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Abstract – Arid regions like western Saudi Arabia are 

characterized environmental stresses like drought, heat and 

salinity. These stresses hamper crop yield by altering plant 

physiological processes. Therefore, it is necessary to mitigate 

effect of these stresses for sustainable crop production. Plant 

growth promoting rhizobacteria (PGPR) can boost crop 

production by minimizing the negative impact of stresses in 

arid regions. Initially, we isolated large numbers of 

indigenous strains to find a rhizobacterial strain adapted to 

harsh climatic conditions of Saudi Arabia. Then, after the 

screening and characterization, one promising strain was 

selected for field evaluation. A field experiment in split-plot 

design with four replications and randomized complete block 

design arrangement was conducted. Two levels of fertilizer 

(F0= No fertilizer and F1= recommended fertilizer) as main 

plot factor and two levels of PGPR (PGPR0= without PGPR 

and PGPR1= with PGPR) as sub-plot factor were used. Data 

regarding growth and yield attributes of canola was recorded 

and analyzed. It was observed that PGPR inoculation 

significantly improved grain yield and 1000 grain weight 

than un-inoculated control at both levels of fertilizer. It can 

be concluded that PGPR with recommended dose of fertilizer 

can boost crop production under stressful climatic conditions 

of arid regions. 
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I. INTRODUCTION 
 

Optimum crop production to ensure food security on 

sustainable basis in arid regions like western Saudi Arabia 

is very challenging due to stressful environmental features 

of these tracts. These areas are characterized with high 

temperature and low rainfall which induce various natural 

environmental stresses like drought stress, heat stress and 

salinity stress. These stresses are very notorious in 

hampering crop yield by deteriorating soil quality and 

altering plant physiological processes. Prevailing scenario 

put great stress on agricultural scientists to find 

economically viable and environmentally sustainable ways 

for the mitigation of effects of environmental stress to 

boost plant growth and crop production. Recently, plant 

growth promoting rhizobacteria (PGPR) have gained 

much attention in this regard. Because they help plant 

fight with these environmental stresses through various 

mechanisms. PGPR is a diverse group of beneficial 

bacteria that inhabit the rhizosphere (thin layer of soil 

immediately surrounding plant roots) and promote the 

plant growth by various direct and indirect mechanisms 

[1,2]. They play a significant role both under stressed and 

normal conditions for improving plant growth and 

developmental processes [3,4,5]. The mechanisms that 

promote plant growth comprises nitrogen fixation, 

phosphorus solubilization, production of siderophores, 

plant growth regulators and organic acids as well as 

protection by enzymes like ACC-deaminase, chitinase and 

glucanase [6,7,8]. Altering vital plant physiological 

processes by bacterially produced plant growth regulators 

and hormones, enhanced nutrient availability by improved 

uptake of nutrients and nutrient solubilization, 

minimization of negative impacts of ethylene produced in 

response of various stresses, excretion of 

exopolysaccharides are some important mechanisms 

through which PGPR boost crop production 

[9,10,11,12,13]. 

There was previously no study on the effects of PGPR 

on crops in this area. Therefore, promising attributes of 

PGPR for sustaining crop production in stressful 

environments inspired us to utilize these natural resources 

to improve crop yield by mitigating negative impacts of 

environmental stresses. Although PGPR due to having 

ubiquitous nature are found everywhere but there natural 

population in soils is generally low. To reap maximum 
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benefits from PGPR their population in soil must be in 

optimum number for effective functioning. Therefore, we 

hypothesized that increasing the population of PGPR by 

the addition of artificially multiplied indigenous PGPR in 

the laboratory can be helpful to promote crop production. 

This study was planned with the following objectives: 

� To find the indigenous PGPR strain adaptable to harsh 

environmental conditions and having the ability to 

survive and proliferate in local soil conditions. 

� To increase the population of selected strain in 

laboratory by providing optimum growth conditions. 

� To evaluate the effectiveness of locally isolated and 

artificially multiplied PGPR strain for improving 

growth and yield attributes of canola under field 

conditions. 

