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3- Plant Growth Promoting Rhizobacteria
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Table 1- Some plant growth promoting traits of selected fluorescent pseudomonads
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Table 2- Some physical and chemical properties of tested soil
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Table3- Chemical compounds of Parsa rock phosphate (22)
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Table 4- Analysis of variance for the effects of bacteria and Phosphorous fertilizer levels on growth parameters
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Mean square
e Y Gl aryd gl eIl SWS (59 SS9 Wlw W)l GlalS, dolan ey,
Source DF Shoot dry weigh Seed dry weight ~ Stem height Seed in pot Qil
55t 2 1.55" 24917 16.555™ 204530.6  2.172"
Bacterium
M_’f 4 5.008" 0.558™ 58.753™ 103196.089"™  4.577"
P fertilizer
S 395X 555 8 1.517" 0.678"™ 15.028™ 333846.072°  2.316™
P fertilizer x Bacterium
cVv - 5.2 10.42 5.99 16.88 2.66
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** and * Significant at 1% and 5% level of probability, respectively; ns: no Significant
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Figure 2- Effects of bacteria on seed dry weight
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Figure 1- Effects of bacteria on shoot dry weight
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Table 5- Mean comparison of interaction effects of bacteria and phosphorous fertilizer levels on growth parameters

2o Bl SUES y35e

sloss boot drvweiah OIS 3y las
Treatment S 08; g rgo\;\_/fz)lg t Number of Seeds in pot

BOPO 9.515f 2124a-c
B1PO 11.891b-e 2351a-c
B2PO 10.865e 2463ab
BOP1 11.842c-e 2417ab
B1P1 12.032a-¢ 2668a

B2P1 11.237de 1785hc
BOP2 13.21a 2327a-c
B1P2 13.064ab 2487ab
B2P2 11.976b-e 1634c

BOP3 12.332a-d 2004a-c
B1P3 12.037a-¢ 2160a-c
B2P3 11.997b-e 1998a-c
BOP4 11.553de 2458ab
B1P4 12.431a-d 1891hc
B2P4 12,886a-c 2366ab
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The means with a same letter are not significantly different (P<0.05) by Duncen test
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Table 6- Analysis of variance for the effects of bacteria and Phosphorous fertilizer levels on shoot P and Zn uptake

Olayyo (el
Mean square
i e 33l 4y Had $9)
Source DF Phosphorous Zinc
st 2 7.2% 0.0008™
Bacterium
b 355 4 41.85™ 0.064™
P fertilizer
X X
Fud 255 X Sl 8 5.61" 0.0028
P fertilizer x Bacterium
CcVv - 15.29 16.67

* k%

e ©oles pae NS g Ao )d iy 5 S Jloin] o )3 HId gme i ey ¥ g
** and * Significant at 1% and 5% level of probability, respectively; ns: no Significant
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Table 7- Analysis of variance for the effects of bacteria and Phosphorous fertilizer levels on P and Zn Concentration of seed

Olry o (ko
Mean square
i e @3l 4y Hud $95
Source DF Phosphorous Zinc
st 2 0.003™ 40.94"™
Bacterium
b 355 4 0.0022”  262.63"
P fertilizer
b 395 X5 7Sl 8 0.0017™ 56.36"
P fertilizer x Bacterium
CcVv - 6.09 7.8
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** and * Significant at 1% and 5% level of probability, respectively; ns: no Significant
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Table 8- Mean comparison of effects of phosphorous fertilizer levels on shoot P and Zn uptake

mg pot™”
hud 295 7 gl Sd &9
P fertilizer levels Phosphorous Zinc
PO 11.48b 0.183b
P1 11.93b 0.182b
p2 14.97a 0.137c
P3 16.08a 0.116¢
P4 11.59b 0.332a

Kbl o oSO (hgyd dopd gy pdaw )3 I dme BMBT 8L g 0 Sy Y B S BBls b b Sl
The means with a same letter are not significantly different (P<0.05) by Duncen test
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Table 9- Mean comparison of interaction effects of bacteria and phosphorous fertilizer levels on shoot Znuptake (mg pot™)

o BPs  BiPo By B  BPy B
Treatment

Zﬁ‘” 0.158¢-f 0.212c 0.178c-e 0.204cd 0.182c-e  0.159c-f
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o BP, B, BP, BPy  BP;  Bp
Treatment

Z‘_‘” 0.159cf  0.123¢f 0.137ef  0.117f  0.123¢f  0.107f
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s
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Treatment ot e 2 - -
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The means with a same letter are not significantly different (P<0.05) by Duncen test
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Figure 6- Effects of bacteria on P concentration of seed
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Table 11- Mean comparison of interaction effects of
bacteria and phosphorous fertilizer levels on P and Zn
concentration of seed

