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The aim of this study was to find potential PGPR from sub-forest soil located different region soils
of Turkey. Previous research indicated that the existing bacteria in arable soil are not capable to
represent their individual performance most probably due to the competition. To overcome this
phenomenon, soils are collected from sub-forest soil of Adana (Ad), Antalya (An), Hatay (Ha),
Isparta (Is), Ordu (Or) and Sivas (Si) provinces. Experiment was carried out on the soil existing in
Isparta in a greenhouse condition. Four fast growing bacteria colonies in tryptic soy (CASO) agar
medium from each province were isolated and then, each isolate cultivated at liquid CASO broth
until they reach 108 cfu ml-t. Experiments were carried out with a total of 24 bacteria including 6
province and 4 bacteria cultures from each region. The effects of those bacteria on biomass
development and nutrient uptake of maize (Zea mays) were investigated. Sterile broth was applied
treatment defined as control. The results revealed that 23 isolates out of 24 stimulated plants shoot
dry weight. The highest value observed in the Orl and Is4 isolates as 12.8 and 12.7 g plant* which
around 77% higher than control whereas the lowest was in Or2 as 6.45 g plant. Plant nutrient
concentrations were also influenced from inoculates where An1, Ad1, Orl, Is1 and Is3 significantly
increased macro nutrients uptake where total N, available P, K, Ca and Mg were higher by 19%,
14%, 14%, 59% and 41% over the control, respectively. The Fe concentration was found 48% higher
in Ad3 isolate. The Cu, Mn and Zn were the highest in Si3 as 43%, 30% and 31%, respectively. In
general 4 out of 24 isolates were selected as promising PGPR for both plant development and nutrient
uptake of maize.
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Introduction

“Plant Growth Promoting Rhizobacteria” which is
shortened as PGPR term was first used in 1978 (Kloepper
and Schroth, 1978). Since 1978, many researchers have
interested in this topic in many countries around the world.
The PGPR refers to bacteria that a beneficial effect on plant
growth and nutrient uptake. Rhizosphere is a region where
the biological activity is maximum, is a closed food pool
containing all the macro and micro nutrients necessary for
the plants (Vejan et al., 2016). PGPR have a series of
mechanisms to stimulate plant growth or nutrient uptake.
These mechanisms are referred as direct and indirect
effects in the literature. Direct mechanisms are symbiotic
and non-symbiotic nitrogen fixation (Hubbell and Kidder,
2003; Pereg et al., 2016; Ghaly and Alanos, 2016; Youseif,
2018; Richard et al., 2018; Fukami et al., 2018;) production
of phytohormones such as auxin, gibberellin and cytokine,
preventing ethylene production via 1-aminosiklopropan- 1-
karboksilat (ACC) deaminase activity, reducing
environmental stress factors (Dar et al., 2018; Glick 2014;

Ali and Kim, 2018) increasing the solubility of inorganic
phosphorus and mineralization of organic phosphorus
compounds (Richardson et al., 2009; Zaidi et al., 2009;
Zhang et al., 2014; Khosravi et al., 2018; Singh and Gera,
2018), increasing K uptake (Meena and Verma, 2014) and
producing siderophore to improve Fe carriage to inner root
zone (Patel et al., 2018; Dimkpa et al., 2009; Sandy and
Butler, 2009). Indirect mechanisms include the reduction
of the harmful effects of plant pathogens via enzyme
production such as chitinase, cellulase, 1,3 glucanase,
protease, lipase (Kundan et al., 2015), antibiotic secretion
(Labuschagne et al., 2010) and inhibiting the establishment
of phytopathogens by sequestration iron from the
environment (Glick, 2014). Several studies have shown the
potential of PGPR to increase plant growth (plant height,
stem diameter, dry biomass of shoot, root length and root
dry weight) of maize also increase grain yield (Gholami
et al., 2009; Morais et al., 2016; Agbodjato et al., 2016;
Ghaly and Alanos, 2016; Mosimann et al., 2017).
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Egamberdiyeva (2007) reported that the beneficial effects
of PGPR better stimulating plant growth and nutrient
uptake of maize in nutrient deficient calcisol soil than rich
nutrient loamy sand soil. Hence this study was conducted
to isolate possible PGPRs that capable to promote growth
and nutrient uptake on maize.

