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Drought is major abiotic stress around the world which posturing great challenges to the
germination, growth and production of crops. Early crop growth stages like germination
and seedling growth are very critical under drought. Seed treatment technologies are
required to enhance the germination and stress tolerant index of the seedlings under
drought condition. The investigation was aimed to carry out to assess the impact of PPFM
(Pink Pigmented Facultative Methylotroph) and PGRs on alleviating the drought stress
effects in tomato in early growth stage. Laboratory experiment was carried out in tomato
variety PKM 1 and seeds soaking with different plant growth regulators like brassinolide
(1 ppm), salicylic acid (100 ppm), benzyl amino purine (100 ppm) and gibberellic acid (10
ppm) and PPFM (1%), PPFM (2%) and PPFM (3%) under drought condition created by
PEG 6000. The study indicated that the PPFM and PGRs could be effectively used for
improving seed germination and its associated traits under drought. Among the PGRs and
different concentrations of PPFM used, PPFM (2%) was found to superior in improving
germination associated traits and stress tolerant index. The anti-oxidant enzyme catalase
activity was enhanced by PPFM (2%) and brassinolide (1 ppm) treatments which has the
ability to protect the plant under abiotic stress.

Introduction
important component that can influence crop
plant density and yield (Siddique and Wright,
2004).

Water plays a vital role in agriculture and
major factor decides the production of crops.
In every part of the world, it is the limiting
factor for agricultural crops in general and for
vegetables in particular. Drought stress affects
agriculture productivity and yield. It is an
important factor, which harms more than 50
per cent of crop yield worldwide (Wang et al.,
2003). Harris et al., (2002) reported that the
first and foremost effect of drought is
impaired germination and poor stand
establishment. Seed vigour index is also an

Plant growth regulators (PGRs) have been
found to play a key role in the integration of
the responses expressed by plants under stress
conditions (Amzallag et al., 1990).
Methylobacterium species are a group of
bacteria known as pink-pigmented facultative
methylotrophs, or PPFMs (Green and
Bousfield, 1983). Holland (1997) reported
540
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that PPFMs could be used as in seed coatings
designed to enhance germination and vigour
index. The advantage for PPFM bacteria is a
rich supply of plant hormones, as most of the
metabolic products of the methanol released
by plants are lost from leaves during leaf
expansion, which is catalyzed by pectin
methylesterase (Dourado et al., 2015).

seeds were allowed to germinate in the
petridishes. The drought was created by using
PEG 6000 (-0.15 MPa). The treatment like
absolute control (Without drought), Control (0.15 MPa), PPFM (1%), PPFM (2%), PPFM
(3%), Brassinolide (1 ppm), Salicylic acid
(100 ppm), BAP (100 ppm) and GA 3 (10
ppm) were used for this experiment.

Brassino steroids are endogenous plant
growth promoting hormones that act on plant
development
and
affect
numerous
physiological processes at low concentrations
(Zullo and Adam, 2002), and senescence is a
developmentally regulated and genetically
programmed process that may be mediated by
brassinosteroids (Vardhini and Rao, 2002).
Cytokinins are special chemical messengers
in plants that play pivotal role in managing
plant cell life cycle and delaying senescence.
Werner et al., (2010) reported that the
cytokinin modifies many physiological
activities induced by drought stress. Akter et
al., (2014) reported that the exogenous
application of GA3 could effectively alleviate
the adverse effects of drought stress and
eventually provide maximum growth and
yield in maize. Salicylic acid (SA) belongs to
phenolic compound and is an endogenous
growth regulator which participates in
regulation of physiological processes in plants
such as seed germination and yield (Khan et
al., 2003).

