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ABSTRACT

There is increasing attention to accommodate wheat cultivars to grow
in s alinities o utside the n atural range of tolerance to obtain an appropriate
economic yield. Accordingly, a gnotobiotic experiment was conducted to
study the effect of using different bacterial strains, isolaled from saline soils,
i.e. plant growth promoting rhizobacteria (Klebsiella pneumoniae) either alone
or in combination with Np-fixing (Azospinilum brasilense + Azotobacter
chroococcum) or phosphate d issoiving ( Bacillus m egatherium) or with b oth
(composite}, as inoculation treatments for one week-old wheat seedlings
{Tnticum aestivum L.) cv. Giza 163 growing under different levels of
seawater, i.e. 0, 3, 6 and 12 dSm"'. In addition, a pot experiment was carried
out using the previous bacterial strains {reatments for inoculation of wheat
grains as well as for soil pots of wheat plants (2 and 6 weeks-old) grown
under the same aforementioned levels of seawater.

In gnotobiotic experiment, the results of total bacterial counts as well
as of nitrogenase activity indicated that with increasing salinity level, there
were corresponding reductions in total bacterial counts as well as of
nitrogenase activity were detected. Meanwhile, higher values of total bacterial
counts as well as of nitrogenase activity were obtained from wheat plants
inoculated with composite or Klebsiella + N,-fixers inocula as compared
whether with uninoculated or the other inoculation treatments under different
salinity levels.

in the pot experiment, the microbiological study revealed that numbers
of total bacterial counts were decreased with increasing salinity level. The
highest total bacterial counts adhering to roots were recorded at nine weeks
of growth peried for wheat plants inoculated with composite inocula under
different salinity levels. Inoculation with various bacteriai strains as grain
coaling treatments increased the germination percentage under different
salinity levels as compared each with uninoculated one.

Under different salinity levels, the mean values of germination
percentage of wheat grains as well as different studied growth characters of
wheat plants showed a significant progressive reduction with increasing
salinity levels. Moreover, the mean values of total N, P, K* and Ca*?
concentrations decreased whereas, Mg*?, Na*, reducing and total sugar, free
amino acids as well as free proline concentrations increased in roots and
shoots of wheat plants. Also, the endogenous [AA and cytokinins
concentrations decreased, whereas endogenous ABA increased in wheat
shoots under different salinity levels. This was reflected on a significant
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reduction in the different plant yield components. Such reduction was mostly
resulted from reducing the number of tillers bearing spikes under salt stress.
The ability of K. pneumoniae to produce exopolysaccharides that binds
to wheat plant roots and soil p articles (Del Gallo and Fendrik, 1984) could
facilitate to the other bacterial inoculants to colonize the rhizosphere of wheat
roots. T he e xopolysaccharides might represent s uitable m edium for mutual
utilization of substances between the plant root and the inoculated bacteria.
This could increase the bacterial populations in rooting zone, allowing for
more co-operations between wheat plants and inocuiated bacteria. Therefore,
it was found an absolute superiority of composite inocuta treatment on growth
of both root and shoot of wheat plants comparing with the other inoculation
freatments under the different salinity levels. It appears that composite
inocula treatment could parially increase the ability of wheat plants to
counteract salinity by accumulating relatively higher amounts of N, K, ca®,
non-reducing sugar, free amino acids, free proline, endogenous auxin and
cytokinins as well as lowering Na* and e ndogenous ABA concentrations in
their shoots leading to better perfonmance of wheat plants under salinity
stress. This was reflected by the superiority of their grain weight/plant as
compared with the other inoculation treatments under different salinity levels.

INTRODUCTION

Wheat (Trticurn aestivum) is the most important growing cereal crop in
Egypt. There is a gap between production and consumption owing to the over
population in Egypt. Therefore, increasing its productivity and the cultivated
areas are highly recommended. Due to restricted resources of fresh water,
the use of less quality saline water, i.e. ground water or even diluted
seawater became an important source of irrigation especially in the newly
cultivated areas. Another problem has special relevance in Egypt, where
about two million feddans of salt affected soils concentrated around the
Northern lakes and the Mediterranean Sea (SediK, 1997). In addition, one of
the major implications of increasing the concentration of soluble salts in the
rooting zone of soil, is the reduction of rhizosphereic populations, thereby
affecting the plant productivity. Therefore, it is obligatory to use some means,
which enhance plant ability to tolerate salinity and minimize the plant's water
requirements.

Grain germination is considered an Important process in the
establishment of a crop stand, and this stage is usually sensitive to salt stress
condition (Naqvi, 1994). Moreover, wheat plants growing under saline
conditions showed a reduction in growth and their uptake of nitrogen
decreased with increasing salinity. To counter the growth depressing effects
of stress, a number of investigators have reported that salinity stress couid be
alleviated by increasing the N supply to the soil (Pessarakli ef al., 1991). 1t
minimizes salt-induced damage and apparently provides salt tolerance. In
this regard, nitrogen fixation associated with roots of grasses has been
recognized as a possible significant component of the nitrogen cycle in a
range of ecosystems including several extreme environments (Dart, 1986). In
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addition to beneficial effects of N.-fixing bacteria associated with roots of
cereal crops, these bacteria are also reported to produce growth promoting
substances which could help in increasing crop yield (Lifshitz et al., 1987 &
De-Freitas and Germida, 1990). Moreover, the ability of K. pneumoniae to
produce exopolysaccharides that binds to wheat plant roots and soil particies
(Del Gallo and Fendrik, 1994) could facilitate to the other bacterial inoculants
to colonize the rhizosphere of wheat roots.

Accordingly, this work was aimed to use bacterial inoculants containing
living cells of efficient strains, isolated from saline soils, of plant growth
promoting rhizobacteria, either alone or in combination with N.-fixing or
phosphate dissolving or with both, for inoculation of wheat grains and soil
area with the objective of increasing the numbers of such bacteria and
accelerating certain microbial processes to augment the extent of the
availability of nutrients in a form which can be easily assimilated by w heat
plants as well as to counter partially the detrimental effects of salinity on
growth and yield. | n addition, the ¢hanges in mineral nutrients, s ugar, free
amino acids and free proline concentrations as well as endogencous plant
growth regulators of wheat plants were studied to define a possible
physiological role of different bacterial inoculants under salinity stress.

MATERIALS AND METHODS

The present investigation was carried out in the Lab. of Microbiology
Department as well as in the greenhouse and Lab. of the Plant Physiology
Section, Faculty of Agriculture, Cairo University. The pot experiment was
twice conducted under the same conditions during two successive seasons
2000/01 and 2001/02. Therefore, the tabulated and discussed data of the
various determinations represent the combined analysis for the two seasons.
Bacterial strains:

A number of bacterial strains belong to the genera Klebsiella,
Azospinilium, Azotobacter and Bacillus isolated from Egyptian saline sandy
soils { Sedik, 1997) were p urified and identified according to APl microtube
system, AP| 20B, AP| 20E and APl 50CHE (Logan and Berkley, 1984).
Inocula preparation:

Bacterial strains, i.e. producing of exopolysaccharides and plant growth
promoting substances (Klebsiella pneumonia), N, -fixers (Azospiriium
brasilense + Azolobacter chroococcum) and phosphate d issolving ( Bacillus
megatherium} were used in inoculation treatments. Each strain was
precultured in nutrient broth medium at 30°C in incubator with shaking rate at
140 rpm for 3-5 days. Five combinations of bacterial strains treatments were
tested for inoculation of wheat in both gnotobiotic and 1D°t experiments as
follows: 1) unlnoculated 2) 1ml of K. pneumonia (7.0x10 cells) 3) 1ml of K
pneumonia (7.0x10’ cells) + 1ml of A. brasilense (5.0x10" cells) + 1ml of A.
chroococcum (3.0x107 cells) 4) 1ml of K. pneumonia (7.0x10° cells) + 1ml of
B. megatherium (4.5x10 cells) and 5) 1ml of K. pneumonia (7.0x10” cells) +
1ml of A. brasilense (5.0x10’ cells) + 1mt of A. chroococcum (3.0x107 cells) +
1ml of B. megatherium (4.5x10 cells).
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Gnotobiotic experiment:

Mature grains of wheat (Trticum aestivum L.) cv. Giza 163 were
surface sterilized and germinated onto agar plates. After one week, seedlings
were transferred to 75ml tubes (two seedlings / tube) containing 15 ml of
semisolid basal medium of Reinhold et al. (1985) in a gnotobiotic system.
Semisolid basal medium was prepared by using different dilutions of
seawater to give final salt levels at electrical conductivity (E.C.) 0, 3, 6 and 12
dSm™. Cultures tubes (10-tubes/ treatment) were inoculated with different
.broth cultures of the inocula as previously mentioned. Cuiture tubes were
incubated at 23-25°C in a growth charnber with a 16-h photoperiod. For each
treatment, wheat plants were taken 0, 1, 2 and 3 weeks after seedling
inoculation, for determination of bacterial count on plant roots and
nitrogenase activity.

