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Introduction 

Mini cucumbers (Cucumis sativus L.) are a horticultural commodity 

with high economic value and are widely favoured by consumers (1). 

Demand for cucumbers is increasing due to population growth and 

the popularity of contemporary culinary trends that incorporate 

cucumbers as a primary side dish. Cucumber production in Central 

Java in 2023 was 28017 tonnes, in 2022 it was 24602 tonnes and in 

2021 it was 28270 tonnes (2). Current production levels remain 

below 2021 peak, so efforts to increase cucumber production, 

including mini cucumbers, are needed. One way to increase yields is 

by applying plant growth-promoting rhizobacteria (PGPR), which 

can regulate plant physiological activities through the production of 

phytohormones such as cytokinin, auxin and gibberellin (3). 

Rhizobacteria could actively synthesise plant hormones from the 

PGPR addition to the soil (4).  

The use of PGPR as biological fertiliser and biocontrol agent 
is a potential strategy one way to increase the production of mini 

cucumbers. The PGPR as a biological agent can improve soil fertility. 

The PGPR used is made from bamboo roots. Bamboo roots contain 

Pseudomonas fluorescens and Bacillus polymixa as producers of 

enzymes and indole acetic acid (IAA) phytohormones, thereby 

enhancing plant growth (5). These species designations are based 

on prior literature characterising bamboo-root-derived PGPR, the 

microbial composition of the specific inoculum used in the present 

study was not independently confirmed through microbial 

identification or viable cell counts. The PGPR can help reduce the 

input of synthetic fertilisers by farmers. However, the optimal dosage 

of PGPR from bamboo roots for mini cucumber plants has not been 

fully explored, necessitating further investigation. The PGPR can play 

a role in accelerating flowering (6). Generally, male flowers form 

earlier than female flowers, so mini cucumber plants have an 

unbalanced flower ratio of 10 : 1. Therefore, flowering induction is 

necessary for mini cucumber plants. 

One management strategy in cucumber cultivation to 

induce flowering is pruning. Pruning the shoots can increase the 

number of female flowers on cucumbers (7). An increase in the 

number of female flowers means an increase in the potential for 

flowers to be pollinated. Tip pruning involves removing the apical 

bud to inhibit apical buds so that growth is focused on generative 

development and lateral buds. Pruning stimulates lateral shoot 

growth, slows plant aging, increases production, stimulates rooting 

and changes soil microbial diversity (8). These lateral shoots are 

stimulated by pruning the apical part for better production. 
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Abstract  

The mini cucumber (Cucumis sativus L.) variety was characterised by a crunchy texture and low seed content, making it well-suited for lowland 

cultivation. Mini cucumbers typically produce short, capsule-shaped fruits. This study investigated the effects of plant growth-promoting 
rhizobacteria (PGPR) dosage and different pruning strategies on the growth and yield of mini hybrid cucumbers. The experiment was arranged in 

a factorial randomised complete block design (RCBD) with 2 factors. The first factor consisted of four PGPR dosages derived from bamboo roots, 

namely 0, 20, 40 and 60 mL L-1. The second factor comprised four pruning treatments: no pruning, main stem pruning, pruning of three lateral 

branches and pruning of five lateral branches. The results demonstrated that both PGPR application and pruning significantly affected vegetative 
and generative growth parameters of mini hybrid cucumbers. Application of PGPR at 60 mL L-1 significantly increased plant height by 26.11 %, leaf 

number by 30.00 % and fruit weight per plant by 44.04 % compared to the control. Meanwhile, pruning of three lateral branches significantly 

increased plant height by 24.90 %, fruit diameter by 13.22 %, fruit length by 28.50 % and total fruit yield per hectare by 47.36 % relative to the 

control. These findings indicate that appropriate PGPR application combined with strategic pruning practices can substantially enhance the 
growth and productivity of mini hybrid cucumbers. 
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 Research on the treatment of biological agents and branch 

pruning did not have a significant effect on chili production (9), but 

research on mini cucumbers needs to be tested. Based on this, this 

study will examine the interaction between PGPR application and 

pruning, as well as their effects on cucumber cultivation. This study 

aims to evaluate the individual and interactive effects of varying 

PGPR dosages and pruning types on the growth and yield of mini 

cucumbers, ultimately providing an evidence-based reference to 

optimise cultivation and increase production.  

