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Background and Objectives: Potato is the fifth agricultural crop in the
world that is an origin of carbohydrates, proteins and essential amino acids
for humans. Agricultural inputs have special performance in increasing the
quality and quantity of potatoes. But, the excessive use of chemical
fertilizers sometimes leads to many health and biological problems. Useful
soil microorganisms can have special efficiency in improving plant growth,
harvesting agricultural products and subsequently reducing its costs. In
addition to physical and chemical properties, soil condition is closely
related to its biological properties. The aim of this study was to investigate
the application of 10 strains of potassium, phosphorus and iron solubilizing
bacteria on the growth parameters of Geely potato cultivar and to produce
Geely’s healthier product.

Materials and Methods: The research was done in the greenhouse of
Hamadan Agricultural Research Center in 1398. It was conducted in a
completely randomized design with three replications. The treatments
included 10 identified potassium, phosphorus and iron solubilizing
bacteria, 1 Potabarvar biofertilizer and 1 control treatment (without any
biofertilizer and bacteria). The measured traits were tuber wet weight,
number of tubers, biological production, plant height, root dry weight,
shoot dry weight, dry matter percentage, concentrations of phosphorus,
potassium, iron and zinc in roots, shoots, tubers and soil.

Results: The results showed that the application of potassium, phosphorus
and iron solubilizing bacteria increased the growth parameters of the potato
plants, the uptake of phosphorus, potassium, iron and zinc by potatoes
significantly. The most efficient bacterium in this study was Pseudomonas
frederiksbergensis that was more potent than other bacteria for most plant
growth parameters and nutrient uptake. For this treatment, root dry weight
was obtained 17.66 g/pot, which was 103.92% higher than the control. By
the treatment with this bacterium, the maximum shoot dry weight was
47 g/pot which was 88% higher than the control. The concentrations of
zinc in roots, and phosphorus, potassium, iron and zinc in shoots, that were
obtained from inoculation with Pseudomonas frederiksbergensis, were
0.034, 6.666, 333.16, 460, 0.041, 3.86, 24.20 mg/kg, respectively; These
values showed significant differences with the control and other treatments.
In this study, Enterobacter ludwigii and Brevundimonas vesicularis were
the most inefficient bacteria.
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Conclusion: The results of the study showed that application of potassium
solubilizing bacteria as biofertilizers can improve plant growth and
increase its performance. It can be said that the use of biofertilizers along
with chemical fertilizers might be helpful to reduce environmental
pollution and to decrease costs.
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2- Plant Growth Promoting Rhizobacteria
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Figure 1. Green house location.
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Table 1. Analysis of variance of number of tubers, biological yield (kg) and plant height (cm) in applied
bacterial and potabarvar biofertilizer treatments.
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Table 3. Analysis of variance of root dry weight (g/pot), shoots dry weight (g/pot) and percentage of dry matter
in applied bacteria and potabarvar biofertilizer treatments.

Slay o 5L
ol 3031 a3 Mean square
Source DF Q) iy, K 03 @) lss plil S22 035 S osle Aoy
Root dry weight (g) shoots dry weight (g) Percentage of dry matter
SL * . .
SN 11 36.21 1315 5.845
Bacteria
o
24 13.63 16.83 1.694
Error
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Table 4. The test of means of root dry weight (g), shoots dry weight (g) and percentage of dry matter in applied
bacteria and potabarvar biofertilizer treatments.

S O3 c1.1;1&,';;—‘;\;} osle sy

@) <&, il il @ ol el S il

Sl gl Root dry R Shoots dry R Percentage RHEN

Treatment _ Weight @) gandard weight (9) Standard _ OT9Y MU o dard

SSole deviation SSole deviation Sl deviation

Mean Mean Mean

Control 8.667¢ 2.625 25.00° 2.449 13.80° 1.853
Pota Barvar 16.00%° 6.377 37.33" 5.437 18.55° 1.072
Ensifer morelensis 16.00%° 4.320 31.67%1 3.859 15.95%¢ 0.626
Acinetobacter pittii 9.333% 1.700 28.00% 2.160 14.65% 0.022
Brevundimonas vesicularis 9.333% 1.700 31.67°1 2.494 14.62% 0.487
Pseudomonas frederiksbergensis 17.67® 2.055 47.00° 2.160 16.81%° 1.821
Paenibacillus lautus 13.33%¢ 2.494 35.33% 4.110 14.72% 1.024
Pseudarthrobacter oxydans 13.66%¢ 0.943 33.33%f 5.312 17.42% 1.156
Enterobacter tabaci 11.00% 0.816 4433 2.055 14.60% 1.471
Pseudomonas helmanticensis 18.66° 4,190 39.67%¢ 3.682 14.83" 0.320
Enterobacter mori 17.00%® 2.449 33.33%f 1.247 15.68™ 0.479
Enterobacter ludwigii 13.67%¢ 1.247 42.33% 2.055 16.05™ 0.377
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Table 5. Analysis of variance of phosphorus, potassium, iron and zinc concentration in root (mgg™)
in applied bacterial and potabarvar biofertilizer treatments.