Pot experiment:

Mature grains of wheat were s oaked for one hour in 7 days-old broth
culture of the different inocula treatments, i.e. 1) uninoculated, 2) K
pneumonia, 3) K pneumonia+ A. brasilense+ A. chroococcum, 4) K
pneumonia+ B. megathenum and 5) K. pneumonia+ A. brasilense+ A.
chroccoccum+ B. megathenum. After, the grains were surface dried on fiiter
paper. The grains from each treatment were sown in plastic pots, 25 cm in
diameter, filled with a mixture of 2:1 clay and fine sand, on 12th Nov, 2000
and 19th Nov, 2001, in the first and second seasons, respectively. Each pot
norrmally fertilized with 1.4g superphosphate, 1.1g potassium sulfate and 2.5
g ammonium nitrate. Salinization treatments were immediately begun with the
different levels of seawater at electrical conductivity (E.C.) 0, 3, 6 and 12
dSm™. Each pot from each treatment received 500 mi from its respective
solution once every three days. Two and six weeks after sowing, the different
bacterial inocula treaiments were again used to inoculate wheat plants at the
rate of 10 ml/pot. Each treatment was represented by 10 pots in a completely
randomized design.

From each treatment, four s amples were taken 3,6,9 and 12 weeks
after sowing for determination of variable bacterial counts. Meanwhile, two
samples were taken 35 and 65 days after sowing to record the growth
characters including, the main stem length, root and shoot dry weights as well
as number of tillers. At harvest, for each treatment grain number per spike,
grain weight per spike, grain weight per plant and 1000-grain weight were
recorded.

Microbiological analysis

The plate count method by using the selective medium of combined
carbon medium (CCM) was carried out according to Hegazi et al. (1998).
Technique of colony forming units (CFU) was adopted at 30°C for 2-5 days.
To measure nitrogenase activity, the acetylene reduction activity (ARA) was
measured by using gas-liquid chromatography {Pye Unicam PU 4550)
according to Hardy et al. (1973). Nitrogenase activity was expressed as
nmoles ethylene produced per seedling per hour. Each value represented the
mean of five culture tubes (replicates).

Chemical Analysis:
Determinations of mineral nutrients, sugars, free amino acids and free
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proline in roots and shoots were only carried out.on the second sample.
Meanwhile, determination of endogenous phytohormones was only
determined in the shools of the second sample.

Nutrient elements determination:

Determination of nutrient elements were carried out on the dry
materials of roots and shoots. For total nitrogen, phosphorus, potassium,
calcium, magnesium and sodium determination, the wet digestion of dry plant
material was carried out as described by Piper (1947). For the determination
of total N, the modified micro-Kjeldahl” apparatus of Parnas and Wagner as
described by Pregl {1945) was used. Phosphorus was determined
colorimetrically using the chlorostannous reduced molybdophosphoric blue
color method as described by King {1951). Potassium, ¢alcium, magnesium
and sodium determinations were determined using Atomic Absorption
Spectrophotometer (Unicum Sp., 1900).

Sugars and free amino acids determinations:

Extraction of sugars and free amino acids was carried out using hot
ethanot (80 % v/v, 10 ml/ig f.wt.}. Reducing and total sugars were determined
spectrophotometrically at 540 nm by phosphomolybdic acid method
according to A.Q.A.C. (1975). Free amino acids were determined
spectrophotometrically at 570 nm by using ninhydrin reagent according to
Moore and Stein (1954). Pure leucine was used as a standard.

Proline determination:

Extraction of proline was carried out by homogenizing the Freeze-
dried seediings with sulphosalicyclic acid (3% w/v, 20 mi/g f.wt.). Proline was
estimated spectrophotometrically at 520 nm by using the ninhydrin method
according to Bates ef al. (1973). Pure proline was used as a standard.
Endcgenous phytohormones determination:

Endogenous phytohormones, i.e. indole-3-acetic acid (IAA),
cytokinins and abscisic acid (ABA) were determined in shoots according to
Nesiem (1998} by using Ati-Unicum gas-liquid chromatography, 610 Series,
equipped with flame ionization detector. The peaks identification and
quantification of phytohormones were performed by using external authentic
hormones and a Microsoft program to calculate the concentrations of the
identified peaks.

Statistical analysis:

Data of growth characters and plant yield components were analyzed
by using two factorial completely randomized design according to Gomez and
Gomez (1984).

RESULTS AND DISCUSSION

Gnotobiotic experiment:

The results of totai bacterial counts adhering to roots of wheat plants
grown in gnotobiotic system for different incubation periods as affected by
various bacterial inoculations under different salinity levels are presented in
Table (1).
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Table (1): Total b acterial c ounts { x10* CFU. g ' dry r oot} a dhering to
roots at different incubation periods of wheat plants grown
in gnotobiotic system as affected by various bacterial
inocula under different salinity levels.

Salinity | Incubation Kieb. + Kieb. + 1
(C:iS:"') &ee:::) uninoculated | Kleb. (Azoto.+Azospi.)| Bacillus Composite
0 0.3 2.0 27 24 38
1 1.1 28.0 52.3 48.2 110.0
0.0 2 3.8 152.0 330.0 2020 569.0
3 1.4 76.0 121.0 113.0 340.0
Mean 1.7 64.5 126.5 91.4 255.7
0 0.2 25 34 3.0 4.0
1 0.2 40.0 62.0 52.4 127.3
3.0 2 1.0 2150 376.0 2420 618.9
3 0.4 112.0 236.0 148.0 410.0
Mean 0.5 92,4 169.4 111.4 280.1
0 0.1 1.5 2.4 2.2 3.3
1 0.2 24.0 36.2 30.1 70.4
6.0 2 0.7 134.3 294.6 195.0 452.0
3 0.3 56.1 112.0 83.0 286.2
Mean 0.3 54.0 111.3 77.6 203.0
D 0.1 0.7 1.3 1.2 1.7
1 0.1 10.2 17.8 12.1 244
12.0 2 0.3 55.6 132.1 96.0 152.0
3 0.1 22.1 571 39.7 90.2
Mean 0.2 222 52.1 37.3 67.1

Under the effect of both salinity and b acterial inoculation treatments,
total bacterial counts estimated on roots of wheat plants were progressively
increased with the increasing of incubation period, reaching to their maximum
values after two weeks of inoculation. This was followed by a noticeable
decrease in the third week. Of course, variation in bacterial population
densities might be related to bacterial strain inocula as well as the nature of
wheat root exudates during the different developmental stages. Fischer et al.
(1999) demonstrated that wheat root exudates could influence the gene
expression of external membrane proteins when A, brasilense Cd was grown
under saline stress.

Meanwhile, whether in uninoculated or inoculated treatments, the total
bacterial counts adhering to roots of wheat plants was proportionally
decreased with increasing salinity level, except of salinity at the level of 3
dSm™, which showed a slight increase as compared to non-saline control. On
the other hand, inoculation of wheat plants with either of cormnposite (K
pneumnoniae + A. brasilense + A. chroococcurn + B. megathenum) or K.
pneumnoniae + Ng-fixers inocula induced higher values of total bacteriat
counts adhering to roots under different salinity levels as compared with other
inoculation treatments at all incubation periods.

The results of nitrogenase activity expressed in terms of acetylene
reducing activity (ARA) of wheat plants grown in gnotobiotic system for
different incubation periods as affected by various bacterial inoculations
under different salinity levels are presented in Table (2). Generally, the
results of nitrogenase activity of wheat plants showed similar trends to that
obtained from total bacterial counts whether under different salinity or
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bacterial inoculation treatments. In addition, nitrogenase activity showed
slight increase at the salinity level of 3 dSm™ as compared to non-saline
control. In this concern, Malik ef a/. (1991) reported that among the plants
growing in saline environment, rice and wheat, which exhibited high
nitrogenase activities as estimated by ARA technigue. Tripathi and Mishra
(1998) reported that increased NaCl inhibited growth and plant-growth-
promoting activities, e.g. N-fixation and IAA production in A. brasilense.
However, Mahmoud et a/. (1973) and Malik et af. (1994) found that efficiency
of nilrogen fixer's strains derived from saline soils were more salt tolerant
than those obtained from slightly or moderately saline soils.

