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1- Flame photometer
2- Auto Analysis kjeltec
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Table 2. Amount of cations and anions in the irrigation water.

ol S ks s (e oS Sl
Bicarbonate Sodium Chlorine Magnesium Calcium pH EC S
meq/lit pusm/cm Salinity
3.80 3.10 3.40 2.80 1.60 7.21 700 So
5.60 6.80 7.20 4.50 1.80 7.42 1400 Sy
10.10 18.80 16.90 6.80 2.20 7.60 2800 Sz
14.04 28.50 27.10 9.00 4.00 7.59 4200 S3
20.10 39.00 38.70 16.40 6.40 7.63 5600 Sy

Olg 5 Amd sl e Ml 01 5 el Sl Jgkiy! ST 4 31 90 A 5 O 50 ACCdeaminase f_ﬂ Clad ¥ Jgu
(FE V8D (5 38y Sla g 5 gy 5

Table 3. Production of ACC-deaminase enzyme, IAA, Auxin like substances, phosphate solubilization and
siderophore production by bacterial strains (14,34).

Properties Pp4 P pll P. p 108 P f169
ACC deaminase activity* 2.35 2.41 5.03 3.51
(mg/L) Auxin like substances 9.60 7.68 8.90 5.80
Siderophore production (halo diameter, cm) 1.90 1.60 1.70 1.80
Phosphate solubilizing activity + + + +
Indol Acetic Acid production (IIA) + + + +

p.p: Pseudomonas putida
p.f- Pseudomonas fluorescens
* umol of o-ketobutyrate h™' mg of protein™

A it glry s o led g (S A2) Wls 5 S s 55 el 5 hd D555 B Slay e oSibe —8 g

Sogh it s 53 ligeg3 g

Table 4. Mean square concentrations of nitrogen, phosphorus and potassium in leaf and grain rice treated
with different strains of Pseudomonas bacteria at different levels of salinity.

&ls Sy B
151
Grain Leaf S St e
N . .. R . . Degree of .
e Bt EBER el Bt Qo5 freedom (Source of Variance)
Potassium  Phosphorous  Nitrogen Potassium  Phosphorous  Nitrogen
0.045%* 0.083** 0.946** 2.052%* 1.667** 0.064** 4 o
Salinity
s
0.157** 0.100%** 4.989%* 0.859%** 1.330%* 0.050%** 4
Bacteria
L X oSl
0.005%* 0.002%* 0.329%** 0.103* 0.047** 0.002** 16 St X e A
Salinity . Salinity
Lo
0.001 0.001 0.090 0.059 0.013 0.000 75
Error
Sl 2
9.61 10.76 16.74 17.02 7.74 7.10 -
(/CV)

Dls gme e 9 Ao y3 0 Aoy ) ch.djzjlz S ;.,._JJSA;.nS)% >

** % 18 Significant at P<0.01, significant at P<0.05, non significant respectively.
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Figure 1. Effect of salinity levels on NPK concentration in leaf (a) and grain (b)of rice.
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Figure 2. Effect of Pseudomonas bacteria strains on NPK concentration in leaf (a) and grain (b) of rice.
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Table 5. Mean comparison of the effect of bacterial strains on NPK content in leaf and grain of rice at different
salinity water irrigation levels.

S s
G ) Leaf Grain
S 4 o o o o
Salinity T 0555 St el 0555 St el
(uS/cm) Bacteria strains Nitrogen  Phosphorous  Potassium Nitrogen  Phosphorous  Potassium
(%) (%)

