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the Early Growth of Triticum aestivum Var Inglab 91 under NaCl Stress
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Abstract: Salt tolerant bacteria were used to assess their potential for stimulating the growth of Triticum aestivum
var. Inglab 91. Certified seeds of Triticum aestivum var. Inglab 91 were inoculated with monocultures (ST-1, ST-2,
ST-3, ST-4, rhizosphere bacteria; HT-1, HT-2, HT-3, histoplane bacteria) and different combinations of mixed
cultures of bacteria. Inoculated and non-inoculated seeds were germinated and grown under NaCl stress
(0, 100 mM NaCl) for 10 days. After that growth measurements (length and weight parameters) were taken and
Na*/K* contents, soluble protein content, auxin content and enzyme activities (peroxidase and acid phosphatase)
were determined. Generally, with the application of NaCl, reduction in germination and growth parameters, whereas
increase in Na*/K* contents, auxins content, soluble protein content as well as enzymes activities were observed.
Bacterial inoculations stimulated germination and growth, over non-inoculated respective treatments, especially
under saline conditions. Mixed culture inoculation with rhizosphere bacteria (some combinations) and histoplane
bacteria was more effective in stimulating seedling growth than monoculture inoculations at 100 mM NaCl.
Bacterial inoculations also enhanced fresh weight per seedling, auxin, soluble protein and K* contents of seedlings.
Whereas decreases in dry weight accumulation, Na* content and activity of enzymes, at 100 mM NaCl with
bacterial inoculations were recorded. From these results improved growth of seedlings could be related with
increased auxin content but decreased dry weight increment, Na® content and enzyme activities.
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Introduction

Soil salinity is the most important devastating problem in the
irrigated regions of the world. Salinity adversely affects the
growth and metabolism of crops and serves as one of the major
limiting factor for agricultural productivity. In Pakistan, like many
other countries, vast areas suffer from salinity and associated
problems. Production on salt affected lands require execution of
biotechnological measures and the comprehension of
osmoregulation, which can rather easily be studied in
microorganisms. Interest in the biochemical and physiological
processes of the microorganisms from hypersaline ecosystems has
been increased (Ventosa et a/., 1998). Halophilic and halotolerant
bacteria have provided an authentic basis for studying the
mechanism of osmoregulation. They are important for the
comprehension of biochemistry , physiology and genetics of salt
tolerance. Under osmotic stress, bacteria have evolved different
strategies to cope with the changes in their environment
(Ventosa et al., 1998). Bacteria can combat high osmolarity by
enhancing transcription (Treuner-Lange et al., 1997) or by the
presence of enzymes or organic and inorganic compounds
(Ferguson et al., 1996; Ciulla et al., 1997; Galinski and Louis,
1998; Gouffi et al., 1998; Engelbrecht et al., 1999).

Many workers have reported plant growth promoting bacteria
(Bashan and Holguin, 1994; Scupham et al/., 1996). Bacteria
stimulate seedling growth by decomposing mineral material
and increasing the availability of nutrients to plants
(Jimenez-Salgado et al., 1997), decreasing susceptibility to
pathogens (Lutenberg and Dewegar, 1992) and synthesis and
release of growth hormones (Campbell, 1985). Hasnain and
Co-workers have isolated salt tolerant bacteria from
different sources (Yasmin and Hasnain, 1993, 1997,
1998; Mirza et al., 1998). Their further studies revealed that
inoculations of seeds with salt tolerant bacteria may stimulate
seedling growth under NaCl stresses (Hasnain and Yasmin, 1993;
Siddique et al., 1997; Hasnain and Afrasayab, 2000). Keeping in
view the results of inoculation studies, the objectives of
present studies are to determine the role of mono and mixed
culture inoculations in stimulating the growth of Triticum
aestivum var. Inglab 91 and the mechanisms involved

in this stimulation under salt stress.

Materials and Methods

Rhizosphere (ST-1, ST-2, ST-3, ST-4) and histoplane bacteria
(HT-1, HT-2, HT-3), isolated from Mazus sp. inhabitant of salt
range, were selected for mixed culture inoculation studies
(Mirza et al., 1998). These strains could tolerate upto 2.5 M NaCl
in the medium. Mono (7 mono cultures) and mixed
(15 combinations) cultures of these salt tolerant bacteria were
used to inoculate Triticum aestivum var. Inqglab 91. For preparation
of cultures, bacterial strains were grown overnight in LB
(Gerhardt et al., 1994) at 37°C. Bacterial cells were harvested,
washed and resuspended in sterilized glass distilled water
(107 cells/ml). Certified seeds of Triticum aestivum var. Inglab
91, obtained from Punjab Seed Corporation, were surface
sterilized with 0.1% HgCl, for about 5 minutes with continuous
shaking. Seeds were washed (at least four times) with sterilized
glass distilled water. Surface sterilized seeds were immersed in
bacterial suspension (mono and mixed cultures) for 15 minutes.
For control seeds were soaked in sterilized glass distilled water for
the same duration. Inoculated and non-inoculated seeds were
germinated and grown under salt stress (O, 100 mM) for 10 days.
Experimental set-up and growth conditions has been described
previously (Hasnain and Yasmin, 1993). After 10 days, seedlings
were harvested and different growth measurements including
length parameters and weight parameters were taken. Na* and K*
contents of inoculated and non-inoculated seedlings were
determined on flame photometer (Furman, 1975). Auxin content
(Mahadevan, 1984), soluble protein content (Lowry et al., 1951),
peroxidase (Racusen and Foote, 1965) and acid phosphatase
(lgbal and Rafique, 1986) activities of inoculated and
non-inoculated seedlings were also analyzed. Experiments were
repeated four times and data was subjected to statistical analysis
(Steel and Torrie, 1981).

