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ABSTRACT

High carbonate content in soil negatively affect plant growth, because the availability of nutrients is re-
stricted due to high pH. The present investigations were carried out to reveal possible alleviating effects of
the exogenous root inoculation PGPRs on development and physiology of soilless-grown grapevines culti-
vated under alkaline stress in controlled glass house. pH of growth medium was increased from 7.5 to the
values ranging from 7.9 (control) to 8.1 (A18) according to the bacterial inoculations by NaHCO; supple-
mentations. Bacteria inoculations did not result in statistically significant differences in pH values
of growth media. The bacterial population density found in the rhizosphere of grapevines ranged from 6 X
10° CFU mL™" (M-3) to 9 x 10®* CFU mL™" (Ca-637). The highest value of shoot thickness was obtained
from Ca-637 (5.3 mm), followed by A18 (5.2 mm), while M3 did not significantly affected the shoot thick-
ness. The greatest pruning residue per vine was obtained from A18 treatment (81.5 g), followed by Ca-637
(80.8 g) while the lowest value was determined in control. Vine yield was the greatest with A18 (1128 g)
treatment and was followed by Ca 637 (1059 g). Considering the general observations, root inoculation of
PGPRs A18 and Ca-637 may be recommended in enhancing bioremediation of alkali growth media.
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INTRODUCTION

Studies revealed that high carbonate in soil nega-
tively affect mineral acquisition of grapevines [Bava-
resco and Poni 2003], because the availability of
nutrients is restricted due to high pH due to elevated
carbonate in soil [Sabir et al. 2010]. About 30% of
the world’s area is calcareous soils with high calcium
carbonate content [Sanchez-Rodriguez et al. 2014],
adversely affecting the leaf mineral content [Bava-
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resco and Poni 2003] and disturbing Fe metabolism
[Sabir et al. 2010]. Around the world, grapevine is
generally cultivated in regions where alkaline soils
with low iron availability prevail. High bicarbonate
solution in alkaline soils is the main cause of lime-
induced chlorosis with its well-investigated negative
effects on both yield and quality of grapes [Bates et
al. 2002]. Several agents have been examined for
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their biostimulant or biofertilizer potential to promote
plant growth under stress conditions [Nadeem et al.
2007, Karlidag et al. 2011, Dilek and Sabir 2016].
Generally, fertilization management is relevant to the
application of suitable amount of non-chemical and
chemical fertilizers, which result in an increase of soil
quality, plant nutrition, cultural advantages, and final-
ly, obtaining of suitable yield [Shakeri et al. 2016].
For non-chemical sustainable fertilization strategies,
manipulation of symbiotic and free-living plant-
growth-promoting rhizobacteria (PGPR) has become
a significant component in many intensive cropping
systems [Bashan et al. 2004, Rolli et al. 2017].

Dense populations of microorganisms colonize
the root zone (rhizosphere) of plants because rhizo-
sphere is an attractive habitat with a rich organic
carbon provided by plant roots [Dimkpa et al. 2009].
Plants supply organic carbon to their surroundings in
the form of root exudates. Rhizobacteria respond to
root exudates by means of chemotaxis towards the
exudate source; and in such scenario, competent bac-
teria tend to modulate their metabolism towards op-
timizing nutrient acquisition [Hardoim et al. 2008].
Many root-associated bacteria have been shown to
produce 1AA [Ali 2015], and inoculation of various
plant species with such bacteria has resulted in in-
creased plant growth [Sabir et al. 2012]. Another
widespread characteristic among rhizosphere bacteria
is ACC deaminase activity, and regulation of ACC is
a principal mechanism by which bacteria exert bene-
ficial effects on stressed plants [Saleem et al. 2007].
ACC-possessing bacteria can use the ethylene pre-
cursor ACC as a source of nitrogen. Bacterial hydrol-
ysis of ACC leads to a decrease in plant ethylene
level, which, in turn, results in increased plant growth
[Belimov et al. 2009]. Certain bacteria employed for
their beneficial effects under abiotic stress conditions,
such as Bacillus sp., have been shown to induce plant
systemic resistance [Chakraborty et al. 2006], and the
primed physiological state of an inoculated plant
could, thus, be one explanation for increased re-
sistance against abiotic stresses. Creus et al. [2004]
reported on reduced grain yield losses and higher Mg,
K and Ca contents in grains of Azospirillum-
inoculated wheat exposed to water shortage. Similar-
ly, inoculation of salt-stressed maize with ACC de-
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aminase containing Pseudomonas syringae, P. fluo-
rescens and Enterobacter aerogenes resulted in high-
er K/Na ratio in combination with high chlorophyll
proline contents [Nadeem et al. 2007]. Further, in-
oculation of grapevines with Burkholderia phytofir-
mans PsJN, lowered the rate of biomass reduction
during cold treatment (4°C), and promoted post-
chilling recovery [Barka et al. 2006].