 

Materials and Methods 

The study was conducted in Rahayu Village, Padureso Subdistrict, 

Kebumen Regency, Indonesia (Fig. 1), at an elevation ranging from 

175 to 210 m above sea level. During the four-month experimental 

period, the mean air temperature at the study site ranged from 21 

to 32.8 °C for 4 months. The experimental unit was defined as an 

individual plot assigned to each combination of bamboo root-

derived plant growth promoting rhizobacteria (PGPR) treatment 

and pruning intensity. The experiment consisted of 2 treatments 

arranged in a factorial randomised complete block design with 3 

replications. The first factor was the application of various doses of 

PGPR, namely P0 (control), P1 (20 mL L-1 of water), P2 (40 mL L-1 of 

water) and P3 (60 mL L-1 of water). The second factor was the type 

of shoot pruning, namely T0 (no pruning), T1 (pruning of the main 

stem shoots), T2 (pruning of 3 lateral branches) and T3 (pruning of 

5 lateral branches). Each plot contained 21 cucumber plants, 

resulting in a total experimental population of 756 plants. The 

representatives image shown on Fig. 2. To minimise border effects, 

plants located at the outer rows of each plot were excluded from 

data collection. A total of 180 representative plants per plot were 

selected for analysis using a systematic sampling approach. The 

research was conducted starting from the production of PGPR 

from bamboo roots, seedling, land preparation, planting, 

maintenance, PGPR application and pruning, harvesting and 

observation. 

 Soil analysis prior to planting in the Rahayu village area 

showed high potassium and phosphorus content, but low total 

nitrogen content. The planting medium had a neutral pH. The 

PGPR from bamboo roots has potential capability to fix free 

nitrogen in the air (10), thereby increased the nitrogen content in 

the planting medium, thus, could overcome soil nutrient 

properties problems. 

 Experimental apparatus and materials included hoes, 

measuring tapes, dibble stick (tugal), hand sprayers, stakes, ropes, 

scissors, measuring cups, scales, writing instruments and cell 

phones. The ingredients for preparing PGPR starter culture were 

200 g of bamboo roots and 2 L of non-chlorinated water (well or 

distilled). The method of preparation is to soak the bamboo roots 

along with the soil around the roots in the prepared water. The 

soaking process takes at least 2 days and 2 nights. 

 

Fig. 1. Location map of Rahayu village, Padureso subdistrict, Kebumen regency, Indonesia. 

Fig. 2. Representatives image of mini cucumber plant sample and fruit. 
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 The ingredients used to make PGPR were 100 g of 

granulated sugar, 2 kg of fine bran, 10 g of shrimp paste, 1 g of lime 

water, 250 g of flavouring, 10 L of well water or rainwater and 2 L of 

PGPR starter culture or seeds. The PGPR preparation was 

conducted by first combining shrimp paste, bran, sugar, flavouring 

and water in a pot, followed by heating the mixture to boiling while 

stirring periodically to ensure homogeneity. The boiled solution 

was then transferred into a storage drum and filtered using gauze 

to remove solid residues. After filtration, the drum was tightly 

sealed and allowed to cool to room temperature. Once cooled, 

PGPR inoculum derived from bamboo roots was added to the 

solution through a filtering process to prevent root debris from 

entering the medium. The drum was subsequently resealed and 

the mixture underwent anaerobic fermentation for 15 days, with 

periodic stirring performed carefully to minimise the risk of 

contamination by undesirable microorganisms. 

 The PGPR inoculum was considered ready for application 

based on the presence of characteristic indicators of successful 

fermentation, including a fresh fermented odour, a cloudy brown 

liquid appearance, a near-neutral pH and the formation of a thin 

white biofilm on the surface of the solution. These are indirect, 

sensory-based indicators of fermentation activity; no microbial 

identification, viable cell enumeration (CFU mL-1), or molecular 

confirmation of the rhizobacterial taxa present in the inoculum 

was performed in this study. The PGPR application was conducted 

during routine crop maintenance by soil drenching at 7 and 21 

days after planting (DAP). Pruning treatments were applied by 

removing lateral branches according to treatment levels: pruning 

of three lateral branches was performed by cutting nodes 1–3, 

while pruning of five lateral branches involved cutting nodes 1–5. 