Materials and Methods

Bacteria Isolation

Bacteria were isolated from the soils collected from soils
under forest located 6 different province as Ordu (Or) in the
north; Sivas (Si) in the middle; Hatay (Ha) and Adana (Ad) in
the south; Antalya (An) and Isparta (Is) in the south west of
Turkey. Ten grams of soil placed to erlenmayer flask
containing 90 ml of sterile saline solution (0.85% NaCl). After
shaking 30 min at 200 rpm, this solution was diluted
repeatedly to reach 10 dilution level. From each dilution
level a 1 ml of samples inoculated to tryptic soy broth agar
(TSB) culture media (Ottow, 1984). Petri dishes were placed
in the incubator for 24 h at 28°C, all plates were observed and
the fastest growing 4 colonies representing each region were
purified by streaking into new petri dishes to get the pure
colony. Each isolates was transferred onto agar slant (TSB)
and kept in the refrigerator at 4°C for maintain a stock of pure
culture for the next subsequent experiment. When needed 24
pure cultures in slant were transferred to 250 ml flask
containing 100 ml nutrient broth (TSB) and cultivated
aerobically on a rotating shaker at 140 rpm for 24 h at 28°C
(Merck KGaA, Germany). From these suspensions which
containing at least 108 cfu ml™, 1 ml applied to the soil, 2 cm
around the stem when plant height reach approximately 20
cm. Sterile nutrient broth liquid media was applied to the
untreated control (ctrl).

Pot Experiment

The 75 pots that have 5.5 liter capacity were filled by
the soil collected from Agricultural Research Station of
Suleyman Demirel University. Experiment was started at
19/01/2018 and harvested after two months of sowing.
Completely randomized design with three replicate was
used in the experiment. All treatments including control
was fertilized by 150 mg kg N, 100 mg kg* P,Os and 100
mg kg?! K,O as 0.82 g MAP, 2 g NHsNO3, 1 g K;S0,4
before sowing the seed. To each pot 5 maize (Zea mays)
seeds were sown and thinned to one plant after 3 leaves
development. All pots were irrigated considering water
holding capacity. The properties of soil used for trial was
clay loam with 31.2% sand, 34.6% silt and 34.1% clay
contents. The pH (1:2.5 soil/water), E.C, organic matter,
total N, available P and K were 7.8, 1.01 ds m™, 1.9%,
0.17%, 78.3 and 458 mg kg respectively.

Plant Measurement and Analysis

After 60 days of the seed sowing, plant height was
measured from the base to top of leaf with measuring tape.
Stem diameter was measured followed a manual caliper
(both sides of stem measured and average reading were
taken). Plant samples were collected by cutting plants from
soil surface, harvested and roots were cleaned by washing
with tap water then washing by purified water. Plant samples
and roots were dried at 80°C until constant weight obtained,
and dry weight was recorded. Shoot samples were dried and

grinded, afterwards macro (P, K, Mg and Ca) and micro
element (Fe, Cu, Mn and Zn) contents were analyzed by
digestion of 0.5 g of samples at microwave oven (CEM-
MARS Reaction System) with acid mixture (nitric and
perchloric acid). Out of N and P the element contents were
determined via atomic absorption spectrophotometer (Kacar
and Inal 2010). Phosphorus content was measured using
spectrophotometer at 420 nm, according to Barton (1948).
Total nitrogen (N%) was determined according to Kjeldahl
method (Kacar and Inal 2010) which 0.5 g from fine grinded
sample with 10 ml of concentrated sulfuric acid, digested at
400°C until the mixture become clear.

