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ABSTRACT

Since phosphorus (P) is lower in agricultural areas with acid sandy soil, it runs out in
different parts of crop plants after harvesting. To boost growth and development in the next
cropping system, only overuse of inorganic phosphate fertilizers can adversely affect
agricultural sustainability. Phosphate-solubilizing fungi like Candida tropicalis play a role in
plant P nutrition through soil P dynamics and growth hormones. Three PSF isolates (Sw01,
Pu02, and Pu04) from bulk soil of fresh corn were tested for optimal media and incubation
times. The results showed that Sw01 produced the highest population of 593.33x10*CFU L™
when cultured in TB media after five days. These PSFs were used to investigate the potential
of C. tropicalis on yield components, chlorophyll pigments, and nutritional value of vegetable
soybean cv. Chiang Mai 84-2. The result demonstrated that applying 50% inorganic fertilizer
mixed with C. tropicalis enhanced leaf area, root length at the vegetative stage, and
chlorophyll a and total chlorophyll contents at the flowering and harvest stage. This
application increased pod fresh weight to 11,214 kg ha™, with an average of 28 pods plant™
and 47.50 seeds plant compared to fertilizer managements.
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INTRODUCTION

Vegetable soybean is popularly known as
edamame in Japan, maodou in China, and
green soybean in North America. The
immature pods are boiled and the seeds are
highly nutritious snack food. Nowadays,
vegetable soybean demand is increasing as
gains recognition for its nutritional value,
paving the way for the expansion of the crop
in developing and developed countries. China,
Japan, Taiwan, Thailand, Indonesia, and
Vietnam are the major vegetable soybean-
producing countries (26). Vegetable soybeans
are rich in protein (13%), cholesterol-free oil
(5.7 %), phosphorus (158 mg 100 g™), calcium
(78 mg 100 g%), vitamin B1 (0.4 mg 100 g™
and B2 (0.17 mg 100 g™). They also contain
isoflavones, and vitamin E (21). Phosphorus
(P) is an important nutrient for seed emergence
and reproductive growth after nitrogen (N)
plays a role in plant metabolism, structure, and
energy transformation at vegetative growth
(28). Plant metabolism as cellular transfer,
respiration, and photosynthesis of the crop
being involved with P. Plant up take P as
either H,PO,” or HPO4* (orthophosphate ions),
depending on soil pH (23). A phosphorus
deficiency can lead to stunt crop growth rate
by poor root development, delayed maturity,
and decreased yield. Therefore, ensuring an
adequate supply of P is crucial for optimizing
plant growth and productivity. However, the
availability of P is a serious issue due to its
fixation and precipitation behavior in soil
which lowers the efficiency of added P (45).
Most P in the soil is tied up in an unavailable
form for crop growth. The amount of available
P for plant uptake is low compared to the total
P in the soil. For example, total soil P exceeds
896.43-1,120 kg ha™, but the available P in
soil solution might only be 0.043-0.143 kg ha™
(28). Phosphorus compounds more than 80%
are immobile and are not readily soluble in
soils which is not easily accessible for plant
growth.  Phosphorus is sequestered by
adsorption to the soil surface and precipitation
by reaction with soil cations, particularly iron
(Fe), aluminum (Al) and calcium (Ca) (44).
The response of soybeans to P primarily
depends on the amount of available P in the
soil. Shahid et al. (32) reported that the
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application of P 100 kg P,Os ha™ significantly
increases the grain yield of soybeans. Using
phosphate  solubilizing microorganisms
(PSMs), such as bacteria, fungi, and yeast in
agricultural ecosystems is viewed as an
economical and energy-efficient strategy to
improve the effectiveness and efficiency of
various crops under harsh environments (4, 5,
6, 8, 15, 47). In particular; solubility of P
fertilizers (7, 46, 48, 49, 50). In soils many
species of microorganisms have been
discovered, particularly in the rhizosphere of
plant growth such as Trichoderma harzianum
(CCTCC-RWO0024), Penicillium sp. and
Aspergillus niger (39), Sarocladium zeae sp.
(TS-ASV) strains (11), Candida tropicalis
isolated from the rhizosphere of rice (2).
Candida tropicalis is important in utilizing
easily available and more complex litter-
derived carbon (C), more efficiently than
bacteria, thus contributing actively to soil
formation (40). Additionally, it can produce
plant  growth-promoting  hormones  that
influence plant germination, root and shoot
development, xylem differentiation, and
flowering (30). Furthermore, it adapts to
adverse abiotic conditions, including salinity,
drought, heavy metals, and extreme pH (27).
Studies have shown that C. tropicalis,
particularly the non-pathogenic strain NCIM
3321, can enhance phosphorus availability in
soil by producing extracellular phytase, thus
promoting plant growth (29). C. tropicalis has
been successfully used as a biofertilizer in
various crops, including potatoes (17),
soybeans (24), sugar beet (1), and rice (2).
Furthermore, its rhizosphere strain C.
tropicalis HY, included in the commercial
biofertilizer BioGro, has positive on rice
growth and nitrogen nutrition (13, 19).
Optimizing the growth media and incubation
time is crucial for cultivating PSF agriculture
research. The right medium is essential,
providing nutrients for C. tropicalis growth
and activities. Common media used to
cultivate, and study the phosphate solubilizing
capabilities of PSF in the laboratory include
Glucose-Phosphate Agar (GPA), Luria-Bertani
(LB), Nutrient Broth (NB), Tryptic Soy Broth
(TB), and Yeast Malt Broth (YMB) (25, 43).
Equally important is finding the optimal
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incubation time, as PSF grows more slowly
than bacteria and often needs a longer
incubation period. Depending on the fungal
species and conditions, PSF typically takes 5-
14 days to reach optimal growth and the fungi
thrive at temperatures between 25-30°C.
Phosphate solubilizing bacteria (PSB) showed
1-50% of the total microbial population, while
phosphate solubilizing fungi (PSF) was found
0.1-0.5% (12). Bononi et al. (10) reported that
the application of P 70 kg ha® with
Trichoderma spp (AMS 34.39) can increase
the biomass of soybean plants. In addition,
applying PSF can increase soybean growth
from 2% to 41% with P uptake efficiency up
to 141%. This enhances the availability of P to
the soybean plants, potentially improving their
growth and yield. Chiang Mai 84-2 (CM84-2)
IS a vegetable soybean cultivar released in
2012 by the Chiang Mai Field Crops Research
Center (CMFCRC) (10). The Chiang Mai 84-2
is the first Thailand vegetable soybean variety
in which pod has met the export standard. In
addition, this variety provides pandan flavor
while tasting the boiled pod and has been
recommended to farmers for vegetable
soybean production (20). This study aimed to
investigate the potential of C. tropicalis on the
growth and yield components of vegetable
soybean cv. Chiang Mai 84-2. By assessing
the effects of C. tropicalis on vegetable
soybean growth and productivity in pot
condition, this research seeks to provide
valuable insights into the potential benefits of
C. tropicalis in vegetable soybean production
systems.