Results

Seven salt tolerant bacterial strains from rhizosphere and
histoplane of Mazus sp., native plant of salt range Kallar Kahar,
were selected for mixed culture inoculation studies. Seeds of
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Triticum aestivum var. Inglab 91 were inoculated with mono and
mixed cultures of bacteria to assess the potential of salt tolerant
bacteria for stimulating the growth of plants under salt stress.

Germination of Triticum aestivum var. Inglab 91 was adversely
affected under NaCl stress. About 8% decrease in germination, at
100 mM NaCl was observed (Table 1). Bacterial inoculations
caused stimulation in germination under salt stress. Excluding a
few cases, monocultures and mixed culture inoculations promoted
germination at O mM, when compared with non-inoculated
respective treatment. At 100 mM NaCl, stimulation in germination
was manifested with almost all bacterial inoculations, relative to
non-inoculated respective treatment. Maximum stimulation in
germination, over non-inoculated respective treatment, with
ST-4, ST-1, 2, 4; ST-1, 2, 3, 4 and HT-1 was observed at 100
mM NaCl. Synergistic effects of mixed culture inoculation on
germination were recorded only in case of ST-1, 2, 4.
NaCl stress had detrimental effects on seedling growth (Table 2).
Under salt stress reduction in seedling lengths (shoots as well as
roots) was observed. Almost 44 % decrease in seedling length was
recorded. Roots were severely affected than shoots under
NaCl stress. Mono and mixed culture inoculations of both
rhizosphere and histoplane bacteria registered increase in
seedling lengths at O and 100 mM NaCl, relative to non-
inoculated respective treatment. Most of the mixed culture
bacterial inoculations caused maximum stimulation and showed
synergistic effects of mixed culture on seedling growth.
Synergistic effects of mixed cultures were more pronounced in
case of ST-1, 3, 4 and HT-1, 2, 3 under salt stress. Bacterial
inoculations (mono and mixed cultures) promoted shoot lengths,
at 0 and 100 mM NaCl relative to non-inoculated respective
treatments. Some bacterial combinations, ST-3, 4; ST-1, 2, 4;
ST-1, 3, 4; ST-2, 3, 4; HT-1, 2, 3, showed synergistic effects
of mixed culture on shoot lengths. Maximum stimulation in shoot
lengths was manifested with ST-1,3,4 at 100 mM NaCl.
Stimulation in root lengths with bacterial inoculations at O and
100 mM NaCl treatments was observed when compared with
non-inoculated respective treatments. At 100 mM NaCl maximum
stimulation in root lengths, over non-inoculated respective
treatment was recorded with ST-1, 3, 4 inoculation. Mixed culture
inoculation of histoplane bacteria was more effective than
monoculture inoculations. All histoplane bacterial combinations
significantly enhanced root lengths. Maximum increase in root
lengths was registered with HT-1, 2, 3 at 100 mM NaCl,
when compared with non-inoculated respective treatments.
Weight parameters of Triticum aestivum var. Inqlab 91 were also
affected by salt stress (Table 3). Fresh weight of seedlings
decreased at 100 mM NaCl treatment. Bacterial inoculations
significantly enhanced (in most cases) fresh weight per seedling
at O and 100 mM NaCl treatments, relative to non-inoculated
respective treatments. Under salt stress 28.59% increase in dry
weight and 70.66% enhacement in dry weight accumulation
was observed. With bacterial inoculations decreases, over
non-inoculated respective treatments, in dry weight were
manifested at O and 100 mM NaCl treatments. All bacterial
inoculations caused decrease in dry weight accumulation at
0 and 100 mM NaCl treatments, relative to non-inoculated
respective treatments. In general most mixed culture bacterial
inoculations markedly reduced dry weight accumulation under
saline conditions.
Na* content of seedlings increased about 3 folds at 100 mM
NaCl (Table 4). With bacterial inoculations 31.93-78.38%
increases in Na* uptake by the seedlings at 0 mM NaCl were
observed. Mono and mixed culture inoculations caused
0.91-35.68% reduction in Na* uptake by the seedlings at
100 mM, when compared with non-inoculated respective
NaCl treatment. All mono and mixed culture bacterial
inoculations stimulated K* uptake by the seedlings at O and
100 mM NaCl treatment, when compared with non-inoculated

respective treatments (Table 4).

A significant increase in the auxin content of Triticum aestivum
seedlings, with the application of NaCl stress was observed
(Table 5). Generally bacterial inoculations stimulated auxin
synthesis of seedlings at both treatments. But some mixed culture
inoculations caused reduction in auxin synthesis at 100 mM
NaCl, when compared with non-inoculated respective
treatment. At 100 mM NaCl treatment, stimulation in auxin
synthesis was more pronounced with monoculture inoculations as
compared to mixed culture inoculations.

