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Auxins, as phytohormones and osmo-protectant, play important role to alleviate the adverse effect of drought stress on plant
growth. Some bacteria equipped with ACC-deaminase activity along with some other growth promoting traits are helpful in
improving plant growth under stresses. The efficiency of these bacteria is further improved when inoculation is supplemented
with exogenous plant growth regulators. The combined use of these bacteria with auxins may be more effective under stressed
conditions. A pot experiment was conducted to evaluate the efficacy of Pseudomonas fluorescens containing ACC-deaminase
in combination with L-tryptophan for reducing drought stress in wheat. The P. fluorescens and L-tryptophan (@ 25 ppm) were
applied, solely and in combination, on wheat by inducing drought stress at different growth stages. The foliar application of L-
tryptophan was started after 15 days of germination and was repeated every week up to 2 weeks after grain filling stage. The
results showed significant reduction in all parameters under drought. However, combined application of L-tryptophan @ 25
ppm and P. fluorescens significantly improved plant height (45.65%), root length (81%), chlorophyll-a (94%), chlorophyll-b
(72%), carotenoid contents (98%), relative water contents (33%), Na*/K* ratio in leaves (49%) and grains (43%), spike length
(64%) and 1000 grains weight (75%) under drought stress. Consequently, it may be concluded that combined use of L-
tryptophan @ 25 ppm and P. fluorescens is an effective approach to improve wheat productivity under water limited conditions

but it should be evaluated extensively under field studies before its recommendation to the farmers.
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INTRODUCTION

Wheat is the world most cultivated crop, consumed as staple
food for about one third of world’s population (Charkazi et
al., 2010). It is considered as one of the most copious source
of energy and sustenance for about 7.3 billion humans on this
planet (Debasis and Paramjit, 2003). However, due to global
climatic change, scarcity of water is becoming a key
challenge for its production worldwide (Foley et al., 2011;
Flexas et al., 2013). Drought is a polygenic stress and is
considered as one of the most important factors limiting wheat
production around the world. It adversely affects growth and
yield of wheat (Arshad et al., 2008). The deleterious effects
of water shortage on crop yield may be more obvious at some
particular growth stage depending upon the nature of crop and
species (Arshad et al., 2008). So, to nourish rapidly increasing
population, it is the topic of immense importance that we
should improve our understanding in improving plant survival
under drought conditions (Timmusk et al., 2014).

Several techniques have been used to improve plant capability
to cope with drought stress. The most emphasized technique
by the researchers is the development of drought tolerance in
plants through breeding and genetic engineering (Fleury et

al., 2010). On the other hand, drought stress tolerance is a
multifaceted characteristic and a large humber of genes are
tangled in controlling this attribute (Price et al., 2002; Wang
et al., 2003; Fleury et al., 2010). Therefore, a gigantic gap
persists in addressing the issue due to the severe limitations in
conventional and modern breeding techniques for the
development of drought tolerant characters in plants
(Niinemets, 2010; Timmusk et al., 2014). To ensure food
security to feed rapidly growing population, relatively simple
and low cost techniques were also developed by the scientists,
i.e. the use of biofertilizers containing plant growth promoting
bacteria (PGPB) and the use of different polyamines and
osmolytes as stress protectants (Javaid et al., 2011; Timmusk
and Behers, 2012).

The soil surrounding roots is the concentrated region of
microbial activity. These microbes include several types of
plant growth promoting bacteria that help plants to withstand
stress conditions (Timmusk and Wagner, 1999; Nadeem et
al., 2014). These PGPB help plants to survive under water
deficit conditions through induced systemic resistance by
bacterially produced compounds and formation of
extracellular matrix (biofilms) in root zone (Timmusk and
Nevo, 2011; Nadeem et al., 2014).