PGPRs were examined for pea under drought [Ar-
shad et al. 2008] and for strawberries under saline
[Karlidag et al. 2011] or alkaline conditions [Ipek et
al. 2014]. However, there is insufficient literature
knowledge on PGPRs as elicitors for grapevines
under alkaline stress. Their practical application
largely remain elusive since the studies mostly fo-
cused on merely assessing the plant growth inducing
impacts under unstressed conditions. Further, it is
always a question mark to study the fate of intro-
duced microorganisms on its survival. Therefore, the
main objectives of this study was (a) to analyze the
effects of bicarbonate induced high pH condition on
vegetative development and physiology of grapevine
genotype, (b) to assess the colonization capacity of
different PGPRs on grapevine roots under elevated
pH, and (c) to reveal possible alleviating effects of
PGPRs on alkaline stress in grapes.

MATERIALS AND METHODS

Plant material and cultivation. Two years old
grapevine (Vitis vinifera L. cv. Alphonse Lavallée)
plants grafted on 41 (V. vinifera cv. Chasselas x
V. berlandieri) rootstock were cultivated in soilless
growth system under controlled glasshouse condition
Selcuk University (Konya, Turkey) in 2015. At the
beginning of the experiment, healthy vines were se-
lected on the basis of homogeneity in vegetative
growth. Soilless growth was established in 50 L pots
containing peat (1.034% N, 0.94% P,0s, 0.64% K,0O
pH 5.88, Klassman®) and perlite (0—3 mm in diame-
ter) in the ratio 1 : 1 (v/v). Bacterial strains of Bacil-
lus megaterium M3, Agrobacterium rubi A18 and
Alcaligenes eutrophus Ca-637 were used to assess
their potential effects on mitigating the alkaline stress
in comparison with untreated control vines. Treat-
ments were replicated three times with three vines
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per replicate. The pots were isolated from the ground
with plastic sheets to prevent possible external infec-
tion. Prior to bud break, the vines were spur pruned
to leave 4 winter buds per plant (two spur canes with
two buds on each). Night and day temperatures inside
the glasshouse were 17 +4 and 33 +4°C respectively
(Data logger, Ebro EBI 20 TH1). The plants were
watered daily with equal amount of fresh tap water
(0.7 to 1.0 L per plant according to weather condi-
tions) to maintain the moisture at approximately 60%
water holding capacity of the cultivation medium.
The summer shoots were tied with thread to the wires
2.2 m above the pots to let plants grow on a perpen-
dicular position to ensure equally benefiting from the
sunlight [Sabir 2013]. All the vines received the same
annual amount of fertilizer (approx. 45 g N, 18 g P,
40 kg K per vine) from April to August.

Bacterial inoculation and bicarbonate supple-
mentation. Strains of the PGPR Bacillus megaterium
M3 (auxin and cytokinin producing, N-fixing, Ca
(HCO3); solubilizing), Agrobacterium rubi A18 (aux-
in and cytokinin producing, Ca (HCO3), solibilizing)
and Alcaligenes eutrophus Ca-637 (auxin producing,
Ca (HCO:s3), solubilizing) were grown on nutrient agar
(NA, containing 3 g beef extract, 5 g peptone and 15 g
agar L") for routine use. A single colony was trans-
ferred to 250 mL flasks containing nutrient broth and
grown aerobically in flasks on a rotating shaker
(95 rpm) for 24 h at 27°C. Inoculation were performed
by watering the plants with bacterial solutions (with
the concentration of 10° colony-forming units/mL) one
week after bud break. Bicarbonate (NaHCO3) applica-
tions were performed when the shoots were 3-4 cm
long (one week after bacteria inoculation) and was
replicated one month later to increase soil pH gradual-
ly. For applications, the plants were watered with 500
mL/plant bicarbonate solution (840 g L™ NaHCO3)
[Sabir et al. 2010].

