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Abstract: The main aim of the present investigation is to evaluate the effect of priming of seeds of
tomato (Lycopersicon esculentum) with phosphate solubilising bacteria (PSB) during drought
stress condition. The use of phosphate solubilising bacteria as inoculants is found to be
simultaneously increasing the Phosphorus uptake by the plant and crop yield. As the farmers in the
state of Kerala are severely fed up with the water stress condition prevailing in the summer season,
the present attempt may become miniature step to stretch a helping hand to them. In the study, the
seeds of tomato (L. esculentum) cv. Anakha were subjected to priming treatment with 0.5 % and
1% phosphate solubilising bacteria. The parameters like germination percentage, root length, shoot
length, relative water content, amount of chlorophyll, protein, proline and yield were studied.
Inoculation with phosphate solubilising bacteria showed remarkable variation in both
physiological and biochemical parameters of tomato plants. Among the two concentrations tested,
0.5% phosphate solubilising bacteria was found to be effective in mitigating the effect of water
stress, stimulating early flowering and also in increasing yield.
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INTRODUCTION
Water limitation is one of the most important factors to reduce agricultural crop production, which is related
to global climate changes; especially drought and heat stress (Ciais et al. 2005). Drought (water stress) is the
major problem in agriculture and the ability to withstand such stress is of immense economic importance.
Water stress leads to substantial variation in morphology, anatomy, physiology and biochemistry of plants,
which ultimately reflected on yield potentials (Kramer 1969). These physiological and biochemical changes are
appears to be the result of accumulation of compatible solutes and specific proteins that can be rapidly induced
by osmotic stress (Shao et al. 2005). Water stress either short or prolonged, adversely affect photosynthesis and
other metabolic activities of plants and ultimately the growth and productivity of plants.
Phosphobacterium is one among the soil microorganism, which plays an important role in improving the
chemical and physical nature of soil, adding organic matter, solubilising the insoluble phosphate, increasing
availability and utilization of growth and yield (Ravikumar et al. 2010). Most of the Indian soils are deficient in
available form of phosphorus and its requirement is met by the addition of phosphatic fertilizers but the use
efficiency of applied phosphorus rarely exceeds 30% due to its fixation as Fe and Al phosphates in acid soil and
Ca and Mg phosphates in alkaline soils. In this context, phosphate solubilising microorganisms efficiently take
part in the utilization of unavailable native phosphates as well as phosphates (Lagreid et al. 1999). Various
studies showed that priming of seeds with various chemicals or even water can enable the plants to improve the
health and hence such plants may become resistant to water stress (Chivasa et al. 2000, Harris et al. 2004).
Considering these facts the authors made an attempt to study the effect of priming tomato seeds with phosphorus
solubilising bacteria that represents an important ecological adaptation to resist the plants from water stress.
MATERIALS AND METHODS
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For the present study, seeds of tomato (Lycopersicon esculentum Mill.) cv. Anakha were procured from the
Regional Agricultural Research Station, Palakkad, Kerala. Healthy seeds were selected and were divided in to 2
sets. First set of seeds was non-inoculated (unprimed) and considered as control and the other set was
inoculated/primed with 0.5% and 1% phosphate solubilising bacterium (Bacillus polymyxa) procured from
Agrobiotech Research Centre, Kottayam, Kerala. All the treated as well as untreated control seeds were sown in
garden pots filled with garden mixture. After 21 days of vegetative growth both the experimental and control
plants were divided into two sets each of which one each was subjected to water stress treatment for 3 days and
the other sets were regularly irrigated. After 3 days water stress treatment the plants were irrigated regularly as
in the other case.
The following parameters were studied by using standard procedures: Germination percentage, root length,
shoot length, relative water content (RWC) (Bars & Weatherly 1962), chlorophyll (Arnon 1949), protein (Lowry
et al. 1951), proline (Bates et al. 1973) and number of fruits per plant. All the data were collected as detailed
below: on the previous day of commencement of water stress treatment (0th day), 1st day (24 hrs after water
stress), 2nd day (48 hrs after water stress), 3rd day (72 hrs after water stress) and 24 hrs after re-irrigation (1st day
of recovery) and 48 hrs after re-irrigation (2nd day of recovery).
RESULTS
There was significant changes in both physiological and
biochemical parameters caused by phosphobacterium and water
deficit, which was more pronounced in plants without bacterium
inoculation.
Germination percentage
Seeds treated with 0.5% PSB showed highest rate of germination
percentage (93.3%), compared to untreated control seeds (81.11%),
(Fig 1).
Figure 1. Effect of PSB on germination percentage in Tomato (Lycopersicon esculentum Mill.).

Root length and shoot length
The root length and shoot length of untreated control plants increased gradually during the study (Table 1).
But this increase was negligible as compared to the 0.5% and 1% PSB treated unstressed plants. Among
treatments, 0.5% PSB treated plants showed a rapid increase in both root and shoot length. However the plants
treated with 1% PSB showed a gradual increase but not as much as 0.5% PSB. Whereas, stressed plants showed
a considerable decrease in root and shoot length. Among this stress conditions, plants treated with 0.5% PSB
showed a significant increase in root and shoot length. It was amazing to note that during re-irrigation the
treated plants showed high rate of recovery.
Table 1. Effect of PSB on root length and shoot length (cm) of Tomato (Lycopersicon esculentum Mill.)