MATERIALS AND METHODS

Enhancing of PSF population through
different media and incubation time:
Phosphate solubilizing fungi isolates (Swo1,
Pu02, and Pu04) from bulk soil after growing
sweet and purple waxy corn were used to
determine the ability to grow on various
culture media and incubation time. The
following conditions were evaluated: 1) Five
media formulas including Glucose Peptone
Agar (GPA), Luria-Bertani (LB), Nutrient
Broth (NB), Tryptic Broth (TB), and Yeast
Malt Broth (YMB), and 2) The incubation
times of 3, 5, 7 and 10 days. Each liquid media
was prepared according to standard protocols
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and sterilized by autoclaving at 121°C for 20
minutes (43). Erlenmeyer flasks containing 50
ml of the different media with PSF isolates
were incubated for 3, 5, 7, and 10 days at 30
°C in an incubator shaker at 150 cycles min™.
After incubation, aliquots of each dilution
were diluted and spread over the NBRIP solid
media with three replications. Samples were
incubated at 25 °C for 5-7 days and colony-
forming units (CFUs) were counted to
determine PSF population density.
Identification of PSF isolates was analysed by
Thailand  Bioresource  Research  Center
(TBRC) National Center for Genetic
Engineering and Biotechnology. The reports
showed that Sw01, Pu02 and PuO4 were
similarity with type strain of C. tropicalis.

