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Abstract: Rhizosphere bacteria that colonize plant roots and confer beneficial
effects are referred as plant growth promoting rhizobacteria (PGPR). Among all
PGPR, some rhizobacteria have an ability to produce ACC deaminase enzyme.
This enzyme catalyzes stress ACC into a-ketobutyrate and ammonia instead of
letting it to be converted to ethylene. Ethylene level rises in plants under stress
conditions i.e., drought, salinity, poor soil fertility etc. As poor soil fertility is a
big hurdle to achieve the optimum yield of crops, inoculation of ACC deaminase
PGPR can overcome this problem to some extent. The aim of the current study
was to examine the influence of multi-strain and single-strain inoculation of dif-
ferent ACC deaminase producing PGPR on wheat growth and yield. There were
three PGPR strains, Enterobacter cloacae, Serratia ficaria and Burkholderia phy-
tofirmans which were used as consortia and single-strain inoculations. The results
showed that inoculation of E. cloacae + S. ficaria + B. phytofirmans significantly
increased plant height (63%), spike length (61%), number of spikelets spike-1
(61%), number of grains spike-1 (131%), 1000 grains weight (33%), grains yield
(71%), straw yield (71%) and biological yield (68%) of wheat as compared to
control. A significant improvement in N (37 and 200%), P (46 and 166%) and
K (39 and 61%) of seeds and shoot respectively, validated the efficacious and
more effective role of multi-strain (E. cloacae + S. ficaria + B. phytofirmans)
inoculation over control. It is obviously concluded that multi-strain ACC deami-
nase producing PGPR inoculation is a better approach as compared to single-
strain inoculation for the improvement in growth and yield of wheat.
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1 Introduction

Plant growth is directly linked with nutrients and water holding potential of soil [1]. High volatilization
of ammonia, leaching of nitrate [2] and immobilization of phosphorus and potassium decrease the fertility
level of soils [3]. Poor soil fertility status is a main hurdle to achieve the target of getting maximum yield
from crops. Furthermore, intensive cultivation of exhaustive crops has depleted the nutrient
concentrations in the soils [4]. Low availability of nutrients is associated with poor growth, development
of plants [5–6].

Ethylene (C2H4) is a plant-signaling molecule which involves in the germination of seeds, root
development and elongation, flower senescence, leaf abscission and fruit ripening. It is produced in a
two-step process i.e., (1) enzymatic conversion of S-adenosyle methionine (SAM) to 1-amino
cyclopropane-1-carboxylic acid (ACC); (2) conversion of ACC to ethylene, which is catalyzed by ACC-
oxidase [7]. However, synthesis of endogenous ethylene level is significantly enhanced upon exposure of
plants to abiotic stresses including low soil fertility [8–9].

Currently, various strategies are in use to maximize the yield of crops under nutritional stress using
chemical fertilizers, green manures, farmyard manures and bio-fertilizers etc. In this context, the combined
use of bio-fertilizers and inorganic fertilizers is more effective and environmental friendly approach [10–11].
It has been observed that rhizosphere is a zone of intense microbial activity immediately adjacent to the
plant root and nutrient rich environment due to release of sugars, amino acids, organic acids, plant
hormones and enzymes [12]. The plant growth promoting rhizobacteria (PGPR) can secrete multiple
metabolites and enzymes that confer beneficial effects on plants growth [13–14].

In addition, the PGPR containing ACC deaminase have been found to be effective enough in enhancing
the resistance against abiotic stresses and to promote the health of plants [15–16]. ACC deaminase is a
polymeric enzyme which is dependent on pyridoxal 5-phosphate (PLP) [17]. It is established that the
PGPR containing ACC deaminase can reduce the accumulation of ethylene by breaking cyclo-propanoid
amino acid ACC (ethylene precursor), into intermediate compounds, ammonia and α-ketobutyrate [8].
The ACC deaminase producing PGPR enhance the uptake of N, P and K too especially in cereal crops
like wheat and maize [18–19].