Root colonization of bacteria and soil pH.
The root colonization capacity of bacteria was tested 2
months after the second root inoculation. Rhizosphere
sample, consisting of a piece of root and tightly adher-
ing soil of each individual plant was carefully collect-
ed from the pots. In order to obtain bacterial cells from
the rhizosphere soil, 1 g root samples were soaked in
9mL of sterile saline with shaking at 200 rpm for

www.hortorumcultus.actapol.net

30 min. Serial dilutions of the cell suspensions were
made and plated on lysogeny broth medium supple-
mented with chloramphenicol (10 mg L") and rifam-
picin (50 mg L™"). The plates were incubated at 28°C
for 2 days before the number of colonies was counted
[Xue et al. 2009]. To check pH alcalinization, about
100 g growth medium (peat ant perlite mixture) sam-
ples adhering to the grapevine roots at 10-20 cm
depth were collected from each plant. The pH was
measured in de-ionized water (1/5 w/v) [Richards
1954] two weeks after each inoculation.

Vine growth, yield and quality. Shoot length (us-
ing a tapeline with a sensitivity of 1 mm) and shoot
thickness (measured by digital calipers at 1 cm above
the second node) were measured at the end of growth
period around the ceasation of shoot elongation.

For berry sampling, approximately twelve clusters
per treatment were used at maturity. At harvest
time (when all the experimental vines attain at least
15 °Brix juice total soluble solid), productive and
qualitative parameters of grapes were recorded, as
follows; grape yield (g plant ™), total cluster number
per vine, cluster weight (g), cluster length (cm) and
cluster width (cm). As for chemical analyses of grape
juice, total soluble solid content (TSS) content (°Brix,
digital refractometer), titratable acidity (%) and pH
were determined.

Statistical analysis. The row data were subjected
to statistical analysis using factorial design. The
mean values of parameters were compared using the
least significant difference (LSD) test. Statistical tests
were performed at P < 0.05 using SPSS 13.0 for
Windows (SPSS Inc., Chicago, IL, USA).

RESULTS

Changes of pH and bacteria populations in
growth medium. pH level of growth media was regu-
larly monitored to reveal alkalinity level. Changes in
pH values of growth medium in response to NaHCO;
applications and bacteria inoculations has been pre-
sented in Table 1. Initially, pH value of growth medi-
um was 7.5. NaHCO; supplementations led to gradual
increase in pH of growth media to the values ranging
from 7.9 (control) to 8.1 (A18) after the second appli-
cation. Bacteria inoculations did not result in statisti-
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Table 1. Changes in pH values of growth medium in re-  Table 2. Bacterial populations determined 2 months after

sponse to NaHCO; applications and bacteria inoculations the bacteria inoculation
Measurement times i i
Inoculant — — — Inoculant Bacterial poplelatlon
Initial  1stapplication  2nd application (CFUmL ")
Control 75 7 79 Bacillus megaterium M3 6 x 10]CFU
M3 75 79 79 Agrobacterium rubi A18 5 x 108 CFU
A18 75 7.9 8.1 , .
Ca-637 75 78 79 Alcaligenes eutrophus Ca-637 9 x 10°CFU
Significance - n.s. n.s Control n.d.
n.s. — not significant at 5% level by LSD CFU - colony forming unit, n.d. — not detected
300 1 T T 6
—_ 5
E E =5 e
< 200 w4
= H b b
-t c 3
% 100 £2
] ® 1
= (=]
v =
0 “ 0
Control M3 A18  Ca-637 Control M3  Al8 Ca-637
LSD: 21.46 LSD:0.21

Fig. 2. Shoot thickness response of
grapevines to bacterial inoculations. Each
column represents the mean of nine deter-
minations. Error bar stands for the standard
deviation of that mean

Fig. 1. Changes in shoot length of grapevines
in  response to bacteria inoculations.
Each column represents the mean of nine de-
terminations. Error bar stands for the stand-
ard deviation of that mean

100 -

—_ 1200
2 go - =
P = — 1000
S ]
3 60 - < 800
T b a2 2. 600
oo o
£ 5 L 400
= . £
S = 200
o

