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Abstract-   Rhizospheric bacterial diversity in black pepper plant cultivated in BinhPhuoc province, Vietnam was studied. 

Rhizosphere samples was collected from 43 pepper farms of this region. Rhizobacteria were isolated in two media Burk’s 

N free and NBRIP. A total of 118 isolates were isolated and all of them have ability of nitrogen fixation and phosphate 

solubilization. The qualitative test by dropping directly 100 μL the Salkowski reagent on the colonies showed 107 of the 

118 isolates have the ability of IAA production. There were 43 isolates had expressed superiority in capabilities of 

nitrogen fixation, phosphatesolubilization and IAA production in quantitative tests but there were only 17 isolates have 

the ability of siderophore production in CAS liquid assay. These 17 isolates were identified by using matrix-assisted laser 

desorption ionization (MALDI) time-of-flight (TOF) mass spectrometry (MS) analyzing. Five genera belong to Bacillus 

(11 isolates), Brevibacillus (1 isolate), Staphylococcus (2 isolates), Acinetobater(2 isolates) and Proteus (1 isolate) were 

explored. Except Acinetobactergerneri having no information on the possibility of promoting of plant growth, the 

remaining 10 species are PGPR that have been reported in black pepper and other crops. Especially, diversity of aerobic 

endospore forming bacteria, viz., species of Bacillus promises the possibility of application for crops under extreme 

conditions. Hence, these strains should be recommended to test their effectiveness on the growth of black pepper in in 

vivo experiments. 

Keywords – PGPR, MALDI-TOF, black pepper, nitrogen fixation, phosphate solubilization, IAA production, siderophore 

production  

 

I. INTRODUCTION 

Black pepper (Piper nigrum L.) is a major tropical spice and it is the most important spice traded. Black pepper is 

native to South Asia and Southeast Asia but Vietnam has just gradually increased its influence on pepper 

international market over the last ten years and becomes the world‟s leading exporter of this spice. At present, 

Vietnam exports pepper to more than 100 different countries and provides an important source of income for many 

farmers in the country. Among six key pepper areas, BinhPhuoc province has the largest pepper area with 13,843 ha 

and its annual production is about 26,956 tons (Department of Agriculture and Rural Development of BinhPhuoc 

province, 2016, http://www.binhphuoc.gov.vn). With the advantage of ferrasol soils, LocNinh district is considered 

as the capital of pepper in BinhPhuoc with over 30% of the pepper area and nearly 40% of the pepper yield of the 

province. Whereas Chon Thanh is smaller pepper region but the  acrisol having poor nutrient accounts over 80% of 

natural area of this district. To supply pepper according to the demand as well as to sustain the soil fertility and the 

yield of pepper, farmers are insistently using chemical fertilizers. In contrast, organic and biological approaches are 

recently favourable in enhancing the growth and productivity of crops including black pepper.  

Nowadays, the concept of Plant Growth-Promoting Rhizobacteria (PGPR) were no longer strange. PGPR often 

carried out as inoculants to promote sustainability and health of pepper plant. These bacteria exhibit plant growth-

promoting properties via some direct mechanisms such as biological nitrogen fixation, phosphate solubilisation, and 

phytohormone production, or indirectly via antagonist. Pseudomonas sp. and Azospirillum sp. isolated from the 

rhizospheric soil and root cuttings of Piper nigrum L. resulted in significant phosphate solubilization [1]. 

Greenhouse trials using these PSB showed very clearly the growth promoting activity and field studies also had 

some promising results. Two strains of rhizobacteriumBacillus cereus UPMLH1 and UPMLH24 were tested on its 

ability to induce and elongate roots of pepper stem cuttings [2]. Strain UPMLH24 was the most promising inoculant 

for root induction in pepper stem cuttings. UPMLH1 had been characterised as a N2-fixing and an IAA producing 

strain while UPMLH24 had displayed only the former trait [3]. Rhizobacteria of pepper such as Bacillus spp., 

Pseudomonas spp. were also tested their antifungal activities [4 – 6]. However, little is known aboutrhizospheric 

bacteria of black pepper cultivated inBinhPhuoc, Vietnam. Furthermore, reports on the plant growth-promoting 

http://www.binhphuoc.gov.vn/
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characteristics of these bacteria are also scarce. So, the present study was conducted to (i) isolate nitrogen-fixing 

bacteria and phosphate-solubilizing bacteria, (ii) collect isolates having both of abilities, (iii) screen isolates for 

production of indole-3-acetic acid (IAA), (iv) select of outstanding isolates and (v) identify of these isolates. These 

bacteria can be considered promising candidates for sustainable pepper production in this region. 