All pruning treatments were implemented simultaneously prior to 

the onset of the generative phase, at 21 days after planting (DAP). 

Plant observations included measurements of plant height, 

number of leaves, days to 50 % flowering, number of fruits per 

plant, fruit diameter, fruit length, fruit weight per plant and total 

fruit yield per hectare. The collected data were statistically 

analysed using analysis of variance (ANOVA) via IBM SPSS Statistics 

21.0 Desktop. When significant differences were detected at the $P 

\le 0.05$ significance level, treatment means were subsequently 

compared using the least significant difference (LSD) test. 

 

Results and Discussion 

Interaction analysis of PGPR application and pruning 

The ANOVA revealed that PGPR dosage significantly affected plant 

height, leaf number, fruit length, fruit weight per plant and fruit 

weight per hectare. In contrast, pruning treatments significantly 

influenced plant height, leaf number, fruit diameter, fruit length, 

fruit weight per plant and fruit weight per hectare. Both treatments 

had no significant effect on flowering age and number of fruit per 

plant. No significant interaction between PGPR dosage and 

pruning treatments was detected for any growth or yield 

parameter evaluated in mini cucumber plants (Table 1).  

 Bamboo root-derived PGPR enhances root development, 
thereby improving water and nutrient uptake efficiency by the 

plant root system (11). In contrast, pruning disrupted apical 

dominance, regulates main stem elongation and reduced the 

formation of excessive lateral branches and non-productive 

fruits (12), which in turn promoted more efficient assimilate 

translocation into lateral shoots and developing fruits. While PGPR 

application primarily improved nutrient acquisition, pruning 

functions to regulate assimilate partitioning within the plant. 

Because these two management practices act through distinct 

physiological mechanisms nutrient uptake versus assimilate 

distribution they operate independently without synergistic or 

antagonistic interactions under the conditions of this study. 

Consequently, the absence of interaction observed in this study 

suggested an additive effect, in which each treatment contributed 

positively to plant growth and yield without directly influencing the 

effectiveness of the others. 

Effect of plant growth-promoting rhizobacteria dosage  

Based on the LSD test, PGPR dosage had a significant effect on 

plant height, leaf number, fruit length, fruit weight per plants and 

fruit weight per hectare of mini cucumber plants. The highest 

PGPR dosage (60 mL L-1; P3) resulted in the most significant 

growth, with an average plant height of 9.66 cm, leaf number of 

3.25 and fruit weight of 77.91 g per plant (Table 2). Application of 

PGPR at this dosage likely provided an optimal rhizobacterial 

population in the rhizosphere, enabling effective root 

colonisation and enhanced metabolic activity. The PGPR were 

known to synthesise phytohormones, particularly indole-3-

acetic acid (IAA), which promoted cell elongation and stem 

growth, thereby increasing plant height. Additionally, IAA 

production stimulated lateral shoot development and floral 

initiation, contributing to increased leaf formation and improved 

yield components (13). Higher PGPR dosages may further 

enhanced the production of growth-promoting hormones such 

as auxins and gibberellins, resulting in improved vegetative 

growth and fruit development. These findings were consistent 

with previous studies (14), which reported that increasing PGPR 

dosage enhanced plant growth due to greater bacterial 

colonisation and modulation of endogenous phytohormone 

concentrations. 