http://www.pakjas.com.pk/
mailto:maqshoof_ahmad@yahoo.com

Jamil, Ahamd, Anwar, Zahir, Kharal & Nazli

In many plants, natural accumulation of osmolytes is
insufficient to ameliorate the adverse effects of environmental
stresses (Subbarao et al., 2001). Exogenous application of
osmolytes to drought sensitive plants may help to reduce
adverse effects of drought (Yang and Lu, 2005). Exogenous
applications of osmolytes to plants under drought stress
results in increased endogenous level of osmolytes in plants,
helping them to tolerate stress (Ashraf and Foolad, 2007).
Bacterially produced compounds, including different
phytohormones, essential enzymes, and formation of
extracellular matrix in root zone, play an important role in
improving moisture availability to plants (Chang et al., 2007).
Enhancing endogenous level of different osmolytes in plant
through exogenous application is a proven strategy for
inducing stress tolerance in plants (Ashraf and Foolad, 2007).
Auxins are among the most important phytohormones that
regulate plant osmotic relations under drought conditions
(Rao et al., 2012). They also help plants to mediate
detoxification of different toxic ions and free radicals
produced due to the disturbance in plant internal osmotic
potential under drought stress (Rai, 2002). Keeping in view
the importance of PGPB and auxins to improve plant drought
stress tolerance, as a low cost and rapid strategy, present study
was conducted to evaluate the comparative effect of
exogenous application of auxins and Pseudomonas
fluorescens on wheat crop under drought conditions at
different developmental stages.

MATERIALS AND METHODS

Plant material: Promising wheat cultivar AAS-2011 (Punjab
Seed Corporation) was selected for sowing in pot trial.

Pot experiment: A pot experiment was conducted to evaluate
the potential of exogenously applied L-tryptophan and P.
fluorescens to alleviate the effect of drought stress on wheat.
The experiment was conducted with a set of treatments as: No
application i.e. control; L-tryptophan @ 25 ppm; P.
fluorescens; L-tryptophan @ 25 ppm and P. fluorescens with
three levels of drought i.e. DO; normal irrigation with 10 days
interval (control), D1; skipped one irrigation at booting stage
and D2; skipped irrigation at grain filling stage. The irrigation
was applied with 10 days interval but in the treatments with
drought, the interval was extended to 20 days at the stage of
drought induction. Each polythene lined pot was filled with
12 kg of soil.

The general purpose media without agar (broth) was used for
inoculum. Flask containing broth was inoculated with
Pseudomonas strain and incubated at 28 + 1 °C for 72 hours
under shaking (100 rpm). Before inoculation, the optical
density (OD) of broth culture was measured and brought to
ODsg = 0.45; 107-108 cfu mL™? using distilled water. The
seeds were inoculated by soaking them in inoculum for 10
minutes while L-tryptophan @ 25 ppm was applied through
foliar application. The plants were sprayed with L-tryptophan

until their leaves become wet. The application of L-
tryptophan was started after 15 days of germination and was
repeated with every week interval up to 2 weeks after grain
filling stage.

Recommended dose of NPK fertilizers (120: 110: 60 kg ha?)
was applied in each pot as urea, diammonium phosphate and
sulphate of potash, respectively. Full dose of P and K, and
1/4™ of nitrogen was applied as basal dose at the time of
sowing. The remaining N was applied in three splits with
intervals of 15 days. Pots were irrigated with good quality
irrigation water meeting the irrigation quality criteria for crop.
After germination, thinning was done to maintain the uniform
plant population.

Plant analysis: For plant analysis, leaves were sampled after
7 days from last application of L-tryptophan. While, grain
samples were collected at harvest of crop. Leaf and grain
samples were digested by using H2SO4 and H,0; as described
by Wolf (1982). The Na* and K* were determined on flame
photometer as described by Ryan et al. (2001). Relative water
contents were determined by the method of Barrs and
Weatherley (1962).

Statistical analysis: Analysis of variance techniques
(ANOVA) were applied to evaluate the data (Steel et al.,
1997) using CRD factorial with three replications and means
were compared by using LSD at 5% level of significance.

RESULTS

Effect on growth attributes: The results (Table 1 and 2)
showed that drought stress during different growth stages of
wheat significantly reduced plant growth attributes including
plant height (33.26% at D1 and 7% at D2), root length
(35.64% at D1 and 6% at D2) and root dry weight (52.78% at
D1 and 25% at D2) with maximum decrease when drought
was induced at booting stage. However, the exogenous
application of L-tryptophan (@ 25 ppm) and P. fluorescens,
individually and in combination, significantly enhanced plant
growth and alleviated the adverse effect of drought on wheat
growth. The maximum increase in plant height (18.46% at
DO, 45.65% at D1 and 22.65), root length (63% at DO, 81.2%
at D1 and 40.57% at D2) and root dry weight (50% at DO,
111% at D1 and 63% at D2) was observed when L-tryptophan
(@ 25 ppm) and P. fluorescens were applied in combination
under all drought levels.

