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Colonization of pepper roots with salt-tolerant PGPR as an inducer for saline stress
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ABSTRACT

This study was divided into two parts, the first part was carried out in vitro to examine the ability of six salt-
tolerant PGPR strains to colonize of two pepper cultivars roots namely Romy and Qarn Ghazal. Then, choosing one of
these cultivars for greenhouse experiment. The second part was conducted in the experimental farm station of Fac. Agric.
at Moshtohor during 2011 season to alleviate the ability of the selected PGPR strains (Bacillus megaterium D159,
Paenibacillus alvie D139 and Azospirillum lipoferum D207) in combination with compost and humic acid to increase
resistance of cultivated pepper under saline stress conditions and improve its productivity. The highest significant
increase of macronutrients (N, P and K) uptake and photosynthetic pigments was observed in pepper inoculated with
biostimulant combined with humic acid + compost. The application of humic acid combined with compost significantly
decreased the proline content in pepper. On reverse, amino acids, sugars and phenols were increased with the application
of PGPR combined with compost and/or humic acid.
Key words: Colonization, PGPR, saline stress, proline, humic acid and pepper.

INTRODUCTION

Salinity is one of the most critical constraints and hampers agriculture production in many areas around the world,
including Egypt. The high salt content decreases the osmotic potential of soil water and consequently, this reduces the availability
of soil water for plants (Asik et al., 2009). Because of the economic impact of stress and the large amount of energy required to
alter the environment to suit the plant, it becomes increasingly important to utilize sustainable techniques for inducing salt
tolerance in plants better adapted to stress (Smit et al., 2001). PGPR have positively influence plants vitality and the ability of the
plants to cope with a biotic stress conditions such as drought and salinity (Nadeem et al., 2006). The interest in the consumption
of pepper fruits (Capsicum annuum L.) is to a large extent, due to its content of bioactive nutrients and their importance as dietary
antioxidants. The total area of cultivated pepper in Egypt for about 400 thousand fed. (Abrol et al., 2010). Sousa et al. (2008)
reported that the tolerance for high salinity should be criteria for many microorganisms aiming their adaptation in saline soils and
aiming their capacity of colonizing the root system.

This study aimed to maximize the ability of six salt-tolerant PGPR strains to colonize pepper roots in vitro and then
alleviate their ability to improve pepper productivity under saline stress in combination with compost and humic acid.

MATERIALS AND METHODS

Performance of PGPR strains for pepper seeds colonization in vitro
Petri dishes containing filter paper were autoclaved at 120°C forl5 min. Seeds of pepper varieties namely Romy(P1)

and Qarn Ghazal (P2) were agitated in 70% ethanol for 5 sec for sterilizing seeds surface. The ethanol was discarded and the
seeds were rinsed with sterile water. Then filter paper was moistened about 40% (Amin et al., 2004). Ten seeds were put on the

filter paper and 1ml of each PGPR strains suspension was added on seeds. The dishes were incubated at 25°C for six days.
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Germination rate (%), root length (cm) and colonization intensity (cfu/ml) were estimated, the most priority of pepper for PGPR

strains colonization was chosen for green-house experiment.
Soil and soil mixtures
Soil of the experiment was obtained from EIl-Sharkia Governorate (Sahl El-Hussinia). The obtained soil was mixed
with Agric. gypsum at rate of % ton/fed. and course sand at rate of 20 ton/fed., then subjected to mechanical and chemical
analyses before using in cultivation Table (3). Soil analyses were carried out in Analysis Center and Agricultural Consultancy,
Fac. Agric. at Moshtohor according to the method described by Page et al. (1982).
Table (1). Soil texture and chemical analyses of the experimental soil.