Sl Sl
Mean square
el
c s3l31 A hle ey ke ey o3 el chlle Wy o oy Sl
Source i R § .
DF (mgg™) azy, > (mgg™) az; > (mgg™) (mgg™)
Phosphorus concentration ~ Potassium concentration Iron concentration Zinc concentration
in roots (mgg ™) in roots (mgg ™) in root (mgg™) in root (mgg™)
e o - o ox
! 1.454 84.89 0.003 0.00007
Bacteria
o
24 0.030 2.286 0.0001 0.0000009
Error
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Table 6. The test of means of phosphorus, potassium, iron and zinc concentration in root (mgg™)
in applied bacterial and potabarvar biofertilizer treatments.

Wy 2 b ZllE

AM_JJ:VML;C,.EL;

. B @)JA&TQ.EJ.& gy s sy chls
(mgg™) (mgg™) (mog™) —
Phosphorus Potassium - . .
concentration in concentration in Iron rtzooorlc(e;tra_tllf nin lencr%%r:c(?tra_tll)on
Sl gl roots (mgg™) roots (mgg™) 99 99
Treatment

;_élf._i\ Q1J>g1 \_élfu'l g_é\fu‘l

oSk oS e S ke oS

Mean  giandard  Mean Standard Mean Standard Mean  sandard

deviation deviation deviation deviation
Control 2.133 0.125 10.96° 0.386 0.173¢ 0.006 0.021° 0.000
Pota Barvar 3.133° 0.125 15.00° 0.712 0.249% 0.006 0.023¢ 0.000
Ensifer morelensis 2.533% 0.047 12.40% 0.589 0.233f 0.009 0.024° 0.000
Acinetobacter pittii 2.600% 0.082 19.96° 1.062 0.260% 0.004 0.025° 0.001
Brevundimonas vesicularis 2.833% 0.094 21.63™ 1.115 0.276® 0.003 0.028¢ 0.001
Pseudomonas frederiksbergensis ~ 3.733° 0.125 22.93° 1.473 0.277* 0.003 0.034% 0.001
Paenibacillus lautus 2.467° 0.205 21.36™ 1.239 0.231° 0.012 0.024° 0.001
Pseudarthrobacter oxydans 3.467° 0.205 22.63™ 1.678 0.274%¢ 0.003 0.034% 0.001
Enterobacter tabaci 4.667% 0.125 27.36° 0.531 0.241° 0.012 0.034° 0.001
Pseudomonas helmanticensis 2.500° 0.141 14.03¢ 2.409 0.283° 0.004 0.031% 0.001
Enterobacter mori 2.833% 0.170 13.30% 0572 0.239% 0.008 0.031° 0.001
Enterobacter ludwigii 2.733% 0.170 13.33% 1.408 0.261™ 0.005 0.033*  0.001
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Table 7. Analysis of variance of phosphorus, potassium, iron and zinc concentration in shoots (mgg™)
in applied bacterial and potabarvar biofertilizer treatments.

-
Mean square
s Il "
@t“ ‘53‘.1 i —hle tM > VML“’ ki f.v\.}l BE) L}AT chle ("‘u BERTERRRES
Source ’ mgg™) mgg™) ) ]
DF (mgg >g5i}'h (mgg )&-}"“ (mggl) sl (mggl) S
Phosphorus Potassium . . .
concentration in concentration in Iron concentrau?n Zinc concentratllon
shoots (mgg™) shoots (mgg™) in shoots (mgg™) in shoots (mgg™)
SG . . o
o : 11 5.026** 169.416 0.006 0.000005
Bacteria
o
24 0.101 4.429 0.00005 0.0000003
Error
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Table 8. The test of means of, Phosphorus, potassium, iron and zinc concentration in shoots (mgg™)
in applied bacterial and potabarvar biofertilizer treatments.