Treatment & Plant part
Root
CC
Shoot
Root
CS
Shoot
Root
0.5C
Shoot
Root
0.5S
Shoot
Root
1C
Shoot
Root
1S
Shoot

0th day
6.3±0.51
18.5±0.29
6.3±0.51
18.5±0.29
7.4±0.81
20.4±0.62
7.4±0.81
20.4±0.62
6.23±0.23
18.9±0.69
6.23±0.23
18.9±0.69

1st day
7.4±0.92
22.5±0.52
6.3±0.46
18.7±0.23
8.6±0.79
22.6±0.40
6.8±0.40
21.0±0.75
6.8±0.40
22.2±0.44
6.6±0.39
19.1±0.52

2nd day
7.9±0.28
23.9±0.69
7.1±0.51
19.1±0.87
9.6±0.40
27.1±0.34
6.8±0.69
21.9±0.52
8.6±0.46
26.0±0.46
7.2±0.87
19.6±0.23

3rd day
9.6±0.80
24.4±0.11
7.5±0.34
21.1±0.46
10.9±0.11
28.8±0.75
7.6±0.59
24.2±0.92
9.9±0.98
27.1±0.17
7.3±0.75
22.6±0.69

1st rec.
9.7±0.58
24.6±0.40
7.8±0.20
22.0±0.52
11.1±0.75
31.1±0.29
9.5±0.69
24.6±0.58
10.4±0.92
28.1±0.12
8.9±0.64
23.9±0.92

2nd rec.
10.8±0.69
27.0±0.34
9.3±0.56
24.4±0.17
13.7±0.23
31.3±0.98
10.2±0.46
28.1±0.40
12.1±0.52
26.3±0.64
9.4±0.35
26.2±0.81

Note: Control (CC), stress in control (CS), control of 0.5% treatment (0.5C), stress of 0.5% treatment (0.5S), control of 1%
treatment (1C), stress of 1% treatment (1S).
0th day- Without stress; 1st day- 1st day of stress; 2nd day- 2nd day of stress; 3rd day- 3rd day of stress; 1strec.- 1st day of
recovery; 2ndrec- 2nd day of recovery.
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Relative water content (RWC)
The plants under water stress showed a decrease in RWC during 1st and 2nd day of stress and the values
remain unchanged on the 3rd day of stress but in the untreated control plants it was more or less same (Fig. 2A).
Plants treated with 0.5% PSB showed a slight increase in RWC and more or less same level was retained
throughout the period of study; these plants when exposed to water stress exhibited a negligible decrease in
RWC. Identical pattern of results were obtained in plants treated with 1% PSB that exposed to water stress.

Figure 2. Effect of PSB on Tomato (Lycopersicon esculentum) leaves: A, Relative water content (%); B, chlorophyll content
(mg.g-1). [CC- Control; CS- Stress in control; 0.5C- Control of 0.5% treatment; 0.5S- Stress in 0.5% treatment; 1C- Control
of 1% treatment;1S- Stress in 1% treatment]

Chlorophyll
PSB treated unstressed plants exhibited high rate of chlorophyll content compared to control plants (Fig. 2B)
and it was prominent in 0.5% PSB treatment. Whereas all the stressed plants showed a decreased level of
chlorophyll content in both PSB treated and untreated conditions. During re-irrigation the chlorophyll content
was found increased in PSB treated plants compared to unstressed control plants.
Protein
High rate of protein content was observed in 1% PSB treated plants compared to 0.5% PSB treated and
control plants (Fig. 3A). A low rate of protein content was noticed in stressed control plants but was increased
during the re-irrigation period. Whereas the water stressed plants of both 0.5% and 1% PSB treatment showed a
negligible loss of protein content.

Figure 3. Effect of PSB on Tomato (Lycopersicon esculentum Mill.) leaves: A, Protein content (mg g-1); B, Proline content
(μg g-1). [CC- Control; CS- Stress in control; 0.5C- Control of 0.5% treatment; 0.5S- Stress in 0.5% treatment; 1C- Control
of 1% treatment;1S- Stress in 1% treatment]

Proline
It was interesting to note that both PSB treated plants showed high rate of proline content during the stress as
compared to the untreated control of which 0.5% PSB treated plants exhibited highest rate. The PSB treated
water stressed tomato plants and untreated control plants exhibited a decrease in the rate of increase in proline
content during re-irrigation (Fig. 3B).
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Yield
Significant variation in the total number of fruits was found in the study. Tomato seeds treated with PSB
along with water stress showed maximum number of fruits compared to their respective control plants. But the
fresh weight of fruits was lesser in stressed plants (Fig. 4). Among the treatments, the seeds primed with 0.5%
PSB showed maximum yield compared to the other treatment and control.