Salt stress caused 30.67% increase in soluble protein content
of Triticum aestivum var. Inglab 91 seedlings (Table 5).
Both decreases and increases in soluble protein content were
observed at O and 100 mM NaCl with bacterial inoculations. At
0O mM NaCl, 11.08-40.05% increases, over non-inoculated
respective treatment, in soluble protein synthesis with different
bacterial inoculations, were manifested. Bacterial inoculations
ST-2; ST-3, 4; ST-1, 2, 3; ST-2, 3, 4; ST-1, 2, 3, 4; HT-2, HT-3;
HT-1, 2; HT-1, 3; HT-2, 3; HT-1, 2, 3 registered 2.53-16.86%
decreases in soluble protein synthesis at 0 mM NaCl
treatment, relative to non-inoculated respective treatment. At 100
mM NaCl, most of the bacterial inoculations enhanced soluble
protein content of Triticum aestivum seedlings, when compared
with non-inoculated respective treatment. While reduction in
soluble protein content, over non-inoculated respective treatment,
with some of the bacterial inoculations ST-1; ST-2; ST-1, 4; ST-2,
3; ST-3, 4; ST-1, 3, 4; ST-2, 3, 4; HT-1 was observed at 100 mM
NaCl treatment. Maximum stimulation in protein content at 100
mM NaCl was recorded with ST-3; ST-4; ST-1, 2, 3; ST-1, 2,
4,; HT-2; HT-3 and HT-2, 3, relative to non-inoculated respective
treatment.

Enzyme study of Triticum aestivum seedlings revealed that the
activity of peroxidase was affected with NaCl treatment as well
as bacterial inoculations (Table 6). At 100 mM NaCl, 45%
stimulation in peroxidase activity, over O mM treatment, was
observed. At O mM, both increases and decreases, over
non-inoculated respective treatment, with bacterial inoculations
were recorded. 19.53-60.25% reduction in peroxidase activity,
was manifested with bacterial inoculations at 100 mM NacCl,
when compared with non-inoculated respective treatment. The
activity of acid phosphatase increased significantly with salt
treatment. At O mM, most of the rhizosphere bacterial
inoculations and all histoplane bacterial inoculations enhanced acid
phosphatase activity, relative to non-inoculated respective
treatment. 2.24-35.02% decreases in acid phosphatase activity
were manifested with mono and mixed culture inoculations
at 100 mM NaCl, when compared with non-inoculated
respective treatment. At 100 mM NaCl only ST-2, 4 and ST-3,
4 inoculations enhanced activity of this enzyme relative to
non-inoculated respective treatment.

Discussion

Salinity drastically hampered germination and early growth of
Triticum aestivum var. Inglab 91. Percentage germination,
seedling length (shoot and root lengths) and fresh weight of
seedlings markedly decreased under salt stress. Whereas increase
in dry weight parameters (dry wt. per seedling and dry wt. per
gram fresh wt.), Na* and K* contents, auxin content, soluble
protein content, and enzyme activities (peroxidase and acid
phosphatase) was recorded. Inimical effects of salinity on
germination and early growth have been reported previously
(EI-Saidi, 1997; Pareek et al., 1997; Siddique et al., 1997).
Decreased germination has been considered due to toxicity
of high concentration of salts to embryo and low water potential
of the root zone (Acharya et a/., 1990). Reduced seedling growth
under salt stress has been implicated to reduced water uptake
and an excessive ion accumulation in the plant tissues, possibly
with the reduced uptake of essential mineral elements
(Alam, 1994), altered permeability of plasma membrane
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Table 1: Percentage germination of Triticum aestivum var. Inglab
91 at 0 and 100 mM NaCl concentrations after
inoculating with mono cultures and mixed cultures of
salt tolerant bacterial strains (means of four replicates)

Bacterial strains 0 mM 100 mM
Control 96.25+1.08 88.75+3.69
ST-1 98.75+1.08 88.75+4.09
ST-2 98.75+1.08 91.25+2.07
ST-3 95.00+1.76 93.75+1.08
ST-4 97.50+1.25 95.00+1.76
ST-1, 2 100.00+0.00 90.00+2.50
ST-1, 3 95.00+1.76 90.00+1.76
ST-1, 4 95.00+1.76 93.75+2.07
ST-2, 3 100.00+0.00 91.25+2.07
ST-2, 4 92.50+1.25 93.75+2.72
ST-3, 4 98.75+1.08 91.25+3.24
ST-1, 2,3 96.25+1.08 92.50+1.25
ST-1,2, 4 93.75+3.24 97.50+1.25
ST-1, 3, 4 78.75+1.08 91.25+2.07
ST-2, 3,4 97.50+1.25 93.75+2.07
ST-1, 2,3, 4 95.00+1.76 95.00+3.06
HT-1 98.75+1.08 97.50+2.16
HT-2 93.75+1.08 91.25+2.72
HT-3 98.75+1.08 88.75+1.08
HT-1, 2 96.25+2.07 92.50+2.79
HT-1, 3 93.75+2.07 92.50+2.16
HT-2, 3 96.25+2.07 93.75+1.08
HT-1, 2, 3 97.50+1.25 90.00+3.95
LSD at p=0.05 For Strain 1.45
For Treatment 4.94

(Wu and Seliskar, 1998), impaired metabolism and accumulation
of ammonia (Dubey, 1997). Increased dry weight parameters
under salt stress have variously been related with osmotic
adjustment mechanism of plants by augmented level of organic
and inorganic solutes in the tissues (Gulati and Jaiwal, 1996;
Ashraf, 1997). Increased K* (Yeo, 1998) and Na* uptake
(Amtmann et al.,, 1997; Tyerman et al., 1997), proteins
(Dubey, 1997), growth regulators (Stark, 1997) and altered
enzyme activities (Wu and Seliskar, 1998) in plants growing
under salt stress have been reported.

