded in treatments where watering was

done after 9 days interval. Foliar application
of salicylic acid had highly significant effect
on number of flowers per plant. Maximum
mean number of flowers per plant (50.08)
was recorded at 0.1 mM concentration of
salicylic acid whereas minimum mean
number of flowers per plant (38.50) was
recorded in control treatments where
salicylic acid was not applied. The
interaction effect of drought stress and
salicylic acid application on number of

flowers per plant was non-significant.

90 ~
80 -
70 A
60 -
50 A
40 A
30 A
20 A
10 -
0_

Number of flowers/plant

Regular 3 Days

Water Intervals

Salicylic Acid Dose
H Control

m0.01 mM
m0.05 mM
m0.1mM

6 Days 9 Days

Figure 5: Effect of foliar application of salicylic acid on number of flowers/ plant of Petunia under drought stress

IJBPAS, December, 2016, 5(12)

3238



Nadeem S et al

Research Article

Flower Size (mm)
Drought stress had generally negative

impact on flower size where regular
watering resulted in significantly larger
flower size. Maximum mean flower size of
27.08 mm was recorded in treatments where
watering was done on regular basis (Figure
6). Minimum mean flower size of 20.33 mm
was recorded in treatments where watering
was done after 9 days interval. Foliar
application of salicylic acid resulted in an
increase in flower size. Maximum mean
flower size (25.67 mm) was recorded at 0.1
mM concentration of salicylic acid while

minimum mean flower size (22.58 mm) was

recorded in control treatments where
salicylic acid was not applied. The
interaction effect of drought stress and
salicylic acid application on flower size was
non-significant. There was great reduction in
the number of flowers per plant with
increased water stress however the effect of
water stress was mitigated to some extent by
the application of salicylic acid. The
salicylic acid application resulted in
improved number of flowers per plant in all
treatments and it was true for the treatments
with extended interval (6-9 days) between

two successive water applications as well.

35 ~

30 -~

25 -

20 -

15 A

Flower Size (mm)

10 A

Salicylic Acid Dose
H Control

m0.01 mM

0.05 mM
m0.1mM
I

Regular 3 Days Waterintervals ¢ gy 9 Days

Figure 6: Effect of foliar application of salicylic acid on flower size of Petunia under drought stress

Root length (cm)
Drought stress had generally negative

impact on root length where regular
watering resulted in significantly more root
length. Maximum mean root length (17.58
cm) was recorded in treatments where
watering was done on regular basis whereas
longer watering intervals resulted in

decreased root length (Figure 7). Minimum

mean root length (8.83 cm) was recorded in
treatments where watering was done after 9
days interval. Foliar application of salicylic
acid resulted in an increase in root length.
Maximum mean root length (15.92 cm) was
recorded at 0.1 mM concentration of
salicylic acid while minimum mean root

length (11.33 cm) was recorded in control

IJBPAS, December, 2016, 5(12)
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treatments where salicylic acid was not

applied. The interaction effect of drought

stress and salicylic acid application on root

length was non-significant.

25 +

20 -

15

10

Root Length (cm)

Salicylic Acid Dose
H Control

m0.01 mM
0.05 mM
m0.1mM

Regular 3 Days Water Intervals 6 Days 9 Days

Figure 7: Effect of foliar application of salicylic acid on Root length (cm) of Petunia under drought stress

Shoot-root fresh weight ratio
Longer drought stress interval had

significant effect on shoot-root fresh weight
ratio. Maximum mean shoot-root fresh
weight ratio (1.76) was recorded in
treatments where watering was done after 6
and 9 days interval whereas regular watering
and shorter drought stress intervals had non-
significant effect on shoot-root dry weight
ratio (Figure 8). These gradual reductions
are because those roots are less sensitive
than shoots to development hindrance by
low water possibilities. The dry spell push
drastically diminished seedlings tallness,
basal diameter, leaf number, leaf area, root
length, and biomass production. An
expansion in below ground-biomass was
watched demonstrating a higher root/shoot
degree (R/S) under water stress conditions.

Silicon application externally decreased the

shoot-root ratio, showing the improvement
in the root growth and accelerating the
higher rate of photosynthesis and stomata
conductance as compared with plants grown
non-treated with silicon in sorghum under
drought stress.