Table (2): Nitrogenase activity {nmol CzH, . seedling" .h") of wheat plants
grown in gnotobiotic systam for different incubatlon periods as
affacted by various bacterial Inocula under differant salinity levels.

Salinity | Incubation
Kleb. + Kleb. +
(cll;‘:'l‘) (r;ralﬁgl uninoculated| Kleb. (Azoto.+Azospl)| Bacillus Compaosite
0 0.7 5.0 251 2.7 26.4
1 1.2 13.2 96.2 10.1 127.2
0.0 2 1.8 48.1 425.0 44.1 488.1
3 1.4 28.0 344.0 297 3€6.0
Mean 1.2 238 222.6 21.7 251.9
0 0.8 5.4 26.2 az 30.1
1 1.0 14.4 110.8 13.0 135.2
a0 2 1.7 56.2 466.1 50.2 511.1
3 0.9 36.2 370.6 30.1 496.1
Mean 1.1 28.0 2434 24.1 293.1
0 0.5 3.7 222 23 241
1 0.8 10.1 81.0 7.8 120.2
6.0 2 13 34.2 414.0 35.0 451.0
3 0.7 23.6 305.0 222 340.0
Mean 0.8 17.9 205.6 16.8 236.3
0 0.2 1.1 10.1 0.9 16.56
1 0.5 52 42.0 a2 74.0
12.0 2 0.9 17.9 204.0 14.0 256.0
3 0.3 8.4 169.0 71 149.0
Mean 0.5 8.2 106.3 6.3 123.9

Under non-saline conditions, the highest values of nitrogenase activity
were obtained from wheat plants inoculated with composite or Kleb.+ N,-
fixers inocula. Also, both inoculation treatments recorded the superiority of
nitrogenase activity under the effect of different salinity levels at all incubation
periods.

Pot experiment:

The capacity of wheat grains to germinate is related to the extent of
imbibition from the soit culture solution and the resultant activity of the
embryo. Therefore, different salinity levels reduced wheat grain germination
percentage Fig (1). The reduction was proportional to the increase in the
salinity level. In this respect, Raghav and Pal (1994) reported that wheat
germination percentage decreased with increasing salt concentration. The
reduction in germination under saline conditions could be attributed to
increased osmotic pressures of the soil culture solution, which diminish the
water absorption rate, leading to moisture stress in the seeds (Prisco and
O'Leary, 1970) and lowering of food reserve mobilization. This could be
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attributed to the negative effects of salts on enzymes responsible for
hydrolysis and consequently on diminishing of hydrolysis products
translocated to the embryo axis (Prisco ef al., 1981).

‘BUninoculated BKieb. DKleb.+Azoto. +Azosp. BKleb. +Bacillus O Composite |

100- .
g 80
o
g
S 60
S
£ 40
£
& 20 -
O.ﬁ

Control 3 6 12
Salinity leve! (dSm™)

Fig.(1): E ffect o f v arious b acterial inccula treatments on germination
percentage of wheat grains germinated under different salinity
levels,

On the other hand, inoculation with various bacterial strains as grain
coating treatments increased the germination percentage under different
selinity levels as compared each with its corresponding value from
uninoculated one (Fig 1). The increase was in descending order as follows:
composite, Kleb.+ Nx-fixers, Kleb.+P-dissolving and finally Kieb.. Thus, the
composite incculation was partially able to alleviate the inhibition effect of salt
stress on seed germination. In this regard, Shende et al. (1977) have
observed an enhancement of wheat grain germinaticn by Azotobacter
inoculation. This could be partly due to the ability of Azotobacter to produce
growth substances and anti-fungal antibiotics. Also, the exopolysaccharides
released by Klebsiella could protect grains against the osmotic stress induced
by salt. Similar conclusion was found by Roberson and Firestone (1992) who
found that bacterial exopolysaccharides could protect bacteria from various
stresses.

The results of bacterial population densities adhering to roots at
different growth periods of wheat plants as affected by various bacterial
inocula under different salinity levels are presented in Table (3).

The results of microbiological studies revealed that the most important
factors controlling the bacterial counts under soil conditions in all studied
treatments were correfated with the age of wheat plant, bacterial strains
inocula as well as salinity level. The results revealed that numbers of total
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bacterial counts were decreased with increasing salinity level. In addition, the
highest tolal bacterial counts adhering to roots were recorded at nine weeks
of growth period for wheat plants inoculated with composite inocula under
different salinity levels. However, wheat plants inoculated with Klebsiella
alone or mixed with Bacillus harbored the lowest bacterial counts under
different salinity | evels. Certainly, the counts were still high comparing with
the uninoculated one. In this regard, studying of histological assay of the
colonized rice roots revealed that Alicaligenes faeculis, A. brasilense and
Azotobacter vinalandii could be well expressed on the surface or in the
endorhizosphere of rice roots under salt stress (Tripathi and Mishra, 1998).
Substantial areas of agricultural potential in the tropics and subtropics are
affected by salinity, which is known to have adverse effects on plant
productivity and activities of plant-associated bacteria. Malik and Bilal (1988}
mentioned that saline habitat soils represented a low fertilily environment. So,
it provides an ideal ecological niche for nitrogen fixation.

Table (3): Total b acterial ¢ ounts { x10* CFU. g ™' dry root) adhering to
roots at different growth periods of wheat plants as affected
by various bhacterial inocula under different salinity levels.

Salinity level| Plant age Kleb. + Kleb. + .
{dsm™) (wks) uninoculated] Kleb. (Azoto.+Azospi) | Bacillus Composite

) 220 52.0 740 58.0 100.0

8 81.0 149.0 320.0 281.0 500.0

0. ] 1120 201.0 482.0 3300 862.0

12 54.0 132.0 326.0 248.0 456.0

Mean 62.3 133.5 207.8 2293 434.5

E) 18.0 60.0 80.0 72.0 110.0

] 48,0 184.0 360.0 3120 5220

3.0 ] 66.0 214.0 486.0 366.0 730.0

: 12 39.0 152.0 360.0 270.0 488.0

Mean 48,0 1525 324.0 255.0 462.0

3 14.0 43.0 80.0 44.0 §1.0

8 28.0 114.0 276.0 2230 448.0

6.0 9 80,0 182.0 378.0 280.0 833.0

12 19.0 100.0 284.0 209.0 377.0

Mean 30.3 108.0 249.5 191.5 385.0

3 6.0 26.0 41.0 23.0 63.0

8 1.0 51.0 180.0 98.0 206.0

120 ] M0 7.0 271.0 139.0 3520

12 6.0 48.0 115.0 B4.0 152.0

Mean 14.3 48.5 146.8 86.0 1938

The results of growth characters, i.e. main stem length, number of tillers
as well as dry weight of both roots and shoots in the first and second samples
of wheat plants as affected by various bacterial inoculation treatments under
different salinity levels are presented in Tables (4 & 5). In both the first and
the second samples, the mean values of main stem length, number of tillers
as well as shoot dry weight showed a significant progressive reduction with
increasing salinity levels, while the mean values of root dry weights showed
only a significant reduction at salinity level 12 dSm™ as compared each to the
non-salinized control.

In this concern, Khan et al. (1992} stated that wheat seedling height and
dry weight were negatively correlated with increasing electrical conductivity. It
was believed that Na* toxicity might be considered the main cause of plant
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growth depression under salinity. Growth reduction and salt damage
appeared to be associated with ion toxicity (Heyser and Nabors, 1981),
disturbance of cellular and tissue water status (Weimberg et al., 1984), or
perhaps increased ATP demand for osmotic adjustment (Cushman ef al.
1990). Greenway and Munns (1980) suggested that growth reduction wouid
presumably occur if a large proportion of photosynthates were used as
osmotic solutes.

Table (4): Effact of various bacterial inoculant treatments on main stem length
and number of tillers produced in the first and second samples of
wheat plants grown under different salinity levels.