Across the globe, wheat is consumed as a staple food. It is widely cultivated due to its high nutritional
value and capability to grow under a vast range of climatic conditions. Wheat shares 44% of daily human
intake of iron (Fe) and 25% of zinc (Zn) [20]. In Pakistan, wheat is cultivated over an area of 8,740
thousand hectares with the production of 25,195 million tonnes. However, the yield of wheat is yet below
the demand of exponentially increasing population [21]. That’s why current experiment was conducted
with the aim to examine the influence of single and multi-strain inoculation of ACC deaminase producing
PGPR along with chemical fertilizers on growth and yield of wheat. It is hypothesized that multi-strain
inoculation of ACC-deaminase producing PGPR would be a better approach to improve the growth and
yield of wheat comparative to single-strain inoculation.

2 Materials and Methodology

2.1 Experimental Site
A field study was conducted in the experimental area of the Department of the Soil Science, Bahauddin

Zakariya University Multan, Pakistan. For determination of soil texture, hydrometer method was used [22].
The pH and EC of soil were noted by making soil paste with 1:1 and 1:10 soil-water ratio respectively on pH
and EC meters accordingly. The available P was found out through the protocol described by Olsen’s [23],
Extractable K was determined by following Nadeem et al. [24] and Walkley [25] protocol was followed for
soil organic matter determination. The pre-experimental soil characteristics are provided in Tab. 1.
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2.2 Treatments
There were eight treatments with three replications. The treatments included (1) un-inoculated control,

(2) Enterobacter cloacae (3) Serratia ficaria, (4) Burkholderia phytofirmans, (5) Enterobacter cloacae +
Serratia ficaria, (6) Enterobacter cloacae + Burkholderia phytofirmans, (7) Serratia ficaria +
Burkholderia phytofirmans and (8) Enterobacter cloacae + Serratia ficaria + Burkholderia phytofirmans.
The NPK fertilizers as 120, 100 and 60 kg ha−1 respectively, were applied along with every treatment
including control.

2.3 Bacterial Inoculation
Peat was used as a standard carrier for bacterial inoculation. Peat was collected from a local nursery and

sterilized at 121°C for 21 min. For seed inoculation, the DF media was prepared without agar [26]. Uniform
cell density, 108-109 CFU mL−1 was achieved prior to seed inoculation in case of every single and multi-
strain inoculation.

2.4 PGPR Strains
The PGPR strains, Enterobacter cloacae (W6), Serratia ficaria (W10) and Burkholderia phytofirmans

(PsJN) were obtained from Laboratory of Soil Microbiology and Biochemistry, Institute of Soil and
Environmental Sciences, University of Agriculture Faisalabad, Pakistan. All the strains were positive in
ACC deaminase activity.

2.5 Wheat Variety and Sowing
Wheat cultivar used in the trial was AAS-2008 (a developed variety of Wheat for lower Punjab). Sowing

was done by using dibbler (recommended 9 inch row to row distance) for sowing of seeds of Wheat. Each
plot size was 12 m2 (4 m × 3 m). Recommended row to row (R × R) distance i.e., 9 inch was maintained.

Table 1: Physio-chemical characterization of soil

Parameters Unit Values

Physical Analysis

Sand % 35

Silt % 35

Clay % 30

Saturation percentage % 47

Textural class Clay loam

Chemical Analysis

pHs 8.60

ECe dS m−1 2.30

TDS mg kg−1 1.15

OM % 0.40

Total nitrogen % 0.05

Available phosphorus mg kg−1 5.6

Extractable potassium mg kg−1 130
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2.6 Irrigation and Fertilizer Application
Recommended number of irrigation (4-5) was applied throughout the research period in this field

experiment, as per requirement. The NPK Fertilizers as urea, DAP and SOP were added at the rate of
120, 60 and 60 kg ha−1 as recommended fertilizer doses [40].