Parameters Unit Values
Soil texture So.il before Sgil after
adjustment adjustment
Sand (%) 45,01 50
Silt (%) 16.32 33
Clay (%) 38.67 17
Textural class (%) Clay Clayey silty
Chemical analysis
EC dS/m 24.34 13.92
pH 8.30 8.61
Organic matter (%) 0.62 1.12
Total nitrogen (%) 0.010 0.114
Na* 201 57.93
. K* 1.34 8.27
Soluble cations Ca," meq./L 14.92 350
Mg** 27.12 38.0
CO5 Zero Zero
. HCO3 9.93 28.00
Soluble anions cr meq./L 186 81.00
S0,* 47.75 30.20

Experimental design
Treatments were distributed in a randomized complete block design with three replicates.

Flow chart of experiment treatments
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Preparation of biostimulant inocula

The biostimulant inocula for pepper (Bacillus megaterium D159, Paenibacillus alvie D135and Azospirillum lipoferum
D207) were prepared in specific broth media. Cell suspension of A. lipoferum contains about (10 x 10°cfu/ml) 7 days-old on
semi-solid malate medium (Dobereiner, 1978), Bacillus megaterium (90 x 10° cfu/ml) 2 days-old on modified Bunt and Rovira
agar medium, modified by (Abdel-Hafez, 1966)and P. alvie (60 x 107cfu/ml) 2 days-old on King's medium (King et al., 1954).
Cultivation process

Prior to cultivation, pepper seedlings were soaked by dipping the root system in a mixture of PGPR inocula (cell
suspension of biostimulant) for 60 minutes before transplanting; sucrose solution (40 %) was used as an adhesive agent. The
same prepared PGPR inocula were added to grown plants three times throughout the growing season at a rate of 300 ml/pot. The
recommended dose of compost was 10 ton/fed for pepper. Whereas, humic acid was added to soil at rate of 4 kg/fed. Compost
and humic acid were added at transplanting. A half dose of inorganic nitrogen fertilizer (50 kg N/fed) as ammonium sulphate was
supplemented for treatments of biostimulant and biostimulant + humic acid. Also, a full dose of inorganic phosphorus fertilizer
(25 kg P,0Os/fed) as calcium super-phosphate and potassium fertilizer (40 kg K,O/fed) as potassium sulphate were supplemented
for all treatments in three equal doses.
Determinations

Plant samples were taken for total nitrogen, phosphorus and potassium contents according to the methods described by
(A.0.A.C, 2005); A.P.H.A. (1992) and Dewis and Freitas (1970), respectively. Photosynthetic pigments (chlorophyll A & B,
total chlorophyll and carotenoids) were spectrophotometrically determined according to Nornal (1982).Proline amount was
determined in the plant according to the method of Bates et al. (1973). Total amino acids were determined according to the
method described by Rosein (1957). Reducing, non-reducing and total sugars were colormetrically determined by the picric acid
method described by Thomas and Dutcher (1924). Free, conjugated and total phenols were colorimetrically determined using the
“Folin and Ciocalteu” reagent as described by Snell and Snell (1953). Fruits were harvested at proper maturity stage (120 days),
then counted, weighed and the following data were calculated: Number of fruits/plant, individual plant yield and weight of fruit.
Statistical analysis

Statistical analysis was carried out according to Snedecor and Cochran (1989). The differences between the means
value of various treatments were compared by Duncan's multiple range test (Duncan's, 1955).
RESULTS AND DISCUSSION

Colonization ability of PGPR strains for pepper roots

Data in Table (23) indicated that when pepper cultivars were inoculated with two phosphate dissolving bacteria
Pseudomonas fluorescence D23 and Bacillus megaterium D159, the highest and lowest values of pepper root length were
observed with P1 cultivar when inoculated with Bacillus megaterium D159 and Pseudomonas fluorescence D23, respectively.
These results are in agreement with Davey and O’toole (2000) who emphasized that the effective colonization of plant roots by
PGPR plays an important role in growth promotion, irrespective of the mechanism of action.

Table 2. Colonization ability of PGPR strains and their effect on seed germination of pepper cultivars.