 

II. MATERIALS AND METHODS 
 

Isolation and Purification of Rhizospheric Bacterial 

Strains  
To obtain PGPR strain adaptable to local environmental 

conditions isolation of bacteria was done from rhizosphere 

soil (soil in immediate contact with roots) taken from 

Hada al Sham (western Saudi Arabia) research station of 

King Abdulaziz University. To obtain PGPR strain 

adaptable to local environmental conditions isolation of 

bacteria was done from rhizosphere soil (soil in immediate 

contact with roots) taken from Hada al Sham (western 

Saudi Arabia) research station of King Abdulaziz 

University. Initially, 20 bacterial strains were isolated 

from the rhizosphere soil of different plant on Luria 

Bertani (LB) agar medium following the protocol adopted 

by Baig and his colleagues [14]. For this purpose plants 

were uprooted and bulk of non rhizosphere soil was 

removed by gentle shaking leaving behind only 

rhizosphere soil (soil strongly adhere to roots). After that 

these plants along with rhizosphere soil were kept in 

polythene bags and transferred to laboratory. In the 

laboratory plant roots were dipped in sterile saline to 

obtain soil suspension. A loopful suspension from each 

sample was streaked on LB agar plates and plates were 

incubated at 28 °C for 72 hours. After that 

morphologically different colonies showing prolific 

growth were isolated and purified by serial re-streaking on 

fresh agar plates every time. 

Screening of PGPR on the Basis of their Plant 

Growth Promoting Potential 
To find out most promising strain among the 20 pre-

isolated bacterial strains a jar screening trial in growth 

chamber with three replications of each strain using peat 

moss as growth medium was conducted. Broth culture of 

each strain in tryptic soy broth (TSB), a general purpose 

medium [15] was prepared. Single colony of each strain 

was transferred to conical flask containing 250 ml 

sterilized nutrient broth and flasks were put in shaking 

incubator (120 rpm) at 28 
o
C for 7 days. Seeds of canola 

(cv. UAF-11) were surface sterilized by first dipping in 

95% ethanol for short time and then dipping in 0.2% 

HgCl2 solution for 3 minutes. The seeds then were washed 

with sterile distilled water and dipped in sterilized water to 

imbibe. Then imbibed seeds were dipped in broth culture 

for 10 minutes to inoculate with PGPR. Control seeds 

were treated with sterilized TSB solution. Then inoculated 

seeds were allowed to grow in jiffy-7 plates (peat moss 

medium) for 3 weeks. Sterile Hoagland nutrient solution 

was used to irrigate the seedlings. Plates were placed in 

growth chamber and after 3 weeks shoot length, shoot 

fresh weight (g/plant), root length and root fresh weight 

(g/plant) were recorded (data not showed) and one most 

promising bacterial strain was selected on the basis of its 

positive effect on above mentioned plant growth 

parameters. 

Characterization of Selected PGPR Strain 
To confirm the plant growth promoting activities of the 

most promising strain identified in screening trial 

following biochemical characterizations were carried out 

(Table-1). 

Indole Acetic Acid (IAA) Production 
IAA production potential of selected strain was assessed 

by following the spectrophotometric measurement 

protocol adopted from Patten, University of New 

Brunswick, Canada [16,17].  

Phosphate solubilization 
Quantitative determination of phosphate solubilization 

activity was determined by phosphomolybdate blue color 

method using Pikovaskya media [19] that was prepared 

following procedures described by Nautiyal [20]. 

Concentration of P in the media was determined by 

spectrophotometer. 

ACC-Deaminase Activity 

Modified method of Honma and Shimomura [21] was 

employed to assess the quantitative ACC deaminase 

activity of selected strains. Amount of α-ketobutyrate 

produced by the breakdown of ACC (precursor of α-

ketobutyrate) through the action of bacterial ACC-

deaminase of selected strains was measured by comparing 

the absorbance of sample with standard curve drawn by  

taking the absorbance of standards (0.1 to 1.0 µmol) of 

pure α-ketobutyrate at 540 nm.  

Siderophore Production 
The selected PGPR strain was also assessed for 

siderophore production using chrome azurole S (CAS) 

agar plates. CAS agar plates were prepared following the 

exact procedure described by Louden et al. [22]. The 

plates were spot inoculated with the PGPR isolate as 

described by Clark and Bavoil [23] for bacteria and were 

kept in an incubator at 30 °C for 5 days. The bacteria 

developed around a yellow–orange halo which indicated 

that this strain has potential for siderophore production. 