Shoot-root dry weight ratio
Longer drought stress interval had

significant effect on shoot-root dry weight
ratio. Maximum mean shoot-root dry weight
ratio (3.18) was recorded in treatments
where watering was done after 9 days
interval whereas regular watering and
shorter drought stress intervals had non-
significant effect on shoot-root dry weight
ratio (Figure 9). Minimum mean shoot-root
dry weight ratio (1.11) was recorded in
treatments where watering was done after 6
days interval which was at par with shoot-

root dry ratio at 3 days watering interval and

IJBPAS, December, 2016, 5(12)
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regular watering. Foliar application of
salicylic acid did not have significant effect
on shoot-root dry weight ratio. Maximum
mean shoot-root dry weight ratio (1.83) was

recorded at 0.1 mM concentration of

root dry weight ratio (1.49) in control
treatments where salicylic acid was not
applied. The interaction effect of drought
stress and salicylic acid application on

shoot-root dry weight ratio was non-

salicylic acid while minimum mean shoot- significant.
2 4 m Control R .
15 | =0.01 mM Salicylic Acid Dose
m0.05 mM

° 16 m0.1mM

s 14

e

s 1.2
&

.g 1
s 08

w

@ 0.6
Y

® 04

o

€ 0.2

]

1<) 0

@ |

Regular 3 Days Water Intervals ¢y, 9 Davs
Figure 8: Effect of foliar application of salicylic acid on shoot-root fresh weight ratio of Petunia under drought stress
3 4
= Control Salicylic Acid Dose
25 =0.01 mM
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20 m0.1mM

[}

3

-

°

-

o
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e«

-
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<}
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Water Intervals © DaYs 9 Days

Figure 9: Effect of foliar application of salicylic acid on shoot-root ratio of dry weight of Petunia under drought stress

Transpiration rate (mmol m™ s'l)

Drought stress had generally negative
impact on transpiration rate where regular
watering resulted in significantly better
transpiration rate with maximum mean
transpiration rate of 1.49mmol m™ s’
(Figure 10). Whereas, longer watering

intervals was resulted in poor transpiration

rate and minimum mean transpiration rate

2 s was recorded in

(0.36 mmol m"
treatments where watering was done after 9
days interval. Foliar application of salicylic
acid favoured transpiration rate. Maximum
mean transpiration rate (1.19 mmol m? s™)

was recorded at 0.1 mM concentration of

IJBPAS, December, 2016, 5(12)
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salicylic acid while minimum mean
transpiration rate (0.50 mmol m™ s”) was
recorded in control treatments where
salicylic acid was not applied. The
interaction effect of drought stress and
salicylic acid application on transpiration
rate was significant.

Stomata conductance (pmol m> s'l)
Drought stress had generally negative

impact on stomata conductance whereas the
foliar application of salicylic increased the
stomata conductance. Maximum mean
stomata conductance (0.88 mmol m™ s™)
was recorded in treatments where watering
was done on regular basis whereas longer
watering intervals resulted in poor stomata
conductance (Figure 4.17). Minimum mean
stomata conductance (0.39 mmol m? s”)
was recorded in treatments where watering
was done after 9 days interval. Foliar
application of salicylic acid favoured
stomata conductance. Maximum mean
stomata conductance (0.80 mmol m™ s™)
was recorded at 0.1 mM concentration of
salicylic acid while minimum mean stomata
conductance (0.42 mmol m™? s') was
recorded in control treatments where
salicylic acid was not applied. The
interaction effect of drought stress and
stomata

salicylic acid application

conductance was highly significant.

Water use efficiency (umol mmol ™)
Drought stress had generally negative

impact on water use efficiency where
regular watering resulted in significantly
better water use efficiency with maximum
mean water use efficiency of 12.93 mmol m’
2 s (Figure 12). Whereas longer watering
intervals resulted in poor water use
efficiency with minimum mean water use

2 s was

efficiency (11.21 mmol m
recorded in treatments where watering was
done after 9 days interval. Foliar application
of salicylic acid favoured water use
efficiency. Maximum mean water use

2 s was

efficiency (18.40 mmol m
recorded at 0.1 mM concentration of
salicylic acid while minimum mean water

2 s was

use efficiency (9.60 mmol m~
recorded in control treatments where
salicylic acid was not applied. The
interaction effect of drought stress and
salicylic acid application on water use
efficiency was significant.