So(700) Ty Non-inoculated) 1.44% 0.189¢ 1.47°° 1.54°f 02328 0.22¢"
So(700) T\ (P. putida 4) 2.07° 0.290° 2.12° 2.04*¢ 0.325™ 0.32°°
So(700) Ty (P. putida 11) 2.02° 0.288° 2.03" 213" 0317 0.33%
So(700) T3 (P. putida 108) 2.08* 0.311° 2.48° 1.92%¢ 0.312¢ 0.30°"
So(700) T4 (P. fluorescens 169) 2.05° 0.368" 1.71% 226" 0.420° 0.43°
S1(1400) Ty Non-inoculated) 117" 0.155' 1.27%¢ 1.38" 0.1679 0.18'
S1(1400) T, (P. putida 4) 1.71° 0.279° 1.51°° 1.99"¢ 0.292°F 0.31°f
S1(1400) Ty (P. putida 11) 1.54% 0.265¢ 1.49°¢ 2.04*¢ 0.305°* 0.32°°
S1(1400)  Ts(P. putida 108) 1.66™ 0.265* 1.44%¢ 2.08"° 0.310% 0.29°f
S1(1400) T4 (P. fluorescens 169) 1.60>¢ 0.247° 1.52°¢ 2.12%¢ 0.362° 0.38°
S, (2800) T, Non-inoculated) 1.02! 0.118! 1.01™ 0.89¢ 0.137™ 0.13'
S, (2800) T, (P. putida 4) 1.40%¢ 0.253% 1.42¢f 1.77¢f 0.250" 0.29°f
S, (2800)  Ta(P. putida 11) 1.39¢¢ 0.252% 1.58% 1.77¢F 0.255°" 0.30°"
S, (2800) T3 (P. putida 108) 1.48°f 0.237° 1.38°f 1.80°f 0.257°" 0.33%
S (2800) Ty (P. fluorescens 169) 1.55>¢ 0.245° 1.69 1.81°F 0.300°" 0.32°°
S3(4200) Ty Non-inoculated) 0.84 0.103" 0.89¢" 0.70" 0.111™ 0.09
S3(4200) T, (P. putida 4) 1.25% 02141 1.18%¢ 2.03"° 0.202"* 0.23°
S3(4200) T, (P. putida 11) 131 0211° 1.32¢f 1.49¢f 0.207"* 0.26¢
S3(4200)  Ts(P. putida 108) 1.20" 0.187¢ 1.42¢¢ 1.37° 0.265%¢ 0.32°°
S3(4200) Ty (P. fluorescens 169) 1.31% 0.176=" 1.35%" 1.68" 0.252" 0.29¢"
S4(5600) Ty Non-inoculated) 0.57% 0.064' 0.68" 0.40° 0.09" 0.07'
S4(5600) T, (P. putida 4) 1.51°° 0.165" 1.14%¢ 1.05™ 0.165" 0.20"
S4(5600) T, (P. putida 11) 1.48°" 0.157' 1.40°" 1.04" 0.185%* 0.22¢
S4(5600)  Ts(P. putida 108) 1.46%" 0.167" 1.13%¢ 0.96"¢ 0.232¢ 0.28°"
S4(5600) T4 (P. fluorescens 169) 1.57% 0.165" 1.15%¢ 1.30 0.220¢ 0.26¢
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* Means followed by the same letters in each column are not significantly different (Duncan’s multiple range test 5%).

A



OlyKe2 98,51 025 8,Lw

Sy b oo 45,0 4 05500 (g3LaBl oS 5l LS
s Dl Jols Jase (S5 01 015 S
o) LS @ a5 b el e 55 e slas S
Gosd S i s Lot (glaa yoe a2l
ol Sl o3y 3e SIS Ll 15 )5 o olS
@ kS e Gl g oS 55 e bty
o i oxd lame 53 5 Sleesze sla bl s

.u\:fyz

5 g5t
sl S il slad s L o il
L obl gl 3 s iy 5 o sld olipo 50 5
Bt 0 At 5 el O350 Sl s
4 S polie pl Sl cme l58l el 555 e
ss ks pl s s 8wl s e
Olssdns (s 250 Sl s dais 51 Ol 5 o0

@i 5 Lo ges eslital olS Ay S e slas SU

)\ oala_ul LU:A_}}__:: U_i\ )\ OJ_AT o dd CL[—:J

&l

1.Abbas Zadeh, P., Saleh Rastin, N., Asadi Rahmani, H., Khavazi, K., Soltani, A., Shoary
Nejati, A., and Miransari, M. 2010. Plant growth-promoting activities of fluorescent
pseudomonads, isolated from the Iranian soils. Acta Physiologiae Plantarum. 32: 281-288.