 

II. MATERIALS AND METHODS 

A. Samples collection and preparation 

The location of BinhPhuoc province is at 11°45‟ N latitude and 106°55‟ E longitude with elevations of between 50m 

and 200m throughout most of natural area. The pepper rhizosphere samples of 6 months old plants were collected in 

43 pepper farms of 2 wards of LocNinh district and 5 wards of Chon Thanh district from August to December of 

2016  (Figure 1). The samples of LocNinh were red brown basaltic soils (rhodicferrasols) while the samples of Chon 

Thanh were gley soils (haplicacrisols). Sample preparation of rhizospheric soil was according to “shaking method” 

(ID: 13_Turpault) [7]. This method did not allow to collect the rhizoplane. 

 

 
Figure 1. Map of BinhPhuoc province with LocNinh and Chon Thanh districts and places of sampling sites 

Star shapes used to illustrate wards LocDien and LocThinh of LocNinh district, and wards Chon Thanh, Minh Long, 

Minh Hung, NhaBich and Thanh Tam of Chon Thanh district. 

 

B. Isolation and collection of nitrogen-fixing and phosphate-solubilizing bacteria  

The rhizospheric soil samples were homogenized with dilution factor of 100 in sterilized distilled water containing 

0.85% NaCl (w/w). After shaking 120 rpm for 12 hours and depositing for 3 hours, the supernatant was collected 

and  spread on Burk‟s N free [8] or NBRIP [9] agar plates. Morphologically distinct bacterial colonies were selected 

for further purifications. Subsequently, the pure isolates would be streaked reciprocally between those two media to 

collect isolates having two abilities of nitrogen fixation and phosphate solubilization [10]. These isolates were 

preserved temporarily in 10% glycerol solution at -20°C. 

 

C. Morphological characterization of bacterial isolates 

Colony morphology including form, elevation, margin, surface and size were recorded after 24 hours of growth on 

LB agar plates at 28 ± 2°C. Cellular size, shape and mobile were observed by light microscopy. The Gram reaction 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S1517-83822014000300031#f1
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was performed [11]. “KOH String Test” [12] was also used as a complementary method to distinguish between 

Gram-groups. 

 

D. PGP funtional characterization of bacterial isolates 

Quantification of nitrogen fixation and phosphate solubilization 

Before quantitative survey, precultuerd bacterial suspension had been prepared with two types of culture media: 

Burk‟s N-freeand NBRIP broth for testing phosphate-solubilizing. After 48 hours, 1 mL growing bacterial 

suspension had been adjusted  to the turbidity of a 0.5 McFarland Standard [13] was transferred to 50 mL of Burk‟s 

N free or NBRIP solution and incubated at 120 rpm, 28±2
o
C. Suspension had been periodically collected [2, 4, 6, 8 

DAI (days after inoculation) to test nitrogen, and 5, 10, 15, 20 DAI to test phosphorus] then conducted 

centrifugation process [12,000 rpm (rounds per minute), 5 minutes] to obtain supernatant for next colorimetric. 

Colorimetric method was used to estimate the nitrogen fixation or phosphate solubilization of bacteria. For nitrogen 

fixation, reagent formulas described by Solarzano (1969) were applied [14]. Sample and reagent ratio was 5:1 (v/v). 

The absorbance of the sample was measured by spectrophotometer with 640 nm wavelength after 30 minutes of 

reaction stability. Similarly, quantitative survey of phosphate-solubilizing was conducted with the reagent formulas 

described by Murphy and Riley (1962) [15] and the sample and reagent ratio was also 5:1 (v/v). The OD880 was 

measured after 15 minutes of reaction stability. 

Detection and quantification of IAA production 

The bacterial isolates were grown in Burk‟s agar plates after 8 days following inoculation were visually detected 

their abilities of IAA production by dropping directly 100 μL the Salkowski reagent (formulas described by [16])on 

their colonies and incubated in dark for 15 min. The appearance of pink to red colors on colonies mean positive 

results [17]. These isolates so sequently were carried out IAA quantitative survey. 