Leaf water potential (Pa)
Drought stress had generally negative

impact on leaf water potential where regular
watering resulted in significantly better leaf
water potential with maximum mean leaf
water potential of -0.3 Pa (Figure 13).
Whereas longer watering intervals resulted

in poor leaf water potential and minimum

IJBPAS, December, 2016, 5(12)
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mean leaf water potential (-2.5 Pa) was
recorded in treatments where watering was
done after 9 days interval. Foliar application
of salicylic acid favoured leaf water
potential. Maximum mean leaf water
potential (-1.09 Pa) was recorded at 0.1 mM
concentration of salicylic acid while
minimum mean leaf water potential (-1.44
Pa) was recorded in control treatments
where salicylic acid was not applied. The
interaction effect of drought stress and
salicylic acid application on leaf water
potential was non-significant.

Photosynthetic rate (umol m™ s'l)
Drought stress had generally negative

impact on photosynthetic rate where regular
watering resulted in significantly better

photosynthetic rate with maximum mean

photosynthetic rate of 16 mmol m? s’

(Figure 14). Whereas longer watering
intervals resulted in poor photosynthetic rate
with minimum mean photosynthetic rate
(13.33 mmol m™ s') was recorded in
treatments where watering was done after 9
days interval. Foliar application of salicylic
acid  favoured  photosynthetic  rate.
Maximum mean photosynthetic rate (11.83
mmol m? s') was recorded at 0.1 mM
concentration of salicylic acid while
minimum mean photosynthetic rate (8.33
mmol m? s') was recorded in control
treatments where salicylic acid was not
applied. The interaction effect of drought
stress and salicylic acid application on

photosynthetic rate was highly significant.

o
N
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o
I

2 -
1.8 -
1.6 -
w14
o
£ 1.2 -
5 il
2 1
E o038 -
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§ 04
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3
[7,]
c
[
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Salicylic Acid Dose
H Control
m0.01 mM
0.05 mM
E0.1 mM

6 Days 9 Days

Figure 10: Effect of foliar application of salicylic acid on transpiration rate of Petunia under drought stress
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Figure 11: Effect of foliar application of salicylic acid on stomatal conductance of Petunia under drought stress
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Figure 12: Effect of foliar application of salicylic acid on water use efficiency of Petunia under drought stress
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Figure 13: Effect of foliar application of salicylic acid on leaf water potential of Petunia under drought stress
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Figure 14: Effect of foliar application of salicylic acid on photosynthetic rate of Petunia under drought stress

Chlorophyll a (ng g™)

Drought stress had generally negative
impact on chlorophyll a where regular
watering resulted in significantly better
chlorophyll a with maximum mean
chlorophyll a of 2.80 pg g (Figure 15).
Whereas longer watering intervals resulted
in poor chlorophyll a with minimum mean
chlorophyll a (1.03 pg g™') was recorded in
treatments where watering was done after 9
days interval. Foliar application of salicylic
acid favored chlorophyll a with maximum
mean chlorophyll a (220 pg g') was
recorded at 0.1 mM concentration of
salicylic acid while minimum mean
chlorophyll a (1.93 pg g) was recorded in
control treatments where salicylic acid was
not applied. The interaction effect of
drought stress and salicylic acid application

on chlorophyll a was non-significant.

