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Table 1. Physico-chemical properties of the soil.

A =t ol A s -
-G ole S . . . N N .
. e T el Je NECRINIC Je STCRN
o s = Organic N,”"d oslicud ol el sl sl el b
Cpt pH ;id j:g‘ Calcium matter ltmgen _ _ _ _ _ _ Soil
2 carbonate oS oS oS oS oS oS Texture
EC . Phosphorus ~ Potassium  Iron Manganese Zinc Copper
(dSm™)
(Cm) (%) (mgkg")
e
0-30 7.61 0.780 28.0 2.68 0.130 12.6 337 2.79 3.99 1.32 1.89 ¢4
Silt
loam
ool 53 ek esliul (5l ST s s g ge a0 gl 5 LU SIS 51 & palie Y Jgi
Table 2. Amount of cations and anions in the irrigation water.
i ol S b A S5 perlS RPN RURRE A
Sulfate Bicarbonate Sodium Chlorine Magnesium Calcium pH EC o
Salinity
meq/1 dS m™
0.300 3.80 3.10 3.40 2.80 1.60 7.21 0.7 So
0.300 5.60 6.80 7.20 4.50 1.80 7.42 1.4 Si
0.36 10.1 18.8 16.9 6.80 2.20 7.60 2.8 S,
0.8 14.0 28.5 27.1 9.00 4.00 7.59 42 S;
3.00 20.1 39.0 38.7 16.4 6.40 7.63 5.6 Sq

28900 M5 U5 5 ped ol mle el 015 (ST 4d 5lge A g Ol ACCdeaminase f_}'i Cdlad Y Jgu

Y 0 8) S gla s

Table 3. Production of ACC-deaminase, IAA, Auxin like substances, phosphate solubilization and siderophore
production by bacterial strains (14, 32).

Properties P.p4(Ty) P.pl11(Ty) P pl08(Ts) P.£169 (Ts)
ACC deaminase activity* 2.35 2.41 5.03 3.51
Auxin like substances (mg/L) 9.60 7.68 8.90 5.80
Siderophore production (halo diameter, cm) 1.90 1.60 1.70 1.80
Phosphate solubilizing activity + + + +

p.p: Pseudomonas putida
p.f: Pseudomonas fluorescens
*, umol of o-ketobutyrate h” mg of protein™
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Table 4. Mean square Root weight and Biological yield of rice treated with different strains of Pseudomonas

bacteria at different levels of salinity.

S5 s 2, Ses ey 033 @ol3l a5 St b
Biological yield Root weight Degree of freedom Source of Variance
115.14% 4770.42%% 4 S0
Salinity
s,
1184.02%* 829.54%* 4 S5t
Bacteria
= B L
35.88% 145.28%* 16 Sort st
Bacteria x Salinity
o
0.502 31.02 75
Error
B ] oS 5
2.02 3.85 - (o39) Dt oz 25

CV (%)

.)‘JL;L’.AI:&}M)J@}M)J&c]d“):)\:w%;qns‘; ¢

*k k1 Qionificant at P<0.01, significant at P<0.05, non significant respectively.
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Figure 1. Mean comparison of the effect of bacterial strains on root weight at different salinity levels of

irrigation water.

Se: 0.7 dS/m, S;: 1.4 dS/m, S;: 2.8 dS/m, S;: 4.2 dS/m, S;: 5.6 dS/m, Ty: Non-inoculated, T,: P. putida 4,
T,: P. putida 11, T;: P. putida 108, T,: P. fluorescens 169.
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Figure 2. Mean comparison of the effect of bacterial strains on biological yield at different salinity levels of
irrigation water.

Se: 0.7 dS/m, S;: 1.4 dS/m, S;: 2.8 dS/m, S;: 4.2 dS/m, S4: 5.6 dS/m, Ty: Non-inoculated, T,: P. putida 4,
T,: P. putida 11, T;: P. putida 108, T,: P. fluorescens 169.
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Table 5. Mean square concentrations of manganese, iron, zinc and copper in leaf and grain rice treated with
different strains of Pseudomonas bacteria at different levels of salinity.

Lls gfﬂ
Grain Leaf sl 4 ps i @t“
B _ B _ Degree of .
- ) oAl Joh - ) oAl Joh froedom Source of Variance
Copper Zinc Iron Manganese ~ Copper Zinc Iron Manganese
Aok Aok Aok Aok Aok Aok Aok Aok 6))—;'
1133 792.84 3945.54 148.44 47.16 2032.84 10492.20 47052.34 4
Salinity
Hok wok ok ok ok ok ok ok 6;’5@
60.36 353.04 21541.77 493.09 143.33 562.74 2796.80 24088.31 4
Bacteria
. - 5% 6 SL
486" 830 307.64™ 32360 18037 10000" 23191 24741.19° 16 ST S
Bacteria x Salinity
V2
1.87 4.34 185.96 7.41 2.25 57.18 50.90 5681.81 75
Error
Ao ) S o
18.9 5.88 18.9 13.6 17.7 15.4 4.6 14.5 - e

CV (%)

