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1- Plant growth promoting rhizobacteria
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Table 1. Main Physicochemical properties of the soil at the study site.
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Table 2. Effect of different fertilizer programs on plant height, number of stems per plant, number of
branches per plant and leaf area index of two potato cultivars.

Sy il G193 4Bl sl Sa s o erls sl S » glaw sl
Sl Plant height (cm) No. of stem plant” No. of branche.plant™ LAI
Treatment N sl sug wl N sl sug wl
Fontane Sante Fontane Sante Fontane Sante Fontane Sante
C 54 71 3.44 3.56 7.44 11.78 1.39 1.23
KB 61 59 3.56 2.56 9.11 8.00 1.61 1.34
NB 61 63 3.11 2.89 8.22 10.89 1.70 1.66
PB 52 64 3.56 3.33 14.08 9.00 2.52 1.55
NBN 71 64 3.22 2.67 12.56 12.12 2.62 1.31
KBK 61 60 3.67 2.33 7.33 8.78 2.09 0.90
PBP 64 69 3.11 2.89 8.44 7.56 3.79 1.02
NBPBKB 65 65 3.33 3.56 11.44 8.48 4.49 1.60
KBPBNBKPN 63 63 2.89 2.56 8.33 8.33 2.30 0.91
LSD 05 10.20 0.82 2.86 0.84
Treatment (T) ns ns * *
Cultivar (C) ns * ns *
T*C ns ns Hok Hok
(&\% 10.99 15.29 17.44 25.86
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C: Control, KB: Potassium solubilizing bacteria, NB: Free-living nitrogen-fixing, PB: Phosphate solubilizing bacteria,
N: Nitrogen fertilizer with a source of urea 46%, K: Potassium sulfate fertilizer, P: Triple super phosphate fertilizer,

LSD: Least significant difference at the probability level of 5%, CV: Coefficient of variation, ns: Non-significant at
probability level 5%, *: Significant at probability level 5%, **: Significant at probability level 1%.
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Table 3. Effect of different fertilizer programs on shoot dry weight, number of tubers per plant, percentage of
marketable tuber per plant and marketable tuber yield of two potato cultivars.

silsn il e 055 Gy ki Sl Sg 0 s G eks Ao s S B e s Sles
. Shoot dry weight . Marketable tuber.plant™” Marketable tuber
Dless (g.plei/nt") g No. of tuber.plant™ %) p yield (ton.ha™)
Treatment ol b il ol b il ol b el ol b el
Fontane Sante Fontane Sante Fontane Sante Fontane Sante
C 148 81 19 24 49 25 27.13 24.73
KB 100 53 21 14 47 47 34.17 23.38
NB 108 93 12 25 62 51 40.14 37.86
PB 183 86 25 22 46 35 40.57 24.16
NBN 157 136 18 27 58 38 36.24 32.45
KBK 110 57 15 13 64 56 43.24 34.98
PBP 152 56 20 19 42 56 26.98 34.30
NBPBKB 207 88 30 32 43 29 36.82 31.93
KBPBNBKPNN 134 54 18 24 56 45 37.88 38.87
LSDg 05 56.21 5.78 16.27 6.18
Treatment(T) *k ** ** **
Cultivar(C) *k * ** **
T*C * sk * sk
Ccv 29.43 16.03 20.14 10.71
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C: Control, KB: Potassium solubilizing bacteria, NB: Free-living nitrogen-fixing, PB: Phosphate solubilizing bacteria,
N: Nitrogen fertilizer with a source of urea 46%, K: Potassium sulfate fertilizer, P: Triple super phosphate fertilizer,
LSD: Least significant difference at the probability level of 5%, CV: Coefficient of variation, ns: Non-significant at
probability level 5%, *: Significant at probability level 5%, **: Significant at probability level 1%.
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Table 4. Effect of different fertilizer programs on percentage of rot tuber, tuber dry matter and tuber specific

gravity of two potato cultivars.