Seeds were soaked in above mentioned plant
growth regulators and PPFM solutions for 4
hours. After, the seeds were dried under shade
for 4 hours. Later the treated seeds were
placed on germination paper in each petridish
separately, untreated seeds in control and
absolute control. The germination paper was
moistened regular interval with -0.15 MPa
PEG 6000 solution for drought induction and
distilled water for absolute control. The
petridishes were kept in laboratory under
room temperature.
The germination was recorded at every 24
hours interval up to 15 days and finally
germination was recorded on the 15th day and
seed germination percentage was calculated
by using the following formula and expressed
as per cent. Germination percentage =
(Number of germinated seeds / Number of
seeds kept for germination) x 100.
On 15th day, seedlings from each replication
were carefully removed at random. Length of
shoot was measured from the collar region to
the tip of the longest leaf and expressed as
cm. Root length of the seedling was measured
from the base of the stem to the tip of the
longest root and expressed as cm. The vigour
index of the seedlings was calculated by using
the following formula proposed by AbdulBaki and Anderson (1973). Vigour Index =
(Shoot length + Root length) x Germination
percentage. Stress tolerance index (STI) was
calculated using the following formula
proposed by Dhopte and Livera (1989) and
expressed as per cent. STI = (Vigour index of
the treated seedling / Vigour index of the

Based on information available on drought
mitigation, the present investigation was
carried out to evaluate the effect of plant
growth regulators and PPFM to mitigate the
effect of drought in tomato PKM 1. An
attempt was made to alleviate the drought
effect by seed soaking method of plant growth
regulators and PPFM.
Materials and Methods
The experiment was carried out in the
petridishes under laboratory condition. The
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absolute control seedling) x 100. Catalase
activity was determined by titration method
using potassium permanganate (Gopalachari,
1963) and expressed as μg H2O2 g-1 min-1.
Total phenolics content was estimated by
adopting the protocol given by Malik and
Singh (1980). The data on various parameters
were analyzed statistically as per the
procedure suggested by Gomez and Gomez
(1984).

Impact of PPFM and PGRs on seed
germination and seedling characters
Among the treatments, PPFM (2%) showed
higher germination percentage (73.53%)
when compared to control (55%) followed by
salicylic acid (71%). Presoaking with PPFM
(2%) treatment enhance the germination up to
33.69 per cent when compared to control
(Table 1). This may be due to PPFMs are
providing such a huge amount of compounds
to enhance the seed germination. PPFM
bacteria stimulate plant growth (Basile et al.,
1969) presumably because they produce the
plant growth regulators (Freyermuth et al.,
1996) and vitamin B12 (Basile et al., 1985).
This increment may have been due to the
Gibberellin (GA3) improves the synthesis and
secretion of hydrolytic enzymes from
aleurone cells. These enzymes then mobilize
the endosperm storage reserves that are fuel
for germination and growth (Cirac et al.,
2004).

Results and Discussion
Seed germination is one of the most crucial
and decisive phases in the growth cycle of
plant species since it determines plant
establishment and final yield of the crops.
Poor germination and seedling establishment
are resulted in drought stress.
In the present study, the germination
percentage was reduced up to 39.40 per cent
under drought created by PEG 6000. PEG
concentration inhibited the germination of the
control plants and caused them to record low
germination
percentage.
The
higher
germination percentage of the absolute
control was due to their ability to absorb
water in normal condition. Previous studies
investigated PEG treatments can lead to a
reduction in germination percentage by
decreasing the water potential gradient
between seeds and their surrounding media
(Dodd and Donavan, 1999).

Among the treatments, the highest mean shoot
length was recorded in absolute control
(6.31cm) and the minimum mean shoot length
was produced in control (3.09 cm). Among
the PGRs and PPFM used, PPFM (2%)
recorded longest shoot length of 5.67 cm,
followed by gibberellic acid (5.40 cm). The
shoot length was decreased up to 51.03 per
cent under drought stress. Shoot length may
not be much affected by the drought situation
at germination stage. The result was described
by Kulkarni and Deshpande (2007) in the
study on tomato genotypes.