Field Evaluation of PGPR for their Plant 

Growth Promoting Potential 
To test the effectiveness of PGPR under field conditions 

for improving plant growth and yield a field experiment 

using canola as test crop was conducted at Hada al Sham 

research station of King Abdulaziz University-Jeddah. 

Experiment was planned according to split -plot design in 

randomized complete block design arrangement with four 

replications. The field soil was sandy loam in texture, 

having pH, 8.2; EC, 2.8 dS m
-1

; 0.65% of organic carbon; 
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0.038% N, 7.3 and 197 ppm of available P and K, 

respectively. Two levels of fertilizer (F0= No fertilizer and 

F1= recommended fertilizer) as main plot factor and two 

levels of PGPR (PGPR0= without PGPR and PGPR1= with 

PGPR) as sub-plot factor were used. PGPR was applied as 

seed inoculation. Firstly, the experimental field was 

prepared using rotary plow. After that main factors were 

applied and sub plots of 2.5 x 1.5 m
2
 were prepared. Then 

for seed inoculation seeds of canola (cv. UAF-11) were 

surface sterilized by first dipping in 95% ethanol for short 

time and then dipping in 0.2% HgCl2 solution for 3 

minutes. Surface disinfected seeds were then inoculated 

with the broth mixed with 10% sugar solution, peat and 

clay (Kaolin) mixture (peat to clay ratio, 1:1 w/w). The 

seeds were shaken well until a fine coating appeared on 

seeds. Control seeds were treated with sterilized peat plus 

clay mixed with sterilized broth medium (without bacterial 

cells) and sugar solution. Inoculated seeds were placed 

overnight for drying under laboratory conditions at 26 °C. 

Sowing was done with row to row and plant to plant 

distance of 40 and 30 cm respectively. Other cultural 

practices were consistent with local (farmers’ practices in 

Hada Al Sham) agronomic practices. 

Collection and Statistical Analysis of Data 
To evaluate the effect of the treatments on crop growth 

and yield data regarding plant height (cm), number of pods 

plant
-1

, number of grains pod
-1

, grain yield (t/ha) and 1000 

seed weight (g) was recorded and statistically analyzed 

(Table-1). All data were recorded according to standard 

procedures [24,25,26]. Before harvesting, 10 random 

guarded plants in each sub-sub plot were tagged to record 

data regarding plant height (cm) number of pods plant-1, 

number of grains pod-1. For grain yield an area of 1 m2 in 

the center of each sub-sub plot (to avoid marginal effect) 

was harvested. Data recorded for each trait was separately 

exposed to the analysis of variance (ANOVA) to check 

significance among treatments using Statistic 8.1 computer 

software and means were then compared using least 

significant difference (LSD) test according to Steel & 

Torrie [27]. 

 

III. RESULTS AND DISCUSSION 
 

The results of effect of PGPR with and without fertilizer 

on growth and yield attributes of canola are presented in 

table. It is clearly indicated that fertilizer has significant 

effect on all the parameters studied. On the other hand 

PGPR and interaction between PGPR and fertilizer 

showed significant influence on grain yield and 1000 grain 

weight only. 

 

 

Plant Height  
Regarding plant height maximum plant height (110.38 

cm) was observed under fertilizer treatment that is 

significantly different from without fertilizer treatment 

(88.32 cm). Although PGPR inoculation did not showed 

significant effect on plant height but inoculated treatment 

has more plant height than uninoculated one. The results 

of this study confirmed the findings of other researchers 

[28,29,30,31] who also reported improvement in plant 

height with the application of PGPR. 

Number of Pods per Plant and Number of 

Grains per Pod 
As for as number of pods per plant and number of grains 

per pod are concerned, although PGPR has not 

significantly improved these parameters however, mean 

comparison showed more number of pods per plant and 

more higher number of grains per pod. These results are 

contradictory to some other researchers [25,29,32,33,34] 

who reported significant improvement in these parameters 

with PGPR application. Fertilizer treatment proved 

statistically superior over unfertilized treatment in 

improving number of pods per plant and number of grains 

per pod. Highest number of pod per plant (162) and 

highest number of grains per pod (26) were observed 

under fertilizer conditions. These findings are also 

confirmed by [25] who reported significant increase in 

these parameters with increasing amount of fertilizer. 