0 0

Control M3  Al18 Ca-637 Control M3  Al18 Ca-637
LSD: 3.74 LSD: 48.3

Fig. 3. Pruning residue response of grape- Fig. 4. Vine yield response of grapevines to
vines in response to bacteria inoculations. bacterial inoculations. Each column represents
Each column represents the mean of nine the mean of nine determinations. Error bar
determinations. Error bar stands for the stands for the standard deviation of that mean

standard deviation of that mean
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Table 3. Changes in berry number per cluster, cluster width
and cluster length in response to bacteria inoculations

Table 4. Changes in pH, TSS and titratable acidity in re-
sponse to bacteria inoculations

Inoculant Bz;rrycrlllljsr?ger Cluszgrrn\;vidth Clust(irnigength Inoculant pH TSS (Brix) a-ggﬁ;a?rj/i )
Control 26.1£2.0b 8.6 14.0+£0.5 ¢ Control 4.15 £0.02 16.3+0.20 a 0.45 +0.00 a
M3 264 +2.1b 8.8 17.1 £0.1 a M3 4.11 £0.00 16.6 +0.03 a 0.40 £0.05 b
Al8 3234+3.0a 9.3 182+0.8 a Al18 4.16 £0.02 15.5+0.34 b 0.43 £0.00 a
Ca-637 31.3+2.0a 8.9 15.0+£0.5b Ca-637 4.06 +£0.03 15.1+0.36 b 0.44 £0.02 a
LSD 4.35 n.s. 0.90 LSD n.s. 0.43 0.03

All values are means + standard error (n = 9). Means not connected
by same letter are significantly different at 5% level by LSD

cally significant differences in pH values of growth
media. The colonization capacity of bacteria was
determined to investigate their activity around the
root rhizosphere (tab. 2). The investigations showed
that all the strains used were able to colonize the
rhizosphere of grapevine. The bacterial population
found in the rhizosphere of grapevines ranged from
5x 10° CFU mL™" (A18) to 9 x 10® CFU mL"
(Ca-637).

Vine growth response to bacteria. The effects of
inoculation with PGPR on the shoot length of the
vines were statistically insignificant (fig. 1). Howev-
er, there were significant differences in shoot thick-
ness in response to bacteria inoculations (fig. 2). The
highest value of shoot thickness was obtained from
Ca-637 (5.3 mm), followed by A18 (5.2 mm), while
M3 did not significantly affected the shoot thickness.
Inoculations of grapevine roots with Ca-637 and A18
bacteria strains resulted in 9.4% and 7.8% thicker
shoots, respectively in comparison to those of non-
inoculated vines. Pruning residue was also deter-
mined in order to investigate the effects of bacteria
treatments on grapevine vegetative development.
As illustrated in Figure 3, all the bacteria inoculations
significantly increased the pruning residue values.
The greatest pruning residue per vine was obtained
from A18 treatment (81.5 g), followed by Ca-637
(80.8 g) while the lowest value was determined in
control. Pruning residue values indicated that A18
and Ca-637 inoculations led 9.1% and 8.3% higher
plant biomasses, respectively compared to those of
control vines.
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All values are means + standard error. Means not connected by same
letter are significantly different at 5% level by LSD

Yield and quality changes. Vine yield exhibited
statistically significant variation among the treat-
ments (fig. 4). The greatest yield was achieved with
A18 (1128 g) treatment and was followed by Ca-637
(1059 g) while the effect of M3 was insignificant.

The vine yield in response to A18 bacteria inocu-
lation was 17.3% higher than that of control. There
were significant differences in response to the
treatments with respect to berry number per cluster
and cluster length, although cluster width did not
show significant variation (tab. 3). The highest values
for berry number per cluster (32.3) and cluster length
(18.2 cm) were obtained from A18 treatment. Ca-637
treatment also resulted in significant increases in
berry number (31.3) and cluster length (15.0)
charactersitics in comparison with the control. TSS
and titratable acidity levels of the Alphonse Lavallée
grape must was significantly affected by the treat-
ments, while the changes in pH were statistically
insignificant (tab. 4). TSS values of A18 (15.5 °Brix)
or Ca-637 (15.1 °Brix) treated grapes were apparent-
ly lower than those M3 (16.6 °Brix) or control
(16.3 °Brix) groups probably in relation with yield
per vines. Inoculation of M3 resulted in decrease in
titratable acidity of grape must.