This is in agreement with present
investigation. Low availability of soil
moisture decreases seed germination and
seedling growth (Gamze et al., 2005).
Therefore, any treatment which could be used
to improve seed germination and subsequent
seedling establishment under drought
conditions would be highly desirable. Presowing seed treatments have been shown to
enhance establishment in germination.

Seed soaking with PPFM (2%) enhances the
shoot length (5.67 cm) followed by
gibberellic acid (5.40 cm) and salicylic acid
(4.91 cm). The similar result by salicylic acid
induce shoot growth of barley (Pancheva,
1996) and wheat (Shakirova, 2007), root
length of soya bean (AlHakimi, 2008) under
drought condition.
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Table.1 Effect of PPFM and plant growth regulators on seed germination and seedling characters of tomato (PKM 1) under drought
Germination
Percentage (%)
90.76

Treatments
T1: Absolute control

Shoot length (cm)

Root length (cm)

6.31

4.53

T2: Control

55.00

3.09

1.23

T3: PPFM (1%)

66.90

4.85

2.38

T4: PPFM (2%)

73.53

5.67

3.72

T5: PPFM (3%)

69.80

3.45

2.35

T6: Brassinolide (1 ppm)

70.97

4.89

2.81

T7: Salicylic acid (100 ppm)

71.00

4.91

2.86

T8: BAP (100 ppm)

69.30

4.23

2.45

T9: GA 3 (10 ppm)

68.51

5.40

3.61

SE (d)

1.68

0.10

0.04

CD (P=0.05)

3.52

0.22

0.09
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Table.2 Effect of PPFM and plant growth regulators on vigour index and stress tolerance index (%) of tomato under drought
Treatments

Vigour Index

Stress tolerance index (%)

T1: Absolute control

983.84

_

T2: Control

237.60

24.15

T3: PPFM (1%)

483.69

49.16

T4: PPFM (2%)

690.45

70.18

T5: PPFM (3%)

404.84

41.15

T6: Brassinolide (1 ppm)

546.47

55.54

T7: Salicylic acid (100 ppm)

551.67

56.07

T8: BAP (100 ppm)

617.28

47.05

T9: GA 3 (10 ppm)

725.40

62.74

SE (d)

13.27

2.63

CD (P=0.05)

27.89

5.54
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Table.3 Effect of PPFM and plant growth regulators on catalase activity and total phenols of tomato under drought
Catalase activity

Total phenols

(μg of H2O2 g-1 min-1)

(mg g-1)

T1: Absolute control

6.89

3.54

T2: Control

5.64

4.20

T3: PPFM (1%)

3.54

4.54

T4: PPFM (2%)

2.96

4.76

T5: PPFM (3%)

3.85

4.51

T6: Brassinolide (1 ppm)

3.12

5.09

T7: Salicylic acid (100 ppm)

3.37

4.24

T8: BAP (100 ppm)

3.65

4.33

T9: GA 3 (10 ppm)

3.91

3.95

SE (d)

0.08

0.07

CD (P=0.05)

0.18

0.16

Treatments
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Drought stress decreases 72.84 per cent of
root length. Changes in growth during initial
stages due to drought would therefore depend
on differences in translocation of assimilates
from the seed and later on other assimilatory
process. Long roots may help the drought
tolerant to extract water from the deep soil.
Among the treatments, PPFM (2%) showed
higher root length (3.72 cm) while compared
to control followed by gibberellic acid (3.61
cm and salicylic acid (2.86). This increment
might due to, methylobacterium are capable
to grow on carbon compounds such as
methanol and generate plant growth
regulators such as auxin and cytokinin
(Ivanova et al., 2000) which induce cell
division and cell elongation.