Effect on yield attributes: The results (Table 3) regarding
yield attributes i.e. spike length and 1000 grain weight,
revealed that maximum decrease in spike length (46%) and
1000 grain weight (31.11%) was observed at D1 and D2,
respectively. However, application of L-tryptophan (@ 25
ppm) and P. fluorescens, alone and in combination, resulted
in significant increase in yield of wheat under normal as well
as drought conditions. Results also revealed that combined
application of L-tryptophan @ 25 ppm and P. fluorescens
resulted in maximum enhancement in yield.

332



Precursor-inoculum interaction for inducing drought tolerance in wheat

Table 1. Effect of L-tryptophan and Pseudomonas fluorescens on plant height and relative water contents under
drought stress in wheat (n = 3).

Treatment Normal irrigation Drought at booting Drought at grain filling
Plant height (cm)

Control 71.33 £5.86 de 47.60 +3.27 i 66.33 £5.17 fg
L-tryptophan @ 25 ppm 77.40 £1.27 be 63.67+3.39¢ 74.30 £ 3.343 cd
P. fluorescens 76.30£4.79¢c 57.67+2.77h 76.67£3.57¢C
L-Tryp.@ 25 ppm + P. fluorescens 84.50+5.64 a 69.33 £ 3.56 ef 81.35+2.20ab
LSD (p <0.05) 3.9702

Relative water contents (%)
Control 72.49 £1.39 de 62.14 £ 2.57 fg 5548 +3.51¢g
L-tryptophan @ 25 ppm 79.80 £ 0.54 bc 75.72 £ 1.69 b-d 67.39 £ 2.48 ef
P. fluorescens 80.52 + 2.29 bc 75.33 £ 1.66 cd 65.27 £ 2.68 f
L-Tryp.@ 25 ppm + P. fluorescens 87.69+1.17 a 82.29+2.75ab 72.54 £5.69 de
LSD (p <0.05) 6.8665

Means sharing different letters are statistically significant from each other at 5% probability level

Table 2. Effect of L-tryptophan and Pseudomonas fluorescens on root length and root dry weight under drought

stress (n = 3).

Treatment Normal irrigation Drought at booting Drought at grain filling
Root length (cm)

Control 9.37+1.17de 6.03+234f 880+158 e
L-tryptophan @ 25 ppm 11.53+1.24 bc 8.07£232¢ 10.57+£0.38 cd
P. fluorescens 11.93+1.15bc 8.63+2.89¢ 11.00+ 1.16 bc
L-Tryp.@ 25 ppm + P. fluorescens 15.27+2.08 a 10.93+2.11 bc 12.30+0.43 b
LSD (p <0.05) 1.5554

Root dry weight (g plant?)
Control 0.36 £0.03 ¢ 0.17+0.03 ¢ 0.27+0.05d
L-tryptophan @ 25 ppm 0.49+0.05ab 0.22 £0.02 de 0.34+ 0.06¢c
P. fluorescens 044+0.05b 0.24+0.01d 0.36 +0.05¢
L-Tryp.@ 25 ppm + P. fluorescens 0.54 + 0.05a 0.36 £0.02 ¢ 044+0.06b
LSD (p <0.05) 0.0658

Means sharing different letters are statistically significant from each other at 5% probability level

Table 3. Effect of L-tryptophan and Pseudomonas fluorescens on spike length and 1000 grain weight under drought

stress (n = 3).

Treatment Normal irrigation Drought at booting Drought at grain filling
Spike length (cm)

Control 12.57 +1.62 dc 6.77£2.27¢g 10.6 £ 1.49 ef
L-tryptophan @ 25 ppm 14.23 £ 2.23 bc 8.93+2.48e-g 12.23 £ 0.66 de
P. fluorescens 14.77+£1.58b 8.97+2.31fg 12.10 £ 1.27 de
L-Tryp.@ 25 ppm + P. fluorescens 17.27+2.46 a 11.13+2.36 de 15.17+140b
LSD (p <0.05) 1.8647

1000 grain weight (g)
Control 450+ 0.36 c-e 4.00 + 0.58 ef 3.1+0.39 f
L-tryptophan @ 25 ppm 5.53+0.30 a-c 45+0.17 c-e 4.13+0.31 d-f
P. fluorescens 5.50 £ 0.33 b-d 46+x0.24ce 4.33 £0.47 c-f
L-Tryp.@ 25 ppm + P. fluorescens 6.80+0.25a 597 +0.29 ab 543+ 13 b-d
LSD (p <0.05) 1.3098