2.7 Harvesting
Plants were harvested at the time of maturity. Plant height was measured at physiological maturity stage.

Five tillers were chosen at random from each replication. Length of five random selected spikes was measured
from each replication. Number of spikelet spike−1 was also counted from the five randomly selected spike.
Randomly harvested tillers were threshed separately. After separating grains from straw, number of grains
per spike was counted. Five samples having 100 grains were taken from each plot and weighed. Then the
weight of 100 grains was converted into 1000-grain weight by multiplication. Five plants were selected on
random basis and the weight of whole produce of a plant was noted. Biological yield was calculated and
adjusted to kg ha−1 unit by multiplying the one meter square biological yield with 10,000 value. With the
help of one meter square (1 m2) quadrate/frame, plants were harvested and sun dried for three days. Then
they were threshed manually and after separating the grains and straws, grains were weighed and adjusted
to kg ha−1 unit by multiplying the one meter square grain yield by 10,000 value.

1 m2 � 10; 000 ¼ kg ha�1

Straw yield was calculated as:

Straw yield ¼ Biological yield� Grain yield

2.8 Nutrients Analyses
For determination of nitrogen, potassium and phosphorus contents in grain and straw samples wet

digestion was done as described by Wolf [27]. The potash was determined with flamephotometer (Jenway
PFP-7), using standard curve [24]. Phosphorus was determined by spectrophotometer using standard
curve [28]. Nitrogen was determined by Kjeldahl’s method described by Jackson [29].

2.9 Statistical Analyses
Collected data from treatments on various parameters were arranged and analyzed by ANOVA (analysis

of variance) and their means were compared with Tukey’s test at 0.05% probability [30].

3 Results

3.1 Growth Attributes
Results revealed that single and multi-strains inoculation significantly affected wheat plant height, spike

length, number of spikelets spike−1 and number of grains spike−1. Inoculation of E. cloacae × S. ficaria ×
B. phytofirmans remained significantly better over control for plant height, spike length, number of
spikelets spike−1 and number of grains spike−1. No significant change was observed among each other
where E. cloacae + S. ficaria and S. ficaria + B. phytofirmans were used for plant height and spike length
but E. cloacae + B. phytofirmans performed significantly better over S. ficaria + B. phytofirmans for
number of spikelets spike−1 and number of grains spike−1 (Tab. 2). It was also observed that sole E.
cloacae, S. ficaria and B. phytofirmans differed significantly over control for plant height, spike length,
number of spikelets spike−1 and number of grains spike−1. Among sole inoculation, B. phytofirmans
remained significantly better from E. cloacae and S. ficaria for number of spikelets spike−1 and number
of grains spike−1. Maximum increases of 62, 61, 61 and 131 % were noted in plant height, spike length,
number of spikelets spike−1 and number of grains spike−1 respectively over control where E. cloacae + S.
ficaria + B. phytofirmans was applied.
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3.2 Yield Attributes
Multi-strain bacterization produced highly significant effects on 1000-grain weight of wheat, grain yield,

straw yield and biological yield. Inoculation with E. cloacae + S. ficaria + B. phytofirmans remained
significantly best among all the treatments regarding improvement in 1000-grains weight, grain, straw
and biological yield. Inoculation with E. cloacae × B. phytofirmans remained significantly better over E.
cloacae + S. ficaria for 1000-grains weight, grain, straw and biological yield (Tab. 3). In addition, no
significant change was noted among effects of E. cloacae + B. phytofirmans and S. ficaria + B.
phytofirmans regarding 1000-grain weight, grain, straw and biological yield. Single inoculation with E.
cloacae, S. ficaria and B. phytofirmans also remained significantly better from control for 1000-grain,
weight, grain, straw and biological yield. Maximum increases of 33, 71, 71 and 68% were noted in 1000-
grains weight, grain, straw and biological yield respectively over control where E. cloacae + S. ficaria +
B. phytofirmans was applied.