PR EYS N W

S osle Ao s P yate 033

Sl Rot tuber % Dry matter % Specific gravity(g.cm™)
Treatment 6l g wle PHEPE wle PHEPE wle
Fontane Sante Fontane Sante Fontane Sante
C 1.39 0.00 18.8 17.7 1.206 1.190
KB 1.84 0.14 20.9 19.3 1.215 1.245
NB 1.31 0.88 19.2 20.7 1.208 1.226
PB 2.65 0.23 20.2 21.2 1.230 1.217
NBN 0.81 1.46 20.8 19.0 1.228 1.234
KBK 0.71 0.36 20.5 19.6 1.203 1.218
PBP 1.17 0.94 20.0 20.1 1.237 1.251
NBPBKB 0.73 0.00 19.7 19.7 1.228 1.231
KBPBNBKPN 0.00 1.66 21.5 214 1.255 1.261
LSDg 05 2.88 1.91 0.017
Treatment (T) ns ns ** ok
Cultivar (C) ns ns Ns ns
T*C ns ns * ns
CV 15.65 5.60 1.70
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C: Control, KB: Potassium solubilizing bacteria, NB: Free-living nitrogen-fixing, PB: Phosphate solubilizing bacteria,
N: Nitrogen fertilizer with a source of urea 46%, K: Potassium sulfate fertilizer, P: Triple super phosphate fertilizer,

LSD: Least significant difference at the probability level of 5%, CV: Coefficient of variation, ns: Non-significant at
probability level 5%, *: Significant at probability level 5%, **: Significant at probability level 1%.
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Table 5. Effect of different fertilizer programs on tuber quality characteristics of two potato cultivars.

Al glats

Lt . J&sl, eJles s DPPH Jsdss
Reduction sugars 4 4
s Starch (%) (mg gFW") DPPH (mg.gFW™) Total phenol (mg.gFW™)
Treatment
g ale Gl g ale Gl g ale Gl g ale
Fontane  Sante Fontane Sante Fontane Sante Fontane Sante
C 37.88 36.46 3.040 4.283 0.024 0.035 2.323 3.784
KB 40.70 46.61 2.679 6.192 0.024 0.035 0.597 1.118
NB 39.24 42.88 1.136 4.087 0.030 0.064 0.852 0.956
PB 43.69 41.02 2.883 0.661 0.019 0.022 1.107 1.191
NBN 43.24 44.40 3.342 2.460 0.032 0.045 1.069 1.710
KBK 38.24 41.29 2.962 1.666 0.006 0.041 0.466 1.074
PBP 43.72 4791 0.856 1.542 0.026 0.045 0.818 0.963
NBPBKB 43.35 43.89 1.112 4.203 0.032 0.041 0.923 1.782
KBPBNBKPN 42.71 50.34 2.048 3.123 0.026 0.029 1.629 1.362
LSD 5 7.58 2.41 0.017 1.511
Treatment (T) * ns Ns **
Cultivar (C) ns * ** ns
T*C ns *k * ns
Ccv 10.36 25.43 30.01 26.86
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C: Control, KB: Potassium solubilizing bacteria, NB: Free-living nitrogen-fixing, PB: Phosphate solubilizing bacteria,
N: Nitrogen fertilizer with a source of urea 46%, K: Potassium sulfate fertilizer, P: Triple super phosphate fertilizer,
LSD: Least significant difference at the probability level of 5%, CV: Coefficient of variation, ns: Non-significant at
probability level 5%, *: Significant at probability level 5%, **: Significant at probability level 1%.
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Table 6. Effect of different fertilizer programs on percentage of loss weight, tuber rot and tubers germination

eight months after storage in two potato cultivars.

033 ui&ls.,\,p):
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Sl Loss weight % Rot tuber % Germination %
Treatment Gl g asle Gl g asle als g asla
Fontane Sante Fontane Sante Fontane  Sante
C 9.0 11.4 0.00 1.11 100 100
KB 9.1 9.0 0.00 2.21 100 100
NB 7.9 9.2 0.00 2.78 100 100
PB 9.2 7.3 0.00 3.45 100 100
NBN 7.4 7.7 0.00 0.00 100 100
KBK 9.1 9.4 0.00 0.00 100 100
PBP 7.2 6.3 0.00 0.00 100 100
NBPBKB 12.4 8.6 7.83 0.98 100 100
KBPBNBKPN 6.5 9.0 0.00 1.28 100 100
LSDy 5 4.24 3.46 0.01
Treatment (T) ns * ns
Cultivar (C) ns Ns ns
T*C ns * ns
CV 28.56 15.17 0.01
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C: Control, KB: Potassium solubilizing bacteria, NB: Free-living nitrogen-fixing, PB: Phosphate solubilizing bacteria,
N: Nitrogen fertilizer with a source of urea 46%, K: Potassium sulfate fertilizer, P: Triple super phosphate fertilizer,
LSD: Least significant difference at the probability level of 5%, CV: Coefficient of variation, ns: Non-significant at
probability level 5%, *: Significant at probability level 5%, **: Significant at probability level 1%.
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Abstract

