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ABSTRACT

The application of pyroligneous acid (PA) and UPMB10 (Bacillus subtilis) can
improve the growth and yield of dwarf long bean (DLB) without affecting
the environment. PA commonly derived from charcoal production as a by-
product. Meanwhile, UPMB10 is a plant growth-promoting rhizobacterium
(PGPR) isolated from oil palm root. Previous studies investigated the effects
of UPMB10 inoculation and PA separately, and no research examined their
combined outcome on crops. Therefore, an experiment was conducted to
determine the PA’s influence on the combined effect of PA and UPMB10 on
the growth and yield of the DLB plant. The study investigated the effect
of PA dilutions (v/v), control (water), 1:600 (P600), 1:400 (P400), and 1:200
(P200) and UPMB10 inoculation (uninoculated and inoculated) on the growth
and yield of DLB. From the study, UPMB10 did not significantly improved
the growth and yield of DLB. However, the PA effect was significant toward
the yield production, where P400 had significantly promoted the DLB yield
by increasing the total yield dry weight, which was positively correlated
with the total number of DLB pods. For future research, an investigation
on different application timing between PA and UPMB10 could prevent
the potential negative impact of PA toward UPMB10 with reduced rates of
chemical fertilizer and type of soil used.
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1 Introduction

With just 1% of the world’s agricultural area, organic
farming is the fastest-growing sector in world agricul-
ture (Seufert et al., 2017). This promising alternative
is based on using and enhancing internal natural re-
sources for agriculture productivity improvement to
minimise the environment’s negative impacts (Deyn

et al., 2017). The pyroligneous acid (PA) is one of the
biomass pyrolysis products and also known as wood
vinegar. It is acidic and has a translucent reddish-
brown property (Wang et al., 2019). Most biomate-
rials, such as tree branches, paddy straw, bamboo,
wood residue, can be used as a feedstock for PA pro-
duction. It comprises many complex organic compo-
nents and compounds that can benefit many areas,
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including agriculture, food and medicine (Lu et al.,
2019). The utilization of a by-product from any in-
dustries helps reduce the impact of carbon footprint
and generate income and job opportunities for society.
One of PA’s benefits in agriculture is the promotion
effect on crop plants’ growth and yield. The previ-
ous researcher reported that the products of rice, rock
melon, soybean, sweet potato, tomato, and several
other crops had been significantly promoted by the
application of PA (Grewal et al., 2018). The PA may be
used as foliar sprays or as a soil drench, and there is
no significant difference in the effects on any traits be-
tween the two types (Mungkunkamchao et al., 2013).
At a suitable dilution, PA can promote the soil mi-
crobe and the plant growth and yield. But the dilu-
tion rate also depends on the crop and environmental
condition as well. If the dilution is to dilute, then
the effect will not be seen. And for the concentration
which is too high, PA’s effect will cause stunted plant
growth and soil microbes. Use of a proper dilution
can also saving cost by preventing the excess PA from
wasting.

Generally, the optimal dilution of PA, which pro-
motes plants growth, is in a range of 250-800 times
dilution (Shuang et al., 2020). In study, PA applica-
tion diluted 300 times increased the number of pan-
icles and grain number per panicle of organic rain-
fed rice (Polthanee et al., 2015). A 0.2% PA (nearly
500 times dilution) also enhanced the growth and
yield of MR219 rice (Berahim et al., 2014). Besides, an
application of 800 dilutions of PA also significantly
promoted the total soluble solutes of tomato fruit
(Mungkunkamchao et al., 2013). The total phenolic
content of tomato also increased with 250 times dilu-
tion of PA (Benzon and Lee, 2016). As compared to
the control, lettuce, cole, and cucumber yields also
increased by 18.9 – 20.2% with the 500 times dilution
of PA (Jun et al., 2006). The PA dilution used some
time is beyond the 250-800 times dilution. The PA
at five times dilution combined with biochar signif-
icantly increase the maize grain yield after a year at
abandoned salinized cropland (Lashari et al., 2015).
The PA of pineapple biomass, 2 – 4% (approximately
50 – 25 times dilution) affected the okra growth in
terms of plant height, leaf diameter, root length, fruits
weight, leaves number and fruits number (Mahmud
et al., 2016). Even the 4000 times dilution also had
found to promote the germination and root growth
of wheat seeds (Lu et al., 2019). While some stud-
ies found that applying PA at dilutions of the rate of
10% increased crop yield, at higher concentrations,
PA has an inhibitory effect on plant development
(Mmojieje and Hornung, 2015; Zulkarami et al., 2011).
The application of 30% PA was toxic, as most rock
melon plants died when exposed to this level of PA
(Zulkarami et al., 2011). Although the 10% PA dilu-
tion does not limit the plant growth when applied
as a post-germination, the dilution rate inhibits the

pepper seeds when used in the initial germination
stage (Mmojieje, 2016).

The implementation of beneficial bacteria in sus-
tainable agriculture is an initiative that promotes
plant health and growth (Robledo-Buriticá et al.,
2017). Plant growth-promoting rhizobacteria (PGPR)
is a group of bacteria living in the rhizosphere, con-
sisting of Agrobacterium, Bacillus, Pseudomonas, and
several other genera (Goswami et al., 2016). Besides
acting as a bio fertilizer, PGPR also can be used as
biocontrol for phytopathogens (Ahmad et al., 2019).
There are plenty of commercialized PGPRs in the mar-
kets, and one of them is UPMB10. UPMB10 (Bacillus
subtilis) is a rod-shaped, Gram-positive, and spore-
forming bacteria (Kamaruddin, 2016). The strain was
isolated from the root of oil palms and used in the
Bacto-10TM commercial product (Kuan et al., 2016).
There are several abilities of this PGPR, which in-
clude IAA (indole-3-acetic acid) production and at-
mospheric nitrogen fixation, that can promote growth
and yield of crops production (Razak et al., 2019).
Other biochemical properties of UPMB10 are phos-
phate solubilisation, potassium solubilisation, iron
siderophore production, cellulase production, and
pectinase production (Ali-Tan et al., 2017).