. Root length Colonization intensity
Treatments Cultivar (cm) cfu/ml (x 10*)
. . . P1 1.8 -
Control (without inoculation) P2 16 -
P1 0.4 20
Ps. fluorescence D23 P2 0.7 21
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B. megaterium D159 i >0 gi
P2 2.0

P. alvie D135 E; Z’jg 238

A. lipoferum D178 E; ig 1§

A. lipoferum D207 E% ig 23

Also, by using the nitrogen fixing bacteria namely Azospirillum lipoferum D178 and Azospirillum lipoferum D207
when P1 inoculated with Azospirillum lipoferum D207 the highest root length was obvious being 2.4 cm therefore it increased
with 1.6 fold comparing with P2. Whereas, unfavorably differences were observed with P1 and P2 cultivars when inoculated with
Azospirillum lipoferum D178.

In addition, when pepper cultivars were inoculated with Paenibacillus alvie D135 the highest root length was observed
with P1. This trend of results was in concurrently with Chebotar et al. (2001) who refer that the colonization of roots by the
introduced bacteria is very important in establishment an effective plant-bacterial interaction. The success of inoculated seeds or
seedlings with beneficial bacteria is usually depends on the colonization potential of the introduced strains. The obtained results
also revealed that the highest colonization intensity of pepper cultivars roots were observed when P1 was inoculated with B.
megaterium D159, Paenibacillus alvie D135 and A. lipoferum D207.Generally, in this experiment P1 (Romy pepper) cultivars
gave the highest values
Nitrogen, phosphorus and potassium uptake in pepper shoots

It is obvious from data presented in Table (3) that the lowest records of nitrogen and phosphorus uptake were observed
in moderately saline soil without any amendments (control). This may be due to the negative effect of salinity on nutrients
uptake. Similar trend of results was observed by Francois and Maas (1999) who reported that the lower uptake of minerals has
been observed in several plant species grown in saline conditions. The obtained results also showed that chemical fertilization
gave significant higher values of N, P and K uptake than soil amended with biostimulant and higher values of P and K uptake
than soil amended with compost only.

Table 3.Nitrogen, phosphorus and potassium uptake by pepper (P1) as affected by different treatments of

soil amendments.

Treatments Nitrogen Phosphorus Potassium

(mg/plant) (mg/plant) (mg/plant)
Control 77.11% 2.21° 11.8°
Chemical fertilization 88.13° 2.92% 14.8°
Biostimulant 79.22° 1.60° 12.7°
Compost 88.13° 2.28" 12.7°
Bio. + compost 103.3% 2.18° 15.2°
Bio. + HA 100.4° 1.02¢ 15.6
Bio. + compost + HA 107.2* 2.81° 20.3°

Control: without any soil amendments.
Biostimulant strains: B. megaterium D159, P. alvie D135 and A. lipoferum D207.
HA: Humic acid

On contrast, the highest significant records of N and K uptake were observed in soil inoculated with biostimulant

combined with compost in presence of humic acid. This could be attributed to the addition of humic acid to soil which improve
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various soil properties and release of mineral nutrients for plant uptake. Similar results were observed by Yildirim et al. (2011)

who reported that salt-tolerant PGPR can ameliorate the deleterious effects of salt stress by altering mineral uptake. Also, Cimrin
et al. (2010) studied the effect of humic acid application on pepper plants cultivated in moderately saline soils. They found that
humic acid can ameliorate the deleterious effects of salt stress by increasing root growth, altering mineral uptake and decreasing
membrane damage, thus inducing salt tolerance in pepper.

In addition, it was obvious that when soil inoculated with biostimulant and humic acid application gave significant
lower values of N and P uptake than soil amended with biostimulant combined with compost in presence or absence of humic
acid. This may likely be due to the addition of compost which affected the release of nutrients to plants and increased minerals
uptake (Alvarez et al., 1995)

Photosynthetic pigments in pepper leaves
Data in Table (4) emphasized that the highest values of chlorophyll A& B and total chlorophyll were observed in
pepper grown in soil amended with biostimulant in combination with compost and humic acid. In addition, Chemical fertilization
gave higher values of chlorophyll A being 0.557 mg/g fresh leaves therefore it increased with 2.15 fold comparing to
biostimulant only.
Table 4. Photosynthetic pigments of pepper’s leaves (P1) as affected by different treatments of soil amendments.