Statistical Analysis

Analysis of variance was performed using MSTAT-C
software (Crop and Soil Science Department, Michigan
State University, Version 1.2) according to randomized
block design. Duncan test was applied to determine the
differences among the mean of three replication at P<0.05.

Results and Discussion

Effects of PGPR on Growth Parameters

In this study plant growth has been investigated as
vegetative growth parameters such as plant height (cm),
plant stem diameter (mm), shoot dry weight (g) and root
dry weight (g). Obtained results presented in Table 1.

All the isolates except Isparta were increased plant
height statistically. There was no difference between
bacteria isolated from Isparta and the control application
by mean of plant height. The highest plant height was
observed at Si3 as 127.3 cm which was 24.8% higher than
control. The effects of the bacteria on plant height was
found to be statistically significant (P<0.05). Molina et al.
(2017) reported 22% improvement on plant height in case
of bacteria inoculation at their 45 days experiment at
greenhouse conditions. Additionally, a number of
researchers are reported longer plants as a result of PGPR
inoculation (Agbodjato et al., 2016; Ghaly et al., 2016;
Jarak et al., 2012).

No significant differences were observed between
mean stem diameter values at different region isolates. The
highest statistically significant stem diameter value was
observed at Orl isolates as 16.1 mm whereas the lowest
value was at Ha4 isolates as 12.4 mm. The stem diameter
value at Orl was 22& higher than control treatment.
Similar results repeatedly reported by the researchers (Lin
etal., 2018; Picazevicz et al., 2017, Chattha et al., 2017 and
Gholami et al., 2012) where Molina et al. (2017) measured
12% thicker stem at PGPR inoculated conditions.

Significant shoot dry weight found in Orl, Is4 and An4
isolates. The increases were around 77%, 77% and 75%,
respectively over the control treatment. Root dry weights
were also influenced by bacteria inoculation where 1s2 and
Or1 provided 59.7% and 52.9% higher root development
than control treatment. In this context, Gholami et al. (2012)
reported Azotobacter s-5 + Azospirillum s-21 inoculated
maize seeds significantly increased the stem height by 17%
and stem diameter by 28% and increased ear dry weight up
to 115% under field condition. Similarly following the
inoculation of three rhizobacteria combinations had induced
growth of maize plants with an increase for about 17%,
Agbodjato et al. (2016).
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Table 1 Plant height, stem diameter, shoot and root dry weight values