Significant improvement in these parameters by the use of 

fertilizer has also been reported by [35,36]. 

Grain Yield and 1000 Grain Weight 
In case of grain yield (kg/ha) and 1000 grain (g) weight 

PGPR application and fertilizer treatment are statistically 

superior to without PGPR and unfertilized treatment. Here, 

interaction between PGPR and fertilizer was also 

significant. Mean comparison clearly demonstrated that 

PGPR application along with recommended fertilizer 

produced significantly higher grain yield (509 kg/ha) than 

PGPR without fertilizer (403.75 kg/ha). Similarly, PGPR 

under no fertilizer have produced more grain yield (302.25 

kg/ha) than without PGPR (280 kg/ha). Regarding 1000 

grain weight, mean comparison of interaction between 

PGPR and fertilizer has also proved that PGPR application 

produced heavier grains than without PGPR both under 

fertilized and unfertilized conditions. The results of this 

study regarding the effect of PGPR and fertilizer on grain 

yield and 1000 grain weight are also in line with other 

researchers [37,30,38] who also document significant 

enhancement in these parameters by the interaction of 

PGPR and fertilizer. 

 

 

 

Table 1. Biochemical characterization of selected PGPR strain 

PGPR 

Strain 

IAA production 

(μg mL
-1

) 

P solubilization 

(mg mL
-1

) 

ACC-deaminase 

activity 

(µM  α-

ketobutyrate 

produced) 

Siderophore 

production 

With   

tryptophan 

Without 

tryptophan 

P in 

medium 

pH of 

Medium  

SH-17 4.32 1.74 29.75 5.91 1.11 + 
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Table 2. Effect of PGPR inoculation with and without fertilizer on growth and yield attributes of canola. 

Treatments 

 

PH 

(cm) 

NOP (per 

plant) 

NOG (per 

pod) 

GY 

(kg/ha) 

1000-GW 

(g) 

Fertilizer 

F0 (no fertilizer) 88.32
b
  118.25

b
  19.500

b
  291.13

b
  2.14

b
  

F1 ( with fertilizer) 110.38
a
 162.25

a
 25.750

a
 456.38

a
 2.68

a
 

PGPR 

P0 (no PGPR) 98.21
a
 135.88

a
 22.125

a
 341.88

b
 1.90

b
 

P1 (PGPR) 100.49
a
 144.63

a
 23.125

 a
 405.62

a
 2.51

a
 

Significance 

Fertilizer ** ** ** ** ** 

PGPR ns ns ns ** ** 

Fertilizer * PGPR ns ns ns * * 

PH: Plant Height, NOP: Number of Pods, NOG: Number of Grains, 1000-GW: 1000 Grains Weight, GY: Grain Yield. 

Means followed by the same letters in each column and treatment showed no significant difference by LSD (P = 0.05). *, 

** and ns showed significant difference at 0.05, 0.01 probability levels and not significant, respectively. 

 

IV. CONCLUSION 
 

In general, the results of this study implied that 

application of PGPR along with recommended dose of 

fertilizer can improve growth and yield attributes of canola 

in natural stressful environment of arid climatic 

conditions. The findings of study are inspiring to continue 

the use of PGPR for use in arid area to improve overall 

crop production for sustainable food security.  

 

V. ACKNOWLEDGMENT 
 

Authors are thankful to Deanship of Scientific Research 

and Chairman, Department of Arid Land Agriculture, 

King Abdulaziz University for providing facilities for 

experimentation.   

 

REFERENCES 
 

[1] Ahemad M, Kibret M (2014) Mechanisms and 

applications of plant growth promoting rhizobacteria: 

Current perspective. Journal of King Saud University- 

Science 26: 1-20. 

[2] Chang, P., Gerhardt, K.E., Huang, Xiao-Dong, Yu, Xiao-

Ming, Glick, B.R., Gerwing, P.D., Greenberg, B.M., 

2014. Plant growth promoting bacteria facilitate the 

growth of barley and oats in salt impacted soil: 

implications for phytoremediation of saline soils. Int. J. 

Phytorem. 16 (11), 1133–1147. 