Chlorophyll as mg / g fresh leaves

.Treatments A 5 o] Carotenoids
Control 0.288° 0.141° 0.512° 0.882?
Chemical fertilization 0.557¢ 0.532¢ 1.247° 0.700°
Biostimulant 0.259 0.279° 0.614 0.278°
Compost 0.745" 0.610° 1.568° 0.416¢
Bio .+ compost 0.654¢ 0.911° 1.748° 0.423¢
Bio. + HA 0.574¢ 0.581¢ 1.318¢ 0.784°
Bio. + compost + HA 1.0422 1.287% 2.0922 0.126

Abbreviations: as those stated for Table (3)

From data presented in Table (4) it was obvious that the lowest values of chlorophyll B and total chlorophyll were
observed in free amendments moderately saline soil (control). These results are in agreement with Ali et al. (2004) who reported
that a decrease in photosynthetic pigment content of pepper plants when treated with NaCl. Reduction in chlorophyll
concentrations is probably due to the inhibitory effect of the accumulated ions. In addition, results revealed that carotenoids were
increased in high soil salinity. So, the highest records of carotenoids were observed in control treatment. This result is in harmony
with Zahra et al. (2010) who reported that in high salinity levels, carotenoids content was increased. Results also emphasized that
carotenoids were decreased under all soil treatments compared to control, since soil treatments which contain humic acid and
biostimulant in presence of compost gave lower values of carotenoids rather than the control.

Proline accumulated in pepper leaves

The obtained results in Table (5) emphasized that when pepper plants were grown in moderately saline soil without any
amendments, the highest amounts of proline were observed. These results are in harmony with Chookhampeng (2011) who
reported that salinity treatments caused the increased proline content in pepper plant.

Data clearly showed that soil amended with compost in combination with biostimulant and/or humic acid significantly

decreased the amounts of accumulated proline in pepper leaves being 0.25 mg/g fresh leaves therefore it decreased 8 fold
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comparing to control. Also, pepper inoculated with biostimulant combined with humic acid decreased proline amounts being 0.43

mg/g fresh leaves therefore it decreased with 1.8 fold comparing to biostimulant alone. This result may likely be due to the
beneficial effect of boost inocula of biostimulant strains through growth period and humic acid in decreasing soil salinity. These
results are in agreement with Cimrin et al. (2010) who studied the effect of humic acid application on pepper plants cultivated in
salt-affected soils. He showed that humic acid treatment can ameliorate the deleterious effects of salt stress by increasing root
growth, altering mineral uptake and decreasing membrane damage, thus inducing salt tolerance in pepper plants.Chemical
fertilization gave high records of proline accumulation being 1.98 mg/g fresh leaves therefore it increased with 2.5 fold
comparing with tomato inoculated with biostimulant only. This result may be attributed to the deficient of this treatment to
compost, biostimulant or humic acid.

From data presented in Table (5) it is obvious that soil salinity decreased total amino acids. So, the lowest values of
total amino acids were observed in moderately saline soil without any amendments. While, the highest records of total amino
acids were observed in soil amended with biostimulant in combination with compost in presence of humic acid. Also, the
presence of humic acid had an important role in soil salinity tolerance and so increased total amino acids. The application of
biostimulant combined with humic acid gave higher values of total amino acids being 2.10 mg/g therefore it increased with 2.14
fold comparing with soil treated with chemical fertilizers or biostimulant only.