DISCUSSION
Elevated concentrations of bicarbonate (HCO3) as
a consequence of impeded gas exchange of wet com-

pacted calcareous soils is involved in the observed
element deficiency chlorosis in grapevines [Sabir et
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al. 2010] and other deciduous fruit trees [Kassa
2015]. Studies revealed that root and shoot devel-
opments of grapevines are negatively affected above
asoil pH of 7.0 [Winkler et al. 1974, Bates et al.
2002]. Vineyard soils with a pH greater than
7.5 typically cause nutrient imbalances in grape-
vines [Bates and Wolf 2008]. Many studies have
been conducted to ameliorate the negative effect of
alkaline stress conditions on plant growth and yield.
Recent experiments have demonstrated that certain
PGPR can be an innovative ecological approach for
mitigation of alkaline stress [Xun et al. 2015]. But
the survival and population density and root coloni-
zation capacity can vary according to the ecological
condition [Karakurt and Aslantas 2010] and geno-
types [Sabir et al. 2012]. It is well established that
microbial communities showing different activities
or producing altered signals may, in the long term,
either result in the establishment of altered commu-
nities and/or in the elicitation of different plant re-
sponses [Compant et al. 2010]. Therefore, effective-
ness of rhizosphere bacteria is related with their
adaptive strategies to unflavored conditions such as
elevated pH as established in the current research.
Present investigations displayed that the bacteria
strains formed colonies around the grapevine roots
under alkaline condition, although their colonization
capacity differed among the species. Rousk et al.
[2010] also investigated soil bacterial and fungal
communities across long-term liming experiment
(pH 4.0-8.3) in an arable soil to analyze the direct
influence of pH on the abundance and composition
of the fungi and bacteria. They hypothesized that
bacterial communities would be more strongly in-
fluenced by pH than fungal communities. They
further emphasized that both the relative abundance
and diversity of bacteria were positively related to
pH, the latter nearly doubling between pH 4 and 8.
To our knowledge, no attempts have been made to
study the effects of PGPR on growth, physiology
and productivity in grapevines grown under alkaline
stress. Studies revealed that the shoot growth of
grapevine is significantly decreased when the soil
pH exceeds 7.0 [Bates et al. 2002]. The results of
the present soilless experiment, focused on the ef-
fect of the exogenous root inoculation of three dif-
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ferent PGPRs on the plant growth and vyield of
grapevines under alkaline conditions, demonstrated
obvious mitigating effects of bacteria strains Agro-
bacterium rubi A18 and Alcaligenes eutrophus Ca-
637 on grapevines as the shoot thickness, pruning
residue and yield parameters were markedly higher
when these strains were used. Similar promoting
effects of various PGPRs on shoot thickness were
also reported by Karakurt and Aslantas [2010] in
five apple cultivars, and Sabir et al. [2012] in two
grapevine rootstocks. Similar to the results related
to vegetative growth, berry number per cluster, clus-
ter length and vine yield parameters revealed that
the reproductive development of the grapevines
under high pH conditions were promoted by A18
and Ca-637. The increase in grape yield by bacterial
inoculation may have particularly resulted from the
increased berry number per cluster, because the
berry numbers in response to Al8 and Ca-637
treatments were 23.8% and 20.0% greater than those
of control. Similarly, fruit number increase response
to PGPRs in strawberries grown under alkaline
stress were also reported by Ipek et al. [2014].

CONCLUSIONS

The present investigations revealed that the exoge-
nous root inoculation PGPRs, particularly A18 and Ca-
637, markedly enhanced shoot thickness and pruning
residue weight of grapevines grown in soilless culture
under alkaline condition (pH 7.92-8.10). All the strains
used were able to colonize the rhizosphere of grape-
vines. Bacteria inoculations did not greatly influenced
the pH values of growth media. Considering the
general observations, root inoculation of PGPRs A18
and Ca-637 may be recommended in enhancing biore-
mediation of alkali growth media. Inoculation with
PGPR can benefit the growth of vines, relieves the
negative impact caused by stress on the plant, and leads
to more rapid rates of remediation in alkaline growth
media. This study showed encouraging results suggest-
ing that the use of bacteria such as A18 and Ca-637
may reduce the use of expensive chemical fertilizers
and help to introduce sustainable agriculture production
even under degraded high pH soil conditions existing
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in most viticultural regions worldwide including the
dense grape growing areas of Turkey.