Means sharing different letters are statistically significant from each other at 5% probability level

Effect on physiological attributes: The results showed that
under drought stress ionic balance of leaves also significantly
disrupted as Na"\K* ratio in leaves and grains (Table 4) was
significantly increased under water deficit conditions.
However, Na"\K* ratio in leaves and grains significantly

decreased in all cases (normal and drought) when L-
tryptophan (@ 25 ppm) and P. fluorescens were applied
solely and in combination, while the combined application of
both resulted in maximum decrease in Na*\K™ ratio in leaves
and grains than of sole application. Similarly, in the case of
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Table 4. Effect of L-tryptophan and Pseudomonas fluorescens on Na*\K* ratio in leaves and Na"\K* ratio in grains

under drought stress (n = 3).

Treatment Normal irrigation Drought at booting  Drought at grain filling
Na"\K* ratio in leaves
Control 0.527£0.012 ¢ 0.743+0.021 ¢ 1.010+£0.042a
L-tryptophan @ 25 ppm 0.367 £ 0.007 f 0.537 £0.002 e 0.834+£0.010 b
P. fluorescens 0.347 £ 0.007 f 0.533+0.012¢ 0.833 £ 0.003 b
L-Tryp.@ 25 ppm + P. fluorescens 0.270£0.013 g 0.377 £0.015f 0.640£0.015d
LSD (p <0.05) 0.0558
Na*\K* ratio in grains
Control 1.010+£0.042 a 0.457 £0.014d 0.623+0.014 ¢
L-tryptophan @ 25 ppm 0.834£0.010 b 0.340 £ 0.005 e 0.510+£0.019d
P. fluorescens 0.833£0.003 b 0.343+0.010 ¢ 0.470+0.017d
L-Tryp.@ 25 ppm + P. fluorescens 0.640 £0.015d 0.263 £ 0.014 f 0.357£0.014 ¢
LSD (p <0.05) 0.0590

Means sharing different letters are statistically significant from each other at 5% probability level.

relative water contents (RWC) in leaves (Table 1), significant
reduction in RWC resulted under drought stress while the
application of L-tryptophan (@ 25 ppm) and P. fluorescens,
individually as well as together, significantly increased RWC
in leaves with maximum increase when L-tryptophan (@ 25
ppm) and P. fluorescens were applied in combination.

Under drought stress photosynthetic ability of wheat
significantly reduced as results showed that significant
reduction in chlorophyll-a (Fig. 1), chlorophyll-b (Fig. 2) and
carotenoid contents (Fig. 3) was observed (up to 41.5%,
43.5% and 67%, respectively) due to disintegration of these
pigments caused by osmotic stress. The results (Fig. 1, 2 & 3)
showed that maximum decrease in all photosynthetic
pigments was observed under drought stress at grain filling
stage. The application of L-tryptophan (@ 25 ppm) and P.
fluorescens ameliorated the adverse effect of drought stress
on photosynthetic pigments, resulting in significant increase
in chlorophyll-a (up to 93.8%), chlorophyll-b (up to 71.6%)
and carotenoid contents (up to 98.2%) under drought as well
as normal conditions.
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Figure 1. Effect of L-tryptophan and Pseudomonas
fluorescens on chlorophyll-a content of wheat

under drought stress (LSD p<0.05 = 0.1455;

n=3). Bars sharing different letters are statistically
significant from each other at 5% probability level.
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Figure 2. Effect of L-tryptophan and Pseudomonas

fluorescens on chlorophyll-b content of wheat

under drought stress (LSD p<0.05 = 0.1455;

n=3). Bars sharing different letters are statistically
significant from each other at 5% probability level.
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DISCUSSION

The findings of our study showed that wheat growth and yield
was adversely effected by drought stress. This reduction
might be attributed to the inhibition of cell expansion due to
inhibited activity of enzymes and disturbance in accumulation
of essential solutes under low availability of water (Csiszar et
al., 2007; Suzuki et al., 2008; Hessini et al., 2009). Due to
reduction in cell growth and expansion, root, shoot and spike
development is severely reduced and plants remain stunted
(Bhatt and Rao, 2005). Drought at booting stage results in the
early shifting towards reproductive phase, which cause fewer
spikelets per spike and reduced spike length (Saini and
Westgate, 2000). Ji et al. (2011) also reported that drought
stress reduced grain yield due to disturbance in auxins and
absicisic acid equilibrium that decreased spike growth
(Cattivelli et al., 2008). Induction of drought stress during
grain filling enhances the rate of grain filling that results in
lower assimilation of proteins and starch resulting in small
and lighter grains leading to reduced grain yield (Yang et al.,
2004).