Table 5. Proline and total amino acids accumulation in pepper’s leaves (P1) as affected by different treatments of soil

amendments.
Treatments Proline accumulation Total amino acids as
as mg/g fresh leaves mg/g fresh weight
Control 2.00° 1.09
Chemical fertilization 1.98° 1.41°
Biostimulant 0.79° 1.44¢
Compost 0.75° 2.31¢
Bio .+ compost 0.42¢ 2.52°
Bio. + HA 0.43¢ 2.10°
Bio. + compost + HA 0.25° 2.79%

Abbreviations: as those stated for Table (3)
Estimation of phenols and sugars

Data in Table (6) revealed that the lowest values of total, free and conjugated phenols were observed in soil treated with chemical
fertilizers, these results are in agreement with Rivero et al. (2003) who reported that the phenolic compounds were accumulated
as a defense mechanism against a biotic stress. On the other hand, the highest values of total and free phenols were observed in
soil inoculated with biostimulant in combination with compost in presence of humic acid. In addition, the dual inoculation of
pepper with biostimulant and humic acid increased the total, free and conjugated phenols than the dual inoculation with
biostimulant and compost. Data in Table (6) also emphasized that the highest significant amounts of total and reduced sugars
were observed in soil amended with biostimulant and humic acid. Whereas, the lowest values of total and reduced sugars were
observed in free amendments moderately-saline soil. These results are in harmony with Navarro et al. (2002) who observed that
pepper plants exhibited slightly decrease in reducing sugar concentrations with salt application and could be explained by the
increasing of fruits respiration which observed when the ionic strength of the nutrient solution increases.In addition, the highest
and the lowest amounts of non-reduced sugars were observed in soil amended with biostimulant combined with compost and
humic acid and soil treated with chemical fertilizers, respectively.
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Table 6. Phenols, sugars and total amino acids in pepper’s leaves (P1) as affected by different treatments of soil

amendments.
Phenols mg/g fresh weight Sugars as mg glucose/g fresh weight
Treatments — E——
Total Free Con. Total Reduced Non-reduced

Control 12.24 7.04° 5.20% 24.61% 11.84 12.77¢
Chemical fertilization 11.05¢ 6.20 4.85° 25.16¢ 16.63¢ 8.53"
Biostimulant 13.77¢ 7.12¢ 6.65° 28.51° 14.40° 14.11¢
Compost 15.81° 8.73¢ 7.08° 31.30™ 17.14° 14.16¢
Bio. + compost 12.58° 7.60¢ 4.98¢ 32.98° 15.62¢ 17.36°
Bio .+ HA 14.62° 9.10° 5.52° 39.13? 19.66° 19.47°
Bio. + compost + HA 17.17° 10.5° 6.68° 38.57%® 17.14° 21.43°

Yield and yield components

Data in Table (7) indicated that there was significant difference between control (soil without any amendments) and
other soil treatments, the control treatment gave the lowest number of fruits per plant, weight of one fruit and fruit yield/plant.
This could be due to the harmful effect of salinity on pepper plants. Similar results were observed by (Navarro et al., 2002) who
reported that the salinity decreases the pepper yield. Data also revealed that the highest weight of one fruit was obtained from
plants grown in soil amended with compost in presence of humic acid and biostimulant. This may be likely due to the beneficial
effect of humic acid in decreasing soil salinity and so increasing pepper yield. These results are in agreement with Zandonadi et
al. (2007) who reported that humic acid increased growth and yield of various crops including vegetables. Also, Ghoname and
Shafeek (2005) found that adding of organic manures to sandy soil would stimulate quantitative characteristics of vegetable
crops.

Table 7. Yield and yield components of pepper (P1) as affected by different treatments of soil amendments.

Number of Weight of one  Fruits yield/plant

Treatments fruits/ plant fruit (g) (k)
Control 4° 17.8f 0.1259
Chemical fertilization 6° 30.0° 0.288°
Biostimulant 5P 25.0¢ 0.130f
Compost 6° 27.3° 0.163¢
Bio. + compost 8 23.3° 0.186°
Bio. + HA 5P 28.0° 0.140°
Bio. + compost + HA 9 33.5% 0.301%