For quantification, periodic sampling occurred each of 2 days within 8 DAI. Colorimetric method was employed 

with recipe of reagent Fe-H2SO4 follow [16], ratio of sample and reagents was also 5:1 (v/v), wavelength was 530 

nm, and condition of the reaction stability was 15 mins in darkness. 

Detection of siderophore production  

This experiment was limited among outstanding isolates (having the best quantitative results of N2-fixation, 

phosphate-solubilization, and IAA production). Qualitification of siderophores using CAS (Chrome 

AzurolSulphonate) solution asssay (formulas according to [18]) was conducted  by inoculating one colony of the 

bacterial isolate in 5 mL of an LB medium and incubated at 28±2
o
C for 48 hours with agitation (120 rpm). After 

centrifugating at 12,000 rpm, 5 minutes,  1 mL of supernatant was transferred to fresh tubes, then an equal volume 

of the CAS reagent was added to each tube, and the mixture incubated in the dark for 30 minutes at 28±2
o
C. The 

change in color of the blue dye solution indicating the presence of siderophore. 

 

E. Identifying selected isolates by their molecular fingerprint 

This experiment was limited among selected isolates which having the best quantitative results of N2-fixation, 

phosphate-solubilization, IAA production, and the positive result of siderophores production. The isolates were 

cultured on LB for 24 hours then were carried out the BrukerDaltonikMaldiBiotyper Classification 

(MALDIBiotyper System) according to the protocol recommended by BrukerDaltonik GmbH, Bremen, Germany. 

This method using MALDI-TOF (Matrix-Assisted Laser Desorption Ionization/Time of Flight) Mass Spectrometry 

to determine the unique proteomic fingerprint of an organism. The characteristic spectrum pattern of this proteomic 

fingerprint is used to reliably and accurately identify a particular microorganism by matching thousands of reference 

spectra from microorganism strains. 

The result overview includes names of organisms that are the best match and the second best match with their score 

values. The score indicated is a logarithmic value resulting from the alignment of the peak list of the unknown raw 

spectrum and the best matching database spectrum. According to the specifications of the manufacturer, a highly 

probable species identification has a score value lying between 3.000 and 2.300; a secure genus and probable species 

identification has a score value lying between 2.299 and 2.000; a probable gnus identification has a score value lying 

between 1.999 and 1.700.  A low score of <1.700 was considered unreliable for identification.  

 

F. Experimental design and Data analyses 

Quantitative experiments were random assignment (Completely Randomized Design) with three replicates. 

Negativecontrols were conducted similarly to treatments, did not use bacterial suspension but put on sterilized 

correspondingmedium instead.  

Statistics methods were ANOVA (Analysis of Variance) One Factor and Duncan test at α=0.05 by using SPSS 

Statistics versions 16.0. 
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III. RESULTS AND DISCUSSION 

A. Bacterial isolation 

A total of 118 purified baterial isolates having nitrogen-fixation and phosphate-solubilization abilities was collected 

from 43 samples of  pepper rhizospheric soil. Table 1 below would present the origins and the growth media of  

those isolates.  

 

Table - 1 Origins and isolation media of 118 isolates 

Site (District) Burk‟s medium NBRIP medium Total 

Chon Thanh 31 42 73 

LocNinh 19 26 45 

Total 50 68 118 

 

This indicated that NBRIP medium seeming to appropriate for the isolation of bacteria that having nitrogen-fixing 

ability besides the capability of phosphate-solubilizing from rhizospheric soil of pepper. Besides Pikovskaya 

medium, NBRIP was commonly used  in the isolation of phosphate solubilizing bateria from soil or rhizosphere [19] 

[20]. Using this medium, Thanh and Diep (2012) [21] have also isolated many strains that have good nitrogen 

fixation potential besides their ability to dissolve inorganic phosphate. 

 

B. Morphological characterization  

On isolation media, bacterial isolates are often milky on Burk‟s medium or yellow and some isolates had haloes 

around colonies on NBRIP medium (Figure 2) as descriptions of Thanh and Diep (2014) or Tam and Diep (2017) 

[10] [22]. 