The dwarf long bean (DLB) is the hybrid between
cowpea (Vigna unguiculata subsp. unguiculata) and
long bean (Vigna unguiculata subsp. sesquapedalis)
through selective breeding and backcrossing pro-
cesses (Tantasawat et al., 2010; Ujang, 2011). This
DLB plant has similar pod morphology to a long bean
plant but with a shrub or bush characteristic (Brath-
waite, 1978). This new horticultural crop was first
developed in the Philippines by Acosta and Petrache
(1960). The areas of cultivation for the long bean are
Central and East Africa, tropical America, tropical
Asia and West Africa (Tindall, 1983). As with other
legumes, DLB is a nutritional component of both the
human diet and livestock (Olawuni et al., 2013). Fresh
pods are harvested as green vegetables (Ofori and Kl-
ogo, 2005) and served as a light meal (Razali et al.,
2006). The legume is also suitable for conservation
agriculture due to its ability to fix atmospheric nitro-
gen and facilitate soil nutrients’ circulation and water
retention (Stagnari et al., 2017). Unlike long bean,
DLB does not require trellises and can save about
50% for the site preparation cost (MARDI, 2008). This
crop also has a short life span, making it less risk
of exposure to pests, diseases, and natural disaster
(Tantasawat et al., 2010). The slightly shorter pods of
DLB makes the pods are more manageable for storage
and transportation compare to the typical long bean
(MARDI, 2008). Due to the desirable features, the
DLB plant was selected as a test crop for this study
for more manageable yield storage and transportation
and fast growth.

Most of the previous study had evaluated the ef-
fect of PGPR inoculation and PA on crop singly (Rui
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et al., 2014). There was also minimal research done on
growth and yield improvement by PA, especially in
co-application with PGPR with the optimal PA dilu-
tion. PA alone cannot afford the nutrition required by
crops as the amount of NPK of the substance is very
low (Mungkunkamchao et al., 2013). Therefore, the
role of PGPR, including UPMB10, is beneficial to pro-
mote nutrient availability through their plant growth
promoting traits. With the help of the UPMB10 combi-
nation, the nutrients provided by PA can be fortified
to fulfil the plant needs, including leguminous plants.
The combination of PA and UPMB10 could contribute
to the environment-friendly approach and food secu-
rity through a sustainable method without causing
pollution. Moreover, the utilisation of PA derived
from the by-product of charcoal factories in farming
can also promote the socioeconomic of the society. At
the suitable PA dilution, the combined application of
PA and UPMB10 is hypothesised to have a synergistic
effect of DLB without affecting the natural environ-
ment. Hence, an experiment was conducted to study
the PA dilutions effect combined with UPMB10 (as a
factorial experiment) on the growth and yield of DLB.

2 Materials and Methods

2.1 Experimental design and treatment

The study was a two-factorial experiment. The first
factor was the different PA dilution treatments: 0:1
(control), 1:600 (P600), 1:400 (P400), and 1:200 (P200).
And the second factor was the inoculation of the
UPMB10: inoculated and uninoculated. The inves-
tigation was conducted at the Field 16 Unit, Faculty
of Agriculture, Universiti Putra Malaysia, for nine
weeks in November 2016 and was replicated four
times under a completely randomized design. The
agro-climatic condition is classified as warm, humid
tropics with a regular dry season (FAO, 2004). The
temperature is relatively uniform with high relative
humidity (85-95%) and typical rainfall (200-250 cm a
year) (FAO, 1996). During the experiment, the tem-
peratures range from 34 °C during the day to 22 °C
at night. The maximum daily precipitation is 40 mm
and with a total of 452 mm and 49 days of rain from
16th November 2016 to 21st January 2017. The co-
copeat used had an acceptable pH (6.6), electrical
conductivity (0.16 mS cm−1), and bulk density (0.07 g
cm−3) (Awang et al., 2009). The chemical properties
(%) of the cocopeat were N (2.08), P (1.80), K (2.72),
Mg (0.87), and Na (0.49) (Ismail et al., 2020).

2.2 Preparation and dilution of PA

The PA was obtained from a local agriculture store
at Seri Kembangan, Selangor, Malaysia. It was pro-
duced from a liquid condensate extracted from the
carbonisation process during charcoal making at a

temperature of 240 – 500 °C of mangrove tree billets
(Rhizophora apiculata). The condensate was allowed
at room temperature for three months to separate re-
fined PA (brown liquid, located at middle layer) from
clear oil (at top layer) and dark tar (at bottom layer).
The thick brown liquid of the intermediate layer was
collected and stored in a new container before used as
commercial PA. Depending on the rate of application,
PA was diluted with distilled water (v/v) into 0:1
(control), 1:600 (P600), 1:400 (P400) and 1:200 (P200).
Each PA treatments was watered into the planting
media with a similar volume as the scheduled fertiga-
tion volume. Both PA and UPMB10 treatments were
applied twice during four and six weeks after sowing
(WAS) in the afternoon (around 5.0 pm).

2.3 Preparation of UPMB10 culture

The pure culture of UPMB10 was obtained from the
Department of Land Management, University Pu-
tra Malaysia, Serdang. The culture was prepared by
growing in tryptic soy broth (TSB) (Merck, USA) for
24 hours and was centrifuged (5810 R, Eppendorf,
Germany) at 9000 rpm for 10 minutes in a 50 mL
Eppendorf tube (Tan et al., 2015). The supernatant
was removed aseptically and replaced by 0.85% of
sterilised phosphate buffer saline (PBS). The solution
was then mixed thoroughly by using a vortex mixer
(FINEVORTEX, FINEPCR, Korea) for 30 seconds. The
colony-forming unit (CFU) of the bacteria culture
was observed using the total plate count technique
(Tan et al., 2015). One millilitre of the solution was
placed into a series of test tubes at 10-fold dilution
and streaked on tryptic soy agar (TSA) (Merck, USA).
The colony count of the 24 h culture was approxi-
mately 1 × 109 CFU mL−1. These microbial cultures
were directly inoculated on the basal of plant stems
at the rate of two millilitres per plant.