Abbreviations: as those stated for Table (3)
Chemical fertilization gave significant higher fruit yield being 0.288 kg/plant therefore it increased 2.2, 1.76, 1.7 and
2.06 fold comparing to biostimulant, compost, biostimulant combined with compost and biostimulant combined with humic
acid, respectively. In addition, the highest significant fruit yield of pepper was observed in soil amended with biostimulant
combined with compost in presence of humic acid. This result was similar to those obtained by Abbaspoor et al. (2009) who
emphasized that PGPR promoted the salt-tolerant PGPR Ps. fluorescence and Ps. putida can be used to overcome salinity stress
and improving growth and yield of most crops under saline conditions. In addition, Grazia et al. (2007) who reported that the

application of compost gave positive affect on most growth parameters of sweet pepper, promoting increase of precocity and
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yield. Also, khaled and Fawy (2011) reported that humic substances started to be given to the soil in Egypt and in other parts of

the world as well to improve the crop yield.
CONCLUSION
This study could be recommended that the use of salt tolerant PGPR as biostimulant for pepper grown in moderately
saline soil can improve plant defense against saline stress conditions and increase the productivity. Results also indicated that
pepper inoculation with PGPR in combination with compost and humic acid enhanced plant defense to stress through the
decreasing of proline accumulation and increasing of some compounds as an indicator to plant resistance for saline stress.
REFERENCES

A.O0.A.C., Association of Official Agriculture Chemists (2005). Official methods of analysis of association of official analytical
chemists.17™ Ed. Washington, D.C., USA.

AP.H.A. American Public Health Association (1992). Standard methods for the examination of water and waste water.
Washington, DC, U.S.A.

Abbaspoor, A.; H.R. Zabihi; S. Movafegh and M.H. Akbari (2009).The efficiency of plant growth promoting rhizobacteria
(PGPR) on yield and yield components of two varieties of wheat in salinity conditions. Am. Eur. Sustainable Agric.,
3(4):824-828.

Abdel-Hafez, A.M. (1966). Some studies on acid producing micro-organisms in soil and rhizosphere with special reference to
phosphate dissolvers. Ph.D. Thesis, Agric. Botany Dep. Fac. Agric., Ain Shams Univ., Egypt, p: 31.

Abrol, I.P; J.S.P. Yadav and F.l. Massoud (2010). Moderately saline soils and their management. FAO Bulletins, Roma, Italy.

Ali, Y.; Z. Aslam; M.Y. Ashraf and G.R. Tahir (2004). Effect of salinity on chlorophyll concentration, leaf area, yield and yield
components of rice genotype grown under saline environment. Inter. J. Environ. Sci. Tech., 1(3):221-225.

Alvarez, M.A.B.; S. Gagne and H. Antoun (1995). Effect of compost on rhizosphere microflora of the tomato and on the
incidence of plant growth-promoting rhizobacteria. Appl. Environ. Micro., 61(1):194-199.

Amin, M.A.;; M. A. Uddin and M. A. Hossain (2004). Regeneration study of some indica rice cultivars followed by
Agrobacterium-mediated transformation of highly regenerable cultivar BR-8. J. Biol. Sci., 4:207-211.

Asik, B.B.; M.A. Turan; H. Celik and A.V. Katkat (2009). Effects of humic substances on plant growth and mineral nutrients
uptake of wheat (Triticum durum cv. salihli) under conditions of salinity. Asian J. Crop Sci., 1(2):87-95.

Bates, L.S.; R.P. Waldren and I.D. Teare (1973). Rapid determination of free proline for water stress studies. Plant Soil, 39(1):
205-207.

Chebotar, V.K.; C.A. Asis and SH. Akao (2001). Production of growth-promoting substances and high colonization ability of
rhizobacteria enhance the nitrogen fixation of soybean when co-inoculated with Bradyrhizobiumjaponicum . Biol.
Fertil. Soils, 34:427-432.

Chookhampeng, S. (2011). The effect of salt stress on growth, chlorophyll content, proline content and antioxidative enzymes of
pepper (Capsicum annum L.) seedling. Eur. J. Sci. Res., 49(1):103-109.

Cimrin, K.M.; O. Tirkmen; M. Turan and B. Tuncer (2010). Phosphorus and humic acid application alleviate salinity stress of
pepper seedling. Afri. J. Biotech., 9(36):5845-5851.