 
Figure 2. Colony morphology of bacteria on Burk‟s (A, B) and NBRIP (C, D) media 

 

Whereas on the LB medium, they are often distinguished. Moreover, profile of morphological characteristics of each 

isolate would support the identification later (Figure 3). After streaking on LB agar plates, 118 isolates of nitrogen-

fixing and phosphate-solubilizing rhizobacteria primarily showed some morphological characteristics of colonies 

including circular (89.8%) and irregular or rhizoid (10.2%), entire (66.1%) and undulate or filamentous (33.9%), 

convex or pulvinate (79.7%) and raised or flat (20.3%), white color with the transparent or opaque opacity (54.2%) 

or different colors in the pigmentation such as orange, yellow, or beige. Diameters of colonies were measured 

ranging from 1 to 4 mm. Through microscopic observation, there were about 68.6% of the total rhizospheric bacteria 

exhibited their motility and 31.2% of them were non-motile. Rod-shaped (bacillus) was the main shape of 55.1% of 

the total isolates whilecoccus accounted for 32.2% and coccobacillusaccounted for 12.7% of the total isolates. The 

results of Gram-staining and “KOH string test” showed that up to 66.1% of the total isolates were Gram-positive and 

33.9% of them were Gram-negative. Many Gram-positive bacteria have the ability of endospores forming to survive 

in harsh conditions of environment. This helps explain the abundance of these bacteria in soil and plant roots. 

Multiple species of them are known to promote plant growth [23]. 
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Figure 3. Colony morphology and Gram staining results of some isolates 

 

C. PGP funtional characterization  

Abilities of nitrogen-fixing and phosphate-solubilizing  

All of 118 isolates were examined the abilities of nitrogen-fixing and phosphate-solubilizing by colorimetric 

methods and the results were listed in the appendix part of the thesis. The average values of 4 times of measurement 

at 2-day distance were in range from 0.15 to 5.20 mg NH4
+
/L while the average values of dissolved phosphate 

contents of 4 times of measurement at 5-day distance were in range from 2.75 to 61.88 mg P2O5/L. Particularly, 

NH4
+
 or dissolved phosphate content generated by each isolate in each measurement exhibiting the variation and 

there were no general model for all isolates that reflecting the different adaptation of them with growth media. 

However, “2 DAI” appeared to be the optimal time-point for nitrogen fixation of the majority of bacterial isolates 

while “5 DAI” seemed to be the suitable time-point for phosphate solubilizationasTaiwoandOgundiya (2008) had 

reported [24]. 

Ability of IAA production 

The qualitative test showed 107/118 of isolates (90.7%) have the ability of IAA production through the appearance 

of pink to red colors on colonies appearance of pink to red colors on colonies (Figure 4). However, it is difficult to 

observe the pink color of the reaction in a pigmented colony (Figure 4C). In quantitative experiment, the average 

values of IAA contents of 4 times of measurement at 2-day distance in the absence of tryptophan in culture medium 

(Burk‟s N free) of 107 isolates was in range of 0.51 to 10.41 mg/L. This was similar to the results of the research of 

some authors [25] [26]. Phytohormones is often produced by plant associated bacteria. According to Zakharovaet al. 

(1999), there were 80% of bacteria isolated from rhizosphere were capable to produce auxin such as IAA. 

Particularly, this quantitative survey results also revealed the different adaptation of the bacteria to the culture 

media. “2 DAI” appeared to be the optimal time-point for IAA production of most of isolates but the best isolates 

had the highest quantitative values at 4 DAI. Perhaps so some authors did not consistently survey but stop at “2 

DAI” for IAA synthesis test [28]similar to“7 DAI” for quantitative survey of phosphate solubilization[29].  
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Figure 4. The qualitative (left) and quantitative (right) results of IAA production testsof some isolates using 

Salkowski reagent at 8 DAI 

A- Isolate TT6.1, B- Isolate NB5, C- Isolate LT5: Positive results; D- Isolate LT7: Negative results 

Detection of siderophore production  

Base on the results of quantitative surveys mentioned above, there were 43 isolates had expressed superiority in 

capabilities of nitrogen fixation, phophatesolubilization and IAA production. Hence they had been tested 

siderophore production by using CAS liquid assay. This experiment showed only 17 isolates (39.5%) have the 

ability (Figure 5). Consequently, identification based on MALDI-TOF technique would be performed on these 

isolates.  