2.Alizadeh, A. 2003. Plant and soil water relations. Imam Reza University Press, 356p.

3.Asadi, R., Rezai, M., Yousefi Falakdeha, A., and Ashraf Zadeh, A. 2009. Possible to predict
the effects of salinity Water on the performance of high-yielding rice varieties. In: 12"
Iranian National Committee on Irrigation and Drainage Conference, Pp: 455-462.

4.Ashraf Fuzzaman, M., Hossen, F.A., Razi Ismail, M., Anamul Hoque, M.D., Zahurul Islam, M.,
Shahidulla, S.M., and Meon, S. 2009. Efficiency of plant growth promoting rhizobacteria
(PGPR) for the enhancement of rice growth. Afric. J. Biotechnol. 8: 1703-1708.

5.Bal, H., Nayak, L., Das, S., and Adhya, T. 2013. Isolation of ACC deaminase producing
PGPR from rice rhizosphere and evaluating their plant growth promoting activity under salt
stress. Plant and Soil. 366: 93-105.

6.Biswas, J.C., Ladha, J.K., and Dazzo, F.B. 2000. Rhizobia inoculation improves nutrient
uptake and growth of lowland rice. Soil Sci. Soc. Amer. J. 64: 1644-1650.

7.Chhabra, R. 1996. Soil salinity and water quality: Taylor & Francis.

8.Cottenie, A. 1980. Methods of plant analysis, In: Soil and plant testing: FAO Soils Bulletin
38/2, 120p.

9.Egamberdieva, D., Kamilova, F., Validov, S., Gafurova, L., Kucharova, Z., and Lugtenberg,
B. 2008. High incidence of plant growth-stimulating bacteria associated with the rhizosphere
of wheat grown on salinated soil in Uzbekistan. Environmental Microbiology. 10: 1-9.

10.FAO. 2007. World Agricultural Center, In: World Agricultural Center (eds.), FAO stat
Agricultural Statistic.

11.Fu, Q., Liu, C., Ding, N., Lin, Y., and Guo, B. 2010. Ameliorative effects of inoculation with
the plant growth-promoting rhizobacterium Pseudomonas sp. DW1 on growth of eggplant
(Solanum melongena L.) seedlings under salt stress. Agricultural Water Management.
97: 1994-2000.

12.Glick, B.R. 2010. Using soil bacteria to facilitate phytoremediation. Biotechnology
advances. 28: 367-374.

13.Hamdia, M.A.E.S., Shaddad, M.A.K., and Doaa, M.M. 2004. Mechanisms of salt tolerance
and interactive effects of Azospirillum brasilense inoculation on maize cultivars grown under
salt stress conditions. Plant Growth Regulation. 44: 165-174.

YAY



WAL (1) o )lond d0) s Jlasly adgi 9 SI& Cap a4y pul

14.Jalili, F., Khavazi, K., Pazira, E., Nejati, A., Rahmani, H.A., Sadaghiani, H.R., and
Miransari, M. 2010. Isolation and characterization of ACC deaminase-producing fluorescent
pseudomonads, to alleviate salinity stress on canola (Brassica napus L.) growth. J. Plant
Physiol. 166: 667-674.

15.Kapulnik, Y., Okon, Y., and Henis, Y. 1985. Changes in root morphology of wheat caused
by Azospirillum inoculation. Can. J. Microbiol. 31: 881-887.

16.Kukreja, S., Nandwal, A., Kumar, N., Sharma, S., Unvi, V., and Sharma, P. 2005.
Plant water status, H,O, scavenging enzymes, ethylene evolution and membrane integrity of
Cicer arietinum roots as affected by salinity. Biologia plantarum. 49: 305-308.

17.Lixia, Y., Zhansheng, W., Yuanyuan, Z., Imdad, K., and Chun, L. 2010. Growth promotion
and protection against salt stress by Pseudomonas putida Rs-198 on cotton. Europ. J. Soil
Biol. 46: 49-54.

