
47 

 
International Journal of Biology Research 
www.biologyjournal.in 
ISSN: 2455-6548 
Received: 04-04-2026, Accepted: 05-05-2026, Published: 20-05-2026 
Volume 11, Issue 2, 2026, Page No. 47-49 
 

The effectiveness of plant growth-promoting rhizobacteria (PGPR) on the growth of pepper (Piper 
nigrum L.) cuttings 

Singgih Tri Wardana*, Karti Ayu Ningsih, Nina Tanzerina, Harmida 

Department of Biology, Faculty of Mathematics & Natural Sciences, Sriwijaya University, South Sumatra, Indonesia 
Corresponding Author: Singgih Tri Wardana 

 
 
 

 

Abstract 
One of the efforts to increase the growth of pepper cuttings (Piper nigrum L.) and encourage environmentally friendly and 
sustainable agricultural development (SDGs) is by utilizing Plant Growth Promoting Bacteria (PGPR). This study aims to 
determine the effect of PGPR concentration on the growth of pepper cuttings. The research design used in this study was a 
Completely Randomized Design with four PGPR concentration treatments, namely 0 g.L-1, 0.5 g.L-1, 1.0 g.L-1, 1.5 g.L-1. Data 
obtained from observations and measurements were analyzed statistically using analysis of variance and Duncan's multiple 
range test. The results showed that PGPR treatment can increase the vegetative growth of pepper cuttings. PGPR concentration 
of 1.0 g.L-1 gave more effective and significant results compared to treatment without PGPR in stimulating the growth of 
shoots, leaves, and roots of pepper cuttings. 
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Introduction 
Pepper (Piper nigrum L.) is a type of plant from the 
Piperaceae family which has high economic value and is 
used in the pharmaceutical, cosmetic and food industries 
(Takooree et al., 2019; Joshi et al., 2018) [21,8]. The seeds 
and fruit of the pepper plant have been traded throughout 
the world for thousands of years. South Sumatra, Indonesia, 
has been a pepper producer since the 17th century, when the 
pepper trade was monopolized by the Dutch East India 
Company (Verenigde Oostindische Compagnie - VOC) 
(Farida, 2009) [3]. To this day, South Sumatra Province is 
one of the largest pepper producers in Indonesia. 
Vegetative propagation by cuttings is a common method 
used by pepper farmers. Plant propagation by cuttings has 
several advantages, including its practicality, ease of use, 
and the lack of special techniques. Furthermore, the 
resulting new plants have characteristics similar to those of 
their parent plants (Sarkar et al., 2022) [17]. The success of 
cuttings is influenced by several factors, including plant 
growth regulators (Hassanein, 2013; Sarkar et al., 2022) 
[5,17]. Plant growth regulators are needed by plant cuttings to 
induce and stimulate root and shoot growth (Quan et al., 
2022) [15]. During the cutting growth process, the level of 
endogenous plant growth regulators in the cuttings changes 
(Hu et al., 2019) [6], so that they may not be sufficiently 
available to stimulate cutting growth, therefore the addition 
of exogenous plant growth regulators is necessary. So far, 
pepper farmers generally use synthetic plant growth 
stimulants that act as exogenous plant growth regulators. 
Efforts to improve the sustainability of agricultural 
production systems include reducing the use of synthetic 
chemicals and shifting to the use of environmentally 
friendly natural biostimulants. Rhizobacteria can be used as 
biofertilizers and natural biostimulants. Rhizobacteria that 
play a role in plant growth are known as plant growth-
promoting rhizobacteria (PGPR) (Goswami et al., 2016) [4]. 
Rhizobacteria that live in symbiosis with plant roots can 
produce phytohormones such as endogenous plant growth 

regulators synthesized by plants, such as gibberellins, 
auxins, and cytokinins. (Backer et al., 2018) [1]. PGPR 
produces and induces the phytohormone auxin, especially 
indole-3-acetic acid (IAA) thereby significantly increasing 
plant growth (Kaymak et al., 2021; Pantoja-Guerra et al., 
2023) [10,12]. Auxin is a group of plant growth regulators that 
plays a role in shoot and root growth in cuttings (Sarkar et 
al., 2022; Wardana et al., 2025) [17,22]. In addition, PGPR 
can increase the availability of nutrients for plants and also 
increase the total nitrogen and phosphorus content in plant 
tissues (Song et al., 2021) [20]. Insoluble potassium present 
in the soil can be converted into soluble potassium by 
PGPR, thereby increasing nutrient uptake and plant growth 
(Parmar and Sindhu, 2019) [14]. 
The role of PGPR in enhancing the growth of plant cuttings 
has been reported in several studies, including PGPR 
stimulating root initiation and increasing adventitious root 
growth in kiwi plant (Actinidia deliciosa) cuttings (Erturk et 
al., 2010) [2], and Ficus benjamina cuttings (Sezen et al., 
2014) [18]. PGPR increased root and shoot growth in 
Epipremnum aureum cuttings (Kaymak et al., 2021) [10]. 
PGPR treatment increased the percentage of root growth 
and root length in Euphorbia pulcherrima cuttings 
(Karagöz, 2023) [9]. Research utilizing rhizobacteria to 
enhance the growth of pepper cuttings is still limited. This 
study aimed to determine the effectiveness of PGPR at 
different concentrations on shoot and root growth responses 
in pepper (Piper nigrum L.) cuttings. The results are 
expected to provide an alternative method for 
environmentally friendly pepper cultivation. 
 