2.4 Preparation of planting media

The cocopeat used in the experiment was collected
from a local agriculture store at Seri Kembangan, Se-
langor, Malaysia. All polybag (32 polybags equiva-
lent to 32 experimental units) were filled with coco-
peat until 1 inch left from the top using 12 inches ×
16 inches garden polybags (black). The cocopeat was
rinsed with water before sowing. The seeds of dwarf
long bean were sowed into the polybag at the rate of
two seeds per polybag. The polybags were watered
twice daily to ensure healthy seedling germination
and plant growth. The electrical conductivity (EC)
of the solutions were maintained according to local
agricultural practices (Table 1). The rate was 1.5 dS
m−1 for the vegetative state (1-4 WAS), 2.0 dS mm−1

for the flowering stage (5 WAS), and 2.5 dS mm−1 for
the fruiting stage (5-9 WAS) in all fertilizer storage
tanks. A drip fertigation system was used to irrigated
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Table 1. Irrigation volume, electrical conductivity (EC), and plant growth stage for each week

Week after
sowing (WAS)

Irrigation volume
(L bag−1 d−1)

EC of liquid fertil-
izer (dS/m)

Plant growth
stage

0-1 0.25 1.5 Vegetative
1-2 0.5 1.5 Vegetative
2-3 0.75 1.5 Vegetative
3-4 1 1.5 Vegetative
4-5 1.25 2 Flowering
5-6 1.5 2.5 Fruiting
6-7 1.75 2.5 Fruiting
7-8 2 2.5 Fruiting
8-9 2 2.5 Fruiting

the nutrient twice a day with a total of 0.25 L per day
for each polybag and increased by 0.05 L for each com-
ing week. Once per week, the polybags were weeded
out to ensure healthy plant growth without the com-
petition of weed. Local farmers’ practice was adopted
to control the disease and pest by using fungicides
and insecticides when necessary.

2.5 Parameters measurement

Growth characters (plant height and chlorophyll con-
tent) were observed weekly for nine weeks. Yield
components (flowering date, pods number, dry
weight and relative water content) were recorded ev-
ery two days started from emerged of the first flower.
Plant height was recorded by measuring the length
of the shoot system (from the top base of planting
media to apical bud) by using a meter ruler. The date
of flowering was observed based on the number of
days taken by a plant to emerge the first flower. The
number of pods was the total pod number harvested
during the reproductive stage from a plant. Total
yield was presented in terms of total dry weight (in
gram) produced by a plant. Total yield per pod was
the average weight of all pods produced by a plant.
The chlorophyll content was taken using a portable
SPAD meter (SPAD-502, Konica-Minolta, Japan) at
the fourth trifoliolate leaves from the top of the plant
(Hgaza et al., 2009). The readings were taken at two-
thirds of the distance from the leaf tip towards the
stem (Argenta et al., 2004). Three measurements of
SPAD value were taken per plant and were averaged
(Rodriguez and Miller, 2000). Relative water content
(RWC) of harvested pods was calculated based on the
following formula given by Sumithra et al. (2006):

RWC (%) =
(FW − DW)

FW
× 100 (1)

where FW and DW are the fresh and dry weight, re-
spectively. DW was measured after oven-drying the
pods for 48 h at 90 °C (Egashira et al., 2016).

2.6 Statistical analysis

All data were analysed by one-way analysis of vari-
ance (ANOVA). Mean differences among tested treat-
ments were compared using the least significant
difference (LSD) test at 5 % significance (P < 0.05).
ANOVA and LSD test were performed through the
Statistical Analysis System (SAS) version 9.4.

3 Results and Discussion

There was no significant interaction between PA and
UPMB10 on all of the parameters. The effect of PA
treatments on the parameters was not influenced by
UPMB10 treatments or vice versa. The results are
presented and discussed on the main effect of PA and
UPMB10 individually for each treatment. However,
the average plant height of DLB, which were taken
weekly, was the only parameter that had shown a sig-
nificant effect of interaction, which was not demon-
strated within each week’s comparison.

3.1 Chlorophyll content

In the study, the leaf chlorophyll content of DLB was
observed in eight treatment combinations. For the
main effect of PA on chlorophyll content, there were
no significant differences within each week, except in
8 WAS (Table 2). Although the result was not signifi-
cant, the highest average SPAD value was presented
by DLB treated with P400 with an average value of
53.2. It was 10.1% higher than control. The lowest av-
erage SPAD value among PA treatments was found in
DLB plants treated with P600 with an average value
of 50.4. The value was only 4.3% over the control.
The insignificant result of PA treatments in this study,
except for 8 WAS, might cause by the high availabil-
ity of nutrients provided by liquid fertilizer irrigated
into the cocopeat media, as cocopeat media only had
a low concentration of available nitrogen, calcium,
magnesium and micro-elements. In contrast, phos-
phorus and potassium concentrations were high (0.28
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Table 2. Effects of PA (pyroligneous acid) dilution treatments and UPMB10 inoculatation on leaf chlorophyll
content (SPAD value) of yeardlong bean at 5, 7, and 9 WAS (weeks after sowing)

Treatment SPAD value

5 WAS 6 WAS 7 WAS 8 WAS 9 WAS

PA dilution
Control 42.6 46.3 68.8 37.6b 46.1
P600 42.9 46.3 63 50.3a 49.4
P400 42.3 46.8 71.7 51.8a 53.2
P200 41.3 48.6 65.9 50.3a 47.5

Sig. level NS NS NS * NS

UPMB10 inoculatation
Uninoculated 42.2 47.6 68.4 44.5 48
Inoculated 42.3 46.4 66.4 50.6 50.1

Sig. level NS NS NS NS NS

Values with different letters in a column designate significant difference among the treatment means. NS = not
significant.