| Ad An Ha Is Or Si Ctrl
Plant height (cm)
1 1113¢ 1123¢ 1223bc 98be 1258b¢ 116%¢ 102°¢
2 119%¢ 1123b¢ 1233bc 1082bc 1058b¢ 120%¢ 102°¢
3 115%¢ 1183 1138 93¢ 1183 1272 102°¢
4 113%¢ 1203b¢ 1113bc 114%¢ 117%¢ 121® 1020¢
X 1154 116 1174 1038 116 1214 1028
Stem diameter (mm)
1 13.7%® 13.9% 12.7% 13.5% 16.12 13.0% 13.2%
2 13.8%® 12.9% 14.0% 14.9% 12.6% 13.5% 13.2%
3 13.9% 13.8% 14.5% 13.1% 13.9% 12.5% 13.2%
4 14.7® 14.8% 12.4b 14.4% 14.1% 13.2% 13.2%
X 14.04 13.97 13.47 14.07 14.2° 13.1° 13.2A
Shoot dry weight (g)
1 8.6% 8.8%® 9.3% 8.3% 12.82 7.5% 7.2%
2 10.82% 8.6% 11.7% 11.6% 6.5 8.7% 7.2%
3 10.2% 9.8% 10.0% 7.4® 10.7% 8.4% 7.2
4 9.6% 12.6° 8.9% 12.78 8.5% 8.4% 7.2%
X 9.8* 9.94 10.0A 10.0A 9.6~ 8.28 7.2¢
Root dry weight (g)
1 2.393b¢ 1.713%¢ 2.29%¢ 2.073%¢ 3.15% 1.723¢ 2.06%°
2 2.693b¢ 1.42¢ 2.53%¢ 3.29° 1.62" 1.993¢ 2.06%°
3 2.40%¢ 1.878bc 2.092¢ 1.843bc 2.03%%¢ 2.42%¢ 2.06%¢
4 2.04%¢ 3.022¢ 2.40%¢ 2.983b¢ 2.43%¢ 2.42%¢ 2.06%¢
X 2.38° 2.014 2.334 2.54A 2.31° 2.147 2.064
Table 2 The N, P, K, Mg and Ca concentration of maize shoot
| Adana Antalya Hatay Isparta Ordu Sivas Control
Nitrogen (%)
1 2.923% 2972 2.923% 2.60°¢ 2.74%¢ 2.94% 2.50¢¢%
2 2.91%® 2.69%¢ 2.88%® 2.46° 2.79%¢ 2.78%¢ 2.50¢¢%
3 2.93%® 2.85% 2.88% 2.50¢00 2.77%¢ 2.80%d 2.50¢¢%
4 2.71%¢ 2.81%d 2.90% 2.50¢00 2.94% 2.843b¢ 2.50¢¢%
X 2.874 2.834 2.894 2.528 2.814 2.844 2.508
Phosphorus (%)
1 0.1932 0.176%¢ 0.188%¢ 0.141% 0.191® 0.177%¢ 0.169%¢
2 0.1593¢ 0.150¢de 0.163*¢ 0.1732¢ 0.156%¢ 0.155%¢ 0.169*¢
3 0.1552¢ 0.161%¢ 0.1622¢ 0.1532¢ 0.169*¢ 0.1823bc 0.169*¢
4 0.135° 0.189%° 0.168%¢ 0.159%¢ 0.171%¢ 0.172%¢ 0.169%¢
X 0.160* 0.1694 0.170* 0.156" 0.172~ 0.171~ 0.1694
Potassium (%)
1 3.86°f 4.97® 3.03M 3.16°1 5.46% 4,21 4.81%¢
2 3.800%f 4.98® 4,98 2.829 4.95% 4.72%¢ 4.81%¢
3 3.5299 3.97¢d 4.95% 3.01% 5.03% 4,19 4.81%¢
4 4,250 4.00% 4.97% 3.06 5.01% 4,15 4.81%¢
X 3.86¢ 4.48"8 4.488 3.01° 5.11A 4.328 4.8178
Calcium (%)
1 1.63° 1.88b¢ 1.930¢ 3.142 1.67¢ 1.80¢ 1.98%¢
2 1.77° 2.11bc 1.75°¢ 1.87b¢ 1.93% 1.52¢ 1.98b¢
3 1.80°¢ 1.76¢ 2.13%¢ 2.83%® 1.69¢ 1.83¢ 1.98%
4 2.03%¢ 1.56¢ 2.12b¢ 1.70¢ 2.04b¢ 1.78¢ 1.98%
X 1.818 1.838 1.988 2.394 1.838 1.738 1.988
Magnessium (%)
1 0.285%9 0.244¢h 0.268" 0.3382 0.297%¢ 0.235%" 0.240¢h
2 0.263" 0.241¢h 0.230f9" 0.293f 0.282%9 0.218" 0.240¢h
3 0.303%¢ 0.235%" 0.2620" 0.333® 0.294%¢ 0.252°h 0.240°"
4 0.295%¢ 0.232¢h 0.244¢" 0.310%® 0.296%¢ 0.229% 0.240°"
X 0.286° 0.238¢ 0.251¢ 0.318% 0.292AB 0.234° 0.240°
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A greenhouse pot study conducted by Lin et al. (2018)
showed that maize plant inoculation with PGPR at tassel
stage increases in shoot biomass of 36.4% and root biomass
of 56.4%, also increased plant height 9.5% compared to
non-PGPR application. Under greenhouse condition Calvo
et al. (2017) found that, by microbial-based treatments
provide a significant increase in plant growth parameters
such as plant height by 26%, stem width by 34%, shoot dry
weight by 57% and root dry weight up to 9% compared to
the control. These results are in line with previous findings
of Chattha et al. (2017) that they reported sorghum plant
inoculated with PGPR increased stem diameter up to 20%,
plant height up to 7% and ear dry weight up to 9%, under
field conditions.