Table 2: Effect of single and multistrains inoculation of ACC deaminase producing PGPR on growth attributes
of wheat

Treatments Plant
Height (cm)

Spike
Length (cm)

Number of
spikelets spike−1

Number of
grains spike−1

Control 55.00 E 8.67 E 14.67 F 25.67 H

E. cloacae 66.33 CD 11.00 CD 18.00 E 46.00 F

S. ficaria 62.00 DE 9.33 DE 19.33 D 42.67 G

B. phytofirmans 66.67 CD 11.33 BCD 20.00 C 48.33 E

E. cloacae + S. ficaria 73.00 BC 11.67 BC 20.00 C 50.00 C

E. cloacae + B. phytofirmans 77.67 B 12.67 AB 21.67 B 54.33 B

S. ficaria + B. phytofirmans 75.00 B 11.67 BC 20.67 C 49.00 D

E. cloacae + m S. ficaria ×
B. phytofirmans

89.33 A 14.00 A 23.67 A 59.33 A

Different letters exhibit significant deference (p ≤ 0.05) between treatments.

Table 3: Effect of single and multistrains inoculation of ACC deaminase producing PGPR on yield attributes
of wheat

Treatments 1000 grains
weight (g)

Grain Yield
(Mg ha−1)

Straw Yield
(Mg ha−1)

Biological Yield
(Mg ha−1)

Control 45 F 2.21 F 6.62 F 8.83 E

E. cloacae 46 E 2.94 CD 8.81 CD 11.7 C

S. ficaria 51 D 2.51 EF 7.54 EF 10.1 DE

B. phytofirmans 51 D 2.82 DE 8.46 DE 11.3 CD

E. cloacae + S. ficaria 52 CD 2.78 DE 8.33 DE 11.1 CD

E. cloacae + B. phytofirmans 54 B 3.35 B 10.1 B 13.4 AB

S. ficaria + B. phytofirmans 53 BC 3.32 BC 9.97 BC 13.3 B

E. cloacae + S. ficaria + B. phytofirmans 60 A 3.77 A 11.3 A 14.8 A
Different letters exhibit significant deference (p ≤ 0.05) between treatments.
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3.3 Nutrients Concentration in Seeds and Shoot
Multi-strain PGPR inoculation significantly affected N, P and K concentration in shoot and seeds of wheat.

The E. cloacae + S. ficaria + B. phytofirmans proved significantly better among all the treatments regarding N,
P and K concentration in shoot and seeds. The E. cloacae + B. phytofirmans remained significantly better over
S. ficaria + B. phytofirmans and exhibited significant increase in N, P and K concentration in shoot and seeds.
The S. ficaria + B. phytofirmans remained better than E. cloacae + S. ficariawith respect to N concentration in
seed and K in shoot. However, both the S. ficaria + B. phytofirmans and E. cloacae + S. ficaria remained
statistically alike for N in shoot, K in seeds and P in seed and shoot (Tab. 4). Inoculation with E. cloacae,
S. ficaria and B. phytofirmans in separate also proved significantly better from control for N, P and K
concentration in shoot and seeds of wheat. Maximum increases of 37, 200, 57, 167, 28 and 38% were
noted in N in seeds, N in shoot, P in seeds, P in shoot, K in seeds and K in shoot respectively over control
where E. cloacae + S. ficaria + B. phytofirmans was applied.