Davey, H. and G. O’toole (2000). Microbial biofilms: from ecology to molecular genetics. Microbiol. Mol. Biol. Rev., 64(4):847-
867.

Dewis, G. and F. Freitas (1970). Physical and chemical methods of soil and water analysis. FAO, Bull., No (10).

Annals of Agric. Sci .Sp Issue (58) 1: 2012 Received January, 2012 Accepted February ,2012



11" conf. Agric. Dev.Res. Fac.Agric.,Ain Shams Univ.
Cairo,Egypt,March,2012
Dobereiner, J. (1978). Influence of environmental factors on the occurrence of S. lipoferum in soil and roots. Ecol. Bull.

(Stockholm), 26: 343-352.

Duncan’s, D. B. (1955). Multiple range and multiple F. test. Biometrics, 11: 11-24.

Francois, L. and E.V. Maas (1999). Crop response and management of moderately saline soils. In: Handbook of plant and crop
stress, Pessarakli, M. (Ed). Marcel Dekker, USA, ISBN: 978-0-8247-1948-7, pp:169-203.

Ghoname, A. and M.R. Shafeek (2005). Growth and productivity of sweet pepper (Capsicum annum L.) grown in plastic house
as affected by organic, mineral and bio-N-fertilizers. J. Agro., 4(4):369-372.

Grazia, J.; P. A. Tittonell and A. Chiesa (2007). The effect of substrates with compost and nitrogenous fertilization on
photosynthesis, precocity and pepper (Capsicum annuum) yield.Cien. Inv. Agric., 34(3):151-160.

Khaled, H. and H.A. Fawy (2011). Effect of different levels of humic acids on the nutrient content, plant growth and soil
properties under conditions of salinity. Soil Water Res., 6(1):21-29.

King, E. O.; M. K. Ward and D. E. Raney (1954). Two simple media for the demonstration of pyocyanin and fluorescin. J. Lab.
Clim. Med., 44: 301-307.

Nadeem, S.M; 1. Hussain; M. Naveed; H.N. Asghar; Z.A. Zahir and M. Arshad (2006). Performance of plant growth promoting
rhizobacteria containing ACC-deaminase activity for improving growth of maize under salt-stressed conditions. Pak. J.
Agric. Sci., 43(3-4):114-121.

Navarro, J.M.; C. Grrrido; M. Carvajal and V. Martinez (2002). Yield and fruit quality of pepper plants under sulphate and
chloride salinity. J. Hort. Sci. Biotech., 77:52-57.

Nornal, R. (1982). Formulae for determination of chlorophyllous pigments extracted with N,N-Dimethylformamide. Plant
Physiol., 69: 1371-1381.

Page, A. L.; R. Miller and H. Keeney (1982). Methods of soil analysis.Part 2, 2" Ed., Am. Soc. Agronomy, Inc. Mad. Wisconsin,
USA.

Rivero, R.M.; J.M. Ruiz and L. Romero (2003). Can grafting in tomato plants strengthen resistance to thermal stress. J. Sci. Food
Agric., 83:1315-1319.

Rosein, H. (1957).A modified ninhydrinecolourimetric analysis for amino acids. Arch. Biochem. Biophys., 67: 10-51.

Smit, E.; P. Leeflang; S. Gommans; J. Broek; S. Mil and K. Wernars (2001). Diversity and seasonal fluctuations of the dominant
members of the bacterial soil community in a wheat field as determined by cultivation and molecular methods. Appl.
Environ. Microbiol., 67:2284-2291.

Snedecor, G.W. and W.G. Cochran (1989). Statistical methods.8" Ed. lowa State Univ. Press, Ames lowa, USA.

Snell, F.D. and C.T. Snell (1953). Colorimetric methods of analysis including some turbidimetric and nephalometric methods.
Vol. 111, 606 pp. D. Van Nostrad Company Inc., Toronto, New York, London.

Sousa, C.S.; A.C.F. Soares and M.S. Garrido (2008). Characterization of Streptomycetes with potential to promote growth and
biocontrol. Sci. Agric., 65:50-55.