Table 1. Analysis of variance (ANOVA) results 

No Observation variable PGPR dose Type of top pruning Interaction of PGPR dose and pruning type 

1 Plant height (PH) ** ** ns 

2 Number of leaves (NL) ** ns ns 

3 50 % flowering age (FA) ns ns ns 

4 Number of fruits per plant (NFP) ns ns ns 

5 Fruit diameter (FD) ns ** ns 

6 Fruit length (FL) * ** ns 

7 Fruit weight per plant (FWP) ** * ns 

8 Fruit weight per hectare (FWH) * ** ns 

* : significant; **: very significant; ns: non significant; PGPR: plant growth-promoting rhizobacteria. 
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 In addition to plant height, leaf number and fruit weight 

per plant, PGPR dosage also significantly affected fruit length and 

fruit weight per hectare, although at a lower significance level (p 

< 0.005) compared with plant height, leaf number and fruit 

weight per plant (p = 0.001). this pattern suggests that the effect 

of PGPR is expressed most strongly at the level of individual plant 

growth and development, while its influence on land-scale 

productivity (fruit weight per hectare) is comparatively more 

moderate, likely because yield per hectare is also shaped by 

plant population density and spatial uniformity across 

experimental plots, factors not directly controlled by PGPR 

application (15). Nevertheless, the increase in fruit length under 

higher PGPR dosage is consistent with enhanced auxin and 

gibberellin production, which promotes cell elongation not only 

in vegetative tissues but also in developing fruit (16). 

 Environmental conditions were characterised by limited 

water availability due to the dry season and the location was far 

from water sources. Plants used adaptive mechanisms such as 

plant growth-rhizobacteria interactions with plant roots to 

mitigate drought stress (17). The PGPR application mitigated the 

adverse impacts of drought stress through a different 

mechanism. The root system adapted as an adaptive feature to 

ensure the plant's water needs were met (18). Thus, under 

drought conditions, a larger and deeper root system could 

increase plant yield. Based on the data in Table 2, PGPR 

application had a positive impact on plant growth and yield, 

except for the number of fruits per plant and fruit diameter. 

 Bamboo-root-derived PGPR has been reported in the 

literature to contain Azospirillum bacteria, although the specific 

microbial composition of the inoculum used in the present study 

was not independently verified. Azospirillum was a genus of 

rhizobacteria that  colonise soil rhizosphere. Azospirillum spp. 

increased plant resistance to drought stress. Azospirillum could 

overcome low nitrogen availability prior to PGPR application. 

Azospirillum spp. binded free nitrogen in the air and converted it 

into ammonia (19), thereby increased nitrogen availability and 

allow nitrogen uptake by plants. 

Influence of different pruning types  

Based on the results of the 5 % LSD test at 5 % probability level 

follow-up test, pruning treatments significantly affected plant 

height, fruit diameter, fruit length and fruit yield per hectare of mini 

cucumber. The most favourable results were obtained from 

pruning three lateral branches (T2), which produced a plant height 

of 9.73 cm, a fruit diameter of 4.54 cm, a fruit length of 9.74 cm and 

a total fruit yield of 13.69 kg ha-1. Pruning three lateral branches 

created more optimal growth conditions compared with more 

intensive pruning treatments. In this treatment, selective removal 

of lateral branches limited excessive vegetative growth while 

maintaining a sufficient leaf area to support maximum 

photosynthetic activity. As a result, a greater proportion of 

photosynthates was allocated to shoot development and fruit 

filling (20). Cucumber production requires a balance between 

source organs (leaves) and sink organs (fruits) and pruning three 

lateral branches provided adequate sites for fruit formation 

without causing excessive competition for nutrients. This finding 

was consistent with the results presented in Table 3, which 

showed that pruning three lateral branches significantly increased 

fruit yield per hectare. In addition, fruits produced under this 

pruning regime tended to be larger, denser and of higher quality 

due to improved assimilate availability (21). Previous studies 

reported that fruit development on central lateral branches was 

associated with greater average fruit weight, supporting the results 

of the present study (22). 

Table 3. Effect of type of top pruning on the average growth and yield of mini hybrid cucumber 

Sl. No 
Type of 

top pruning 
PH 

(cm) 
NL 

(leaves) 
FA (days after 

plant) 
NFP  

(fruits.plant-1) 
FD (cm) FL (cm) 

FWP  
(g.plant-1) 

FWH  
(kg.ha-1) 