Bacterial inoculations enhanced the percentage germination of
Triticum aestivum var. Inglab 91 at O (excluding a few
inoculations) and 100 mM NaCl treatments relative to non-
inoculated respective treatments (Table 1). Enhanced germination
with bacterial inoculations has been reported previously (Siddique
et al., 1997; Hasnain and Afrasayab, 2000). Salt tolerant bacteria
might be involved in extracting Na* ions from the solution, hence
decreasing the stress level and increasing the availability of
water in the medium, which may be a factor in causing
stimulation in germination of Triticum aestivum. Mirza et al.
(1998) reported the increased Na* uptake by salt tolerant
bacteria. Bacterial inoculations registered stimulation in root, shoot
and seedling lengths under saline conditions. Some bacterial
inoculations have slightly deleterious effects on shoot, root and
seedling lengths at O mM NaCl treatment. In many cases
significant increase in growth parameters, over non-inoculated
respective treatment, under stress condition was observed.
Although all mono and mixed culture bacterial inoculations caused
stimulation in seedling growth at 100 mM NaCl but some mixed
culture inoculations had relatively more stimulatory effects on
seedling growth relative to their respective monoculture
inoculations (Table 2). It might be due to positive interaction
between bacteria in which they enhance the activity of one
another. On the other hand some bacterial inoculations caused
relatively less stimulation in seedling length as compared to

monocultures. It suggests that bacteria might be nullifying the
effects of one another or their association is not beneficial for
plant growth. According to reports growth stimulating bacterial
strains colonize the roots, release some chemotaxis to root
exudates, due to which competetion among microorganisms
decreased and rate of root colonization with microbes increased
(Bashan and Holguin, 1994; Croes et al., 1993). Growth
promoting bacteria also improve plant growth by decomposing
mineral material and making availability of nutrients to plants
(Jimenez-Salgado et al., 1997). Previously we have reported
improved seedling growth with bacterial inoculations under stress
conditions (Siddique et al., 1997; Hasnain and Afrasayab, 2000).
Bacterial strains also caused increase in number of roots and fresh
weight of seedlings under salt stress, when compared with
non-inoculated respective treatment. According to Bashan and
Levanony (1990), Azospirillum strains could increase the water
status of plants. The improved water status of plant with bacterial
inoculations is evident by the increase in fresh weight and
decrease in dry weight (dry weight accumulation as well) of
seedlings both at 0 and 100 mM treatments (Table 3). ST-3,4 and
ST-1,3,4 inoculations showed synergistic growth stimulating
effects of mixed culture on fresh weight of seedlings. Mono
and mixed culture bacterial inoculations decreased dry
weight and dry weight per gram fresh weight of
seedlings, relative to non-inoculated respective treatments,
under salt stress. Bacterial strains may bind with inorganic ions
and form ligands or organic complexes, thus restricting the
bioavailability of these ions in the medium (Hughes and Poole,
1991) which is manifested by the decreased uptake of Na* in
inoculated seedlings. Hence bacterial inoculation is alleviating the
stress conditions in the medium which is manifested by the
improved growth and low uptake of Na*® by seedlings.
Hasnain and Co-workers also noted decreased dry weight
accumulation with bacterial inoculations (Siddique et al., 1997;
Hasnain and Afrasayab, 2000) under salt stress. Bacterial
combinations ST-3, 4; ST-1, 3, 4; HT-1, 2; HT-1, 3; HT-2, 3;
HT-1, 2, 3 markedly reduced dry weight accumulation as
compared to their mono culture inoculations.

Na™* content of Triticum aestivum seedlings increased under salt
stress. Bacterial inoculations caused increase in Na* uptake at
0 mM but decreased at 100 mM NaCl, when compared with
non-inoculated respective treatments (Table 4). Decreased Na*
uptake by the seedlings may be attributed to the unavailability of
ions in the medium (Hughes and Poole, 1991). The decreased dry
weight as well as Na* content reflect that bacteria bind with Na*
ions and help in improving plant growth. K* uptake by the
seedlings increased under NaCl stress. With bacterial inoculations,
increase in K* content, over non-inoculated respective treatment,
at 0 and 100 mM NaCl was manifested. It has been reported that
salt tolerance in most micro-organisms depends on conserving a
defined micro-environment in the cytoplasm. Salt tolerant bacteria
achieve constant turgor pressure by increasing cytoplasmic K*
concentration at high osmolarity (Ferguson et al., 1996). The
rhizosphere bacteria mostly use plant exudates and inturn make
availability of nutrients to plants (Jimenez-Salgado et al., 1997).
The improved seedling growth and augmented K* content of
seedlings suggested that bacteria were involved in deposition of
K* around the roots, whereby it was taken up by the seedlings.
Plant growth regulators are the substances, which co-ordinate
and regulate growth, development and metabolic processes in
plants. They also manipulate the reaction of plants against salt
stress. Auxin is one of the major hormone, which regulates
other plant hormones. Auxin content of Triticum aestivum
seedlings increased under salt stress (Table 5). Bacterial
inoculations stimulated auxin synthesis in seedlings at O and
100 mM (excluding some inoculations) NaCl treatments.
Mutaftchiev et al. (1993) reported that auxins combine
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Table 2: Impact of bacterial inoculations on shoot, root and seedling lengths (cm) of Triticum aestivum var. Inglab 91 seedlings at O and
100 mM NaCl concentrations (means of four replicates)