[3] Glick BR, Cheng Z, Czarny J, Cheng Z, Duan J. 2007. 

Promotion of plant growth by ACC deaminase-producing 

soil bacteria. Eur J Plant Pathol. 119:329–39. 

[4] Nadeem SM, Zahir ZA, Naveed M, Ashraf M. 2010. 

Microbial ACC-deaminase: prospects and applications 

for inducing salt tolerance in plants. Crit Rev Plant Sci. 

29:360–93. 

[5] Zahir ZA, Arshad M, Frankenberger Jr WT. 2004. Plant 

growth promoting rhizobacteria application and 

perspectives in agriculture. Adv Agron. 81:96–168. 

[6] Berg, G. 2009. Plant–microbe interactions promoting 

plant growth and health: perspectives for controlled use 

of microorganisms in agriculture. Appl. Microbiol. 

Biotechnol. 84:11–18. 

[7] Lutgtenberg, B. and  F. Kamilova. 2009. Plant-growth-

promoting rhizobacteria. Annu. Rev. Microbiol. 63: 541–

556. 

[8] Hayat, R., S. Ali, U. Amara, R. Khalid and I. Ahmed. 

2010. Soil beneficial bacteria and their role in plant 

growth promotion: a review. Ann. Microbiol. 60: 579–

598. 

[9] Yasmin, F., Othman, R., Saad, M.S., Sijam, K., 2007. 

Screening for beneficial properties of Rhizobacteria 

isolated from sweet potato rhizosphere. J. Biotec. 6, 49–

52. 

[10] Saharan BS, Nehra V. 2011. Plant growth promoting 

rhizobacteria: a critical review. Life Sci Med Res 

LSMR;21. 

[11] Sandhya V, Ali SKZ, GroverM, Reddy G, Venkateswarlu 

B. 2009. Alleviation of drought stress effects in sunflower 

seedlings by the exopolysaccharides producing 

Pseudomonas putida strain GAP P45. Biol Fertil Soils. 

46:17–26. 

[12] Saravanakumar D, Harish S, Loganathan M, 

Vivekananthan R, Rajendran L, Raguchander T, et al. 

2007. Rhizobacterial bioformulation for the effective 

management of Macrophomina root rot in mung bean. 

Arch Phytopathol Plant Prot. 40:323–37. 

[13] Upadhyay, S.K., Singh, J.S., Singh, D.P., 2011. 

Exopolysaccharide-producing plant growth promoting 

rhizobacteria under salinity condition. Pedosphere 21, 

214– 222. 

[14] Baig, K.S., M. Arshad, B. Shaharoona, A. Khalid and I. 

Ahmed. 2011. Comparative effectiveness of Bacillus spp. 

possessing either dual or single growth-promoting traits 

for improving phosphorus uptake, growth and yield of 

wheat (Triticum aestivum L.). Annals of Microbiology. 

62: 1109-1119. 

[15] Atlas RM (2004) Handbook of microbiological media. 

CRC Press, Boca Raton, Florida. 



 

 

Copyright © 2016 IJAIR, All right reserved 

959 

International Journal of Agriculture Innovations and Research 

Volume 4, Issue 5, ISSN (Online) 2319-1473 

[16] Gordon, S.A. and Robert P. Weber. 1951. Colorimetric 

estimation of indoleacetic acid. Plant Physiology, 26: 

192-195. 

[17] Glickmann, E.  and Y. Dessaux. 1995. A Critical 

Examination of the Specificity of the Salkowski Reagent 

for Indolic Compounds Produced by Phytopathogenic 

Bacteria. Applied Environmental Microbiology. 61(2): 

793–796. 

[18] Dworkin, M. and J.W. Foster. 1958. Experiments with 

some microorganisms which utilize ethane and hydrogen. 

J. Bacteriol., 75: 592-601. 

[19] Pikovaskya, R.I. 1948. Mobilization of phosphorous in 

soil in the connection with vital activity of some 

microbial species. Mikorobiologiya, 17: 362-370. 

[20] Nautiyal, C.S. 1999. An efficient microbiological growth 

medium for screening phosphate solubilizing 

microorganisms. FEMS Microbiology Letters, 170: 265-

270. 

[21] Honma, M. and T. Shimomura. 1978. Metabolism of 1-

aminocyclopropane-1-carboxylic acid. Agric. Biol. 