4 Discussion

In the current study, the multi-strain PGPR inoculation significantly increased wheat plant height, spike
length, number of spikelets spike−1 and number of grains spike−1 as compared to the control and even single-
strain inoculation in most of the cases. The improvement in plant height might be due to reduction in stress
ethylene level by sole consortium of ACC deaminase producing PGPR. Mayak et al. [31] stated that elevated
1-aminocyclopropane-1-carboxylic acid (ACC), especially under limited availability of water and nutrients
in plant, increases ethylene concentration in root and shoot of plants. The plant roots and seeds exude the
ACC into rhizosphere that is converted by ACC-deaminase into NH3 and α-ketobutyrate thus decreasing
ethylene level. Reduction in ethylene results in better roots elongation that might have facilitated plant to
take in water and nutrients by exploring more soil volume [8]. In addition to ACC-deaminase activity, the
improvement in wheat growth might also be favoured due to production of other growth-improving
organic entities. Xie et al. [32] also noted IAA as an allied factor, playing a role in crops growth
improvement. High IAA synthesis by PGPR increases surface area and length of adventitious and lateral
roots in plants that help in nutrients uptake [33]. In addition, roots exudates (organic acids,
phytosiderophores, sugars, vitamins, amino acids, nucleosides and mucilage) attract the PGPR for

Table 4: Effect of single and multistrains inoculation of ACC deaminase producing PGPR on nutrients
concentration of wheat seed and shoot

Treatments N in
seeds

N in
shoot

P in
seeds

P in
shoot

K in
seeds

K in
shoot

(%)

Control 1.35 G 0.05 E 0.30 G 0.06 E 1.80 F 0.49 G

E. cloacae 1.53 E 0.07 DE 0.37 E 0.09 D 2.20 D 0.58 EF

S. ficaria 1.44 F 0.07 DE 0.31 F 0.10 CD 2.10 E 0.57 F

B. phytofirmans 1.53 E 0.08 D 0.41 D 0.11 C 2.30 C 0.59 DE

E. cloacae + S. ficaria 1.64 D 0.10 C 0.43 C 0.12 C 2.30 C 0.60 D

E. cloacae + B. phytofirmans 1.72 B 0.14 B 0.45 B 0.15 B 2.40 B 0.69 B

S. ficaria + B. phytofirmans 1.65 C 0.11 C 0.43 C 0.12 C 2.30 C 0.62 C

E. cloacae + S. ficaria +
B. phytofirmans

1.85 A 0.15 A 0.47 A 0.16 A 2.50 A 0.79 A

Different letters exhibit significant deference (p ≤ 0.05) between treatments
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colonization in roots with an improvement in the uptake of water and solubilization of immobilized (P and K)
nutrients [34–35]. The multi-strains PGPR E. cloacae + S. ficaria + B. phytofirmans inoculation in specific,
distinctly counteracted the adverse effects of drought in wheat in terms of improvement in 1000-grain weight,
grain yield, straw yield and biological yield. This increase in yield of wheat might be due to an improvement
in N, P and K uptake facilitated by the PGPR consortium. Plants growth is largely dependent on nutrients and
H2O holding potential of soil [10,37]. According to Hassan et al. [38], better uptake of N, P and K nutrients
with PGPR application play a vital role in the development of shoot and root dry weight [36]. The probability
of secretion of acid phosphatases enzyme may another important factor that would have helped in growth
promotion through consortium [39].

5 Conclusion

Finally, the conclusion may be drawn out of the present study that multi-strain inoculation with the
PGPR possessing an ACC-deaminase activity is more effective than single-strain inoculation to improve
wheat growth and yield.

Conflicts of Interest: The authors declare no conflicts interests.

References
1. Hodge, A. (2004). The plastic plant: root responses to heterogeneous supplies of nutrients. New Phytologist,

162(1), 9–24. DOI 10.1111/j.1469-8137.2004.01015.x.

2. IFA (2015). International fertilizer industry association statistics. http://www.fertilizer.org/ifadata. accessed 18/3/
2017.

3. Goya, J. F., Frangi, J. L., Pérez, C., Dalla, T. F. (2008). Decomposition and nutrient release from leaf litter in
Eucalyptus grandis plantations on three different soils in Entre Ríos, Argentina. Bosque (Valdivia), 29(3),
217–226. DOI 10.4067/S0717-92002008000300005.