Background and Objectives: Potatoes producers in Iran are widely use nitrogen, phosphorus
and potash fertilizers for tuber production, but the tuber yield is less than the potential in
desirable conditions. In this high cost and low efficiency farming system, soil microorganisms
can play an important role in improving fertilizer efficiency and reducing costs. In addition to
physical and chemical properties, soil quality has a close relationship with biological aspects.
The aim of the present work was to evaluate the positive effects of potassium, phosphate
solubilizing bacteria and nitrogen-fixing bacteria on potato growth, tubers yield and its dry
matter, as well as saving the chemical fertilizers for healthier crop production.

Materials and Methods: This study was conducted as a split plot experiment in a randomized
complete block design with three replications at Research Farm of Ferdowsi University of
Mashhad, Iran in the 2016 cropping season. Treatments included nine fertilizer programs
including; phosphate solubilizing bacteria (Phospho-powerbacter dayan), potassium solubilizing
bacteria (Peta-powerbacter dayan), free-living nitrogen-fixing bacteria (Nitro-bacter dayan),
phosphate solubilizing bacteria + Triple super phosphate fertilizer, potassium solubilizing
bacteria + potassium sulfate fertilizer, free-living nitrogen-fixing bacteria+ nitrogen fertilizer
with a source of urea 46%, phosphate solubilizing bacteria + potassium solubilizing bacteria +
free-living nitrogen-fixing bacteria, phosphate solubilizing bacteria + potassium solubilizing
bacteria + free-living nitrogen-fixing bacteria + triple super phosphate + potassium sulfate +
nitrogen and control (without biological and chemical fertilizer) as main plots and two potato
cultivars (Fontane and Sante) as subplots.

Results: The highest leaf area index observed in Fontane cultivar and phosphate solubilizing
bacteria + potassium solubilizing bacteria + free-living nitrogen-fixing bacteria. In Sante
cultivar, tow treatments including free-living nitrogen-fixing bacteria alone and phosphate
solubilizing bacteria + potassium solubilizing bacteria + free-living nitrogen-fixing bacteria
showed the highest leaf area index. The highest Fontane shoot biomass was produced in
phosphate solubilizing bacteria + potassium solubilizing bacteria + free-living nitrogen-fixing
bacteria treatment and in Sante cultivar was observed in free-living nitrogen-fixing bacteria +
Nitrogen fertilizer treatments. Application of phosphate solubilizing bacteria + potassium
solubilizing bacteria + free-living nitrogen-fixing bacteria simultaneously caused an increase in
the number of tubers per plant in both cultivars. Fontane in potassium solubilizing bacteria +
potassium sulfate fertilizer produced the highest tuber yield, which it was 37% more than
control treatment. The highest tuber yield in Sante cultivar was obtained by application of
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phosphate solubilizing bacteria + potassium solubilizing bacteria + free-living nitrogen-fixing
bacteria + triple super phosphate + potassium sulfate + nitrogen, which was 36% more than
control treatment. The highest of dry matter percentage, specific gravity and starch content in
both cultivars were obtained in treatment of all bacteria with chemical fertilizers and the lowest
of these characteristics was observed in control treatment. The lowest reducing sugars was
obtained in the phosphate solubilizing bacteria + Triple super phosphate and phosphate
solubilizing bacteria in Fontaneh and Sante cultivars, respectively. The best DPPH radical
scavenging activity in Fontaneh was observed in treatment of all bacterias and in Sante cultivar
in applying free-living nitrogen-fixing bacteria. The highest and lowest total phenol content was
observed in control treatment and application of potassium solubilizing bacteria + potassium
sulfate fertilizer with 75% difference, respectively.

Conclusion: In the present study, the application of bio fertilizers in potatoes showed that these
fertilizers could improve physiological, yield and quality characteristics of potato cultivars by
using less chemical fertilizers. Generally, application of phosphate solubilizing bacteria +
potassium solubilizing bacteria + free-living nitrogen-fixing bacteria + triple super phosphate +
potassium sulfate + nitrogen produced the highest potato tuber yield.

Keywords: Dry matter percentage, Fixing bacteria, Solubilizing bacteria, Specific gravity
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