)
s"(’é’gfx ';"’e' ro 0 La Le 12 | Mean | 0.0 { 6 u LMean !
b inoculation E First sample Second sample !
Main stern len th
Uninoculated 355|314 | 306|252 307 | 538 482 452
Kileb, 36913351328 (2781 328 | 562|513 48.2
Kleb4Nzfixers | 37.6 | 34.1 | 33.4 | 28.7 | 337 | 5731522 50.1
Kleb.+P-dissol. | 37.3 | 33.8 | 331 | 284 | 332 | 568 | 51.8 48.8
Composite 384 | 347 | 340 | 30.8| 345 | 584 | 53.2 51.9
[ Mean 3711335 | 328 | 284 56.5 | 51.3 .
LSD gos =2.4 b=26 axb=45 =28 b=3. axb=53
No. of tillers
Uninoculated 21 15| 08 | 06 1.3 25120 113 | 09 1.7
Kleb. 22 1.8 14 1.0 1.6 26 1 22 | 186 1.3 1.8
Kieb.+Ny-fixers 2.3 18 | 15 1.1 1.7 27123119 | 186 21
Kieb.+P-dissol, 2.2 1.7 1.4 1.0 1.6 2.5 2.2 1.7 14 2.0
Composite 23 | 20 1.7 1.4 1.9 28 | 24 | 20 1.8 2.3
Mean 22 [ 18 | 14 1.0 26 | 22 | 1.7 1.4 ]
LSDoos 2a=0.3 b=03 axb=05 =04 b=05 axb=08 |

Table (5); Effect of various bacterial inoculant treatments on root and
shoot dry weights (g) In the first and second sampies of
wheat plants grown under different salinity levels.

Salinitylevel (dSm™| 00 | 3 ] 6 | 12 [Mean| 0.0 [ 3 | 6 | 12 [Mean

oculation Plant part Root Shoot
Un- Root 004 |004{ 0041 003 0.04 0.12 0,11 0.08 0.07 .08
inoculated Shoot 030 [022]0.149 | 017 0.22 0.85 0.69 0.54 0.42 0.63

Whaoleplant | 034 10281023 [ 020 | 026 | 097 | 080 | 062 | 049 | 072
Root 005 (00550041 004 [ 005 | 014 | 013 | 010 | 0.09 | 012

Kieb. Shoot 032 |024]1022)1 020 [ 025 | 082 | 079 [ 069 | 056 | 0.74
Whoieplant | 037 |020) 026 | 0.24 | 030 | 106 | 092 | 0.79 | 0.65 | 0.6
Kieb. + Root 006 |006[005| 004 | 005 | 015 | 0.14 | 011 | ©.31 | 013

Ny-fixers Shoot 034 |026]023] 023 | 027 | 094 | 085 | 0.72 | 063 | 0.7% |
Whaleplant | 040 [032] 028 [ 027 [ 032 | 109 | 098 | 0.83 | 0.74 | .92 |

Kleb. + Root 005 (005|004 004 | 005 [ 014 | 013 | 010 | 0.09 | 0.12 |
Pdissof. Shoot 033 (024022 071 | 025 [ 0961 | 077 | 068 | 0.58 | 0.74 |
holeplant | 038 [0281026 | 025 | 030 | 105 | 080 | 079 | 067 | 0.86

Root 006 |006/005]| 005 | 006 | 016 [ 014 | ©12 | 011 | 013

Composite Shoot 036 1028 |025| 024 | 028 | 098 [ 089 | 075 | 0.70 | 083

Whoieplant | 042 034 | 030 | 029 | 034 | 1.14 | 103 | 087 | 081 | 09 |
|

Root 005 [0.05| 0.04 | D.04 0.14 | 013 0.10 0.09
Mean Shoot 033 |025[022 ] 0.2 0.92 | 0.80 0.68 0.58
Wholeplant | 0.38 (030 0.26 [ 0.25 1.06 0.93 0.78 0.67
Root a=NS bs=001 axb=001 a=002 b=0.03 axb=0.04
LSD oos Shoot a=003 b=003 axb=005 a=011 b=012 axb=020
Wholeplant | a=0.04 b=00% axb=0.07 a=012 b=014 axb=022
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Also, it was found that shoot growth was retarded to a great extent than
root growth under each salinity level, which was almost due to the reduction
in the number of tillers {Table 4). In this regard, Maas et al. (1994) found that
salinity (12-18 dsm™) significantly decreased the number of primary and
secondary tillers in wheat. Leidi et al. (1991) mentioned that shoot growth
was much more retarded than root growth in salinity-stressed wheat plants.
The resultant decrease in shootfroot ratio presumably improves water
balance by maintaining the potential for water absorption while reducing
transpiration {lyengar and Reddy, 1994},

Under the effect of different bacterial inoculants, the mean values of
main stem length, number of tillers as well as root and shoot dry weight
showed higher values in both the first and second samples as compared
each with their corresponding mean value of uninoculated one. In addition,
composite inoculant treatment containing plant growth promoting
rhizobacteria (K. pneumcnjae), N, -fixing bacteria (A. brasilense + A.
chroococcum) and P-dissolving bacteria (B. megatherium) significantly
increased all the studied growth characters as compared each whether with
the o ther inoculant treatments or with the uninoculated one. Moreover, the
increase in the mean value of shoot dry weight of composite inoculant
treatment over their mean value from uninoculated treatment reached three-
and five-folds from its corresponding increase in the mean value of root dry
weight in the first and second samples, respectively. Such increment in the
shoot dry weight was apparently due to increase in the number of tillers.
Srinivason et al. (1997) indicated that combination of biofertilizers such as
Azotobacter or Rhizobium with cellulose decomposers or B. megatherium
produced a positive effect on wheat growth, which might be due to secretion
of growth promoting substances. Abd El-Rahman (2000) reported that
application of P-biofertilizer at the rate of 3kg/fed significantly increased the
stem length, number of branches and leaves as well as fresh and dry weight
of cantaloupe plants as compared with control. Meshref ef af. (2000} stated
that biofertilization of wheat grains by nitrobien combined with organic
manure (FYM or town refuse manure) significantly increased the mean
values of wheat plant dry weight.

The complex and dynamic interactions amonrg microorganisms, roots,
soil and water in the rhizosphere induce changes in soil physicochemical and
structural properties (Chenu and Roberson, 1996). The capacity of plant
growth-promoting rhizobacteria, i.e. Kiebsiella pneumoniae to colonize the
rhizosphere is not fully understood (El-Khawas, 2002). It is presumed that it
depends on several factors, like root exudates, chemotaxis, antagonism for
microorganisms, cyst formation allowing survival under adverse conditions
and most importantly, the ability to produce exopolysaccharides that binds to
plant roots and soil particles {Del Gallo and Fendrik, 1994). Under the effect
of bacterial secretion of an exopolysaccharides on rhizosphere soil physical
properties, Amellal et al. {1998) found that Pantoea aglomerans colonization
of wheat root was increased at the rhizoplane and in root-adhering soil as
well as improved water stability of adhering soil aggregates. The production
of exopolysaccharides possibly enhances water retention in the microbial
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environment {Chenu and Roberson, 1996). Aggregate stability of rye grass
and alfalfa rhizosphere soil has been shown to increase with root growth and
the stabilizing effect apparently originated from polysaccharide production in
the rhizosphere (Reid and Goss, 1981). In addition, Ping et al. (1998) stated
that inoculation of rice plants with Alcaligenes faeculis could enhance salt
tolerance, promote growth as well as stimulate the formation of lateral roots
and root hairs of host rice under salt stress. Several investigators reported
that addition of biofertilizers such as Azospiriflum, Azotobacter, Baciflus,
Kfebsiella and Pseudomonas not only fixed nitrogen but also release certain
phytchormones such as GAs, cytokinins and 1AA. These phytohormones
could play an important role in plant growth and development, such as
stimulating their nutrients uptake and photosynthetic activity (Tien et al,,
1979; Fayez &t al., 1985).

Data of plant yield components, i.e. grain number/spike, grain
weight/spike, grain weight/plant and 1000-grain weight are presented in Table
(6). The results obtained revealed that with increasing salinity level, there was
a significant reduction in the mean values of grain number/spike, grain
weight/spike, grain weight/plant and 1000-grain weight as compared each
with the corresponding mean values of non-salinized control. Such reduction
in grain yield/plant was m ostly resulted from reducing the number of tillers
bearing spikes under salt stress.

Table {6): Effect of various bacierial inoculant treatments on yieid
components of wheat plants grown under different salinity

levels.