– 2.81 mol m−3 and 2.97 – 52.66 mol m−3, respectively)
(Abad et al., 2002). A study on rice plant also reported
no significant difference between control, 500-times
dilution, and 1000-times dilution of PA (Jeong et al.,
2015). The study also stated that the application of
fertilizer dominated plant growth improvement that
PA could derive. The application of reduced chemical
fertilizer rate might help understand how PA affects
chlorophyll content in future study. Besides that, an
experiment was done on tomato plants with a 1:800
PA dilution ratio and found no change in chlorophyll
leaf content at any growth stage (Mungkunkamchao
et al., 2013). The insignificant difference might be re-
lated to the small amounts of N, P, and K contained in
PA, as shown in their research. They had concluded
that PA might not have the same effects as synthetic
fertilizer.

The significant reduction of SPAD value for the
control during 8 WAS might cause by the effect of
remobilization of nutrients during seed filling. The
nitrogen accumulated earlier in the vegetative tissues
was redistributed into the pods (yields) to provide
enough nitrogen for the seed filling and subsequently
reduce SPAD value from the leaves. A study done on
several legumes found out that the nitrogen require-
ments during seed filling are greater than biological
nitrogen fixation (BNF) and nitrogen uptake (Pam-
pana et al., 2016). But, the application of PA was
significantly preventing the SPAD reduction. Other
research studied the combined effect of PA and her-
bicides on leaf chlorophyll content of rice plants (Seo
et al., 2015). They also had found a small increment
of chlorophyll content on the plants treated with the
combination of PA and several types of herbicides
compared with the plants treated with herbicides
only. They stated that the improvement might be due

to the additional nutrients and organic substances
in PA. Besides, the increment also might be due to
the ability of PA that can reduce the toxic effect of
herbicides on rice plant. Furthermore, other study
had found that PA is able to increase leaf chlorophyll
content of rice, but it was not the effect of PA alone
(Kang et al., 2012). In their study, the PA was mixed
with charcoal. During the maximum tillering stage
of rice, the SPAD value of rice plant treated with a
mixture of charcoal, PA and half of the recommended
rate of chemical fertilizer had a similar result with the
one treated with the recommended rate of chemical
fertilizer only. However, during the heading stage of
plant rice, the treatment of the mixture was increased
significantly at 13.8% compared to the recommended
rate of chemical fertilizer treatment.

The main effect of UPMB10 treatments on leaf
chlorophyll content was also no significant within
each week (Table 2). However, DLB plants inoculated
with UPMB10 had higher leaf chlorophyll content
than control at 2.0% of increment. UPMB10 had been
proved to have several beneficial effects on plants,
such as increasing N, P, and K in plant tissues and pro-
moting overall plant growth (Tan et al., 2014). With
these abilities, UPMB10 supposed to increase leaf
chlorophyll content as the leaf chlorophyll content is
also correlated with the leaf nitrogen content (Ling
et al., 2011). However, the insignificance increments
by the UPMB10 inoculation for the chlorophyll con-
tent might be due to the high availability of nutrient
inside the planting medium—the same reason as in-
significant treatments of PA. A study done with in-
oculation of Rhizobium phaseoli found that the plant
growth enhancement was overridden by high fertil-
izer application during maturity stage and grain yield
of rice plant (Jeong et al., 2015).
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3.2 Plant height

There was no interaction between PA dilution and
UPMB10 inoculation treatments on plant height at
each specific week (5, 6, 7, 8, and 9 WAS). Therefore,
the results on plant height for each week (5, 6, 7, 8,
and 9 WAS) were compared and discussed separately
between the main effect of PA dilution treatments and
the main effect of UPMB10 inoculation treatments (Ta-
ble 3). For the main effect of PA (Table 3), no signifi-
cant differences among PA treatments were observed
at 5, 6, 7, 8, and 9 WAS, except for the overall (av-
erage) height (Fig. 1). P400 had shown the highest
DLB height for each week, and it was significantly
higher than control at 7.0% on average. The aver-
age height of P400 was also considerably higher than
P600 and P200 at 15.4 and 8.4%, respectively. The
lowest plant height from 5 to 9 WAS was DLB treated
with P600, and it was 7.2% less than control on aver-
age. Above all, no PA treatments reduced DLB height
significantly for each week (Table 3). Thus, PA was
not adversely affecting the growth of DLB, especially
in terms of tallness. The PA was proved to promote
plant growth in previous studies due to its biological-
active components (Wang et al., 2019). Phenols, es-
ters and acetic acids in PA are correlated with the
growth promotion properties (Grewal et al., 2018). Re-
searchers also have shown that PA performs similar
to a plant growth regulator. A hormone in PA, called
karrikinolide, promotes plant growth, especially at
the early stages of plant growth (Mungkunkamchao
et al., 2013).

Figure 1. Mean comparison between PA
(pyroligneous acid) dilution treatments in
terms of overall (average) DLB (dwarf long
bean) height. Different lowercase letters
indicate significant differences (p<0.05)
between treatment means.