 
Figure 5. The qualitative results of siderophore production tests of some isolates at 2 DAI using CAS liquid 

(-): negative result; (+): positive result; 

(++)/(+++): stronger positive results based on the color arrangement illustrated by Nielsen et al. (2012)  [30] 

 

D. Identification of selected isolates  

There were 17 selected isolates had been identified by MALDI-TOF technique. This approach was used by many 

authors to identify PGP bacteria associate with plants [31 – 33]. Profiles of morphology of 17 selected isolates had 

been checked. It showed the suitability between species name and some tested cellular characteristics such as Gram 

staining, cell shape and motility. Species names and PGP characteristics in vitro of them were presented in Table 2 

in which isolate LD8 was identified as Bacillus cereus (the second best match) instead of Acinetobacterbaylyi(the 

best match) because of Gram-positive that it belongs to. 
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Table 2- Identification and PGP funtionalcharacteration of 17 selected isolates 

Isolat

e 

Daltonik MALDI-TOF 

Biotyper classification 

N2-fixation P-solubilization IAA-production Siderophore- 

production 
a
 

Best match 
Score 

value 

mg NH4
+
/L  

(at 2 DAI) 

mg P2O5/L 

(at 5 DAI) 

mg IAA/L  

(at 2 DAI) 

(Qualitative 

test) 

Low GC Firmicutes 

CT1 Bacillus cereus 2.170 7,68 ab 16,78st 6,75 b + 

CT6 Bacillus 

weihenstephanensi

s 

2.060 8,35 a 19,71 rs 4,86 fghi ++ 

ML42 Bacillus 

megaterium 

2.113 2,82 ijklmn 48,90 ef 4,94 defghi ++ 

ML63 Bacillus 

megaterium 

1.977 1,55 jklmnop 59,27 bc 4,77 ghij +++ 

NB11 Staphylococcus 

saprophyticus 

2.219 0,97 lmnop 36,95 klm 1,17 p +++ 

TT6.1 Staphylococcus 

warneri 

1.817 3,99 ghi 14,31 tu 5,45 cdef ++ 

TT6.2  Bacillus subtilis 2.007 6,98 abcd 9,16 wx 3,94 l + 

TT6.3  Brevibacillusbrevis 1.902 3,53 hij 67,40 a 4,83 fghi + 

TT7 Bacillus pumilus 1.849 3,28 hijkl 38,73 ijk 5,59 cd + 

LD4 Bacillus 

megaterium 

2.095 4,41 efghi 46,14 fg 4,76 ghij ++ 

LD5 Bacillus subtilis 2.019 6,11 abcdefg 44,22 gh 4,62 hijk + 

LD8 Bacillus cereus* 2.005* 6,59 abcdef 58,53 bc 5,22 cdefgh +++ 

LT4 Bacillus 

megaterium 

2.315 3,03 ijklm 52,01 de 5,61 c ++ 

LT2 Bacillus subtilis 2.125 4,39 efghi 11,71 uvw 6,67 b +++ 

Gammaproteobacteria 

NB1 Acinetobacterbayly

i 

2.170 0,99 lmnop 66,45 a 2,16 n ++ 

TT6.4  Acinetobactergerne

ri 

2.209 0,46 nop 52,86 d 3,33 m + 

LD11 Proteus mirabilis 2.342 8,16 a 14,44 tu 5,06 cdefgh + 

Means within a column followed by the same letters are not significantly different at α =0.05 using Duncan test. 

a: (+) positive result; (++)/(+++) stronger positive results based on the illustration of Nielsen et al.(2012) [30]. 

*: the result presented is the second best match.  

CT, ML, TT, NB: Symbols of strains originating from Chon Thanh. 

LD, LT: Symbols of strains originating from LocNinh. 