Pot experiment

To determine the effect of C. tropicalis on
vegetable soybean growth and vyield, C.
tropicalis inoculum was carried out in
greenhouse conditions. Pots size with
diameters top and bottom of 12 cm and 9 cm
respectively, with a height of 10 cm, and a
volume of 848.60 cm®were used at
germination until one month after germinated,
with planting media only soil. One month after
germination plant was transferred to the big
pot with diameters top and bottom of 25 cm
and 18 cm respectively, with a height of 19
cm, and a volume of 6,958.89 cm® The
planting media was sterilized in an autoclave
at 121 °C for 20 min before filled in plastic
pots (31). The treatments were: 1) Control
(H,0); 2) PSF solution (10° CFU I™Y); 3) Plant
growth promoting rhizobacteria (PGPR); 4)
100% inorganic fertilizer (152.50 kg N ha™ +
80.63 kg P ha™ + 95.63 kg K ha™); 5) 50%
inorganic fertilizer + PSF solution and 6) 25%
inorganic fertilizer + PSF solution, with three
replication. Chang Mai 84-2 seeds were
sterilized with 5% sodium hypochlorite
(NaOClI) for 10 min and cleaned with sterile
water 3 times. Three seeds were transferred
into the pot for germination. Plants are watered
with 400 ml pot® uniformly, to raise the
moisture content of the soil to field capacity
(42). Phosphate solubilizing fungi inoculum
was added two times per week until harvested
while inorganic fertilizer was used at 1 week,
3 weeks, and 6 weeks after germination. Data
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collection of plant height, number of leaves,
SPAD value, leaf area, root length, number of
roots were carried out for 2 weeks, 1 month,
45 days after germination (reproductive stage)
and dry weight of leaves, stems and roots were
carried out at 45 days after germination
(reproductive stage), chlorophyll a, b, total
chlorophyll and carotenoid were carried out at
45 days after germination (reproductive stage)
and harvest stage.

Determination of chlorophyll pigments

The  photosynthetic ~ parameters  were
determined by measuring Total Chlorophyll
(TC, chl a + chl b) (1), chlorophyll a (chl a)
(2), chlorophyll b (chl b) (3), and carotenoid
(car) as described by (3). Determination of
chlorophyll pigments by weighting the leaf
samples 0.1 g, then the samples were grinding
with 10 ml of 80% acetone using mortar and
pestle. The solution was filtered with filter
paper Whatman No.1 and the total extraction
volume (V) was recorded and then put in a
glass test tube. The absorbance was measured
at wavelengths OD440, OD645, and OD663
using a UV-Vis spectrophotometer (Model i3,
Jinan Hanon Instruments Co., Ltd, China) and
80% acetone as a blank. The determination of
photosynthetic pigments was calculated using
the equations as described by Arnon (28) and
carotenoid (car) was calculated using the
equations by Bajracharya (9). All the
photosynthetic ~ pigment  contents  were
expressed in mg gFW™. The equations were
calculated as follows:

Total  Chlorophyll (mg gFW?) =
[20.2(0D645)+8.02(0D663)] 1)
(100%V)

Chlorophyll a (mg  gFw?h =
[12.7(0D663)+2.69(0DB45)]xV  (2)
(1000xW)

Chlorophyll b (mg  gFW?h =
[22.9(0D645)+4.68(0D663)]xV  (3)
(1000XW)
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Carotenoid (mg gFW™) = [4.69(0D440) -
[0.268 (20.2x0D645)+(8.02x0D663)xV (4)
(1000xW)

Where,

V = volume of 80% acetone (mL)

W = sample fresh weight (g)

Statistical analysis

The research data were analyzed using the
analysis of variance (ANOVA) performed for
laboratory work and pot experiments with
three replicates per treatment. A factorial in a
completely randomized design was used for
the laboratory work. A model of a completely
randomized design (CRD) was used for pot
experiments. The Statistix10 program software
was used to conduct the least significant
difference test (LSD) at P < 0.05 (37).
RESULTS AND DISCUSSION

Enhancing of PSF population by media and
incubation time: Different media and
incubation times were tested to increase the
population of PSF. The results showed a
significant difference in the PSF population,
the population of SwO01l isolate within TB
media showed the highest of 215.00x10® CFU
It while Pu02 and Pu04 isolates within LB
media showed the maximum population of
36.67 and 28.33x10® CFU I respectively
(Table 1). The incubation time for 5 days
enhance the higher Sw01 population than other
times. On the other hand, the incubation time
for 7 days showed the highest Pu02 and Pu04
population. The interaction between media and
incubation time showed significant different of
the PSF population. SwO01 isolate showed the
highest population of 593.33x10®8 CFU I
when culture in TB media for 5 days. In
addition, Pu02 and Pu04 isolates showed the
highest population of 146.67 and 113.33x10°
CFU I after culture in LB media for 7 days
repectively.
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Table 1. The population of PSF isolates in different media and incubation time

T The population of PSFx10°® (CFU) I
reatment
Swo1l Pu02 Pu04
Media (M)

GPA (1) 10.83° 20.83° 0.00°
LB (2) 18.33° 36.67° 28.33°
NB (3) 28.33" 0.00° 22.50°
TB (4) 215.00° 0.92° 0.83°

YMB (5) 17.50° 2.50° 0.00°
F_test *%* *%* *%*

Time (D)