—

s"(':"gg};"“" 00| 3 | 6 | 12 |Mean 00 | 3 6 Lu Mean]
! Inoculation Grains number / spike Grains weight (g) / spike
Uninoculated 381|363 333 209 | 344 1.23 | 105 097 | 0.86

Kieb. 395386 | 46| 312 | 360 128 | 11471 1.06 | 0.94
Kleb.+No-fixers | 40.1 | 38,5 | 35.3 326 366 1.32 1124 1.09 1.01
Kleb.+P-dissol. ( 40.0 | 38.1 | 35.0 | 317 | 38.2 | 1.30 | 1.19 1.07 0.96
Composite 404 | 392 ) 360 | 343 | 375 | 134 | 130 113 1.07

Mean 30.6 [38.1 | 34.8 | 3190 120 [1.19 [ 1.06 | 0.7 |
LSD gos a=23 h=26 axb=43=0.10 b= 0.12 axb=0.19
Grains weight {g) / plant 1000 grains weight {g)

Uninoculated | 4.31 216 | 1.58 | 2.77 { 32.22 | 28.90| 29.19 | 28.88 | 29.80
Kileb. 4.61 268 | 209 | 325 32.51[30.32| 30.71 | 30.11 | 30.91
Kleb.+Nfixers | 488 | 3.96 | 3.07 | 255 | 3.62 | 32.85 |32.28| 30.97 | 30.95 | 31.76
Kleb.+P-dissol. | 4.68 | 3.68 | 281 | 223 | 335 32.43 [31.30| 30.60 | 20.27 | 31.15
Composite 500 428 | 3.30 | 2.88 L3.89 33.25 [33.13]| 31.45 | 31.11 [ 32.24

Mean 471371 280 | 227 | — [3265[31.19] 30.58 | 30.26
LSD gos 0.66 b=07 axb=121 115 b=1.386 axb=210

In this regard, Hanks et al. {1989) reported that wheat grain yield was
drastically reduced by 30 to 100% due to s aline irrigation water c ompared
with fresh water. Naresh et al. {1993) found that wheat irrigated with saline
water (12 dSm™) produced 40% lower grain yields than control. Grieve et a/.
(1992) found that number of wheat grains per spike were decreased in
response to salinity 14.3-18.1dSm™. Ahmed et al. {1993) indicated that saline
irrigation (5000 ppm NaCl) reduced 1000-grain weight and grain yield per
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plant in barley. Holloway and Alston (1992} reported that salt stress
decreased ftillering, dry matter production and grain yieid of the stressed
wheat plants. Maas et al. (1996) and Zeng et a/. (2000} stated that salinity
stress significantly decreased yield components of wheat and rice,
respectively.

Regarding the effect of different bacterial inoculant treatments, it was
found that the mean values of various plant yield components were increased
as compared each with the corresponding mean value of uninoculated one.
In addition, Kleb.+ No-fixers and compaosite inoculant treatments significantly
increased the mean values of grain weight/spike, grain weight/ptant and
1000-grain weight as compared each with the uninoculated one. The
increase of mean values of grain weight/plant over the uninoculated control
reached 30.7 and 40.4% for Kieb.+Nj-fixers and composite inoculants,
respeclively. The corresponding increase for grain weight/spike reached 13.6
and 17.5%, respectively. Meanwhile, The corresponding increase for 1000-
grain weight reached 6.6 and 8.2%, respectively. However, only the
composite inoculant treatment significantly increased the mean value of grain
number /spike, reaching about 8.0% over the respective value of
uninoculated treatment. Thus, it appears that such increment in the grain
weight/plant might be mostly referred to increase in the number of tilers
bearing spikes and partially to the increase in grain number/spike and 1000-
grain weight.

In this concern, Ping et al. (1998} found under salinity stress that
biofertilizers containing salts-tolerant nitrogen fixing bacteria could promote
growth of rice plants and increases their yield. Subba Rao (1984) reported
that inoculation with Azospiriffum brasilense significantly increased wheat
grain yield at the high level of nitrogen (120 Kg N /ha). Meanwhile, Sundara
Rao (1968) found that phosphobacterin inoculation of wheat cultivated in
salinized alluvial impregnated soil, resulted in an increase in grain yield to
about 16-37% over control (uninoculated). Guar et af. (1980) demonstirated
that significant increase in wheat grain yield was possible when wheat was
inoculated with Bacillus megatherium in the presence of rock phosphate at
100 Kg P,Os tha. Hussien and Radwan (2001) found that application of dual
biofertilization (phosphate dissolving bacteria and Azospinilum spp.)
increased wheat grain yield by 6.49% over the non-biofertilized treatment.

Inoculation is successful when root colonization is achieved and
followed by interaction between bacteria and the root system. However, plant
response to different rhizobacteria strains inoculation depends on various
factors, including mode of inoculation, chances of survival and motility (Okon,
1985}, adsorption by soil particles, competition with indigenous populations of
rhizospheric bacteria (Bashan and Levanony, 1990), soil fertility (Nuti and
Basaglia, 1993) and consequently they are capable of having a direct effects
on plant growth. Thus, the increase of wheat yield obtained by bacterial
inoculation could be attributed to IAA, GAs and cytokinin-like substances
produced by the bacterium. Similar conclusion was suggested by Tien et al.
(1979) on pearl millet. The beneficial effects of N,-fixing bacteria associated
with roots of cereal crops are reported to produce growth promoting
substances which helps in increasing crop yield (De-Freitas and Germida,
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1990). Vande Broek and Vanderleyden (1995} attributed yield increases to
mechanisms such as nitrogen fixation, phytohormones and nitrate reduction.

The results of total N, P, K*, Ca®*, Mg* and Na' concentrations in both
roots and shoots of the second sample are presented in Table (7). Under the
effect of the different salinity | evels, the mean v alues of total N, P, K* and
Ca** concentrations in roots and shoots were decreased as compared to the
mean values of non-salinized treatment. The decrease was progressively
with increasing salinity level. However, the reduction was much higher in
roots than shoots.

Reduced growth in terms of dry matter production and decreased of
nitrogen uptake have been reported by several investigators for wheat with
different degrees of salt stress (Broadbent et al., 1988 and Botella et al,
1997). Zarate (1990} found that excess salts in the root medium impaired N
uptake, through the competition relationship between NO;~ and Ci.
Meanwhile, the decreased P concentration associated with salinity could be
ascribed to the higher pH value of sodium affected soil, which might hinder P
availability to plants (Jeffrey, 1987).

On the other hand, p otassium ion whichis apartfromitsroleas an
osmotic component, it is essential for starch formation, protein synthesis,
photosynthate partitioning, normal stomatat functioning as well as an activator
for many enzymes (Marschner, 1995). Leidi et al. (1991) pointed out that K*
concentration in shoots of wheat plants was inversely correlated with Na*
under NaCl stress, but directly correlated with shoot dry weight. The
decrease in K* might be attributed to the antagonism between K* and Na*
cations, which increased considerably as salinity increased (Mozafer and
Oertli, 1990). Meanwhile, Sharma and Gupta (1986) found that increase level
of Na' in the plant tissue caused nutrients imbalance and displace Ca® from
the exchange sites on the membranes and cell walls, Davenport et al. (1997)
reported that transiocation of Ca®* to the shoots was more inhibited under
saline condition in wheat.

Under the effect of different s alinity levels, the mean values of Mg**
and N a* concentrations increased in roots and shoots as compared tothe
mean values of the non-salinized controls (Table 7). The increase of Na*
concentration was proportional to the increase in salinity level and this was
more pronounced in roots than shoots.

Of course, the increase in Na* under salinity was expected since it was
predominant in the root medium. Hamdy (1988) found a significant negative
relationship between Na* concentration and the uptake of other nutrients (N,
P and K') which clearly confirmed that high Na® concentration not only
reduced the dry matter production, but also decreased the concentration and
uptake of the major nutrients, thus exercising a double negative influence. in
addition, Zhang and Liu (1993) noticed that H*-ATPase activity of
plasmamembrane and tonoplast vesicles in barley and wheat roots
significantly decreased after 9 days of salt stress. This might lead to suppose
that active n utrients u ptake was d own regulated. Moreover, Rathert (1983)
reported that Na* has direct toxic effects on structure and function of
enzymes and has a deleterious effect on integrity of cell membranes.
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However, the effects of salt stress on membrane permeability and membrane
lipid super-oxidation were detected earlier in roots than in shoots (Zhao and
Harris, 1990). Zhao et al. (1993) found in wheat that salt injury induced by
NaCl was positively related to the extent of superoxidation of membrane
lipids and inversely to membrane Ca*? concentration.