Materials and Methods 
This research was conducted in the greenhouse of the 
Biology Department, Faculty of Mathematics and Natural 
Sciences, Sriwijaya University. The greenhouse maintained 
a temperature of 26°C to 29°C throughout the day and night, 
with an average relative humidity of 65% to 70%. The 
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mother plants used as cuttings came from a pepper 
plantation in Banyuasin, South Sumatra, Indonesia. 
The parent plant is selected in healthy condition and in 
vegetative growth, not flowering or fruiting. Cuttings are 
obtained by cutting branches about 20 cm from the top, 
having 3 nodes and 3 leaves. Next, the leaves are cut 
approximately half of the full leaf size to reduce the 
evaporation process. The planting medium used is a mixture 
of soil and rice husk charcoal with a ratio of 1: 1. in a 1 kg 
polybag. The PGPR used is a commercial PGPR containing 
a consortium of rhizobacteria Azospirilium sp., Bacillus 
subtilis, Azotobacter sp, and Pseudomonas flourescens each 
1012 Cfu/gr. 
This study used a Completely Randomized Design (CRD) 
with four PGPR concentration treatments, namely; 0 g.L-1, 
0.5 g.L-1, 1.0 g.L-1, 1.5 g.L-1, with 10 replications. The data 
obtained were analyzed using analysis of variance 
(ANOVA) and continued with Duncan's multiple range test 
(DMRT) at a 95% confidence level (α = 0.05). 

The prepared pepper cuttings were soaked in PGPR 
suspension according to the treatment for 45 minutes, except 
for the control treatment (0 g.L-1) which was soaked in 
distilled water (Sezen et al., 2014) [18]. Next, the pepper 
cuttings were planted in polybags containing planting 
media. Cutting care was carried out by watering three times 
a day using a hand sprayer. Observations and measurements 
including shoot growth time (days), number of shoots, shoot 
length (cm), number of leaves, number of roots, and root 
length (cm) were carried out at the end of the experiment 
(60 days), except for the shoot growth time observed from 
the first day until the shoots grow. 
 
Result and Discussion 
The growth response data of pepper cuttings in all 
treatments are shown in Table 1, while the visual 
morphology of shoots and roots of cuttings from the control 
treatment and the best PGPR treatment are shown in Figure 
1. 

 
Table 1: Growth response of pepper cuttings (Piper nigrum L.) to PGPR treatment (60 days). 

 

PGPR Treatments 
(g·L⁻¹) 

Shoot Emergence 
(days) 

Number of 
Shoots 

Shoot Length 
(cm) 

Number of 
Leaves 

Number of 
Roots 

Root Length 
(cm) 

0.0 40.00ᵃ 1.00ᵃ 6.60ᵃ 2.20ᵃ 16.80ᵃ 12.40ᵃᵇ 
0.5 36.00ᵃᵇ 1.40ᵃᵇ 10.50ᵃᵇ 6.20ᵇ 26.60ᵃᵇ 8.60ᵃ 
1.0 31.80ᵇ 2.40ᵇ 14.20ᵇ 6.80ᵇ 30.80ᵇ 14.20ᵃᵇ 
1.5 34.40ᵃᵇ 1.60ᵃᵇ 11.00ᵃᵇ 4.40ᵃᵇ 26.40ᵃᵇ 16.80ᵇ 

Note: Different superscripts in the same column indicate significant differences at the DMRT test level of 0.05. 
 

 
 

Fig 1: Growth response of pepper cuttings (Piper nigrum L.). Shoots and roots without PGPR (a and b), shoots and roots with PGPR 1.0 
g·L⁻¹ (c and d). 