18.Mayak, S., Tirosh, T., and Glick, B.R. 2004. Plant growth-promoting bacteria that confer
resistance in tomato plants to salt stress. Plant Physiology and Biochemistry. 42: 565-572.

19.Munns, R. 2002. Comparative physiology of salt and water stress. Plant, Cell &
Environment. 25: 239-250.

20.Nadeem, S.M., Zahir, Z.A., Naveed, M., and Arshad, M. 2007. Preliminary investigations on
inducing salt tolerance in maize through inoculation with rhizobacteria containing ACC
deaminase activity. Can. J. Microbiol. 53: 1141-1149.

21.Pazira, E., and Homaee, M. 2003. Salt affected resources in Iran: Extention and reclamation .
J. Exp. Bot. 154: 159.

22.Penrose, M., and Glick, R. 2003. Methods for isolating and characterizing ACC deaminase-
containing plant growth-promoting rhizobacteria. Physiology of Plant. 118: 10-15.

23.Raja, A.R., Shah, K.H., Aslam, M., and Memon, M.Y. 2002. Response of Phosphobacterial
and Mycorrhizal inoculation in Wheat. In Response of Phosphobacterial and Mycorrhizal
Inoculation in Wheat: Academic Journals Inc., USA.
24 Rajpar, 1., Khanif, Y., Soomro, F., and Suthar, J. 2006. Effect of NaCl salinity on the growth
and yield of Inglab wheat (Triticum aestivum L.) variety. Amer. J. Plant Physiol. 1: 34-40.
25.Rasouli sadaghiani, M.H., Rahimian, H., Khavazi, K., Malakouti, M.J., and Asadi Rahmani,
H. 2005. Population density and identification of Fluorescent pseudomonads associated with
rhizosphere of wheat. J. Soil Water Sci. 19: 224-234.

26.Russo, A., Felici, C., Toffanin, A., Gotz, M., Collados, C., Barea, J.M., Moenne-Loccoz, Y.,
Smalla, K., Vanderleyden, J., and Nuti, M. 2005. Effect of Azospirillum inoculants on
arbuscular mycorrhiza establishment in wheat and maize plants. Biology and Fertility of
Soils. 41: 301-309.

27.Shaharoona, B.G., Jamro, M., Zahir, Z.A., Arshad, M., and Memon, K.S. 2007.
Effectiveness of various Pseudomonas Sp and Burkholderia improving growth and yield of
wheat (Triticum aestivam L.). J. Microbiol. 17: 1300-1307.

28.Shirmardi, M., Savaghebi, G.R., Khavazi, K., Akbarzadeh, A., Farahbakhsh, M., Rejali, F.,
and Sadat, A. 2010. Effect of microbial inoculants on uptake of nutrient elements in two
cultivars of sunflower (Helianthus annuus L.) in saline soils. Notulae Scientia Biologicae.
2: 57-66.

29.Verma, S.C., Ladha, J.K., and Tripathi, A.K. 2001. Evaluation of plant growth promoting
and colonization ability of endophytic diazotrophs from deep water rice. J. Biotechnol.
91: 127-141.

30.Wagar, A., Shahroona, B., Zahir, Z.A., and Arshad, M. 2004. Inoculation with ACC
deaminase containing rhizobacteria for improving growth and yield of wheat. Pak. J. Agric.
41:119-124.

31.White, P.J. 2003. Ion transport, P 625-634. In: B. Thomas, D.J. Murphy and B.G. Murry
(Eds.), Encyclopaedia of applied plant science, London Academic, Press.

32.Yue, H., Mo, W., Li, C., Zheng, Y., and Li, H. 2007. The salt stress relief and growth
promotion effect of Rs-5 on cotton. Plant and Soil. 297: 139-145.