The indirect effects of PA on DLB, such as control-
ling pests and diseases, and improving soil biology
and chemical, also influence plant growth. A yellow
gum disease caused by bacteria named Corynebac-
terium agropyri also is inhibited by PA’s application
(Grewal et al., 2018). The PA at 1% also had shown

high pest repellent characteristics (Siriwardena et al.,
2019). Besides, weed also can be controlled by the
PA application (Grewal et al., 2018). The presence
of phenols, formaldehyde, organic acids, carbonyls,
and alcohol in PA enable it to have biocide effects at
high application concentration (Grewal et al., 2018;
Steiner et al., 2008). PA can act as a catalyst for soil
microbes and enzyme activation (Grewal et al., 2018).
It was also proved that 1% of PA dilution can im-
prove soil biology by increasing biological biomass
(Cardelli et al., 2020). The influence of PA on soil
exchange complex through ion displacement had en-
hanced nutrient availability. PA increases the soil pH
by increasing the availability of basic cations (Grewal
et al., 2018). With the application of PA, the 1:100
dilution enhances the uptake of N and K (Benzon and
Lee, 2017). PA also promotes P uptake by increasing
useable phosphoric acid (Grewal et al., 2018).

For the main effect of UPMB10 inoculation on
plant height, there was no significant difference be-
tween control and inoculated treatment from 5 to 9
WAS (Table 3). The highest promotion effect was
at 7 WAS by 4.7% increment, and the lowest reduc-
tion was at 6 WAS by 2.4% reduction. On aver-
age, the UPMB10 treatment was only 0.2% higher
than the control. The little influence of UPMB10 on
plant height might be due to several factors such as
the overlapped effect caused by the fertilizer appli-
cation or the small inoculation volume given into
the planting media. Previous studies had reported
that UPMB10 significantly promoted seedling growth
(Mia et al., 2012). A study done on rice had found
that UPMB10 significantly increased seedling height
(Tan et al., 2014). The UPMB10 also increased plant
height up to 30% on banana growth (Ibrahim, 2008).
The ability of UPMB10 to produce IAA helps in pro-
moting plant height (Kuan et al., 2016). The UPMB10
also fix atmospheric nitrogen, which increases the ac-
cumulation of N and subsequently promotes plant
growth (Mia et al., 2010). The possible factors which
might influence the insignificant result of UPMB10
on DLB height are the late application timing, the low
application frequency, and the small inoculant vol-
ume. In our experiment, the application of UPMB10
(which was a similar date as PA application) was con-
ducted only twice at 4 and 6 WAS (flowering stage
started at 5 WAS) with 2 mL of UPMB10 culture (with-
out diluted). These conditions might reduce the suc-
cess rate of UPMB10 inoculation into planting media.
Earlier application of UPMB10 might help the effec-
tiveness of the inoculation process in plant media. It
has been reported that the timing of application of
PGPR influences plant growth (Kurokura et al., 2017).
Plants inoculated with PGPR at an early stage might
respond more, where younger seedlings are more re-
sponsive. Seeds inoculated with PGPR also increase
the plant growth rate, especially the microbial seed
coating approach (Rocha et al., 2020).
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Table 3. Effects PA (pyroligneous acid) dilution treatments and UPMB10 inoculation on plant height of
yardlong bean at 5, 7, and 9 WAS (weeks after sowing)

Treatment Plant height (cm)

5 WAS 6 WAS 7 WAS 8 WAS 9 WAS

PA dilution
Control 39.9 43.5 45.3 51.9 56
P600 40.1 38.8 43.3 47.1 48.8
P400 42 45.1 48.6 55.4 60.3
P200 40.9 41 44.3 51.4 54.6

Sig. level NS NS NS NS NS

UPMB10 Inoculation
Uninoculated 40.5 42.6 44.3 51.4 55.4
Inoculated 40.9 41.6 46.4 51.4 54.4

Sig. level NS NS NS NS NS

Dosage and frequency of PGPR application also af-
fect plant growth (Naihati et al., 2018). More frequent
application of UPMB10 might help in increasing the
significant rate of plant growth. The high volume
of inoculant also might increase the success rate of
UPMB10 inoculation into the rhizosphere by increas-
ing the spread area. Moreover, agronomic practice
dilutes the microbial culture first before use. This ap-
proach increases spread area without reducing PGPR
population per plant, especially toward old or grown
crops which have larger rhizosphere volume com-
pared to seedlings rhizosphere. Another possible
factor was the usage of the standard amount of fer-
tilizer rate. The use of 100% amount of fertilizer can
results in high nutrient in soil media, which result
in a high rate of plant growth (Jeong et al., 2015).
A comparison between the control and inoculated
plant might be less significant in terms of plant height
when a standard amount of fertilizer is applied. The
below-recommended rate of fertilizer might help in
differentiate the plant height between the control and
treated plant.

3.3 Days to flowering

For the main effect of PA (Table 4), there was no sig-
nificant difference between the treatments in terms
of days to flowering. The earliest flowering was ob-
tained from P400 with a mean value of 35.29 days, but
it was only 0.4% faster than the control. Meanwhile,
the latest flowering was recorded when treated with
P600 or P200, with both have a mean value of 36 days,
and it was only 0.2% faster than the control. Studies
indicate that PA stimulates and accelerates flowering
(Kulkarni et al., 2006; Wang et al., 2019). A mixture of
PA and charcoal also shorten the days to flowering
of zinnia, Melampodium and scarlet sage (Kadota
and Niimi, 2004). However, other studies also have
proved that there was no effect of PA application

on the flowering date of tomato (Mungkunkamchao
et al., 2013). The insignificant result on the days to
flowering of DLB may be due to different species
of test crop or late timing application of PA. Some
plants are more responsive compared to others. Less
sensitive plants may need a more frequent applica-
tion of PA during their growing stage. Also, the
known compounds in PA may be more responsive
toward younger seedlings (Mungkunkamchao et al.,
2013). The application of PA at the early stages of
DLB growth might accelerate the flowering process.
Future studies are required to understand the influ-
ence of the initial application of PA toward the days
to flowering.