Table 2 showed that the abilities of nitrogen-fixing and phosphate-solubilizing of strains isolated from pepper grown 

in Chon Thanh seem to be better than the abilities of strains isolated from pepper rhizosphere of LocNinh. As 

mentioned above, soils for pepper cultivation in Chon Thanh are acrisols while soils for pepper grown in LocNinh 

are ferrasols. The texture of two types of soil are sandy clay with clay of the surface accounting 50 – 60%. Both of 

soil types are slightly acidic in nature but chemical fertility of ferrasols is higher than acrisols [34]. Tam and Diep 

(2015) also conducted the isolation of nitrogen-fixing and phosphate-solubilizing bacteria from the rhizosphere of 

sugarcane cultivated on Dong Nai province, Vietnam. The best selected strain P14 was also isolated from gray soil 

[35]. These results support the theory of using different environments with stringent conditions to find out potential 

PGPB strains [36]. 

In term of classification, among 17 identified isolates, there were 14 isolates including 3 genera belong to low GC 

Firmicutes, 3 isolates including 2 genera belong to Gammaproteobacteria (Figure 6). A diversity of Bacillus spp. 

were discovered including 11 strains identified as Bacillus cereus, B. weihenstephanensis, B.megaterium, B.subtilis, 

and  B. pumilus. In the research of Aravind et al. (2009), among 74 strains of endophytic bacteria were isolated from 

root and stem tissues of black pepper, there were 22 strains were identified as Bacillus spp. in which B. megaterium 

IISRBP 17 were found promising for suppression of P. capsici [37]. B. cereus, B. megaterium were isolated from 
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rhizosphere of pepper also exposed plant growth-promoting properties such as nitrogen fixation, phosphate 

solubilisation, phytohormone production and the inhibition of antagonisticactivity of harmful biological agents in 

the soil [3] [6] [2]. Meanwhile, Bacillus weihenstephanensis were reported as metal-resistant plant-growth 

promoting bacteria [38] and B. pumilus were considered as plant growth-promoting bacteria to enhance 

establishment of plants in mine tailings [39] or in acclimatization stage of Grande naine banana (Musa AAA) [40]. 

Three species of Low GC Firmicutes including Brevibacillusbrevis, Staphylococcus warneri,Staphylococcus 

saprophyticuswere potential plant growth promoting rhizobacteria of cotton, maize, rice, swainsonpea, cashew, and 

had abilities of nitrogen-fixation, salt-tolerance or antagonism [41– 47].  

 
Figure 6. The proportions of groups (genus level) that 17 identified isolates belong to  

Three Gram-negative isolates of this study identified as Acinetobacterbaylyi, Acinetobactergerneri, and Proteus 

mirabilisall belong to Gammaproteobacteria. While Acinetobactergerneri was reported as a novel species isolated 

from activated sludge plants in Victoria, Australia [48], Acinetobacterbaylyi  was considered as plant growth-

promoting bacteria with many traits such as nitrogen fixation, siderophore production and mineral solubilization 

[49] or producing aroma compound 2-acetyl-1-pyrroline (2AP) in rice [50]. Proteus mirabilis was reported about the 

production of auxin (indole-3-acetic acid), gibberellin, cytokinin (zeatin) and abscisic acid with other bacteria such 

as Proteus  vulgaris, Klebsiellapneumoniae, Bacillus megaterium, and B. cereus [51] or reducing oxidative stress 

caused under Zn toxicity in maize [52]. Thus, except Acinetobactergernerihaving no information on the possibility 

of promoting of plant growth, the remaining 10 species are PGPRs that have been reported in black pepper and other 

crops. Especially, diversity of aerobic endospore forming bacteria, viz., species of Bacillus with physiological traits 

such as multilayered cell wall, stress resistant endospore formation promises the possibility of application for crops 

under extreme conditions [23].  

 

IV.CONCLUSION 

A total of 118 isolates having two abilities of nitrogen fixation and phosphate solubilizationwere obtained from 

43rhizospheresamples of pepper plants cultivated  in seven wards of BinhPhuoc province,the Southeast of Vietnam. 

The qualitative test showed 107 of the 118 isolates (90.7%) have the ability of IAA production. There were 43 

isolates had expressed superiority in capabilities of nitrogen fixation, phosphatesolubilization and IAA production in 

quantitative tests but there were only 17 isolates (39.5%) have the ability of siderophore production in CAS liquid 

assay. These 17isolates were identified as PGPB including genera Bacillus(64.7%), Brevibacillus(5.9%), 

Staphylococcus (11.8%), Acinetobater(11.8%) and Proteus (5.9%). These strains should be recommended to test 

their effectiveness on the growth of black pepper in in vivo experiments. 
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