ACKNOWLEDGEMENT

This study is a part of the project (No: 15401168)
supported by Scientific Research Projects Coordina-
tion Unit of Selcuk University.

REFERENCES

Ali, B. (2015). Bacterial auxin signaling: comparative
study of growth induction in Arabidopsis thaliana and
Triticum aestivum. Turk. J. Bot., 39, 1-9.

Arshad, M., Shaharoona, B., Mahmood, T. (2008). Inocu-
lation with Pseudomonas spp. containing ACC-
deaminase partially eliminates the effects of drought
stress on growth, yield and ripening of pea (Pisum sa-
tivum L.). Pedosphere, 18, 611-620.

Barka, E.A., Nowak, J., Clement, C. (2006). Enhancement
of chilling resistance of inoculated grapevine plantlets
with a plant growth-promoting rhizobacterium,
Burkholderia phytofirmans strain PsIJN. Appl. Environ.
Microbiol., 72, 7246-7252.

Bashan, Y., Holguin, G., de-Bashan, L.E. (2004). Azospi-
rillum plant relationships: Physiological, molecular, ag-
ricultural, and environmental advances (1997-2003).
Can. J. Microbiol., 50, 521-577.

Bates, T.R., Dunst, R.M., Taft, T., Vercant, M. (2002). The
vegetative response of ‘Concord’ grapevines to soil pH.
HortScience, 37, 890-893.

Bates, T.R., Wolf, T.K. (2008). Nutrient management. In:
Wine Grape Production Guide for Eastern North Amer-
ica, Wolf, T.K. (ed.). Natural Resource, Agriculture,
and Engineering Service (NRAES), Cooperative EXx-
tension, Ithaca, New York, 141-168.

Bavaresco, L., Poni, S. (2003). Effect of calcareous soil on
photosynthesis rate, mineral nutrition and source-sink
ratio of table grape. J. Plant Nutr., 26, 1451-1465.

Belimov, A.A., Dodd, I.C., Hontzeas, N., Theobald, J.C.,
Safronova, V.l., Davies, W.J. (2009). Rhizosphere bac-
teria containing 1-aminocyclopropane-1-carboxylate
deaminase increase yield of plants grown in drying soil
via both local and systemic hormone signalling. New
Phytol., 181, 413-423.

www.hortorumcultus.actapol.net

Chakraborty, U., Chakraborty, B., Basnet, M. (2006). Plant
growth promotion and induction of resistance in Ca-
mellia sinensis by Bacillus megaterium. J. Basic Mi-
crobiol., 46, 186-195.

Compant, S., van der Heijden, M.G.A., Sessitsch, A.
(2010). Climate change effects on beneficial plant-
microorganism interactions. FEMS Microbiol. Ecol.,
73,197-214.

Creus, C.M., Sueldo, R.J., Barassi, C.A. (2004). Water
relations and yield in Azospirillum-inoculated wheat
exposed to drought in the field. Canad. J. Bot., 82,
273-281.

Dilek, M., Sabir, A. (2016). Responde of grapevine (Vitis
vinifera L.) levaes to different leaf fertilizers under
a semi-arid condition. Acta Sci. Pol. Hortorum Cultus,
15, 145-155.

Dimkpa, C., Weinand, T., Asch, F. (2009). Plant—
rhizobacteria interactions alleviate abiotic stress condi-
tions. Plant, Cell Environ., 32, 1682-1694.

Hardoim, P.R., van Overbeek, L.S., van Elsas, J.D. (2008).
Properties of bacterial endophytes and their proposed
role in plant growth. Trends Microbiol. 16, 463-471.

Ipek, M., Pirlak, L., Esitken, A., Donmez, F., Turan, M.,
Sahin, F. (2014). Plant growth-promoting rhizobacteria
(PGPR) increase vyield, growth and nutrition of
strawberry under high-calcareous soil conditions. J.
Plant Nutr., 37, 990-1001.

Karakurt, H., Aslantas, R. (2010). Effects of some plant
growth promoting rhizobacteria (PGPR) strains on
plant growth and leaf nutrient content of apple. J. Fruit
Ornam. Plant Res., 18, 101-110.

Karlidag, H., Esitken, A., Yildirim, E., Donmez, M.F.,
Turan, M. (2011). Effects of plant growth promoting
bacteria (PGPB) on yield. Growth, leaf water content,
membrane permeability and ionic composition of
strawberry under saline conditions. J. Plant Nutr., 34,
34-45.