 
Based on the observation data in Table 1, PGPR at a 
concentration of 1.0 g.L-1 was more effective in increasing 
shoot and root growth in pepper cuttings. The effectiveness 
of PGPR at a concentration of 1.0 g.L-1 indicates that the 
rhizobacterial consortium contained in the PGPR used 
worked synergistically in supporting shoot and root growth 
in pepper cuttings. PGPR is known to have the ability to 
synthesize and secrete plant hormones (phytohormones) 
including cytokinins, gibberellins (GA), and auxins (IAA), 
which are utilized by plants to stimulate plant growth 
(Backer et al., 2018) [1]. The rhizobacterium Bacillus subtilis 
in PGPR is able to produce the phytohormone IAA and 
increase shoot and root growth in ginger rhizomes 
(Jabborova et al., 2021) [7]. The rhizobacteria Pseudomonas 
fluorescens is known to be able to produce the 
phytohormone IAA and also plays a role in the availability 
of phosphate for plants (Parani and Saha, 2012) [13]. Auxin 
(IAA) and cytokinins play a major role in organ 
development, cellular responses such as cell differentiation, 
cell expansion, cell division, and gene regulation (Singh, 
2018) [19]. In addition, auxins produced by rhizobacteria in 

PGPR play a central role in almost every aspect of root 
development, from the cellular level to the root system as a 
whole (Roychoudhry and Kepinski, 2022) [16]. 
Shoots, leaves, and roots are parts of plants whose formation 
process cannot be separated from the role of nutrients such 
as nitrogen (N) and phosphorus (P), which are absolute 
nutrients needed by plants because these two elements play 
an important role in the vegetative growth of plants. The 
increase in vegetative growth (shoots and roots) in pepper 
cuttings in the PGPR 1.0 g.L-1 treatment is related to the 
availability of nitrogen in plants. It is known that PGPR can 
increase the availability of nutrients, one of which is 
nitrogen. Plants that receive sufficient N supplies will 
encourage the growth of shoots and leaves with high 
chlorophyll content so that plants can produce sufficient 
assimilates to support vegetative growth (Masclaux-
Daubresse et al., 2010) [11]. PGPR is a biofertilizer 
containing microorganisms that play a role in increasing 
plant growth and yield through direct mechanisms, namely 
by fixing nitrogen and solubilizing phosphate, or increasing 
phosphate availability to plants. PGPR can increase nutrient 
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availability to plants and also increase the total nitrogen and 
phosphorus content in plant tissue (Song et al., 2021) [20].  
 
Conclusion 
Based on the research that has been conducted, it can be 
concluded that PGPR treatment of 1.0 g.L-1 provides more 
effective results and has a significant effect compared to 
treatment without PGPR in stimulating the growth of shoots, 
leaves and roots in pepper cuttings (Piper nigrum L.). The 
use of PGPR can be the right choice in efforts to encourage 
environmentally friendly and sustainable agricultural 
development (SDGs). 
 
References 
1. Backer R, Rokem JS, Ilangumaran G, Lamont J, 

Praslickova D, Ricci E. Plant growth-promoting 
rhizobacteria: context, mechanisms of action, and 
roadmap to commercialization of biostimulants for 
sustainable agriculture. Front. Plant Sci, 2018, 9, 1473. 
doi: 10.3389/fpls.2018.01473 

2. Erturk Y, Ercisli S, Haznedar A, Cakmakci R. Effects 
of plant growth promoting rhizobacteria (PGPR) on 
rooting and root growth of kiwifruit (Actinidia 
deliciosa) stem cuttings. Biol. Res, 2010, 43, 91–98. 

3. Farida. Perekonomian kesultanan Palembang. Jurnal 
Sejarah Lontar,2009:6(1):12-20 doi: 
10.21009/LONTAR.061.02 

4. Goswami D, Thakker JN, Dhandhukia PC. Portraying 
mechanics of plant growth promoting rhizobacteria 
(PGPR): A review. Cogent Food & 
Agriculture,2016:2(1):1127500. doi: 
10.1080/23311932.2015.1127500 

5. Hassanein AMA. Factors influencing plant propagation 
efficiency via stem cuttings. Journal of Horticultural 
Science & Ornamental Plants,2013:5(3):171-176. doi: 
10.5829/idosi.jhsop.2013.5.3.1125 

6. Hu T, Cao Y, Zhang GX. Softwood cutting 
of Chionanthus virginicus and changes of endogenous 
hormone content during rooting period. J. Northwest 
For. Univ,2019:34(2):109–115. doi: 
10.3969/j.issn.1001-7461.2019.02.17 