% mg kg*
PN o S
BOPO 0.243d 51.47d-g
B1PO 0.285hc 60a-d
B2P0 0.244d 57.53a-¢
BOP1 0.246d 59a-d
B1P1 0.272cd 47.7fg
B2P1 0.285hc 61.33a-Cc
BOP2 0.266¢d 45.13g
B1P2 0.273cd 48.3e-g
B2P2 0.348a 51.76d-g
BOP3 0.272cd 53.16¢-g
B1P3 0.283hc 55.4b-f
B2P3 0.284hc 56.43a-f
BOP4 0.293hc 64.2ab
B1P4 0.268cd 65a
B2P4 0.310b 61.6a-c
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The means with a same letter are not significantly different
(P<0.05) by Duncen test
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Table 10- Mean comparison of effects of phosphorous
fertilizer levels on P and Zn concentration of seed

% mg kg™
Sd Lol Sd 9
P fertilizer levels Phosphorous Zinc
PO 0.26¢ 56.33b
P1 0.27bc 56.03b
p2 0.30a 48.4c
P3 0.28ab 55b
P4 0.29 63.61a
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The means with a same letter are not significantly different
(P<0.05) by Duncen test
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Introduction: Phosphorus (P) is considered to be one of the most essential macro elements required for
growth and development of plants, but, due to low solubility and fixation in soils, only a small fraction of
phosphorus in soil (1 ppm or 0.1%) is readily available to plants. chemical fertilizers are widely used in meeting
the phosphorous need of crops. However, as the fertilizer production is dependent upon fossil energy sources,
continuous use of chemical fertilizers has become a matter of great concern, not only because of the diminishing
availability of costly inputs but environmental concerns also. Under this background, it has obviously brought
the subject of mineral phosphate solubilization in the forefront. A group of soil microorganisms is recognized to
be involved in microbial phosphate solubilization mechanisms through which insoluble forms of inorganic and
organic phosphates convert into soluble forms (HPOs2 or H2POs). Acidification of the medium, chelating,
exchange reactions and production of various acids has been discussed as the key processes attributed to the
conversion. Phosphate solubilizing bacteria (PSB) are a group of plant growth promoting rhizobacteria (PGPR)
that convert unavailable forms of phosphorus to available forms and it helps to the growth and yield of plant.
The use of plant growth promoting rhizobacteria (PGPR) is considered one of the most important factors
increasing sesame yields. Therefore, the aim of the present study was to investigate the interactive effects of
PGPR and phosphorus fertilizer on some growth parameters and components of yield and also phosphorus and
Zinc uptake in sesame.

Materials and Methods: In order to investigation of the effect of combined application of phosphate
solubilizing bacteria and phosphorus fertilizer on growth and yield of Sesame, a greenhouse experiment was
conducted as factorial based on completely randomized design with three replications including five levels of
phosphorous fertilizer (0, 100, 200 and 400 kg ha™ of triple superphosphate and 1200 kg ha™® of rock phosphate)
and three bacterial levels (inoculation with two phosphate solubilizing fluorescent pseudomonad, isolates of P3
and P5 that known in this study as B1 and B2 and non-inoculated). It should be noted that rock phosphate used
in this study has contained 4% of zinc oxide. The bacteria selected from microbial bank of Vali-E-Asr University
were able to dissolve the insoluble phosphate and produce siderophore and IAA. Four months after planting,
plants were cut at the soil surface, and shoot dry weight, stem height, number of Seeds in pot, seed dry weight
and seed oil percentage were recorded. Also phosphorus and Zinc contents in shoot were determined.

Results and Discussion: Results indicated that both bacteria (B1 and B2) significantly increased shoot dry
weight and B1 increased seed dry weight. Also application of phosphorus fertilizer significantly increased shoot
dry weight and plant height. 200 kg ha™ of triple superphosphate had highest shoot dry weight and was similar
with rock phosphate. Combined application of Phosphorous fertilizer and phosphate solubilizing bacteria
increased shoot dry weight. Results also showed that seed oil was increased by application of Phosphate rock.
Phosphorus concentration in seed was increased with Using B1 and B2 isolates. Application of B2 significantly
increased phosphorus concentration in seed (11.5%) and Phosphorous fertilizer levels increased concentration of
P and Zn in seed. Application of 200 and 400 kg ha™ triple superphosphate had the highest concentration of P
and Zn in seed. Phosphorus fertilizer levels significantly enhanced uptake of P and Zn in shoot. Application of
200 and 400 kg ha™ triple superphosphate led to increased uptake of phosphorous in shoot. Also rock phosphate
significantly increased uptake of Zn in shoot. Combined application of Rock phosphate and bacteria of B1 and
B2 had more significant effects on uptake of Zn in shoot.

Conclusion: this study showed that Phosphate solubilizing bacteria (B1 and B2) had significant effects on
the growth and nutrient uptake especially phosphorus and zinc in sesame. The simultaneous application of
Phosphate rock and Phosphate solubilizing bacteria increased most of the measured parameters similar to the
highest levels of triple superphosphate. Therefore, because of high cost of chemical fertilizers production and its
environmental problems, application of less levels of phosphorus fertilizers or rock phosphate along with
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Phosphate solubilizing bacteria could be an appropriate option to avoid wasteful consumption of phosphorus
fertilizers. .

Keywords: Fluorescent pseudomonad, Phosphate rock, Triple superphosphate