Macro Nutrient Concentrations

The effect of PGPR inoculation on macro nutrient
uptake by maize plant was assessed after 60 days of sowing
and the results are presented in Table 2. The nitrogen
content of the plants was positively affected by bacterial
inoculation. The highest N concentration was in Anl
isolates as 2.97% which was higher than the control up to
18.8% (P<0.05). Adl was the most stimulant isolate in
term of shoot P concentration. Determined P was 0.193%
which was 14% higher than the control application. There
was no accordance over the isolates in terms of nutrient
concentration. For each element one of the isolates showed
the higher values than the others. Considering this
conclusion, for each limited nutrient condition, one of the
specific isolate should be used to prevent nutritional
disorders. The K concentration was also statistically
influenced by bacteria inoculation where the highest value
was in Orl with 5.46% which was 15% higher than the

Table 3 The Fe, Cu, Mn ve Zn concentration of maize shoot

control. According to Table 2, I1s1 and 1s3 isolates provides
higher Mg concentration with 0.34% and 0.33%
respectively. Those isolates improved Mg concentration up
to 42%. Calcium content in shoot biomass of maize plant
was positively affected by bacterial inoculated pots
significantly (P<0.05). The highest Ca concentration was
observed in the applications with isolates Isl by 3.14%
which is higher than the control up to 59% (Table 2).

In accordance with our results, Calvo et al. (2017)
found that, when maize plants were evaluated at 72 days
after planting, plant N concentration by microbial-based
treatments up to 54%, increasing P concentration by 138%
and average increasing K concentration was 71% more
than the control treatment. Hussain et al. (2016) reported
that, due to rhizobial inoculation of maize plant, under
well-watered conditions, have induced uptake of the NPK
contents of shoot by 34%, 31% and 27% respectively
compared to control. In consistent with the result presented
here, Rojas et al. (2012) reported increases on
accumulation of nutrients (K, Ca and Mg) in biomass due
to the inoculation with Azotobacter sp. up to 38%, 18% and
78% respectively under salt stress. Increment on
macronutrient uptake is also reported by Gulnaz et al.
(2017) that maize plant inoculation with PGPR (P.
fluorescens + B. megaterium + A. brasilense) increased
nitrogen, phosphorus and potassium uptake by 13%, 20%
and 54% respectively over the control. Moreover,
Agbodjato et al (2016) stated that maize plants treated with
A. lipoferum and their combination with chitosan
Pseudomonas bacteria was increased nitrogen by 42%,
phosphorus 7% and potassium 6% content in the aerial part
after 30 days over the control.