4. Zhao, D., Reddy, K. R., Kakani, V., Read, J., Carter, G. (2003). Corn (Zea mays L.) growth, leaf pigment
concentration, photosynthesis and leaf hyperspectral reflectance properties as affected by nitrogen supply. Plant
and Soil, 257(1), 205–218. DOI 10.1023/A:1026233732507.

5. Khan, M. I. R., Trivellini, A., Fatma, M., Masood, A., Francini, A. (2015). Role of ethylene in responses of plants
to nitrogen availability. Frontiers in Plant Science, 6, 927.

6. Hashmi, S., Younis, U., Danish, S., Munir, T. M. (2019). Pongamia pinnata L. leaves biochar increased growth
and pigments syntheses in Pisum sativum L. exposed to nutritional stress. Agriculture, 9(7), 153. DOI 10.3390/
agriculture9070153.

7. Arshad, M., Frankenberger, W. T. Jr (2002). Ethylene: agricultural sources and applications. New York: Kluwer
Academic Publishers.

8. Glick, B. R. (1999). Enzymes that regulate ethylene levels-1-aminocyclopropane-1-carboxylic acid (ACC)
deaminase, ACC synthase and ACC oxidase. Indian Journal of Experimental Biology, 35(1), 1–17.

9. Yang, J., Kloepper, J. W., Ryu, C. M. (2008). Rhizosphere bacteria help plants tolerate abiotic stress. Trends in
Plant Science, 14(1), 1–4. DOI 10.1016/j.tplants.2008.10.004.

10. Glick, B. R. (1995). The enhancement of plant-growth by free-living bacteria. Canadian Journal of Microbiology,
41(2), 109–117. DOI 10.1139/m95-015.

11. Glick, B. R. (2005). Modulation of plant ethylene levels by the bacterial enzyme ACC deaminase. FEMS
Microbiology Letters, 251(1), 1–7. DOI 10.1016/j.femsle.2005.07.030.

12. Pinton, R., Varanini, Z., Naniperi, P. (2001). The rhizosphere as a site of biochemical interactions among soil
components, plants and microorganisms. In: The Rhizosphere. CRC Press, Boca Raton, 17–34.

13. Kloepper, J. W., Lifshitz, R., Zablotowicz, R. M. (1989). Free-living bacterial inocula for enhancing crop
productivity. Trends in Biotechnology, 7(2), 39–44. DOI 10.1016/0167-7799(89)90057-7.

Phyton, 2020, vol.89, no.2 411

http://dx.doi.org/10.1111/j.1469-8137.2004.01015.x
http://www.fertilizer.org/ifadata
http://dx.doi.org/10.4067/S0717-92002008000300005
http://dx.doi.org/10.1023/A:1026233732507
http://dx.doi.org/10.3390/agriculture9070153
http://dx.doi.org/10.3390/agriculture9070153
http://dx.doi.org/10.1016/j.tplants.2008.10.004
http://dx.doi.org/10.1139/m95-015
http://dx.doi.org/10.1016/j.femsle.2005.07.030
http://dx.doi.org/10.1016/0167-7799(89)90057-7


14. Ngumbi, E., Kloepper, J. (2016). Bacterial-mediated drought tolerance: current and future prospects. Applied Soil
Ecology, 105, 109–125. DOI 10.1016/j.apsoil.2016.04.009.

15. Shakir, M. A., Bano, A., Arshad, M. (2012). Rhizosphere bacteria containing ACC-deaminase conferred drought
tolerance in wheat grown under semi-arid climate. Soil & Environment, 31, 108–112.

16. Cherif, H., Marasco, R., Rolli, E., Ferjani, R., Fusi, M. et al. (2015). Oasis desert farming selects environment-
specific date palm root endophytic communities and cultivable bacteria that promote resistance to drought.
Environmental Microbiology Reports, 7(4), 668–678. DOI 10.1111/1758-2229.12304.