Kassa, A. (2015). Lime-induced iron chlorosis in fruit
trees. J. Chemistry Chem. Sci., 5, 293-302.

Nadeem, S.M., Zahir, Z.A., Naveed, M., Arshad, M.
(2007). Preliminary investigations on inducing salt tol-
erance in maize through inoculation with rhizobacteria
containing ACC deaminase activity. Canad. J. Micro-
biol., 53, 1141-1149.

Richards, L.A. (1954). Diagnosis and improvement of
saline and alkali soils. USDA Agric. Handbook 60.
Washington, D.C.

31



Sabir, A., Karaca, U., Yazar, K., Sabir, F.K., Yazici, M.A., Dogan, O., Kara, Z. (2017). Vine growth and yield response of Alphonse
Lavallée (V. vinifera L.) grapevines to plant growth promoting rhizobacteria under alkaline condition in soilless culture. Acta Sci.
Pol. Hortorum Cultus, 16(4), 25-32. DOI: 10.24326/asphc.2017.4.3

Rolli, E., Marasco, R., Saderi, S., Corretto, E., Mapelli, F.,
Cherif, A., Borin, S., Valenti, L., Sorlini, C., Daffon-
chio, D. (2017). Root-associated bacteria promote
grapevine growth: from the laboratory to the field.
Plant Soil, 410, 369-382.

Rousk, J., Baath, E., Brookes, P.C., Lauber, C.L., Lozu-
pone, C., Caporaso, J.G., Knight, R., Fierer, N. (2010).
Soil bacterial and fungal communities across a pH gra-
dient in an arable soil. ISME J., 4, 134-151.

Sabir, A. (2013). Improvement of grafting efficiency in
hard grafting grape Berlandieri hybrid rootstocks by
plant growth-promoting rhizobacteria (PGPR). Sci.
Hortic., 164, 24-29.

Sabir, A., Bilir-Ekbic, H., Erdem, H., Tangolar, S. (2010).
Response of four grapevine (Vitis spp.) genotypes to di-
rect or bicarbonate-induced iron deficiency. Span. J.
Agric. Res., 8, 823-829.

Sabir, A., Yazici, M.A,, Kara, Z., Sahin, F. (2012). Growth
and mineral acquisition response of grapevine root-
stocks (Vitis spp.) to inoculation with different strains
of plant growth-promoting rhizobacteria (PGPR). J.
Sci. Food Agric., 92, 2148-2153.

Saleem, M., Arshad, M., Hussain, S., Bhatti, A.S. (2007).
Perspective of plant growth promoting rhizobacteria

32

(PGPR) containing ACC deaminase in stress agricul-
ture. J. Ind. Microbiol. Biotech., 34, 635-648.

Sanchez-Rodriguez, A.R., del Campillo, M.C., Torrent, J.,
Jones, D.L. (2014). Organic acids alleviate iron chloro-
sis in chickpea grown on two p-fertilized soils. J. Soil
Sci. Plant Nutr., 14, 292-303.

Shakeri, E., Modarres-Sanavy, S.A.M., Dehaghi, M.A.,
Tabatabaei, S.A., Moradi-Ghahderijani, M. (2016). Im-
provement of yield, yield components and oil quality in
sesame (Sesamum indicum L.) by N-fixing bacteria fer-
tilizers and urea. Arch. Agron. Soil Sci., 62, 547-560.

Xue, Q.Y., Chen, Y., Li, S.M., Chen, L.F., Ding, G.C.,
Guo, D.W., Guo, J.H. (2009). Evaluation of the strains
of Acinetobacter and Enterobacter as potential biocon-
trol agents against Ralstonia wilt of tomato. Biol. Con-
trol, 48, 252-258.

Xun, F., Xie, B., Liu, S., Guo, C. (2015). Effect of plant
growth-promoting bacteria (PGPR) and arbuscular my-
corrhizal fungi (AMF) inoculation on oats in saline-
alkali soil contaminated by petroleum to enhance phy-
toremediation. Environ. Sci. Pollut. Res., 22, 598-608.

Winkler, AJ., Cook, J.A., Kliewer, W.M., Lider, L.A.
(1974). General Viticulture. University of California
Press, Berkeley, CA, USA, 710 pp.

www.hortorumcultus.actapol.net