For the main effect of UPMB10 (Table 4), there was
also no significant difference between the treatments
in terms of days to flowering. Inoculated UPMB10
treatment, which had a mean value of 36.25 of days to
flowering, was only 1.9% slower than uninoculated
control with no significant difference. Thus, the ap-
plication of UPMB10 was not adversely affected the
date of flowering. In another study, UPMB10 signifi-
cantly induced the early flowering of banana plants
(Mia et al., 2005). The experiment reported that the
combined application of UPMB10 with 33% of N fer-
tilizer showed three weeks early flowering compared
with uninoculated control combined with the same
fertilizer rate. However, the combination of UPMB10
and 100% of N fertilizer showed only five days earlier
compared with uninoculated control and 100% N rate.
In our study, 100% of the standard fertilizer rate was
given through the fertigation system, which might
be responsible for the slight influence of UPMB10
on the days to flowering of DLB. Reduced fertilizer
rate might help in increasing the significance, as the
high nutrient effect might interfere with the promo-
tion effect of UPMB10. Other possible reasons were
small inoculation volume and no early inoculation of
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UPMB10 during sowing. The PGPR application fa-
vors the early stage of plant life. Frequently repeated
inoculation can also help increase the promoting ef-
fect of UPMB10, as there was also interaction with
other millions of indigenous microbes that may com-
pete with each other.

3.4 Pod number

For the main effect of PA (Table 4), the highest pod
number of DLB was obtained from the plant treated
with P400 with a mean value of 19.50 pods. The P400
was significantly higher than P600 and P200 at 173.5
and 62.5 %, respectively. The P400 was also higher
than control at 36.8%, but the difference was not sig-
nificant. Meanwhile, the lowest pod number of DLB
was obtained from P600 with a mean value of 7.13
pods. P600 was significantly lower than control and
P400 at 50 and 63.4%, respectively. The P600 was also
lower than P200 at 40.6%, but the difference was not
significant. The increment of the pod number of DLB,
when treated with P400, was might be due to the
promotion effect of PA on the number of produced
flowers. It was suggested that the impact of PA vary
depending on the plant species (Kadota and Niimi,
2004). The difference might be due to the different
pH tolerance of plants toward the soil pH fluctuation
caused by the PA application. Some plants prefer
acidic condition like chilli, while others favor neu-
tral pH like tomato (Luo et al., 2019). Preferable soil
pH of plant species is essential for optimum growth.
The positive effect of PA on vegetative growth also
had influenced the number of flower production of
DLB. In a study, the number of the flower bud of
Melampodium was increased significantly with the
mixture of PA and charcoal (Kadota and Niimi, 2004).
However, there was no significant difference in the
number of the flower bud of French marigold and
zinnia in the same study. The small (insignificant)
promotion of fruit number by PA application was
also reported by other researchers (Mungkunkam-
chao et al., 2013). Besides, an experiment conducted
on soybean revealed that the 1.5, 3.0, and 6.0% of PA
dilution (v/v) did not significantly affect the number
of pods per plant (Petter et al., 2013). Our study found
a significant positive correlation (r = 0.70, p>0.05) be-
tween plant height and pod number. In a study on
rock melon, the root system and plant growth were
promoted by the PA application, which subsequently
promoted the flowering of rock melon (Zulkarami
et al., 2011). The PA contains nutrients essential in the
constitution of organic compound that contributes to
all plant growth phases such as growth and flowering
when given at a low dosage of application (Silva et al.,
2017).

Although P600 was more diluted than P400, P600
had a lower pod number than P400. In theory, if the
dilution rate of P600 is located between P400 and con-

trol, then the pod number should also be in between
around P400 and control, which reflect the concen-
tration of the given PA or at least had a similar pod
number with control. However, the mean value of
7.13 pods of P400 was significantly lower than con-
trol which has a mean value of 14.56 pods. It was
also a possibility that the location of the experimental
unit for P600, which exposed more compared with
other PA treatments, caused the plants to face external
stresses more, such as insect pest and herbicide in-
jury. The examples of insect pests of DLB are aphids,
pod borer, and leaf miner. And examples of herbicide
injuries are herbicides drift and misapplication. The
environmental stresses might interfere with the pod
number production, which also correlated with the
plant height parameter.

For the main effect of UPMB10 (Table 4), the num-
ber of pods that inoculated with UPMB10 was 18.4%
lower than control (uninoculated). However, the dif-
ference was not significant. Thus, the application
of UPMB10 did not significantly reduce the pod’s
number produced per plant. The positive effect of
UPMB10 might be faded by the impact of fertilizer
that applied with 100% from the recommended rate.
A low fertilizer rate might increase the difference
between inoculated and uninoculated treatment in
terms of pods number. In a previous study, the num-
ber of hands per bunch and the number of fingers per
hand for banana plants were reduced by the inocula-
tion of UPMB10 (Mia et al., 2005). Still, the differences
were also not significant. A study on blackberry also
found no significant difference in the number of flow-
ers for plant treated with Bacillus subtilis and Bacil-
lus pumilus (Robledo-Buriticá et al., 2017). However,
some studies reported that Bacillus subtilis promotes
the number of flowers and pods. Mixed culture of
mutant strains containing Bacillus subtilis had encour-
aged the number of flowers of Catharanthus roseus
under saline condition (Hingole and Pathak, 2016).
A study done on chickpea under sandy soil found
that the number of pods per plant was increased sig-
nificantly over control when inoculated with Bacillus
subtilis (Khan et al., 2020). The promotion effect of
UPMB10 on the pod’s number of DLB might also be
more significant in our study if the plant undergoes
stress such as under saline or sandy soil condition.
Main effect of PA and UPMB10 on pods number of
DLB were not significant within their treatments. The
number of pods might be more significant if the rate
of fertilizer was reduced. If the nutrient availabil-
ity supplied by the irrigated fertilizer (through ferti-
gation system) was limited, then the plant can rely
and utilize more on beneficial properties of PA and
UPMB10. It was found that the fruit number of a test
crop was significantly increased with the high appli-
cation rate of inorganic fertilizer (Mungkunkamchao
et al., 2013).
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Table 4. Effects PA (pyroligneous acid) dilution treatments and UPMB10 inoculation on yield and yield
characteristics of yardlong bean