.)‘3&#}}“))@}M)J&c]d—ﬂjijlﬁw%:;ﬂns‘}wn

*k kU Qionificant at P<0.01, significant at P<0.05, non significant respectively.
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Table 6. Mean comparison of the effect of bacterial strains on Mn, Fe, Zn and Cu content in leaf of rice at

different salinity levels of irrigation water.

o S ool 7 ) .
Copper Zinc Iron manganese Sk o
Bacteria strains Salinity (dS/m)
(mg/kg)

5.00 ¢ 53¢t 121 107 ®* To

7.18 ¢ 76.6° 191°¢ 116* T,

149° 659 160 < 114 T, So
6.54 " 743*° 210" 120 T,

6.26 ™ 61.0" 237% 117° T,

459" 46.6 *¢ 1165 76.8 ¢ To

8.06 % 540 181 96.9 *° T,

8.73 <f 4824t 1310 102+ T, S
8.60 48.6 ¢ 191°¢ 96.7*° T,

9.14 < 493 ¢ 216° 76.3 ¢ T,

3.891 38.3 &N 101™ 522 To

8.47 46.6 *¢ 163 75.4¢h T,

6.54 ¢h 44,0 12200 68.9 ™ T, S,
8.06 % 457 4h 174¢ 71.6 " T,

8.57 %t 39.1 & 190° 121 T,

3.541 33.5M 94 ™ 34110 To

8.83 < 404 148¢ 88.4 >F T,

11.0% 39.8 120 71.3 ¢ T, Ss
8.62 % 52.7 < 161 110® T,

925 454 4N 170 % 83.6°¢ T,

2.861 29.71 71" 14.57 To

11.1°% 42.94h 1321 77.1 4" T,

149° 52.4 111M 60.5 " T, Sy
12.8% 48.6 ¢ 146 ¢ 63.7 "™ Ts

13.6° 45.54h 159 F 85.0 "¢ T,

KEWER o) CLM 23 Ols RIS INEY Sl e Dl b e alin G S Bl lyls 45 LlaSle Oy o S
* Means followed by the same letters in each column are not significantly different (Duncan’s multiple range test 5%)

So: 0.7 dS/m, S;: 1.4 dS/m, S;: 2.8 dS/m, S3: 4.2 dS/m, S4: 5.6 dS/m, Ty: Non-inoculated, T;: P. putida 4, T,: P. putida 11,

Ts: P. putida 108, T4: P. fluorescens 169.
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Table 7. Mean comparison of the effect of bacterial strains on Mn, Fe, Zn and Cu content in grain of rice at

different salinity levels of irrigation water.

o E25) ;r“] 7 .
. SASL Sog
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Figure 3. The effect of different salinity levels of irrigation water (a) and Fluorescent pseudomonads strains (b)

on extent of root system in rice.
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Abstract

Background and Objectives: Soil and water salinity is 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 chloride, and
nutritional imbalance. In addition to, 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). A number of growth-promoting bacteria increase plant
growth under saline conditions by decreasing plant ethylene levels by deamination of ACC
(ethylene synthesis precursor in plant). For determination of nutrient concentration, leaf and
seed samples were prepared.

Materials and Methods: The effect of four strains of fluorescent pseudomonads on uptake of
micronutrients in rice was studied under saline irrigation. Greenhouse tests were performed as
factorial experiment in a completely randomized design with four replications. First factor was
salinity water in five levels (0.7, 1.4, 2.8, 4.2 and 5.6 ds/m originated from sea water) and the
second factor was pseudomonads strains (Pseudomonas putida 4, 11 and 108, and Pseudomonas
fluorescens 169 and a non-inoculated control). Root of rice (cv. Tarom) transplants was
inoculated with mentined strains before planting in pots. During growth period, the pots were
irrigated with the abovementioned saline water upto saturation point. In the flowering stage,
flag leaf samples were collected to determine Manganese, Iron, Zinc and copper concentration.
The content of micronutrients in seed samples was also measured.

Results: The effect of inoculation of fluorescent growth promoting bacteria with ACC
deaminase production ability on root weight and biological yield of rice was significantly
decreased with increasing salinity of irrigation water root weight and biological yield of rice. In
all salinity levels, inoculation of rice with growth promoting bacteria increased root weight and
biological yield of rice. The treatments inoculated with T4 had the highest root weight and
biological yield.The results showed that increasing the salinity level significantly reduced all
microelements contents in the leaf and seed. Rice inoculation with different strains of P.
fluorescens and P. putida affected on nutrients concentrations under saline irrigation and it
increased content of the elements compared to control. At all salinity levels, maximum iron
concentration observed by inoculation of roots with P.fluorescent 169.
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Conclusion: Inoculation of rice with various strains of fluorescent pseudomonads and P. putida
affected the concentration of micronutrients under saline water irrigation in rice and caused to
increase these elements more than control. Therefore, up to the highest salinity level, using
strains of fluorescent pseudomonas can be growth up of rice plant in saline conditions.

Keywords: Nutrient elements, Plant Growth Promoting bacteria, Rice, Salinity of irrigation
water
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