Table {7): Effect of varlous bactenal inoculant treatments on total N, K°,
P, Ca" Mg and Na' concentrations as mg /g D.W. in roots
and shoots of wheat plants grown under different salinity

levels.
Salinity level
(dSm") O.DJ 3 6 12 | Mean | 0.0 3 6 r12 jMean
Inoculation Root Shoot

N
Uninoculated | 17.2115.26 ( 13.60 |12.11] 14.55 | 31.41 | 29.44 | 24.80 | 24.35 | 27.52
Kleb. 18,10 ) 16.74 | 14.80 (13.04 | 15.67 { 32.02 | 32.63 | 2745 | 26.75 | 29.71
Meb.+Ny-fixers | 2017 | 18,57 ( 16.43 |14.51) 17.42 | 33.78 | 33.34 | 29.73 | 28.06 | 31.23
Kieb.+Pdissol. [ 18.71 | 17.27 | 15.37 |13.49| 16.21 | 32.29 | 33.02 | 27.76 | 27.13 | 30.05
Composite | 21,15]20.33 [ 18.01 |15.89) 19.10 | 34.07 | 33.62 | 30.49 | 28.77 | 31.74

Mean 19.27 ) 17.63[ 15.64 [13.81 32.71 | 32.41 | 28.06 | 27.01
P
Uninoculated | 2.31 | 239 | 214 (221 226 | 3.34 | 3.03 | 3.01 | 2.89 | 3.07
Kieb. 249 1251 | 239 (231 243 | 343 | 334 | 3.22 | 3.04 | 3.26

Meb+Np-fixers | 251 | 260 | 232 [ 236 245 | 349 | 3.38 | 3.25 | 312 | 3.1
Meb.+P-dissol. | 2.66 | 2.65 | 2.47 | 245 | 256 | 3.75 | 3.49 | 3.37 | 3.27 | 347
Composite | 273 | 2.63 | 253 | 242 | 258 | 3.85 | 3.5 | 346 | 332 | 3.4
Mean 254 | 256 | 237 | 235 357 [ 335 [ 3.26 | 3.13

Uninoculated [ 17.73 [ 15.17 | 11.85 [11.28( 14.01 | 31.83 | 20.98 | 27.47 | 19.40 | 27.17
eb. 18.05({16.58 | 14.95 [13.23| 15.70 | 32.38 | 30.48 | 28.67 | 23.95 | 28.87
Kieb+Ny-fixers | 19.89 ( 17.18 | 15.45 |14.86| 16.85 | 33.72 | 32.65 | 30.73 | 24.87 | 30.49
Kleb +Pdissol. | 18.72 [ 16.87 | 14.28 [14.55| 16.11 | 33.20 | 31.34 | 30.55 | 22.58 | 29.42
Composite [ 20.49 ) 18.39 | 15.36 |15.67| 17.48 | 34.58 | 33.34 | 31.29 | 24.51 | 30.93

Mean 18.98 ]| 16.84 | 14.38 [(13.92 33.14 | 31.56 | 29.74 | 23.06

Caz+
Uninoculated | 4.77 } 432 ] 365 |3.06| 395 | 951 | 903 | 549 | 456 | 7.15
Kleb. 496 | 493 | 411 | 338 435 | 988 | 9.67 | 7.58 | 6.88 | 8.50

Kieb.+Ny-fixers | 5.19 | 5,01 | 425 | 3.55| 4.50 { 10.26 | 10.06 | B.09 | 7.07 | 8.87
Kleb+Pdissal. | 510 | 491 | 418 | 334 | 438 | 987 | 985 | 7.98 | 6.97 | 8.67
Composite | 539 | 514 | 4.35 [ 3.95| 471 [ 1034 | 10.26 | B54 | 7.44 | 9.15

Mean 508 | 486 | 4,11 | 3.46 9.97 | 977 | 7.54 | 6.58
Mg 2+
Uninoculated | 203 | 219 | 249 (259 233 | 268 | 3.01 | 3.02 | 282 | 291
Kleb. 219 | 227 | 258 | 257 | 240 | 277 | 311 | 322 | 3.02 | 303

Kieb+Nfixers | 2.24 | 231 | 232 (243 ) 233 | 283 | 317 | 3.08 | 318 | 3.07
Keb+Pdissol. | 2.10 | 226 | 247 | 267 | 238 | 277 | 3.20 | 332 | 322 | 312
Compesite | 216 | 2.23 | 235 | 256 | 233 | 2.86 | 332 | 3.35 | 3.51 | 3.26

Mean 214 | 225 | 244 | 256 278 | 316 | 3.20 | 3.17
Na+
Uninoculated | 230 [ 452 | 6.03 |77 | 501 | 3.29 | 490 | 675 | 752 | 562
Kieb. 222 409 ) 558 | 591 445 | 3.09 | 425 | 594 | 674 | 501

Kleb+N-fixers | 2.24 | 3.86 | 446 | 557 | 4.03 | 296 | 396 | 553 | 6.24 | 4.67
Kiob+P-dissol. | 2.16 | 4.05 | 501 | 573 | 424 | 3.05 | 431 | 572 | 6.47 | 4.89
Composite | 2.07 | 3.55 | 428 | 4.85| 369 | 288 | 3.77 | 447 | 509 | 4.05
Mean 220 | 401 | 5.07 | 585 305 | 424 | 568 | 6.41
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Under the effect of composite inoculant treatment, wheat plants showed
some sort of adaptation through improvement of their uptake for some
nutrient elements, i.e. N, P, K* and Ca® which in turn, might competitively
increase the exclusion orfand decrease the uptake potential of Na* ion and
therefore reducing Na* concentration to a lower level in their shoot, despite
the pre-dominance of Na* and CI” ions in the external medium (Table 7).
Such enhancement might be related to the improvement effects of different
bacterial inoculants on the physical, chemical and biological properties of the
soil which could promote the release of some nutrients in a readily available
form as well as secreting of some growth substances in rooting zone which
consequently rnight increase their uptake by plants. Nitrogen fixation
associated with roots of grasses has been recognized as a possible
significant component of the nitrogen cycle in a range of ecosystems
including several exireme environments (Dart, 1986). In this concern,
Dobereiner and Day (1975) ascribed the nitrogen fixation potential of some
tropical crops such maize, sorghum, wheat and rye to the activity of
Azospirifiurm spp. in their roots. Rashid af al. (1996) found that inoculation of
wheat with mixture of diazotrophic microorganisms (Azofobacter
chroococcum + Azospirillum lipoferum) gave an increase in total N and P
uptake of inoculated plants..

On the other hand, Saber and Kabesh (1990) found that application of
some biofertilizers such as phosphate dissolving bacteria resulted in a
reduction of soil pH which increased the solubility of some nutrients such as
P, Fe, Zn, Mn and Cu. Guar and Ostwal (1972) mentioned that inoculation
with Bacillus megatherium in the presence of rock phosphate significantly
increased grain and straw yield as well as P uptake of wheat. They added
that soil bacteria 8. megathenum has the ability to bring insoluble phosphates
in soil into soluble forms by secreting organic acids such as formic, acetic,
propionic, lactic, ghycolic, fumaric and succinic acids. These acids might lower
the pH and bring about the dissolution of bound forms of phosphate. Also,
some of the hydroxy acids may chelate with calcium and iron resuiting in
effective solublization and utilization of phosphates. Therefore, increase of
Ca® in the saline medium possibly decreased Na* uptake and also reduced
mernbrane disruption in s aline s olutions, | eading to increased N Q5™ uptake
through increase the activity of the NO; transporter located in the
plasmalemma of roots (Ward et al., 1986). Thus, the low concentration of Na*
as well as the increase of Ca' in wheat shoots resulting from bacterial
inoculant application might induce better performance of plants under salinity
stress. Zsoldos et al. {1990} suggested that salt tolerance of wheat was
related to the restriction of Na* translocation from the root to the shoot. Also,
Gorham et al. (1993) stated that salt tolerance in crops such as wheat and
barley was largely determined by their ability to exclude Na" and CI” from their
shoot, and their ability to maintain high shoot K* concentrations.

The results of reducing, non-reducing and total sugar, free amino acids
as well as free proline concentrations in both roots and shoots of the second
sample are presented in Table (8). Under the effect of different salinity levels,
the mean values of reducing and total sugar concentrations were significantly

160



J. Agric. Sci. Mansoura Univ., 29 (1), January, 2004

increased in roots and shoots as compared to their non-salinized control. The
increase was proportional to increase in salinity level and was more
pronounced in roots than in shoots. Meanwhile, non-reducing sugar
concentrations showed a slight increase in roots and shoots under different
salinity levels.