YAA



OlyKe2 98,51 025 8,Lw

33.Zabihi, H., Savaghebi, G., Khavazi, K., Ganjali, A., and Miransari, M. 2011. Pseudomonas
bacteria and phosphorous fertilization, affecting wheat (Triticum aestivum L.) yield and P
uptake under greenhouse and field conditions. Acta Physiologiae Plantarum. 33: 145-152.

34.Zabihi, H., Savagebi, G., Khavazi, K., and Ganjali, A. 2009. Effect of application of
Pseudomonas fluorescents on yield and yield Components of wheat under different soil
salinity levels. J. Water Soil. 23: 199-208.

35.Zahir, Z.A., Ghani, U., Naveed, M., Nadeem, S.M., and Asghar, H.N. 2009. Comparative
effectiveness of Pseudomonas and Serratia sp. containing ACC-deaminase for improving
growth and yield of wheat (Triticum aestivum L.) under salt-stressed conditions. Archives of
microbiology. 191: 415-424.

36.Zaidi, A., Ahemad, M., Oves, M., Ahmad, E., and Khan, M. 2010. Role of phosphate-
solubilizing bacteria in legume improvement, P 273-292. In: M. Saghir Khan, J. Musarrat
and A. Zaidi (Eds.), Microbes for legume improvement. Springer Vienna.

YAQ



J. of Soil Management and Sustainable
Production, Vol. 5(3), 2015
hitp://ejsms.gau.ac.ir

Gorgan University of Agricultural
Sciences and Natural Resources

Investigating the role of plant growth promoting rhizobacteria on concentration of
some nutrient elements under irrigation with saline water in rice (Oryza sativa L.)

*S. Rajabi Agereh', M.A. Bahmanyar’ and K. Khavazi’
'M.Sc., Dept. of Soil Science, Mazandaran Agricultural and Natural Resources Research and Education
Center, “Professor, Dept. of Soil Science, University of Sari Agriculture Sciences and Natural Resources,

? Associate Prof., Dept. of Soil Science, Soil and Water Research Institute
Received: 04/27/2013; Accepted: 10/22/2013

Abstract

Background and Objectives: Soil and water salinity are the major limiting factors for plant
growth and crop production. Water and soil salinity almost limit plant growth through
increasing osmotic pressure, specific toxicity of some ions such as sodium and color and
nutritional imbalance. In addition, salinity stress reduces root and plant growth via increasing
hormone level. One of the strategies to deal with salinity is inoculation of seeds with plant
growth-promoting rhizobacteria (PGPR).

Materials and Methods: The efficiency of four strains of Fluorescent pseudomonads was
determined in view of the concentration of nutrients nitrogen, phosphorous and potassium in
rice under irrigation with saline water. In this research, a pot experiment was carried out as
factorial experiment in a completely randomized design with four replicates. Treatments
included five levels of saline irrigation water (700, 1400, 2800, 4200 and 5600 ps/cm from sea
water source) and four inoculations (P. putida 4, P. putida 11, P. putida 108 and P. fluorescens
169) and control. Rice was transplanted in pots after they were inoculated with desired strains.
During growing period, the pots were irrigated with treatment of salinity up to saturation point.
In the flowering stage, flag leaf samples were collected to determine nitrogen, phosphorus and
potassium concentration. The amounts of nutrients in seed samples were determined after rice
harvesting.

Results: Results showed that the maximum nutrient concentration measured in leaf and seed of
rice were observed in salinity 700 pus/cm and increase in salinity level led to decrease in nutrient
concentration in the leaf and seed significantly (P<0.01). Inoculation with test strains, on the
other hand, led to increase in nutrient concentration. Results also indicated that interactions
between bacteria and salinity significantly raised nitrogen and phosphorous level in the rice leaf
and seed (at P<0.01). There were no significant differences between strains in N content of leaf
at all salinity levels.

Conclusion: Inoculation of rice with various strains of bacteria Fluorescent pseudomonads and
putida affected the concentration of nutrients under irrigation with saline water in rice and
caused to increase these elements more than control. Therefore, in saline conditions, strains of
Fluorescent Pseudomonas can be used as growth promoting bacteria of rice plant.
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