Bacterial strains

Shoot lengths

Root lengths

Seedling lengths

0 mM 100 mM 0 mM 100 mM 0 mM 100 mM

Control 12.97 +£0.65 9.22+0.51 12.15+0.37 4.96+0.36 25.12+1.02 14.18+0.87
ST-1 13.26+0.72 10.29+0.22 13.26+1.03 6.22+0.03 26.52+1.75 16.51+0.26
ST-2 14.00+0.51 10.24+0.52 12.60+0.75 6.568+0.24 26.60+1.26 16.82+0.77
ST-3 13.43+0.54 10.59+0.37 12.31+0.34 6.07+0.24 25.74+£0.88 16.66+0.61
ST-4 13.30+0.78 10.53+0.68 12.30+0.50 5.856+0.16 25.60+£1.29 16.38+0.85
ST-1, 2 13.84+0.58 10.83+0.66 12.88+0.77 5.79+0.54 26.72+1.35 16.62+1.20
ST-1, 3 12.37+£0.74 9.95+0.30 11.91+1.04 5.90+0.24 24.28+1.78 15.85+0.54
ST-1, 4 13.63+0.58 10.29+0.71 13.04+£0.93 5.90+0.38 26.67+1.52 16.19+1.09
ST-2, 3 13.16+0.39 9.98 +0.67 12.48+0.71 6.42+0.40 25.64+1.11 16.40+1.07
ST-2, 4 13.26+0.44 10.26 +0.36 13.50+0.83 5.48+0.27 26.76£1.27 15.74+0.63
ST-3, 4 13.59+0.62 11.13+0.96 13.10+1.04 6.58+0.38 26.69+1.66 17.71+1.34
ST-1,2,3 13.19+0.45 10.35+0.41 11.33+0.32 5.59+0.22 24.52+0.77 15.94+0.63
ST-1, 2,4 14.40+0.46 11.14+0.18 14.49+0.50 6.44+0.14 28.29+0.96 17.58+0.32
ST-1, 38, 4 14.13+0.81 11.37+0.51 12.81+0.71 7.11+£0.11 26.94+1.52 18.48+0.62
ST-2, 3, 4 14.31+0.93 11.18+0.38 13.07+0.96 6.87+£0.59 27.38+£1.89 18.05+0.97
ST-1,2,3, 4 13.66+0.65 10.75+0.49 13.58+0.77 5.569+0.31 27.24+£1.42 16.34+0.80
HT-1 14.27+0.85 10.74+0.20 12.53+1.11 6.06+0.45 26.80+1.96 16.80+0.65
HT-2 13.61+0.32 10.23+0.25 8.34 £0.10 5.98+0.38 21.95+0.43 16.21+0.63
HT-3 13.52+0.39 10.36+0.51 12.23+0.42 5.96+0.25 25.75+0.81 16.32+0.76
HT-1, 2 13.17+0.25 10.98+0.30 12.69+1.08 6.24+0.43 25.86+1.33 17.22+0.73
HT-1, 3 13.568+0.59 10.67+0.26 13.40+0.81 6.69+0.31 26.98+1.40 17.36+0.57
HT-2, 3 13.64+0.46 10.55+0.43 14.16+0.81 6.50+0.14 27.80+£1.27 17.05+0.57
HT-1, 2, 3 14.02+0.44 11.30+0.11 13.31+0.74 6.71+0.27 27.33+£1.19 18.01+0.38
LSD at For Strain 0.16 For Strain 0.49 For Strain 0.50

p=0.05 For Treatment 0.57 For Treatment 1.68 For Treatment 1.70

Table 3: Impact of bacterial inoculations on dry weight per seedling (mg), fresh weight per seedling (mg), dry weight per gram fresh
weight (mg/gm) of Triticum aestivum var. Inglab 91 at O and 100 mM NaCl concentrations (means of four replicates)