The study revealed that L-tryptophan and P. fluorescens
resulted in significant improvement in plant growth and yield.
Similarly, Jaleel et al. (2007) reported that the application of
biofertilizer (containing P. fluorescens) improved the growth
and yield under drought stress. Application of Pseudomonas
fluorescens enhance plant growth through many mechanisms
including production of siderophores and antibiotics,
providing phytohormones (auxins, gibberellins, etc.),
augmentation of nutrients uptake by the plant, nitrogen
fixation and production of enzymes (ACC deaminase) that
controls ethylene levels. It also improves soil physical
conditions that increase the water holding capacity of soil
which decrease stress intensity, resulting in better growth and
development (Heulin et al., 1987; Alami et al., 2000). Abdoli
etal. (2013) reported that the exogenous application of auxins
resulted in significant improvement in growth and yield of
wheat plant. The L-tryptophan is primary precursor for auxins
production in plants as well as bacteria. Auxins are considered
as natural regulator of plant growth that controls the
development of young tissues and cell division (Zahir et al.,
1999; Wang et al., 2008). Under drought stress, auxins
regulate the vacuolar osmotic pressure and mediate the
translocation of different metabolites required for cell
elongation, thus improve osmotic balance and growth under
water deficit conditions (Awan et al., 1999). In our studies,
the application of L-tryptophan significantly improved the
physiological parameters in wheat. Similarly, Hussain et al.
(2008) reported that application of exogenous auxins
significantly improved growth and photosynthetic activity in
crop plants under stress. The improvement in physiology is
attributed to the enhanced ROS scavenging ability of plant
due to regulation of hormones. Higher level of auxins also
mediates plant water relations and vacuolar turgor pressure.

Drought stress also disturbed ionic balance resulted in
increased Na*/K* that also adversely affected leaf relative
water contents (RWC) and deteriorated chlorophyll pigments
due to membrane collapse caused by oxidative damage (Hafsi
et al., 2000). Under drought stress, reduction in K uptake
results in decreased osmotic regulation and elevated Na*\K*
ratio (Grossman and Takahashi, 2001). The results were also
strengthened by the work of Asada (2006) under drought
stress who reported oxidation of chloroplasts by the
production of super oxide and other reactive oxygen species
(ROS). Chloroplasts are oxidized by the production of super
oxides and other reactive oxygen species (ROS) resulting in
severe decrease in chlorophyll contents (Farooq et al., 2014).
Results showed that application of L-tryptophan and P.
fluorescens resulted in significant improvement in
chlorophyll pigments. Our findings were in line with Rao et
al. (2012). They concluded that the exogenous application of
auxins under drought stress significantly amended the adverse
effects and enhanced the chlorophyll-a, chlorophyll-b and
carotenoids contents in leaves. Inoculation with P.
fluorescens under drought resulted in increased
photosynthetic activity due to the improved hormonal balance
and reduced ethylene production, thus prevented the
breakdown of chlorophyll proteins. Bacterial exudates in root
zone stimulated the production of different osmo-protectants
that resulted in improved water regulation. These also
improve the ability of plant to regulate the uptake of toxic ions
and managing Na*\K* ratio (Shaharoona et al., 2008; Dodd et
al., 2010; Saharan and Nera, 2011). These bacteria are
supremely suitable as soil inoculants because of the ability for
quick and aggressive establishment in the rhizosphere (Jaleel
et al., 2007). The combined application of P. fluorescens and
L-tryptophan significantly improved the growth, yield and
physiology of wheat under drought conditions thus precursor-
inoculum interaction can be explored as a breakthrough for
improving wheat productivity under water limited conditions.

Conclusion: Drought stress at different developmental stages
significantly reduced the growth and yield of wheat crop.
Exogenous application of L-tryptophan along inoculation
with P. fluorescens improved growth, physiology and yield of
wheat significantly, both under drought stress and normal
conditions. Moreover, the combined application of L-
tryptophan and P. fluorescens was more effective than their
sole application. These findings need to be extensively
assessed under field conditions before its recommendation to
the farmers.
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