Chem., 42: 1825-1831. 

[22] Louden, B.C., D. Haarmann, and A.M. Lynne. 2011. Use 

of Blue Agar CAS Assay for siderophore detection. 

Journal of Microbiology & Biology Education,. 51-53. 

[23] Clark, V.L. and P.M. Bavoil. 1994. Methods in 

Enzymology 235(A), Academic Press, London, pp. 315-

372. 

[24] Daur, I., H. Sepetoglu and B. Sindel. 2011. Dynamics of 

faba bean growth and nutrient uptake and their correlation 

with grain yield. Pak. J. Bot., 44: 239-243. 

[25] Dahmardeh, M. 2013.  Effect of Different Bio Fertilizers 

on Growth and Yield of Canola (Brassica napus L) var 

RGS 003. J. Agric Sci. 5: 143-147. 

[26] Namvar, A and T. Khandan. 2014. Biopriming and 

mineral fertilizers effects on agronomical performance of 

rapeseed(Brassica napus L.). Ekologija. 60: 54–63. 

[27] Steel, R.G.D. and J.H. Torrie, 1980. Principles and 

Procedures of Statistics. 2nd Ed., McGraw Hill Book Co. 

Inc., N.Y., USA. 

[28] Negawer E. A., Mahfouz S. A. 2010. Response of canola 

(Brassica napus L.) to biofertilizers under Egyptian 

conditions in newly reclaimed soil. International Journal 

of Agriculture Sciences. Vol. 2(1): 12–17. 

[29] Naderifar M., Daneshian J. 2012. Effect of different 

nitrogen and biofertilizers effect on growth and yield of 

Brassica napus L. International Journal of Agriculture and 

Crop Sciences. Vol. 4(8): 478–482. 

[30] Azimzadeh S. M., Azimzadeh S. J. 2013. Effect of 

nitroxin biofertilizer and nitrogen chemical fertilizer on 

yield and yield components of rapeseed (Brassica napus 

L.). International Journal of Agriculture and Crop 

Sciences. Vol. 6(18): 1284– 1291. 

[31] Namvar A., Khandan T. 2013. Response of wheat to 

mineral nitrogen fertilizer and biofertilizer (Azotobacter 

sp. and Azospirillum sp.) inoculation under different 

levels of weed interference. Ekologija. Vol. 59(2): 85–94. 

[32] Sattar A., Cheema M. A., Wahid M. A., Saleem M. F., 

Hassan M. 2011. Interactive effect of sulphur and 

nitrogen on growth, yield and quality of canola. Crop & 

Environment. Vol. 2: 32–37.  

[33] Mansoori I. 2012. Response of canola to nitrogen and 

sulfur fertilizer. International Journal of Agriculture and 

Crop Sciences. Vol. 4(1): 28–33. 

[34] Naseri R., Maleki A., Naserirad H., Shebibi S., Omidian 

A. 2013. Effect of plant growth promoting rhizobacteria 

(PGPR) on reduction nitrogen fertilizer application in 

rapeseed (Brassica napus napus L.). Middle-East Journal 

of Scientific Research. Vol. 14(2): 213–220. 

[35] Seyed Sharifi R. 2012. Study of yield, yield attribute and 

dry matter accumulation of canola (Brassica napus L.) 

cultivars in relation to sulfur fertilizer. International 

Journal of Agriculture and Crop Sciences. Vol. 4(7): 409–

415.  

[36] Rehman H. U., Iqbal Q., Farooq M., Wahid A., Afzal I., 

Basra Sh. M. A. 2013. Sulphur application improves the 

growth, seed yield and oil quality of canola. Acta 

Physiologiae Plantarum. Vol. 35(10): 2999–3006. 

[37] Vessey J. K. 2003. Plant growth promoting rhizobacteria 

as biofertilizers. Plant and Soil. Vol. 255: 571–586. 

[38] Piccinin G. G., Braccini A. L., Dan L. G. M., Scapim C. 

A., Ricci T. T., Bazo G. L. 2013. Efficiency of seed 

inoculation with Azospirillum brasilense on agronomic 

characteristics and yield of wheat. Industrial Crops and 

Products. Vol. 43: 393–397. 

 