PA dilution Days to flowering Number of pods Dry weight (g) RWC (%)
Total yield Per pod

PA dilution
Control 36.5 14.25ab 14.81b 1.11 91.9
P600 36 7.13c 7.9c 1.2 91.7
P400 35.29 19.5a 22.03a 1.29 92.4
P200 36 12bc 13.64bc 1.06 91.5

Sig. level NS * * NS NS

UPMB10 Inoculation
Uninoculated 35.58 14.56 15.64 1.15 91.9
Inoculated 36.25 11.88 13.54 1.18 91.9

Sig. level NS NS NS NS NS

Values with different letters in a column designate significant difference among the treatment means. NS = not
significant.

3.5 Pod yield plant−1

For the main effect of PA (Table 4), the highest to-
tal yield (dry weight) produced by a plant was the
P400 with a mean value of 22.03 g. The P400 was
significantly higher over control, P600 and P200 at
48.8, 178.9 and 61.5%, respectively. The P600 was the
lowest in total yield production per plant, and it was
significantly lower than control at 46.7%. The P200
was also lower than control at 7.9% less, but it was no
significantly different. Moreover, the promotion effect
on total yield per plant has a positive correlation with
the production of pods number per plant (r = 0.95,
p<0.05) and the height of the plant (r = 0.62, p<0.05).
Another study also had proved that PA significantly
promotes the yield production of soybean (Travero
and Mihara, 2016). Grain yield of rice was also in-
creased with PA application alone (Sun et al., 2020) or
combined with animal manure (Polthanee et al., 2015).
The yield of the rock melon plant was also increased
with 20% of PA (Zulkarami et al., 2011). The positive
effect of P400 on the yield of DLB might be related
to the regulating effect of PA on soil pH and nutri-
ent condition (Sun et al., 2020). The earlier beneficial
effect of PA on plant germination and growth and
increased leaf area and nutrient uptake might also
cause yield promotion (Lashari et al., 2015). More-
over, the improvement of yield biomass might be
due to the improved assimilate partitioning and sink
strength of carbon through the seeds (Berahim et al.,
2014). Although P600 and P200 had lower yield than
control, they were not significantly different. A study
conducted on soybean had shown no significant dif-
ference in the effect of PA on soybean yield (Petter
et al., 2013). The yield of the tomato plant also had
shown small increases (not significant) when applied
with PA derived from eucalyptus (Mungkunkamchao

et al., 2013). Another beneficial effect of PA, including
insect pests control (such as Anticarsia gemmatalis and
Pseudoplusia includens in soybean crop), can be gained
without interfering with the crop yield (Petter et al.,
2013). The acids might cause a slight decrease of P600
and P200 on total yield, ketones, and phenols in PA,
which are harmful for crop production if at a high
level (Sun et al., 2020).

For the main effect of UPMB10 (Table 4), the total
dry weight per plant for UPMB10 inoculated treat-
ment was 13.4% lower than uninoculated control,
but it was insignificant. Banana plant treated with
UPMB10 showed a slight improvement over control
in terms of bunch weight per plant with no signif-
icant difference (Mia et al., 2005). With only a tiny
increment, sweet potato yields also had shown no sig-
nificant difference over control when inoculated with
UPMB10 (Yasmin et al., 2007). Although UPMB10
did not promoted the quantity of crop yield signifi-
cantly, the inoculant had increased the yield quality.
N, P and Mg of sweet potato storage root were sig-
nificantly increased with the inoculation of UPMB10
(Yasmin et al., 2007). UPMB10 also improved other
fruit physical attributes of banana plants, except for
the bunch weight per plant, including the fingers
weight, length and diameter, and pulp to peel ratio,
through the improvement of the nutrient uptake K
and Ca (Mia et al., 2005). Another factor that can
be considered was not all PGPR were designed to
benefit all plant species on all growth or yield param-
eters. Selected PGPR may work best on specific plant
species or certain plant parameters. Besides, different
crop species may respond differently toward selected
PGPR. The UPMB10 may promote the crop yield on
certain crop species, but not the others. It was re-
ported that UPMB10 significantly increased the grain
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yield of rice through its ability of fixing atmospheric
nitrogen and producing IAA (Razak et al., 2019).

3.6 Dry weight of pod

For the main effect of PA (Table 4), there was no sig-
nificant influence of different PA dilution on the dry
weight per pod of DLB. The highest pod dry weight
was recorded with P400, and it has a mean value
of 1.26 g, which was 16.6% higher than the control.
Meanwhile, P200 had the lowest pod dry weight with
a mean value of 1.06 g, and it was 4.2% lower than
the control. For P600, it has a mean value of 1.20
g, which was 8.2% higher than control. A study on
tomato also showed slight increases in fresh weight of
fruit, but the total soluble solutes of fruit were signifi-
cantly enhanced with PA application (Mungkunkam-
chao et al., 2013). A study also had found that PA
had no significant effect on weight per 100 seeds of
the soybean. But they showed that PA had better
suppression of pest infestations (Pangnakorn et al.,
2009). Also, the yield and yield components of peanut
were not significantly increased with PA application
(Jothityangkoon et al., 2008). However, they had
found that the seed yield and shelling percentage
were slightly increased. The insignificant difference
between treatments in terms of dry weight per pod
also indicates that each pod’s weight did not influ-
ence the promotion effect of total yield (dry weight) of
DLB. The result showed that the increments of whole
pods dry weight per plant resulted from improve-
ment toward the pod’s number produced per plant.
The environmental factors, application methods, and
different test crop species were the possible reasons
that cause an insignificant difference of PA toward
dry weight per pod of DLB.