seedling vigour, dry matter production and
yield. Patel and Mankad (2014) reported that
the gibberellic acid increased the vigour index
of Tithonia rotundifolia seedling due to
enhanced seed germination. Afzal et al.,
(2005) reported that seed treatment with
salicylic acid increases the vigour index in
pea seedlings.
Impact of PPFM and PGRs on Stress
Tolerant Index
The stress tolerance index was worked out
based on the vigour index of the seedling as
the ratio between the values under stress
treatment to absolute control (unstressed).
The data indicated that, stress tolerance index
of control seeds was lower than the seeds
treated with PGRs and PPFM. The mean
percentage of stress tolerant index of control
was 24.15 per cent. Among the treatments
given, PPFM (2%) showed significantly
premier mean value of 70.18 per cent
followed by gibberellic acid (62.74%),
salicylic acid (56.07%) and brassinolide
(55.54%). PPFM (3%) noticed in least mean
value of 41.15 per cent (Table 2). Pinkpigmented facultative methylotrophic (PPFM)
bacteria are predominant and explored largely
for their ability to release plant-growth
regulation molecules (Dourado et al., 2015)
and thereby increasing the tolerant capacity.
Cytokinin concentrations were significantly
increased by PPFM proved that the versatility
of Methylobacterium as a plant-growth
promoting bacteria could be better exploited
(Jeounghyun et al., 2006).

Impact of PPFM and PGRs on vigour
index
Vigour index is the product of germination
percentage and seedling length. The vigour
index was found highest in absolute control
(983.84) and the control showed least value of
237.60 (Table 2). Among the treatments,
PPFM (2%) recorded highest value of 690.45
and followed by gibberellic acid (617.28) and
salicylic acid (551.67). Simultaneously,
PPFM (3%) marked on the lowest vigour
index of 404.84 and followed by BAP
(462.92). Seed vigour index is an important
component that can influence crop plant
density and yield (Siddique and Wright,
2004). Copeland and McDonald (1995)
reported that vigour of seedlings relates with
their ability upon germination to grow rapidly
and well. It is suggested that speed and
uniformity of emergence are important
parameters of seed quality. Holland (1997)
reported that PPFMs could be used as seed
coatings designed to enhance germ inability,
vigour of seeds. Similar result was found by
Madhaiyan et al., (2004) who reported that
PPFM inoculation has resulted in increased

Impact of PPFM and PGRs on catalase
activity
Catalase (CAT) is an important and most
powerful antioxidant enzyme under abiotic
stress condition to nullify the effect of H2O2
and protects the plants under stress condition.
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This enzyme is generally regarded as H2O2
scavenger involved in the reduction of
damage by oxidation function (Reddy et al.,
2004). The seedlings in absolute control (6.89
μg H2O2 g-1 min-1) registered lower enzyme
activity than control (5.64 μg H2O2 g-1 min-1).
Hence, it was showed that the catalase
activity increased under stress condition.
PPFM (2%) was noticed highest catalase
activity of 2.96 μg H2O2 g-1 min-1 followed by
brassinolide (3.12 μg H2O2 g-1 min-1) and
lowest was registered in gibberellic acid (3.91
μg H2O2 g-1 min-1) followed by 3.85 μg H2O2
g-1 min-1 of PPFM (3%) (Table 3). The
catalase activity increased up to 18.14 per
cent under drought stress when compared to
absolute control. Increment of catalase
activity by the PGRs used is important role in
plant to protect against ROS. It is possible
that salicylic acid stimulate the germination of
seed via GA biosynthesis and act as
thermogene inducers (Shah, 2003).

stress influence and reported the single
phenolics content decrease.
In conclusion, current year the agricultural
production has been declined due to intense
shortage of water which creates historical
drought. Of the various management practices
available, mitigation through PGRs and bioproducts like PPFM are promising to enhance
seed germination, Stress Tolerant Index and
catalase activity ultimately further growth and
yield. Therefore, these results have practical
field application in terms of enhancing seed
germination under drought especially PPFM.
Further studies would be required to identify
the alteration in gene expression in PPFM
treated seed and plant.
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