Bacterial strains

Fresh weight per seedling

Dry weight per seedling

Dry weight per gram fresh weight

0 mM 100 mM 0 mM 100 mM 0 mM 100 mM

Control 250.59+10.96 188.83+5.43 36.33+0.70 46.72+0.90 144.97 £5.83 247.41+£3.16
ST-1 294.15+5.0 1 222.98+12.60 32.51+0.45 36.64+1.78 110.52+2.73 164.32+7.19
ST-2 277.0+£010.89 233.89+11.79 37.35+0.62 42.58+1.38 134.83+5.75 182.05+6.58
ST-3 290.06 +9.04 224.87 +8.30 34.58+0.49 41.63+2.16 119.22+4.76 185.12+5.23
ST-4 321.77 £8.39 219.42+11.65 34.94+2.32 45.10+0.51 108.58+5.35 205.54 +6.08
ST-1, 2 339.31+14.95 194.81+6.88 34.02+2.45 42.50+1.76 100.26 £8.70 218.16+4.32
ST-1, 3 319.93+12.93 200.28 +6.69 33.33+0.78 41.31+0.48 104.17+6.85 206.26 +3.58
ST-1, 4 358.29+9.29 220.93+5.99 33.565+1.02 33.71+1.61 93.64+5.15 152.58+3.80
ST-2, 3 303.39+4.71 218.39+8.07 30.90+1.88 41.17 +£0.83 101.84+3.29 188.51+4.45
ST-2, 4 332.47+12.60 215.49+8.11 36.12+0.08 48.04+0.20 108.64 +6.34 222.93+4.15
ST-3, 4 334.26+£10.31 264.43+9.94 32.08+1.82 40.54 +2.27 95.97 +£6.06 153.31+£6.10
ST-1, 2, 3 306.22+6.03 212.99+5.40 35.43+1.01 38.68+1.43 115.70+£3.52 181.60 +3.41
ST-1, 2,4 320.74+8.62 221.18+3.61 30.90+2.66 40.17+£1.89 96.34 +5.64 181.61 £2.75
ST-1, 3, 4 344.81+13.78 249.23 +10.51 35.27+1.76 36.65+0.78 102.28+7.77 147.05+5.64
ST-2, 3, 4 299.84+12.81 200.10+12.26 30.11+2.44 38.75+0.88 100.42+7.62 193.65+6.57
ST-1,2, 3,4 270.80+9.75 202.56+2.59 31.87+1.32 35.57+0.40 117.68+5.53 175.60+1.49
HT-1 333.21+12.83 256.32+10.90 35.94+0.90 44.41+£2.18 107.86 +6.86 173.25+6.54
HT-2 288.37+7.33 217.02+13.50 34.16+2.94 38.66+1.41 118.46+£5.13 178.14+7.45
HT-3 302.27 + 9.03 215.87+12.50 33.74+£1.32 38.90+1.94 111.62+£5.17 180.20+7.22
HT-1, 2 295.99+6.55 243.30 +5.54 32.64+1.36 37.74+0.76 110.27 £3.95 155.11+£3.15
HT-1, 3 331.29+11.57 235.16 +8.91 33.74+0.44 34.58+1.83 101.84 £6.00 147.04 +5.37
HT-2, 3 329.47 £6.04 226.59+5.19 32.10+1.48 35.94+2.03 97.43+3.76 158.61 +3.61
HT-1, 2, 3 320.09+6.89 214.99+10.77 33.89+0.98 36.17+1.07 105.87 +£3.93 168.24 +5.92
LSD at For Strain 11.05 For Strain 1.46 For Strain 9.82

p=0.05 For Treatment 37.48 For Treatment 4.95 For Treatment 33.32
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Table 4: Impact of bacterial inoculations on Na* content (ug/gm dry wt.) and K* content (ug/gm dry wt.) of Triticum aestivum var.

Afrasayab and Hasnain: Mixed bacterial cultures effects on Triticum seedlings

Inglab 91 seedlings at O and 100 mM NaCl concentrations (means of four replicates)

Bacterial strains Na*content K* Content

0 mM 100 mM 0 mM 100 mM
Control 5444.69+103.54 17146.63+294.10 1618.25+49.14 1846.17+67.93
ST-1 7962.04+231.56 16946.47 +641.06 1890.18+116.75 2283.37 £94.06
ST-2 8248.63+545.51 16697.65 +340.26 1803.34+82.31 2008.23+43.11
ST-3 8347.82+399.72 15758.85+318.52 1772.74+56.12 1979.79+74.35
ST-4 7183.42+268.08 16896.00 + 259.96 2126.96 £93.52 2185.06+126.71
ST-1,2 9017.29+239.13 16768.81 +354.98 1885.95+76.19 2368.87 +158.25
ST-1,3 8922.47 +320.46 15188.85 +244.38 1640.93+109.90 2410.33+126.31
ST-1,4 8694.12+232.37 16731.17 +467.84 1618.98+116.26 2165.25+23.73
ST-2,3 8606.94 +507.82 15242.73 +355.34 1824.46+51.61 1896.05+71.22
ST-2,4 9217.70+219.81 16987.90+224.62 1810.88+13.20 2114.86+25.45
ST-3,4 8321.55+191.14 11028.69+276.47 1621.16+121.63 1858.94 +74.51
ST-1,2,3 8823.13+318.13 16461.38+431.72 1689.87+75.94 2158.81+96.55
ST-1,2,4 9380.33+247.32 15577.34+£508.34 2054.17 £97.98 1950.84 +30.45
ST-1,3,4 8417.72+251.71 15378.80+329.54 1603.94+86.32 2119.46 £63.01
ST-2,3,4 8553.60+477.76 15153.67+512.80 2090.01+85.14 2277.19+82.07
ST-1,2,3,4 9256.77 +245.63 16111.23+365.41 1653.78+110.37 2028.07 +58.46
HT-1 8924.63+235.63 15132.35+254.61 1651.09+11.92 1876.45+22.05
HT-2 9712.77 £269.21 14901.99+515.96 1909.36 +38.38 1907.67+11.89
HT-3 9125.00+282.51 16989.67 +303.87 1666.56 +56.60 2198.26+165.33
HT-1,2 7678.48+213.39 15563.03+301.45 1831.77+117.46 2111.87+104.80
HT-1,3 8158.82+129.16 15975.00+272.71 1692.38+46.51 2092.96+77.81
HT-2,3 8099.73 +325.19 15743.10+283.94 1512.45+53.21 2032.19+71.50
HT-1,2,3 8326.08 +223.61 15487.55+319.54 1647.87 +64.44 1896.85+71.34
LSD at For Strain 722.73 For Strain 88.51
p=0.05 For treatment 2450.91 For Treatment 300.91