Table (8): Effect of various bacterial inoculant treatments on reducing,
non-reducing and total sugar concentrations (mg/g F.W.) as
well as free proline {(umollg F.W. and free amino acids
concentrations (umol leucine/g F.W. ) In roots and shoots of
wheat plants grown under different salinity levels.

sa'('gg;"’)"e' 00 | 3 6 | 12 |Mean| 00 | 3 | & | 12 |Mean
Inoculation Root Shoot

Reducing sugars
Uninoculated 288 | 409 (4531580 | 4.33 | 313 | 4.25 |14.79|6.09 | 4.57
Kleb. 290 | 365|400 | 519 | 3.94 | 318 | 3.81 (4.26| 548 | 4.18

Kleb+Nfixers | 295 | 3.49 | 3.82 | 496 | 3.81 | 3.21 | 3.65 |4.07| 5.24 | 4.04
Kleb.+P-dissol. | 2.97 [ 351 | 3.84 | 4.99 | 3.83 | 3.25 | 3.87 |4.20| 5,57 | 4.22
Composite 3.04 [343 | 3.76 488 |3.78 | 3.26 | 3.59 |4.01) 5.16 | 4.01

Mean 2.95 |3.63]3.89[5.16 3.21 | 3.83 |4.27| 551
Non-reducing sugars
Uninoculated 280 132331431 T 310 | 317 | 3.66 |446|4.04 | 3.83
Kigb, 284 | 381|489 | 556 ) 4.28 | 3.36 | 4.32 |5.28| 5.81 | 4.69
Kleb.+Ny-fixers | 3.80 | 440 | 528 | 5.79 | 455 | 3.55 | 4.58 |5.68|6.03 | 4.96
Kleb+P-dissol. | 2.80 | 395 | 5.06 | 566 | 437 | 3.30 | 447 |555|5.70 | 4.76
Ccmposite 317 1416 | 544 | 617 | 474 | 3.67 | 4.81 |5.895]/6.50 | 5.23

Mean 294 | 384|476 | 5.28 3.41 | 4.37 |5.38{ 5.62
Total sugars
Uninoculated 568 | 732 | 767 | 9.01| 742 | 630! 7.1 (9.25/10.13| 8.40
Kleb. 576 | 7.46 | 8.89 [10.75| 8.22 | 6.54 | 8.13 |9.54(11.29| 8.88

Kleb.+Nzfixers | 6.03 | 7.53 | 9.10 | 10.75| 8.35 | 6.76 | 8.23 |9.75|11.27| 9.00
Kleb.+P-dissol. | 578 | 7.46 | 8.90 |10.65| B.20 | 6.55 | 8.34 (9.75/11.27| 8.98
Composite 617 | 7.59 | 9.20 111.05) 8.50 | 6.93 | 8.40 [9.9611.66] 9.24

Mean 588 | 7.47 | 8.75 |10.44 6.62 | 8.20 |9.65|11.12
Amino acids
Uninoculated 8.20 [10.91/12.67|17.75|12.38 | 12.10|15.84 19.2021.13|17.07
Kleb. 8.63 [12.13]|14.04|19.64|13.61 12,79 16.77 21.1323.32|18.50

Kleb.+Ny-fixers | 8.90 [12.25(14.69|20.84 (14.17 | 43.11|17.95 22.3425.57|19.74
Kleb+P-dissol. | 8,78 |12.20|14.42|20.74(14.04 |12.98 | 17.36 22.0324.45(19.21
Composite 8.97 112.40(15.62 1 21.04|14.51 1 13.27 | 18,22 2.5626.04|20.02

Mean 8.70 |11.98)14.29]20.00 12.85|17.23P1.4524.10
Proline
Uningculated 1.1 163 | 227 (320 | 208 | 1.74 | 3.06 |3.56(4.57 | 3.23
Kleb. 120 [ 196 | 262 | 341 | 237 | 1.89 | 3.55 |4.07| 5.79 | 3.83

Kieb.+Ny-fixers | 1.23 [ 208 | 285 | 4.34 | 263 | 1.95 | 3.78 |4.60|6.35 [ 4.17
Kleb.+P-dissol. | 1.22 | 2.00 | 2.66 | 4.02 | 2.48 | 1.91 | 3.66 [4.29|6.22 | 4.02
Composite 1.24 | 218 | 2.98 | 4.87 | 282 | 1.95 | 3.92 |4.96|6.72 | 4.39

Mean 1.20 11.97 | 2.68 | 4.05 1.89 | 3.59 [4.30] 5.93
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Of the various mechanisms enabling plants to cope with salinity stress,
the most common is the accumulation of intracellular solutes, such as sugar
and free amino acids (Heuer, 1994). In this regard, Yang et al. (1990)
suggested that the accumulation of sugars in salt stressed leaves might be
related to its reduced growth as a result of NaCl inhibition of carbohydrate
translocation, or may be related to the greater energetical cost of osmotic
adjustment with sugars as opposed to Na* or CI” ions. Crowe et al. (1993)
have established that sugars (especially of sucrose) stabilize membranes and
proteins in the presence of low water potential and could play a cruciat role in
plant survival during decreased water status.

However, the increase in reducing sugar might indicate for more
stimulation of sugar hydrolysis enzymes activity. Kolupaev and Trunova
(1994) reported that in wheat coleoptile, salt stress (0.5% NaCl) caused a
sharp increase in invertase activity, and an accumulation of reducing sugar,
most likely due to enhanced oligosaccharide hydrolysis. It was suggested that
a disruption is caused in the equilibrium of synthesis-degradation system
towar)d hydrolytic reactions in wheat under saline conditions (Chudinova,
1989).

On the other hand, different bacterial inoculants increased the mean
values of total sugar concentrations in both roots and shoots as compared
each with the mean value of the uninoculated one. Although total sugar
concentrations increased, the reducing sugar concentrations were decreased
in both roots and shoots, indicating that such increases were mainly due to
the increase in non-reducing sugar concentrations. This might be interpreted
as a sort of metabolism change toward the reduction in the activity of sugar
hydrolysis enzymes, especially of oligosaccharide hydrolysis. Again, this
could mean that an alteration toward a conserving of energetical cost from
osmotic adjustment to carbohydrate exploitation through their translocation
(mainly sucrose) to the newly growing points which was reflected on
increasing of plant growth as a result of different bacterial inoculants.

Under the effect of different salinity levels, free amino acids and free
proline concentrations increased over their non-salinized control in roots and
shoots. The increase was progressively with increasing salinity level and was
much higher in roots than in shoots. In this regard, Zhao et al. (1992) found
that all NaCl treatments (50, 100 and 200 mM) reduced transpiration and
increased root amino acids contents. Zidan and Malibari (1993) found in
wheat that salinization with NaCl decreased growth of roots and shoots,
whereas the contents of Na* and frec amino acids including proline were
increased. Also, Botella et al. (1994) reported that wheat plants subjected to
salinity stress show increased levels of total free amino acids.

Rapid accumulation of proline, is one of the most remarkabie metabolic
consequences of salt stress in higher plants (Chu et al.,, 1976). Naqvi et al.
{1994) suggested that alteration o f m itochondria ultrastructure, decrease in
proline oxidase activity or an impaired incorporation of proline into protein
might be responsible for free proline accumulation in salt-stressed plants. In
addition, Ford and Wilson (1981) proposed that proline plays an indirect role
in osmoregulation by increasing the water-binding capacity of plant cel! walls
to maintain the hydration of protoplasm. it was reported that high sait
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concentrations inhibited most enzymes because they perturb the
hydrophobic-electrostatic balance needed to maintain protein structure {(Wyn
Jones and P ollard, 1 983). E berhardt and Wegmann ( 1983) m entioned that
proline may act as non-toxic osmotic solute, preferentially located in the
cytoplasm and as enzyme protectant; stabilizing the structures of
macromolecules and organelles. It seems that osmoregulating substances,
i.e. proline could stabilize the active conformation of enzymes, thereby
protect enzymes against conformational perturbations caused by salinity
(Lerner, 1985). Kirst (1990) mentioned that proline is an organic solute with
an amphipathic property that could protect the hydrophobic sites of proteins
(enzymes) which was firstly suffer when water potential was lowered, by
forming association with it, converting them into hydrophilic sites. Nomura e?
al. (1998) hypothesized that the dipole character of proline neutralize Na* and
CI” during salt stress, and the hydrophobic group stabilize the hydrophobic
domains of proteins.

On the other hand, different bacterial inoculants increased the mean
values of free amino acids and free proline concentrations in both roots and
shoots. In roots, the increase in the mean values of free amino acids
concentrations over the uninoculated treatment reached 10, 14, 13 and 17%,
while for shoots were 8, 16, 13 and 17% with inoculation by Kleb., Kieb.+N, -
fixers, Kfeb.+P-dissolving and composite, respectively. The corresponding
increase in the mean values of free proline concentrations over the
uninoculated control treatment reached 14, 26, 19 and 36% in roots, whereas
for shoots were 19, 29, 24 and 36%, respectively. Thus, the increase percent
of proline was much higher than that for free amino acids, which might be a
sign of an increase of proline synthesis than those resulting from protein
degradation. In this concern, Tripathi and Mishra (1998) found that 1AA
production by Alcaligenes faeculis, Azospirillum brasilense and Azofobacier
vinalandii was found to be stimulated under low salinity level. T his type of
response may result in the proliferation of roots, resulting in enhanced
exudation of osmoprotectants such as proline and betains by the host plant.
This might induce proline to be more synthesized in the host plant.