17. Karthikeyan, S., Zhou, Q., Zhao, Z., Kao, C., Tao, Z. et al. (2004). Structural analysis of Pseudomonas 1-
aminocyclopropane-1-carboxylate deaminase complexes insight into the mechanism of a unique pyridoxal-5-
phosphat dependent cyclopropane ring opening reaction. Biochemistry, 43(42), 13328–13339. DOI 10.1021/
bi048878g.

18. Danish, S., Zafar-ul-Hye, M., Hussain, S., Riaz, M., Qayyum, M. F. (2019). Mitigation of drought stress in maize
through inoculation with drought tolerant ACC deaminase containing PGPR under axenic conditions. Pakistan
Journal of Botany, 52(1). DOI 10.30848/PJB2020-1(7)

19. Danish, S., Zafar-ul-Hye, M. (2019). Co-application of ACC-deaminase producing PGPR and timber-waste
biochar improves pigments formation, growth and yield of wheat under drought stress. Scientific Reports, 9(1),
5999. DOI 10.1038/s41598-019-42374-9.

20. Henderson, K. N., Tye-Din, J. A., Reid, H. H. (2007). A structural and immunological basis for the role of human
leukocyte antigen DQ8 in celiac disease. Immunity, 27(1), 23–34. DOI 10.1016/j.immuni.2007.05.015.

21. Pakistan Economic Survey (2019). Agriculture. Chapter 2. Ministry of Finance, 1–33.

22. Moodie, C. D., Smith, H. W., McCreery, R. A. (1959). Laboratory manual for soil fertility. Washington:
Department of Agronomy, State College of Washington Pullman, 31–39.

23. Olsen, S. R., Cole, C. V., Watanabe, F. S., Dean, L. A. (1954). Estimation of available phosphorus in soils by
extraction with sodium bicarbonate. US Department of Agriculture Circular No. 939. Banderis, A. D., Barter,
D. H., Anderson, K. Agricultural and Advisor.

24. Nadeem, S. M., Zahir, Z. A., Naveed, M., Nawaz, S. (2013). Mitigation of salinity-induced negative impact on the
growth and yield of wheat by plant growth-promoting rhizobacteria in naturally saline conditions. Annals of
Microbiology, 63(1), 225–232. DOI 10.1007/s13213-012-0465-0.

25. Walkley, A. (1935). An examination of methods for determining organic carbon and nitrogen in soils. Journal of
Agricultural Science, 25(4), 598–609. DOI 10.1017/S0021859600019687.

26. Dworkin, M., Foster, JW. (1957). Studies on Pseudomonas methanica (Söhngen) nov. comb. Journal of
Bacteriology, 72(5), 646–659. DOI 10.1128/JB.72.5.646-659.1956.

27. Wolf, B. (1982). The conprehensive system of leaf analysis and its use for diagnosing crop nutrient status.
Communications in Soil Science and Plant Analysis, 3(12), 1035–1059. DOI 10.1080/00103628209367332.

28. Jones, J. B. Jr., Wolf, B., Mills, H. A. (1991). Athens: Micro-Macro Publishing Inc., Athens, Georgia, USA.

29. Jackson, M. L. (1962). Soil chemical analysis. Englewood Cliffs: Prentice Hall.

30. Steel, R. G. D., Torrie, J. H. (1997). Principles and procedures of statistics-a biometric approach. Third Edition.
Singapore: McGraw Hill Book International Co., 204–227.

31. Mayak, S., Tirosh, T., Glick, B. R. (2004). Plant growth-promoting bacteria confer resistance in tomato plants to
salt stress. Plant Physiology and Biochemistry, 42(6), 565–572. DOI 10.1016/j.plaphy.2004.05.009.

32. Xie, H., Pasternak, J. J., Glick, B. R. (1996). Isolation and characterization of mutants of the plant growth-
promoting rhizobacterium Pseudomonas putida gr12-2 that overproduce indoleacetic acid. Current
Microbiology, 32(2), 67–71. DOI 10.1007/s002849900012.