Figure 4. Effect of PSB on yield of Tomato (Lycopersicon esculentum Mill.). [CC- Control; CS- Stress in control; 0.5CControl of 0.5% treatment; 0.5S- Stress in 0.5% treatment; 1C- Control of 1% treatment;1S- Stress in 1% treatment]

DISCUSSION
Tomato seeds primed or inoculated with phosphobacterium showed an increased percentage of germination
(Fig. 1). Studies conducted by Demir & Mavi (2004) observed a delay in the emergence of radical of unprimed
water melon seeds by 4 days compared to primed seeds. Similar type of results was obtained in osmopriming of
lentil seeds (Ghassemi-Golezani et al. 2008). According to those authors priming was helpful in reducing the
risk of poor stand establishment under drought and permit more uniform growth under drought on saline soils.
Studies conducted by Marulanda et al. (2007) revealed that inoculation of lavender plants with native
beneficial microorganisms might increase drought tolerance of plants growing in arid or semiarid areas. These
micro-organisms seem to have advanced mechanisms to cope up with drought stress. During priming, seeds are
partially hydrated so that pre-germinative metabolic activities proceed, while radicle protrusion is prevented,
then are dried back to the original moisture level (McDonald 2000). Kaya et al. (2006) worked on germination
of sunflower under drought and salt stress reported that hydro-priming improved both rate of germination and
mean germination time. In the present study also, the germination percentage was shown to be maximum in
PSB inoculated seeds and it is presumed that phosphobacterium has a pivotal role in inducing germination by
improved pre-germinative metabolic activities.
The root and shoot length of tomato plants were high in PSB inoculated plants as compared to the control
(Table 1). Similar results were obtained in other crops where seeds treated with Pseudomonas fluorescens have
increased the growth of host plants (Barka et al. 2000, Niranjan et al. 2003). It was also reported that seed
priming with Pseudomonas affected root length, root and shoot dry weight and plant height, significantly (Jalal
et al. 2014). From this we can presume that PSB also have some role in promoting the plant growth.
A gradual decrease in RWC in response to water deficit was observed in the present study (Fig. 2A), which
is in corroboration with the observations of Jing & Huang (2002). According to those authors the inoculated
plants under stress exhibited less decrease in RWC compared to non-inoculated plants under stress condition.
This can be explained by the fact that phosphorous may help in root elongation and the roots of PSB primed
plants may absorb more soil phosphorus which could be in a non-available form during water stress.
It was surprising to note that the plants treated with PSB and subjected to water stress showed high rate of
chlorophyll content than the untreated control plants (Fig. 2B). Similar results were obtained in Fenugreek
plants in which highest amount of total chlorophyll were recorded in PSB treated ones (Singh & Singh 2010).
The higher rate of persistence of chlorophyll content in plants under stress and treated with PSB may be
attributed to decreased chlorophyll degradation and increased chlorophyll synthesis, as reported by Jayakumar
& Thangaraj (1998). According to them, the application of plant growth regulators to groundnut resulted in high
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chlorophyll content without the modification of leaf anatomy and delayed chlorophyll degradation. From our
present study, it is evident that the effect of PSB is beneficial to the non-degradation of chlorophyll pigment and
that may be the reason of high chlorophyll content in PSB treated plants. The increase in the photosynthetic rate
obviously elevate the plant growth and there by the productivity of plants.
In the present study also PSB may cause to enhance the availability of insoluble phosphorus which
ultimately intensifies the accumulation of protein (Fig. 3A). Evidence is increasing in favor of a relationship
between the accumulation of drought induced proteins and physiological adaptations to water limitation
(Riccardi et al. 1998). Radian (1984) suggested that high phosphorus caused stomatal opening and facilitate
plant to accumulate more protein in inoculated plants compared to non-inoculated one.
Since the first report on proline accumulation in wilting perennial rye grass (Kemble & Mac Pherson 1954),
numerous studies have shown that the proline content in higher plants increases under different environmental
stresses. The primary response of drought stress is osmotic adjustment through proline accumulation was well
established in many plants (Raymond & Smirnoff 2002). From our study, it was clear that PSB treated plant
under stress showed excessive proline content to cope up with the drought condition. The rise in the proline
content in the present study may be due to the positive response of PSB on water stress.
In addition to the favorable effect on growth of crop plants, bio-priming is also known to increase the yield
during drought (Casanovas et al. 2003). In the present study also, maximum yield was observed in 0.5% PSB
treated and water stressed plants (Fig. 4). So it is presumed that the increase in grain yield in PSB treated plants
exposed to water stress may be due to the positive impact of PSB on the other physiological and biochemical
parameters studied. So it can be concluded that phosphate solubilising bacterium helped tomato plants to
improve its water status, and thereby tolerate water stress to a certain extend.
CONCLUSION
The present study revealed that PSB have an important role in increasing the yield as well as in
counteracting the effect of drought stress. The plants raised from 0.5% PSB treatment showed remarkable
results in physiological and biochemical parameters, which were followed by 1% PSB treatment, compared to
control plants. So, it can be concluded that priming of tomato seeds with 0.5% PSB can be recommended for
the farming community cultivating tomato plants, as a means to fight against drought stress.
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