7. Jabborova D, Enakiev Y, Sulaymanov K, Kadirova D, 
Ali A, Annapurna K. Plant growth promoting 
bacteria Bacillus subtilis promote growth and 
physiological parameters of Zingiber officinale Roscoe. 
Journal Plant Science Today,2021:8(1):66-71. doi: 
10.14719/pst.2021.8.1.997 

8. Joshi DR, Shrestha AC, Adhikari N. A review on 
diversified use of the king of spices: piper 
nigrum (black pepper). International Journal of 
Pharmaceutical Sciences and 
Research,2018:9(10):4089-4101. doi: 
10.13040/IJPSR.0975-8232.9(10).4089-01 

9. Karagöz FP. Impact of PGPR formulations combined 
with exogenous IBA levels to enhance root capacity in 
poinsettia cuttings. Agronomy, 2023, 13, 878. doi : 
10.3390/agronomy13030878 

10. Kaymak HC, Irmak MA, Aksoy A, Tekiner N. Auxin-
producing plant growth-promoting rhizobacteria 
promote root formation of Epipremnum aureum. 
Journal of Animal & Plant Sciences,2021:31(5):1338 -
1344. doi: 10.36899/JAPS.2021.5.0335 

11. Masclaux-Daubresse C, Daniel-Vedele F, Dechorgnat J, 
Chardon F, Gaufichon L, Suzuki A. Nitrogen uptake, 

assimilation and remobilization in plants: challenges for 
sustainable and productive agriculture. Ann. 
Bot,2010:105(7):1141–1157. doi:10.1093/aob/mcq028 

12. Pantoja-Guerra M, Valero-Valero N, Ramírez CA. 
Total auxin level in the soil–plant system as a 
modulating factor for the effectiveness of PGPR 
inocula: a review. Chem. Biol. Technol. Agric, 2023, 
10(6). https://doi.org/10.1186/s40538-022-00370-8 

13. Parani K, Saha BK. Prospects of using phosphate 
solubilizing Pseudomonas as biofertilizer. European 
Journal of Biological Sciences,2012:4(2):40-44. 

14. Parmar P, Sindhu SS. The novel and efficient method 
for isolating potassium solubilizing bacteria from 
rhizosphere soil. Geomicrobiology 
Journal,2019:36(2):130-136. doi: 
10.1080/01490451.2018.1514442 

15. Quan J, Ni R, Wang Y, Sun J, Ma M, Bi H. Effects of 
different growth regulators on the rooting of Catalpa 
bignonioides softwood cuttings. Life,2022:12(8):1231. 
doi: 10.3390/life12081231 

16. Roychoudhry S, Kepinski S. Auxin in root 
development. Cold Spring Harb Perspect 
Biol,2022:14(4):a039933. doi: 
10.1101/cshperspect.a039933 

17. Sarkar PK, Bapi D, Chakrabarti A, Biswajit D, Anup D, 
Devi HL, et al. Stem cutting : An important vegetative 
propagation approach for multipurpose tree species. 
Indian Farming Digest,2022:1(4):28-32 

18. Sezen I, Kaymak HC, Aytatlı B, Dönmez MF, Ercişli S. 
Inoculatıons with plant growth promoting rhizobacteria 
(PGPR) stimulate adventıtıous root formation on semi-
hardwood stem cuttings of Ficus benjamina L. Propag. 
Ornam. Plants,2014:14(4):152-157. 

19. Singh I. Plant growth promoting rhizobacteria (PGPR) 
and their various mechanisms for plant growth 
enhancement in stressful conditions: A review. Journal 
European of Biological Research,2018:8(4):191-213. 

20. Song Y, Li Z, Liu J, Zou Y, Lv C, Chen F. Evaluating 
the impacts of Azotobacter chroococcum inoculation on 
soil stability and plant property of maize crop. J. Soil 
Sci. Plant Nutr,2021:21(1):824–831. 
doi:10.1007/s42729-020- 00404-w. 

21. Takooree H, Aumeeruddy MZ, Rengasamy KRR, 
Venugopala KN, Jeewon R, Zengin G, et al. A 
systematic review on black pepper (Piper nigrum L.): 
From folk uses to pharmacological applications. Crit. 
Rev. Food Sci. Nutr,2019:59(1):S210–S243. doi: 
10.1080/10408398.2019.1565489 

22. Wardana ST, Setiawan H, Juswardi. Efektivitas auksin 
eksogen terhadap pertumbuhan tunas dan akar stek 
melati (Jasminum sambac (L.) Aiton). Sriwijaya 
Bioscientia,2025:5(2):61–
65. https://doi.org/10.24233/sribios.5.2.2024.490 