Table 5: Impact of bacterial inoculations on auxin content (ug/gm fresh wt.) and soluble protein content (ug/gm fresh wt.) of Triticum
aestivum var. Inglab 91 seedlings at 0 and 100 mM NaCl concentrations (means of four replicates)
Soluble protein content

Bacterial strains Auxin content

0 mM 100 mM 0 mM 100 mM
Control 1.01+ 0.09 2.81+0.14 830.00 +24.01 1084.57 +17.98
ST-1 1.30+£0.07 3.62+0.26 945.00+16.97 1079.26 +30.81
ST-2 2.14+0.12 3.70+£0.17 750.00+24.25 1084.31+25.45
ST-3 1.23+0.08 3.72+0.09 1116.00+43.64 1330.50+13.18
ST-4 1.50+0.12 3.92+0.18 1050.00+24.86 1404.87 +10.35
ST-1,2 2.09+0.16 2.69+0.06 1132.50+26.52 1176.00+55.16
ST-1,3 1.48+0.12 3.07+£0.05 1107.00+14.85 1170.00 +34.86
ST-1,4 2.73+0.12 2.79+0.11 922.00+15.47 975.50+27.51
ST-2,3 1.47 +0.11 2.62+0.12 1179.00+48.79 1029.00 +28.50
ST-2,4 2.08+0.10 2.80+0.13 1093.50+54.10 1131.00+15.63
ST-3,4 1.31+0.11 2.95+0.11 792.00+36.00 979.31+16.07
ST-1,2,3 2.91+0.13 2.88+0.08 744.00+26.32 1339.50+13.18
ST-1,2,4 1.31+0.09 2.81+0.21 984.00+12.00 1332.00+18.70
ST-1,3,4 1.09+0.09 2.88+0.12 967.50+35.00 937.50+14.57
ST-2,3,4 1.43+0.11 2.82+0.11 741.00+7.01 1056.00+35.78
ST-1,2,3, 1.51+0.10 2.94+0.17 690.00+38.18 1173.00+44.55
HT-1 1.96+0.15 3.04+0.12 960.00 +38.89 966.00+38.18
HT-2 1.41+£0.13 3.01+£0.03 750.00+14.24 1242.00+12.88
HT-3 1.85+0.08 3.05+0.11 809.00+15.37 1253.50+30.76
HT-1,2 1.59+0.10 2.51+0.09 775.35+21.27 1095.00+15.12
HT-1,3 2.28+0.15 2.88+0.07 777.00+44.55 1192.50+10.77
HT-2,3 2.54+0.17 2.99+0.08 693.00+11.72 1203.00+32.74
HT-1,2,3 1.37+0.06 2.85+0.08 772.00+21.52 1152.00+22.13
LSD at p=0.05 For Strain 0.32 For Strain 87.13
For Treatment 1.08 For Treatment 295.47
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Table 6: Impact of bacterial inoculations on peroxidase (unit/gm fresh wt.) and acid phosphatase (unit/gm fresh wt.) activities of Triticum
aestivum var. Inglab 91 seedlings at 0 and 100 mM NaCl concentrations (means of four replicates)

Bacterial strains Peroxidase Acid phosphatase
0 mM 100 mM 0 mM 100 mM
Control 62.92+3.69 91.30+5.16 66.32+2.68 101.44 +4.31
ST-1 46.14+3.79 36.29+2.24 81.05+3.11 95.36+4.23
ST-2 35.50+2.12 67.04+4.27 78.96+2.78 83.64+3.66
ST-3 30.13+£2.70 45.78 +3.36 72.45+4.35 89.90+3.72
ST-4 31.95+2.27 46.50+2.63 89.23+3.62 99.16+£4.25
ST-1,2 32.07+£1.52 54.83+3.16 54.16 £4.01 71.56+4.51
ST-1,3 105.21+2.54 73.46+4.61 67.35+3.51 90.29+4.87
ST-1,4 48.91+3.14 60.99+3.72 65.48+3.18 67.09+2.78
ST-2,3 68.29+3.87 61.69+3.59 66.72+3.25 84.95+3.95
ST-2,4 52.53+3.68 40.96+1.69 91.35+2.48 105.26+6.12
ST-3,4 53.55+3.49 53.48+3.27 86.17+3.67 112.07 +£5.22
ST-1,2,3 75.00+5.44 89.15+2.89 67.56+3.19 73.53+3.12
ST-1,2,4 62.93+1.12 39.61+2.88 63.97+2.66 91.86+3.58
ST-1,3,4 44.01+3.27 43.86+3.83 55.89+2.82 65.91+3.64
ST-2,3,4 67.83+3.45 57.77+3.25 61.54+2.17 87.64+2.99
ST-1,2,3,4 70.21+2.97 72.14+4.49 52.14+1.96 77.41+2.89
HT-1 39.50+2.32 43.16+3.18 71.52+3.71 93.62+3.78
HT-2 63.20+4.98 67.36+1.97 80.36+4.10 73.88+2.67
HT-3 50.02+2.30 47.81+2.32 91.06+4.33 88.53+4.99
HT-1,2 81.57+1.36 38.11+1.58 75.44+3.53 94.69 +3.81
HT-1,3 63.33+2.46 48.48 +3.59 68.96+2.22 84.51+3.91
HT-2,3 59.56+2.14 42.73+2.73 67.91+2.84 71.92+2.97
HT-1,2,3 49.47 +2.28 45.27 +3.33 78.32+3.63 67.99+3.55
LSD at p=0.05 For Strain 5.03 For strain 8.39
For Treatment 17.39 For Treatment 28.48