33. Mohite, B. (2013). Isolation and characterization of indole acetic acid (IAA) producing bacteria from rhizospheric
soil and its effect on plant growth. Journal of Soil Science and Plant Nutrition, 13, 638–649.

34. Basak, B. B., Biswas, D. R. (2010). Co-inoculation of potassium solubilizing and nitrogen fixing bacteria on
solubilization of waste mica and their effect on growth promotion and nutrient acquisition by a forage crop.
Biology and Fertility of Soils, 46(6), 641–648. DOI 10.1007/s00374-010-0456-x.

412 Phyton, 2020, vol.89, no.2

http://dx.doi.org/10.1016/j.apsoil.2016.04.009
http://dx.doi.org/10.1111/1758-2229.12304
http://dx.doi.org/10.1021/bi048878g
http://dx.doi.org/10.1021/bi048878g
http://dx.doi.org/10.30848/PJB2020-1(7)
http://dx.doi.org/10.1038/s41598-019-42374-9
http://dx.doi.org/10.1016/j.immuni.2007.05.015
http://dx.doi.org/10.1007/s13213-012-0465-0
http://dx.doi.org/10.1017/S0021859600019687
http://dx.doi.org/10.1128/JB.72.5.646-659.1956
http://dx.doi.org/10.1080/00103628209367332
http://dx.doi.org/10.1016/j.plaphy.2004.05.009
http://dx.doi.org/10.1007/s002849900012
http://dx.doi.org/10.1007/s00374-010-0456-x


35. Drogue, B., Combes-Meynet, E., Moënne-Loccoz, Y., Wisniewski-Dyé, F., Prigent-Combaret, C. (2013). Control
of the cooperation between plant growth-promoting rhizobacteria and crops by rhizosphere signals. In: de
Bruijn, F. J., ed. Molecular Microbial Ecology of the Rhizosphere. NJ, USA: John Wiley & Sons, Inc., 281–294.

36. Hassan, W., Bashir, S., Ali, F., Ijaz, M., Hussain, M. et al. (2016). Role of ACC-deaminase and/or nitrogen fixing
rhizobacteria in growth promotion of wheat (Triticum aestivum L.) under cadmium pollution. Environmental Earth
Sciences, 75(3), 267. DOI 10.1007/s12665-015-4902-9.

37. Kloepper, J. W., Schroth, M. N. (1978). Plant growth promoting rhizobacteria on radishes. Proceedings of the 4th
International Conference on Plant Pathogenic Bacteria, Angers, France, pp. 879–882.

38. Hassan, W., Hussain, M., Bashir, S., Shah, A. N., Bano, R. et al. (2015). ACC-deaminase and/or nitrogen fixing
rhizobacteria and growth of wheat (Triticum aestivum L.). Journal of Soil Science and Plant Nutrition, 15,
232–248.

39. Dodor, D. E., Tabatabai, M. A. (2003). Effect of cropping systems on phosphatases in soils. Journal of Plant
Nutrition and Soil Science, 166(1), 7–13. DOI 10.1002/jpln.200390016.

40. Zafar-ul-Hye, M., Danish, S., Abbas, M., Ahmad, M., Munir, T. (2019). ACC deaminase producing PGPR Bacillus
amyloliquefaciens and Agrobacterium fabrum along with biochar improve wheat productivity under drought
stress. Agronomy, 9(7), 343. DOI 10.3390/agronomy9070343.

Phyton, 2020, vol.89, no.2 413

http://dx.doi.org/10.1007/s12665-015-4902-9
http://dx.doi.org/10.1002/jpln.200390016
http://dx.doi.org/10.3390/agronomy9070343

	Multi-strain Inoculation with PGPR Producing ACC Deaminase is More Effective Than Single-strain Inoculation to Improve Wheat (Triticum aestivum) Growth and Yield ...
	Introduction
	Materials and Methodology
	Results
	Discussion
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