5\)1& ¢!x! 3 wa.s cble 61.131 3 V':AL'* cble <=1Jg'1 " J“’T s c‘-b" 5 Sy s
mgqg” mgg" | = .
Ph( gs ) (ng )-L;,yﬁ (mgg 1y s (mgg 1 s

conc:r?fragrctjrfin concc;tr?tsr 252:1 in Iron concentration Zinc concentration
. -1 A -1
Sat b shoots (mgg™) shoots (mgg™) in shoots (mgg™) in shoots (mgg™)

Treatment

NP Ol Sl Sl il

oSk ot oS ik oSk e oS Lk

Mean Standard Mean  giandard  M€aN  Siandard  Mean  siandard

deviation deviation deviation deviation
Control 2.4679 0.205 9.967° 0.759 0.320° 0.002 0.037° 0.000
Pota Barvar 4.100% 0.216 30.96" 1.008 0.441™ 0.001 0.039" 0.000
Ensifer morelensis 3.167 0.125 18.36¢ 2.450 0.426¢ 0.005 0.037¢ 0.000
Acinetobacter pittii 3.933° 0.125 24 46° 3.437 0.449® 0.004  0.039™  0.000
Brevundimonas vesicularis 4.367% 0.287 32.70® 1.431 0.351° 0.015 0.037° 0.000
Pseudomonas frederiksbergensis 6.667% 0.170 35.16% 0.624 0.460% 0.009 0.041% 0.001
Paenibacillus lautus 5.300° 0572 25.60° 1.497 0.428% 0.007  0.038%  0.000
Pseudarthrobacter oxydans 6.400° 0.294 33.16% 2.400 0.452% 0.001  0.038%  0.001
Enterobacter tabaci 5.067™ 0.249 30.63° 1.658 0.452% 0.001 0.039" 0.000
Pseudomonas helmanticensis 4567% 0.170 32.06% 0736 0.439™  0.001 0.040° 0.000
Enterobacter mori 4.933" 0.249 31.03° 0.858 0.441™ 0.000  0.039™  0.001
Enterobacter ludwigii 2.900% 0.082 20.66¢ 1.247 0.445° 0001  0.037*®  0.000
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Table 9. Analysis of variance of phosphorus, potassium, iron and zinc concentration in tubers (mgg™?)
in applied bacterial and potabarvar biofertilizer treatments.

ey ke

Mean square

oy

CLA 6;‘T s B J.G..,J cble sl BE) rv:vdL:i clble e 53 JAT ey e 13 s & AL
Source ’ (mgg™) (mgg™) 1 1
] (mgg™) (mgg™
coﬁsgr??rgggjrf in conlj:zt:tsrzltl:gr: in Iron concentration Zinc concentration
tubers (mgg™) tubers (mgg™) in tubers (mgg™) in tubers (mgg™)
=SL . . s s
s~ : 11 0.033 22.643 0.001 0.000009
Bacteria
Lo
24 0.0008 0.043 0.0000005 0.0000001
Error
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Table 10. The test of means of phosphorus, potassium, iron and zinc concentration in tubers (mgg™)

in applied bacterial and potabarvar biofertilizer treatments.

AJ‘;)ajL‘..éc,.]é.L& ak):mnﬂbi@w aJ.&«):JmT”“ i s sy ol
mgg* mgg™ i .
(mgg™) @ 99- ) (mgg L (mggl)
coizgr?frg?irc?rfin conF::c;tr?tsr Z'::S:] in Iron concentration Zinc concentration in
. -1 -1
Slegi ol tubers (mgg™) tubers (mgg™) in tubers (mgg) tubers (mgg™)
Treatment

NP Ol Sl il Sl il

oSk skl oS ik oS s oSk

Mean  gindard  Mean  gsandard  Mean  sgandard Mean Standard

deviation deviation deviation deviation
Control 1.967° 0.047 15.53" 0.262 0.098! 0.000 0.008' 0.000
Pota Barvar 3.500% 0.082 20.36° 0.205 0.172% 0.000 0.012% 0.000
Ensifer morelensis 2.467¢ 0.047 21.53¢ 0.094 0.111" 0.001 0.010¢ 0.000
Acinetobacter pittii 3.800° 0.082 21.40° 0.082 0.110' 0.000 0.011% 0.000
Brevundimonas vesicularis 3.700% 0.082 20.46° 0.125 0.131¢ 0.000 0.011° 0.000
Pseudomonas frederiksbergensis 3.867% 0.094 24.20° 0.163 0.138° 0.000 0.013™ 0.000
Paenibacillus lautus 3.300° 0.082 21.46" 0.170 0.131¢ 0.001 0.011° 0.000
Pseudarthrobacter oxydans 3.867% 0.047 23.76" 0.094 0.130% 0.001 0.014% 0.000
Enterobacter tabaci 3.567% 0.125 22.13° 0.205 0.152° 0.000 0.013" 0.000
Pseudomonas helmanticensis 3.800° 0.082 22.40° 0.082 0.115° 0.000 0.013° 0.000
Enterobacter mori 3.367° 0.047 18.30 0.245 0.129° 0.001 0.012¢ 0.000
Enterobacter ludwigii 2.300¢ 0.082 16.00° 0.163 0.123f 0.001 0.009" 0.000
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