Chlorophyll b (ug g™)

Drought stress had generally negative
impact on chlorophyll b where regular
watering resulted in significantly better
chlorophyll b with maximum mean
chlorophyll b of 1.6 pg g (Figure 16).
Whereas longer watering intervals resulted
in poor chlorophyll b with minimum mean
chlorophyll b (0.6 pg g') was recorded in
treatments where watering was done after 9
days interval. Foliar application of salicylic
acid favoured chlorophyll b. Maximum
mean chlorophyll b (1.30 pg g') was
recorded at 0.1 mM concentration of
salicylic acid while minimum mean
chlorophyll b (1.0 pg g') was recorded in
control treatments where salicylic acid was
not applied. The interaction effect of
drought stress and salicylic acid application

on chlorophyll b was non-significant.
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Figure 15: Effect of foliar application of salicylic acid on chlorophyll a of Petunia under drought stress
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Figure 16: Effect of foliar application of salicylic acid on chlorophyll b of Petunia under drought stress
DISCUSSIONS leaf area, shoot length, flower size,

Salicylic acid (SA) helps to mitigate the
detrimental effects of drought on plants by
activating defense system of plant. This study
was designed to determine the effect of SA
on growth, morphological, physiological and
flowering characteristic of the petunia under
different levels of drought stress. It was
found that drought stress caused a significant
reduction in leaf area of petunia. Thus
drought stress commonly brings about
restricted stem lengthening and decreased
leaf area [20,21]. Drought stress had

generally negative impact on plant height,

transpiration rate, stomata conductance and
photosynthetic rate. Foliar application of
salicylic acid favoured plant height, leaf area,
flower size, transpiration rate, stomata
conductance, water use efficiency and
photosynthetic rate. The reduction in dry
weight of shoots was observed that showed
dry weight of shoots reduced as we increase
drought interval. The results about shoot-root
ratio of fresh weight were showed at 1 day
interval (control) ratio was maximum and at

9 days interval showed maximum reduction.
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There was slight reduction in plant height in
petunia as drought interval increased. It was
found that under extreme drought stress,
early flower drop in petunia plants is caused
due to lack of water [22]. It was observed
that 1mM increased flowers per plants by
72% as well as caused early flowering up to
6 days in Petunia [23]. The effect of drought
stress on growth and flowering of petunia
totally depends on severity of drought
condition [24,25].

The plants show increase in water use
efficiency as a result of drought stress. Water
setback in plants may lead to physiological
disorders, for example a diminishment in
photosynthesis and transpiration [26-28].
Under dry conditions stomata closure permits
plants to reduce transpiration and water use
efficiency is increased [29,30]. The
withdrawing water from one pot set off a
water stress reaction indicating higher
stomata affectability to changes in air vapor
pressure deficit, generally low absorption
rates and outward water- use efficiency in
grapevines [31,32]. The increase leaf water
potential when growth regulators were
applied as foliar sprays. Silicon application
externally decreased the shoot-root ratio,
showing the improvement in the root growth
and accelerating the

higher rate of

photosynthesis and leaf water potential as

compared with plants grown none treated
with silicon in sorghum under drought stress
[33,34].

Regarding chemical attributes maximum
chlorophyll “a’ contents were recorded in
petunia, maximum was at 1 day interval
(control) and minimum were recorded at 3, 6
and 9 days intervals. Maximum chlorophyll
“b’ contents were recorded at 1 day interval
(control) and minimum were recorded at 9
days interval. Maximum chlorophyll total
contents were recorded at 1 day interval
(control) and minimum were recorded at 9
days interval. The prolonged or adverse
water shortage causes the alteration in
chlorophyll synthetic rates, functional and
structural responses in chloroplasts and also
variations in the accumulation and sharing of
assimilation product to various plants parts.
Stomata closure permits plants to utmost
transpiration, however it additionally restricts
CO; ingestion which [9] prompts diminished
photosynthetic action [29,35-38] which at
last accelerates development diminishment,
decrease in substance of chlorophyll
pigments, water and changes in fluorescence
parameters [39-41]. As a result of these
responses overall growth and chlorophyll

contents become reduced and changes in

fluorescence takes place [42,43].

IJBPAS, December, 2016, 5(12)

3247



Nadeem S et al

Research Article

CONCLUSIONS
Overall the effect of drought stress on all the
morphological growth parameters of petunia
were studied in the experiment was highly
significant whereas salicylic acid had highly
significant effect only on leaf (firing
percentage, flower size and root length. The
effect of salicylic acid application was more
prominent on physiological parameters such
as transpiration rate, stomata conductance,
and water use efficiency. Thus the salicylic
acid application at the applied dose proved
effective to mitigate the impact of drought
stress but the effect was not exclusively
elaborate on the morphology of the plant.
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