1 T0 7.79ab ± 1.46 2.83a ± 3.64 23.92a ± 5.36 1.33a ± 0.77 4.01a ± 5.38 7.58a ± 5.51 45.56a ± 0.55 9.29abc ± 0.66 

2 T1 7.68a ± 1.63 2.92a ± 4.31 24.92a ± 7.48 1.42a ± 0.85 4.34abc ± 4.26 8.39abc ± 2.63 49.41ab ± 1.62 8.92ab ± 3.88 

3 T2 9.73d ± 2.53 3.08a ± 5.37 25.25a ± 6.68 1.25a ± 1.48 4.54bcd ± 3.64 9.74cd ± 6.31 73.38d ± 2.95 13.69d ± 2.73 

4 T3 8.09abc ± 4.39 2.00a ± 6.46 25.25a ± 4.75 1.25a ± 2.57 4.23ab ± 5.66 8.37ab ± 0.53 55.66c ± 0.37 8.13a  ± 1.46 

PH: plant height; NL: number of leaves; FA: flowering age; NFP: number of fruits per plant; FD: fruit diameter; FL: fruit length; FWP: fruit weight 
per plant; FWH: fruit weight per hectare. Values are presented as mean ± standard deviation (SD). Means within a column followed by different 

lowercase letters differ significantly at p ≤ 0.05 according to the least significant difference (LSD) test.  

Table 2. The effect of PGPR dosage on the average growth and yield of mini hybrid cucumber 

PH: plant height; NL: number of leaves; FA: flowering age; NFP: number of fruits per plant; FD: fruit diameter; FL: fruit length; FWP: fruit weight 
per plant; FWH: fruit weight per hectare; PGPR: plant growth-promoting rhizobacteria. The mean values followed by the same letter are not 

significantly different at p < 0.05 according to the least significant difference (LSD)  test.  

Sl. 
No. 

PGPR dose  
(mL.L-1 of water) 

PH 
(cm) 

NL 
(leaves) 

FA (days after 
plant) 

NFP  
(fruits.plant-1) 

FD  
(cm) 

FL  
(cm) 

FWP 
(g.plant-1) 

FWH  
(kg.ha-1) 

1 P0 7.66a ± 0.37 2.50a ± 1.45 24.42 ± 0.88 1.42 ± 2.79 4.18 ± 5.01 7.78 ± 3.73 44.04a ± 2.66 7.41 ± 3.68 

2 P1 8.16abc ± 2.31 3.00b ± 1.56 24.50 ± 0.59 1.17 ± 3.42 4.37 ± 4.27 8.50 ± 0.59 49.41ab ± 6.33 8.91 ± 4.57 

3 P2 7.81ab ± 1.67 3.08bc ± 0.89 25.83 ± 1.47 1.25 ± 2.77 4.17 ± 2.56 8.13 ± 1.25 52.65abc ± 1.34 11.30 ± 5.41 

4 P3 9.66d ± 1.32 3.25bcd ± 1.78 24.58 ± 2.83 1.42 ± 3.09 4.40 ± 3.62 9.66 ± 4.75 77.91d ± 0.88 12.40 ± 2.48 
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Conclusion 

This study demonstrated that the application of plant growth-

promoting rhizobacteria (PGPR) significantly enhanced the growth 

and yield of mini hybrid cucumber. Among the tested treatments, 

the highest PGPR dosage of 60 mL L-1 (P3) produced the most 

favourable results, significantly increasing plant height (9.66 cm), 

number of leaves (3.25 leaves) and fruit weight per plant (77.91 g 

plants-1). The increase in growth and productivity at higher PGPR 

dosages was attributed to improved root colonisation and 

enhanced synthesis of growth-promoting phytohormones, which 

collectively stimulate vegetative development and yield formation. 

Pruning treatments also significantly influenced crop performance, 

with pruning of three lateral branches (T2) resulting in the highest 

plant height (9.73 cm), fruit diameter (4.54 cm), fruit length (9.74 cm) 

and fruit yield per hectare (13.69 kg ha-1). This pruning strategy 

optimised the balance between vegetative growth and reproductive 

development, promoting female flower induction and improved 

assimilate allocation to fruit growth. However, no significant 

interaction was observed between PGPR dosage and pruning 

treatments, indicating that both practices independently affect 

different plant organs and physiological processes. In conclusion, the 

findings suggest that the integrated application of an optimal PGPR 

dosage and moderate pruning could effectively improve mini hybrid 

cucumber growth and yield through additive, rather than 

interactive, effects.  
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