Thomas, W. and R.A. Dutcher (1924): Picric acid methods for carbohydrate. J. Am. Chem. Soc., 46: 1662-1669.

Yidirim, E.; M. Turan; M. Ekinci; A. Dursun and R. Cakmakci (2011). Plant growth promoting rhizobacteria ameliorate
deleterious effect of salt stress on lettuce. Sci. Res. Essays, 6(20):4389-4396.

Zahra, S.; B. Amin and Y. Mehdi (2010). The salicylic acid effect on the tomato (Lycopersicumesculentum Mill.) germination,

growth and photosynthetic pigment under salinity stress (NaCl). J. Stress Physiol. Biochem., 6(3):5-16.

Annals of Agric. Sci .Sp Issue (58) 1: 2012 Received January, 2012 Accepted February ,2012



11" conf. Agric. Dev.Res. Fac.Agric.,Ain Shams Univ.

Cairo,Egypt,March,2012
Zandonadi, D.B.; L.P. Canellas and A.R. Facanha (2007). Indole acetic and humic acid induce lateral root development through a

concerted plasma lemma and tonoplast H* pumps activation. Planta, 225:1583-1595.
Alall dgaY) ua jiaas da glall dlaatial) g clill gall Adadial) U 5 6 50 Ml JAIY [ oda jlexticd
Tl daaa L Tl ari daal -7l daa) glua) sk plillae d) - e gl ) aala
A a8 gy daaly - Ao 30 A8

53l Lo 30 gl 38 paill s sboall s ) ) 3 2gan 5
Jia i) o (5 sad) £ g gy g o Janid L) Basluva Ao 58N G (e Ay i) B T gaa 190 AR B4 Aad) Sl

293 Jlatin o Lt Cua (e da plall Alaadial) g o) gall Adnciiall Ly 55 9 500 VM (lary il gy iad) 138 ¢ ) a3 da slal)
(oo Q) g ALl g o gad Cppeanil 3l B AN Ay peaall o) ) gyl cond QAN (g g TadiiaS Lgaladiian) ApilSa) (sa (il g JALA
CA" chiall e ) Ao Mg il jgda jletiu e 3R Lt cuils daddiaall L5950 ¢ ¥ &G ¢ Jaral) & e
O gl e Sl palaila) Juara Ao @b oF Al odn gl i pgdl dly & gual) dyjad B e, chluall aladia) o5 Gl MO8
oalaiia) Jara 8 ¢l cilail) gail Adndiial) cYMally el g clia gagdl 3929 ga Al () Conn grasl) Adlida) Alla B 0 gaudll gall 9 ) sen 9l 9
0 Al ) Alla B gl (gl sl il s giaa BT GISL (g RS i) sl s sa phl) du ) Alla 6 an g alinl
el sl Clisa o ol Lad el Cuuguasl] of dliagagd 392y ga gaill Andiall cDladly 4 8l mdli olg clila) b ae s
Bkl 5 alSud) g Y il e OIS Dla B miliil) oo olady) Gl a9 BBy (L jiay Ll Undial) Ll 4 3 7 ElAS il
BAal 4 (B Ae i) i) Alla B el 31,600 B aS) il cplg el (e s sina ol o 22 @l (e Qi e o8l L)
liagagl) 252 pa G gpally dasdall 4y ) (B Ao ) jiall ciliball) Al A el ol gl 385 BT Ol g ¢ i) (sl Lgase i 09 23V
JAil) (e Jguana B gl dun JAlAN Jguana o "Ll T80 i A slal) o gliil) < pgdil Laagl il gail Adndiial) co¥Blally ilill g
Ll s A 3 el of ols Jald) gl of a2y oSy g Aalle il cilila) ol dacte il Aadlal) 430 D 3

Ll gail Adadiiall DLl il g clia gagd) 393 9 n o gaaSlly

Annals of Agric. Sci .Sp Issue (58) 1: 2012 Received January, 2012 Accepted February ,2012