| Adana Antalya Hatay Isparta Ordu Sivas Control
Iron (ug g™)
1 43,24 41.9%d 59.9% 51.3%d 43.1%d 47.0%¢ 41.7%d
2 46.7%¢ 34.6% 42.6%9 40.9%¢ 47,234 40.9%¢ 41.7%9
3 61.6° 31.7¢ 39.9b¢d 55.930¢ 51.0%¢ 47.1%d 41.7%d
4 49.9%¢ 44 9% 46.6*¢ 45,64 51.0%¢ 56.2% 41.7%d
X 50.34 38.38 47.37 48.47 48.17 47.8° 41.7°
Zinc (ug g™)
1 55.30f 44.1° 61.3%d 50.1¢%f 46.6°f 57.20f 53.1¢5f
2 43.8f 45.3¢f 49.40%f 42.8f 44 9% 47.0°f 53.1¢%f
3 45.5¢f 47.1°f 46.2°f 64.5%¢ 48.0°f 69.5% 53.1¢%f
4 53.8°f 53.2¢f 53.0%f 54.2¢f 49.0%f 66.5% 53.1¢f
X 49.68 4748 52.58 52.98 47.18 60.04 53.1B
Cupper (ug g™)
1 5.58° 465" 9.90" 3.02¢9n 10.10°¢ 8.92¢ 9.48b¢
2 1.601 3.43" 7.98% 2.989N 9.03¢ 8.20¢% 9.48%¢
3 2.05N 9.80%° 8.43% 2.37N 8.47% 13.60? 9.48%¢
4 5.80%f 12.10%® 7.95% 2.25M 9.05°¢ 11.90% 9.48%¢
X 3.76° 7.48° 8.57"8 2.65F 9.178 10.70° 9.48"8
Manganase (ug g*)
1 80a—d 85a-d 89a—d 66bcd 80a—d 95ab 80a—d
2 71bcd 83a-d 85a—d 620d 80a—d 92abc 80a—d
3 78%¢ 8224 78%d 6 7bcd 902 1042 80
4 61¢ 932 8gad 63 8gad g2abe 80
X 738C 86°8 858 64° 8418 96~ 808
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Micro Nutrient Concentrations

The micro nutrient concentration values of the maize
plant are presented in Table 3. Results revealed that the
bacterial inoculations were effective on enhancing and
stimulating plant micro nutrient uptake. Fe concentration
was 61.6 pg g1 at the highest in Ad3, which was higher up
to 48% compared to the control. Cu, Mn and Zn
concentration in shoot were significantly (P<0.05)
increased by the application of isolate Si3. The values were
13.6, 104 and 69.5 pg g for Cu, Mn and Zn respectively.
That values were higher than the control up to 44%, 30%
and 31%. In consistent with our results, Biari et al. (2008)
reported that nutrient uptake of the plants increased due to
the bacteria inoculation. The rate of differences were
+130% for nitrogen, +113% for phosphorus, +100% for
potassium, +153% for iron, +107% for zinc, +147% for
manganese and +127% for copper. None of the inoculant
was reduced plant nutrient uptake. Moreover, Yolcu et al.
(2012) reported higher macro and micro nutrient uptake in
case of 12 different plant growth-promoting rhizobacteria
inoculations. Ekinci, et al. (2014) reported that Fe, Cu, Mn
and Zn were higher PGPR applied cauliflower plants by
31%, 15%, 20% and 10% compared to control. Turan and
Sahin (2013) found that, inoculation of barley with OSU-
142 + M3 + Azospirillum sp.245 were tightly increased
uptake of macro-nutrients (N, P, K, Ca, Mg and S) and
micro-nutrients (Fe, Mn, Zn, and Cu) of grain, leaf, and
straw part of plant compared to the control.

Conclusion

From 24 bacterial isolated from of sub-forest soil tested
to capable to induce growth and nutrient uptake of maize.
The results indicated that some of PGPR isolates had a
positive effect on the growth, and some of isolates
increased uptake of macro and micro-element of maize
plant, recommended that these isolates could be used as
biofertilzer and sustainable agriculture and could be use an
alternative fertilizer, in future these isolates should be teste
in the field applications and with the different crops.

Results revealed that forest soil is highly promising
origin to find PGPR that effective on plant growth and
nutrient uptake. PGPRs are either not existing in arable soil
or they are not capable to present their effects as Mutlu and
Coskan (2018) reported. In both cases, inoculation with the
bacteria isolated from forest soil seems to be good idea to
improve soil biological productivity.
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