with polysaccharides, proteins and biologically active compounds
to minimize the harmful effects of salts. With the application of
some mixed culture bacterial inoculations, auxin content of
seedlings decreased, over non-inoculated respective treatment, at
0 mM NaCl. These results indicate that bacterial combinations
might be involved in improving seedling growth by decreasing Na*
uptake as well as auxin content of seedlings. Generally
monoculture inoculations increased auxin content more efficiently
under salt stress. The significant increase in auxin level of
inoculated seedlings clearly demonstrates that auxin might be
contributing towards plant growth stimulation under salt stress.
With bacterial inoculations elevated auxin level in inoculated
seedlings under stressed conditions has been reported previously
(Siddique et al., 1997; Hasnain and Afrasayab, 2000).

Salinity also affected soluble protein content of Triticum aestivum
seedlings (Table 5). Soluble protein content significantly increased
swith the increase in salinity. According to Staples and Dacher
(1986), the osmotic adjustment mechanisms of plants include, the
ionic pumps of plasmalemma and tonoplast, internal transport
mechanisms, the activities of the chloroplast and mitochondria
and many metabolic activities of the cytoplasm, especially protein
synthesis. Plants grown in saline environment show accumulation
of soluble nitrogenous compounds such as amino acids, amides,
betaines and polyamines to adjust their internal osmotic status
(Takabe et a/., 1998). Proline and glycine betaine play a wider role
in protein stability in the presence of inhibitory ion concentration
(Subbararo and Johansen, 1995). Under salt stress osmotic
adjustment by plants are manifested by increased soluble protein
content. Amount of protein content is directly related with auxin
content as both are formed from tryptophane molecules with
different arrangement. Hence auxins increase the soluble protein
content by increasing the rate of metabolism. Majority of the
bacterial inoculations caused increases in protein content (except

some inoculations) of seedlings at O and 100 mM NaCl
treatments. Siddique et al. (1997) has also reported enhanced
soluble protein content with bacterial inoculations under salt
stress.

The activity of enzymes peroxidase (Alexander, 1994) and acid
phosphatase (Macaskie, 1995) depends upon metal accumulation
by the cells. Enzyme study of Triticum aestivum seedlings
revealed that activity of peroxidase and acid phosphatase was
affected with NaCl treatment as well as bacterial inoculations
(Table 6). Peroxidase and acid phosphatase activity increased
under NaCl stress due to increased Na* uptake by the
seedlings which inturn affected plant growth. Increased activity
of plasma membrane ATPase enzyme enables the cells to tolerate
higher cytoplasmic NaCl under salt stress (Wu and Seliskar,
1998). At 100 mM NaCl, increase, over non-inoculated respective
treatment, in peroxidase activity was recorded. Both increases
and decreases in peroxidase activity were manifested at 0 mM
NaCl, when compared with non-inoculated respective
treatment. Siddique et al. (1997) related improved seedling
growth with reduced peroxidase activity and enhanced auxin level
with the application of bacterial inoculations under salt stress.
Bacterial inoculations also retarded acid phosphatase activity
under salt stress. However at O mM most of the inoculations
enhanced acid phosphatase activity, when compared with non-
inoculated respective treatment. The activity of enzymes acid
phosphatase and peroxidase is related with Na* content of
seedlings. Under saline conditions, decreased Na* uptake and
enzyme activities clearly indicate that bacteria might be involved
in lowering the deposition of Na* around the roots, thus making
less availability of salts to seedlings. These may be the stress
relieving factors for seedlings under stress conditions. At
100 mM NaCl, ST-2, 4 and ST-3, 4 bacterial combinations
enhanced acid phosphatase activity relative to non-inoculated
respective treatment, which suggests that these bacteria
interact to promote enzyme activity of one another. The
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magnitude and extent of decrease or increase in enzyme activity
varied with different strains. These results revealed that both
rhizosphere and histoplane bacteria stimulate seedling growth
especially under NaCl stress. Some mixed bacterial cultures
(ST-3, 4; ST-1, 2, 4; ST-1, 3, 4; ST-2, 3, 4; HT-1, 2; HT-1, 3;
HT-2, 3; HT-1, 2, 3) have synergistic growth stimulatory effects
compared with the growth enhancement caused by monocultures.
The growth promoting activity could be related with decreased
dry weight accumulation, Na* content, enzyme activities and
increased auxin content of seedlings.
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