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Table 1. Some biochemical tests conducted on the bacterial species used in this experiment

_ Tricalcium phosphate Acid production test . .

Bacterial dissolution test Halo zone to colony ) Siderophore production test
species (Halo zone to colony zon) one (Halo zone to colony zone)

P. fluorescens 4.2-45 2.1-2.3 2-2.3

P. putida 4-4.5 2-2.25 1.8-2

A olS Ay o gl oolel g 0 pts £e o NM mle ciS e 5l oL SL alesl; &slwoslel g
PH 1 as e g, &0 S 28l Juls S5 (gl T Sl 05T 53 50 5l pslaie s b oslisal o SiS
(ECe) gLl olas S oS ol colls cgloal J5 ool 5l esliiul b 6, 55L wal> ot Lame 43 35750
ol oad ol S MUy by, & JT S 25,5 il mle Lames (ol slag) )l a5 ot axils
S ke awigel liwl pSolas L ds b s 515 eibeSl Sen 3l cael YE e 4y by
L asype bl sy 5 ke SluySig b o LB S s 2 8 6L Camer e el Gk 5l an

lo3T ol 50 eoliiusl 8590 S o loowid 9 Sy 3 o i3 F 2 -F Joux
Table 2. Some physical and chemical properties of soil used in this experiment
Soil texture H EC. FC oc K P
P (@Sm?) (%) (mg kg™
Loamy sand 7.81 1.4 12 0.22 182.6 4.4
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Table 3. Variance analysis of nitrogen levels, bacterial species and time effects on leaf chlorophyll index

Source of variation

Degree of freedom

Mean square

Block

Nitrogen

Bacteria

Nitrogenx Bacteria

Time

Nitrogenx Time

Bacteriax Time

Nitrogenx Bacteriax Time
Error

Coefficient of variation

2 4.01"s
1560™
49"
38"
667"
596"
5.72
32.0"
10.7
19.9
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** *and ns: significant at %1, %5 probability level and non-significant respectively
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Figure 3. Interaction of nitrogen levels and bacterial
species on leaf chlorophyll index
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Table 4. Variance analysis of nitrogen levels and bacterial species effects on dry matter and nitrogen and zinc uptake
by root and shoot of spinach

Degree Mean square

. of Shoot dr Root dr Shoot Root . .
Source of variation freedom weighty weighty nitrogen nitrogen Shoot zinc  Root zinc
Block 2 0.14ns 0.02ns 87.38"¢ 0.92ns 0.01n¢ 0.001"s
Nitrogen 2 144.8™ 7.42™ 45534.2™ 1583.04™ 1.44™ 0.22™
Bacteria 2 2.28" 0.26"s 1020.2™ 103.3™ 0.27™ 0.02™
NitrogenxBacteria 4 0.66"¢ 0.15"s 490.2"™ 101.95™ 0.06™ 0.003"
Error 12 0.38 0.07 9.13 2.64 0.002 0.001
Coefficient of Variation 115 20.8 4.04 10.33 8.54 12.12

Joisine pué g 0 N Jloinl pela 10 5 cime i )i 4y INLS o F KK
** * and ns: significant at %1, %5 probability level and non-significant respectively
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Table 5. Main effects of nitrogen levels and bacterial species on dry matter and nitrogen and zinc uptake by
root and shoot of spinach

Shoot dry Root dry Shoot Root sh . .
. - : . oot zinc Root zinc
Factor Levels weight weight nitrogen nitrogen
@ pot™h) (mg pot™)
0 0.99¢ 0.29° 6.9¢ 1.2¢ 0.13¢ 0.03¢
Nitrogen 125 6.35° 1.892 68.7° 18.8° 0.76° 0.27°
250 8.85° 1.832 148.72 27.28 0.872 0.322
Bacterial NP 4.96° 1.14P 67.9° 12.2¢ 0.58° 0.17°
inoculation P.putida 5.3° 1.41% 69.4° 16° 0.42¢ 0.19°
P.fluorescens 5.952 1.462 87e 18.982 0.762 0.252

Al i jloline do 3 B mhaws ;o S5l (glasals iz (903l b (e g o s1ls (sla Sl (g 2 50
In each column, means followed by the same letters are not significantly different at p<0.05 using Duncans’s multiple range test.
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species on nitrogen uptake by root
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Abstract

Pseudomonas species are usually considered as plant growth promoting bacteria which in combination
with nitrogen fertilizers could exert beneficial effects on growth and nutrients uptake by plants. It seems
that by using these bacteria and nitrogen fertilizer we will be able to improve growth and nutrient uptake
by spinach plant as an important vegetative in human diet. To achieve this purpose, in a factorial
experiment on the basis of randomized complete blocks design with three replications, spinach plant
(Spinacia oleracea L.) were inoculated with Pseudomons fluorescens or P.putida or left un-inoculated
as control. Three levels of nitrogen (0, 125 and 250 mg N Kg™) as urea were applied to the pots
containing 2 kg of sterile soil. Statistical analysis showed that with increasing levels of nitrogen in soil
from 0 to 250 mg kg?, Zn uptake, leaf chlorophyll index and plant dry weight were significantly
increased. By bacterial inoculation, shoot and root dry weights of spinach showed significant increase
compared to the nonbacterial control and shoot and root dry weights were enhanced by 20% and 28.1%
in plants inoculated with P.fluorescens compared to the non-bacterial control. Leaf chlorophyll index
was increased by 22.2% and 13.8% in P.putida and P.fluorescens treated plants, respectively compared
to the control. Total N content in root and shoot of spinach was significantly increased in bacterial
treatments especially in P.fluorescens treated plants compared to the non-bacterial control. Zn content
in shoot was significantly decreased in plant inoculated with P. putida compared to the non-bacterial
control. Based on the result obtained in this study, P.fluorescens caused a marked increase in growth
and N uptake by development of plant root system and increasing water and nutrients uptake efficiency.
Moreover, Zn uptake in spinach plant may improve through siderophore production.
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