For the main effect of UPMB10 (Table 4), plants
inoculated with UPMB10 had slightly higher dry
weight per pod than uninoculated control plants, and
the difference was not significant. With a mean value
of 1.18 g, UPMB10 was only 2.6% higher over uninoc-
ulated control, which had a mean value of 1.15 g. The
slight improvement of UPMB10 on pod dry weight
might be due to the promoting effect by UPMB10,
such as IAA production and nitrogen fixation abili-
ties. A previous study done on common bean had
found that a bio fertilizer composted with Bacillus
subtilis, Trichoderma sp., and Rhizobium spp. increased
pods weight (Pohan et al., 2019). Another study on
groundnut showed significant improvement in pod
weight when inoculated with Bacillus licheniformis,
which has efficient spermosphere colonisation and
IAA production traits (Prashanth and Mathivanan,
2010). Moreover, inoculation of Bacillus subtilis on
peanut also promoted the dry weight of pods under
greenhouse and open field condition (Ahmad et al.,
2019). The insignificant effect of UPMB10 toward pod
dry weight might be due to either environmental fac-

tor, application method, or fertilizer rate. For the envi-
ronmental aspect, the possible threats that contribute
to causing crop injuries on DLB were the herbicide
drift, either physical or vapour drift (Schwartz-Lazaro
et al., 2017), and the crop pest, either insect pests or
pathogens (Hill, 2008). The infection of crop pest
probably occurred after the damage by herbicide drift
happened where the plants had low resistance during
that state (Duke et al., 2007).

In terms of the application method of UPMB10,
a higher volume of given inoculant might help pro-
mote the beneficial effect toward pods dry weight of
DLB. A study on common bean had stated that plant
treated with 1.00 and 1.25 g of the bio fertilizer experi-
enced the highest mean value of pods weight (Pohan
et al., 2019). Both bio fertilizer dosages were signifi-
cantly higher than 0, 0.25, 0.50 and 0.75 g treatments,
which indicated that a higher volume of inoculant
given onto the test crop might promote yield’s weight
over lower inoculant volume. The 100% of the rec-
ommended rate of irrigated fertilizer given on plants
might fade the beneficial effect of UPMB10 on pod
weight of DLB. The amount of nutrients produced by
PGPR is less than inorganic fertilizer. A low fertilizer
rate might help to increase the significant difference
between inoculated and uninoculated by UPMB10
on pod weight of DLB. A study on banana found no
significant difference between inoculated and uninoc-
ulated by UPMB10 in terms of finger weight when
applied with 100% N-fertilization, but not at 33% N-
fertilization (Mia et al., 2005).

3.7 Relative water content of pod

The dry weight of DLB pods was determined to access
the relative water content (RWC) of pods from each
treatment combinations. Relative water content is an
indicator to measure the plant’s water balance, which
measures the plant water status in terms of physiolog-
ical consequence of cellular water deficit (Barrs and
Weatherley, 1962). The current experiment showed
no significant difference among treatments for both
of the main effect of PA and UPMB10 factors and no
interaction between the factors (Table 4). For the main
effect of PA (Table 4), the highest value of RWC was
P400 with a mean value of 92.4% of RWC. The P400
was only 0.5% higher than control, with no signif-
icant difference. Meanwhile, the lowest RWC was
P200 with a mean value of 91.5%, and it was slightly
lower than the control at 0.4%. The P600, which had a
mean value of 91.7%, was also somewhat lower than
control at 0.2%. For the main effect of UPMB10 (Ta-
ble 4), the RWC was similar on both inoculated and
uninoculated treatments with a mean value of 91.9%.
From the result, PA and UPMB10 were not adversely
affecting the RWC of DLB pods. If the percentage
of RWC was lower than usual, then the maturity of
pods might interfere as well. Low RWC of pods will
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lead to faster pod maturity by increasing the levels
of γ-TIP proteins (Egashira et al., 2016), although the
pod size was still smaller than average. The RWC
tended to decrease if stress happened on the plant,
such as drought stress (Shirkhani and Nasrolahzadeh,
2016) and salinity stress (Shahverdi et al., 2020). The
difference between the treated and control plants in
terms of RWC of pods might be significant if the plant
undergoes stresses, especially drought and salinity
stress. Generally, plants treated with PA or inoculated
with PGPR maintained higher RWC as compared to
control. Rice seeds of two cultivars (KDML 105 and
RD6) primed with PA had better maintain RWC un-
der water shortage conditions (Simma et al., 2017). A
study done on perennial ryegrass had found that PG-
PRs named Bacillus amyloliquefaciens strain GB03
and WRA had significantly improved RWC under
severe drought stress (Su et al., 2017). According to
a study, an increase in RWC could be the result of
alterations in stomatal closure sensitivity (Dodd et al.,
2010). Despite recent progress, the mechanisms un-
derlying increased RWC with PGPR treatment have
yet to be understood (Su et al., 2017).

4 Conclusion

Based on the result, the P400 was the most suitable
PA dilution to promote the DLB yield. The applica-
tion of P400 significantly improved the chlorophyll
content during seed filling and the total yield dry
weight during harvesting by increasing the number
of pod production. Our study also found no signifi-
cant difference between inoculated and uninoculated
UPMB10 treatments on the DLB growth and yield,
which probably due to the overlapping effect by the
given fertilizer rate. The promotion effect of PA and
UPMB10 on the DLB plant may be improved in a
future study by applying both of them at different
times, with an early and more frequent application
using a larger volume of inoculant (by diluting), and
also with reducing irrigated fertilizer rate.
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