Comparing the interaction effect of different bacterial inoculants and
salinity treatments, it was observed that composite inoculant treatment
responded with more accumulation of proline and free amino acids as
compared to its control or to the other bacterial inoculant treatments.
Therefore, composite treatment may partially increase the ability of wheat
ptants to counteract salinity by accumulating relatively higher amounts of free
amino acids and free proline. Several reports correlate this phenomenon with
stress resistance, indicating that a better p erfformance and survivalcanbe
expected in species that accumulate proline (Heuer, 1994). Arllip and
Wisniewski (2002} noticed that proline concentration was directly proportional
to Na* concentration under adverse environmental conditions.

Under the efiect of different salinity levels, the endogenous |AA and
cytokinins  concentrations decreased, whereas endogenous ABA
concentrations increased in wheat shoots of the second sample when
compared with their non-salinized control (Table 9). The increment or the
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reduction of endogenous hormones was positively correlated with increasing
of salinity level. The state of hormonal balance in plants is suggested to play
a considerable role in the mediation of plant responses under salt stress
(Boggess and Stewart,1980). Moreover, Naqvi et al. (1986) found that the
free or diffusible auxin content of etiolated Zea mays coleoptiles decreased
under salinity stress. Stefl (1988) working on wheat, found that with
Increasing Na“ concentration, the tryptophan synthase a-monomers were
gradually dissociated from the oligomers producing less active isoenzyme.
This would reduce the biosynthesis of L-tryptophan and consequently of IAA,
so that plant growth was retarded or even stopped.

Table (9):Effect of various bacterial inoculant treatments on
endogenous AA, cytokinins (equivalent 2-
isopentenyladenine) and ABA concentrations as pmol/100g
F.W. in the second sample of wheat shoots grown under
different salinity levels.

Salinity level (dSm”™) 0.0 3 [ 12 Mean |
Inoculation
1AA
ninoculated 15,49 8.96 8.10 6.24 9.70
icleb. 16.28 11.77 1053 8.30 11.72
]lab. +Nx-fixers 17.08 12.21 11.93 9.61 1270
Kieb.+P-dissolving 16.59 11.95 10.79 843 11.94
Composite 17.52 13.48 1228 | 10.80 13.52
Mean 16.59 11.67 1073 | 868 N
Cytokinins
Uninocuiated 17.93 14.07 12.65 10.16 13.70
[Kreb, 18.49 15.85 14.32 11.28 15.01
[Kleb. +N-fixers 19.38 18.56 14.89 12.79 15.91
Kiab.+P-dissoiving 18.84 16.14 14.51 11.89 15.35
omposite 1992 | 1698 15.27 13.22 16.35
Mean 1891 | 1592 14.33 11.89
ABA

Uninoculated 8.93 20.22 4933 58.78 3432
Kiab. 9,21 14.80 40,38 48.08 28.07
[Kieb. +Nx-fixers 9.37 11.77 33.48 39.85 2362
Kleb.+P-dissolving 9.02 13.39 37.42 44.55 26.10
Composite 9.71 10.94 26.57 31.62 19.71
Mean 9.25 14.18 37.44 44.58

On the other hand, the reduction of cytokinins in plants grown under salt
stress was reported by different investigators. Roots are the first tissues
exposed to s alt, therefore, ¢ ytokinins |evel may be directly affected by salt
stress (Thomas et al., 1992). Meiri and Shalhevet (1973) reported that saline
conditions restrict the synthesis of cytokinins in the root and their
translocation to upper plant parts can also be inhibited. Kuiper et al. {1990)
reported that growth rates of roots and shoots of wheat and bariey plants
were decreased after an exposure to 65 mM NaCl, and this was associated
by rapid decrease in cytokinin concentration in both roots and shoots.
However, Nilson and O rcutt ( 1996} i ndicated that u nder s alinity s tress, the
endogenous levels of cytokinins in roots and ieaves did not change or may
have slightly decreased.
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Concerning ABA, Gong et al. (1990) found that during NaCl stress, ABA
content in wheat and barley leaves increased with duration and intensity of
stress. Also, Maslenkova ef al. (1993) found that endogenous level of ABA
increased with salinity stress, and that levei correlates with plant resistance to
stress. Nilson and Orcutt (1996) attributed this increase of ABA in the tissue
as a result of release from bound forms, an increase in the rate of synthesis
or a decrease in the rate of destruction. Kutschera and Schopfer (1986)
indicated that ABA reduced the elongation rate and also inhibited auxin-
induced growth by affecting cell wall loosening it maize coleoptile. However,
Pekic ef al. (1993} mentioned that during high salinity elevated ABAlevels
appear to provoke discrete changes in g ene expression, which could be a
way of optimizing beneficial effects of ABA and thereby improving crop
tolerance under salinity siress conditions.

As regards bacterial inoculation, the results of table {9) revealed that
different b acterial inoculants increased the endogenous | AA and ¢ ytokinins
concentrations whereas, endogenous ABA concentration decreased in
shoots as compared each with the corresponding uninoculated contro! under
different salinity levels. The increase in the mean values of endogenous 1AA
concentrations over the uninoculated control reached 20.8, 30.9, 22.8 and
39.4% with inoculation by Kleb., Kfeb.+N; -fixers, Kleb.+P-dissolving and
composite, respectively. The corresponding increase in the mean values of
endogenous cytokinins concentrations over the uninoculated control reached
9.6, 16.1, 12.0 and 19.3%, respectively. Meanwhile, the respective reduction
in the mean values of endogenous ABA concentrations from the uninoculated
control reached 18, 31, 24 and 43%, respectively. So, the composite
inoculant treatment induced a much higher leveis of both 1AA and cytokinins
in wheat shoots and this was accompanied by the lower levels of ABA under
different salt concentrations.

Bacteria of the genera Azospirillum and Azotobacter could colonize the
roots of several cereal and grasses. They are regarded as plant growth-
promoting rhizobacteria due to their ability to produce phytohormones (IAA,
GAs, cytokinins, etc.) and to fix atmospheric nitrogen (Bashan and Lavanony,
1990; Okon and Labandera-Gonzalez, 1994). Tripathi and Mishra (1998)
found that IAA production by Alcaligenes faeculis, A. brasilense and
Azotobacter vinalandii was found to be stimulated under low salinity level.
This type of response could enhance salt tolerance, promote growth as well
as stimuiate the formation of lateral roots and root hairs of host rice under salt
stress (Ping et al., 1998). Stimulation of root proliferation could be
responsible for such hormonal balance in wheat plants resulting from the
composite i noculant treatment under d ifferent s alinity s tress. M oreover, the
activities of plani-associated bacteria might have a positive effects on soil
properties which could contribute to the enhancement of plant-microbe
interaction and the plant ability to be tolerate more salt stress, which might
stimulate plant growth and its productivity in salinity-affected soils.

In addition, the ability of K pneumoniae to produce
exopolysaccharides that binds to wheat plant roots and seil particles {Del
Gallo and Fendrik, 1994), could facilitate to the other bacterial inoculants to
colonize the rhizosphere of wheat roots. The exopolysaccharides might
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represent suitable medium for mutual utilization of substances between the
plant root and the inoculated bacteria. This could increase the bacterial
populations in rooting z one, allowing for more co-operation between wheat
plants and inoculated bacteria. Therefore, it was found an absolute
superiority of composite inocula treatment on growth of both root and shoot of
wheat plants comparing with the other inoculation treatments under the
different salinity levels. It appears that composite inocula treatment could
partially increase the ability of wheat plants to counteract salinity by
accumulating relatively higher amounts of N, K*, Ca®, non-reducing sugars,
free amino acids, free proline, endogenous auxin and cytokinins as well as
lowering Na* and endogenous ABA concentrations in their shoots leading to
better performance of wheat plants under salinity stress. This was reflected
by the superiority of their grain weight/plant as compared with the other
inoculation treatrnents under different salinity levels.

However, further studies might be required to test the effectivity of
cornposite inoculant treatment on other cereal crops as well as different soil
types aiming to maximize their yields under different stress conditions.
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