3 days (1) 76.00%° 1.33° 0.00°
5 days (2) 128.67° 0.00° 0.00°
7 days (3) 20.00° 46.06° 40.67°
10 days (4) 7.33° 1.33° 0.66°
F_test ** ** **
Media x Time

M1 x D1 13.33° 0.00° 0.00°

M1 x D2 0.00° 0.00° 0.00°

M1 x D3 30.00° 83.33" 0.00°

M1 x D4 0.00° 0.00° 0.00°

M2 x D1 73.33° 0.00° 0.00°

M2 x D2 0.00° 0.00° 0.00°

M2 x D3 0.00° 146.67° 113.33°

M2 x D4 0.00° 0.00° 0.00°

M3 x D1 23.33° 0.00° 0.00°

M3 x D2 23.33° 0.00° 0.00°

M3 x D3 56.67° 0.00° 90.00°

M3 x D4 10.00° 0.00° 0.00°

M4 x D1 256.67° 0.00° 0.00°

M4 x D2 593.33° 0.00° 0.00°

M4 x D3 10.00° 0.33° 0.00°

M4 x D4 0.00° 3.33¢ 3.33°

M5 x D1 13.33° 6.67° 0.00°

M5 x D2 26.67° 0.00° 0.00°

M5 x D3 3.33° 0.00° 0.00°

M5 x D4 26.67° 3.33° 0.00°
F_test *%* *%* *%*

Enhancing the population of PSF involves
optimizing various factors, including the type
of media and incubation time. Our result found
that TB media provided the higher
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population of Sw01 isolate at 215.00x10® CFU
I"* than others media. Tartoff and Hobbs (38)
reported that TB media is designed to be
nutrient rich, providing ample resources for
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the growth of a wide variety of
microorganisms, including fungi. The presence
of essential nutrients such as amino acids,
vitamins and minerals supports rapid fungal
proliferation. Fungi are highly adaptable
organisms capable of thriving in a variety of
environments. On the other hand, Pu02 and
Pu04 isolates within LB media showed the
maximum population of 36.67 and 28.33x10°
CFU I repectively. Wang et al. (43) studied
that the nutrient composition, concentration
and culture conditions of LB medium can
influence the growth of microbial strains,
commonly used for bacterial culture medium
in the laboratory. While the incubation time
for 5 days enhance the higher SwO1 isolate
population than other times. In addition, the
incubation time for 7 days showed the highest
Pu02 and Pu04 population. Lacaz (22)
evaluated that the exponential growth of
Paracoccidioides brasiliensis occurs between
5 and 7 days of incubation in a complete
medium, this period allows fungi to go through
the lag phase, exponential phase, and reach the
stationary phase where the population
stabilizes at its maximum density. During this
time, fungi can utilize the available nutrients
and grow to their fullest potential. Opposite to

Cruz et al. (14) there was not sufficient growth
after 7 days of incubation for several
Paracoccidioides isolates, and better results
were obtained after 15 days of incubation for
all of the experimental conditions when initial
inoculan of 105 cells mI™ were used.

The effects of C. tropicalis solution on
vegetable soybean growth in pot experiments
The results from pot experiments showed that
leaf area and root length were significantly
different at two weeks after germination
(Figure 1). While, plant height, SPAD value,
and No. of root plant™ showed no significant
difference. The application of C. tropicalis
showed the highest significant difference in
leaf area of 668.00 cm? and root length of
26.82 cm. Furthermore, the growth at one
month of vegetable soybean showed a
significant difference in all growth parameters
(Figure 2) especially, plant height, leaf area,
and No. of root plant® increase from two
weeks. The application of C. tropicalis and
PGPR showed significant differences in No. of
root plant™ at 24.75 and 23.00 respectively. In
addition, vegetable soybeans under C.
tropicalis with and without inorganic fertilizer
application showed the highest significant
difference in leaf area.

Plant height (cm) SPAD value Leaf area plant-! (cm?)
40.00 36,00 100.00 - n
=7 N BELEE % ; L oom L e
20,00 g % o E % : I :l. 50,00 g % iy &
000 == Z 000 = % 000 = % “
TO T2 T3 T4 T5 Té6 T T2 T3 T4 T5 T6 T2 T T6
BTIZT2ETIMT4ETSMT6 BTIZT2E8T3IBT4=TSMT6 BTIZT2ETIMT4=TSMT6
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1
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T T2 T3 T4 T5 Té6
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Figure 1. Plant growth of vegetable soybean at two weeks after germination
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Figure 2. Plant growth of vegetable soybean at one month after germination

Plant growth and photosynthetic pigments
of vegetable soybean at reproductive stage

The results indicate that significant differences
were observed in plant height, leaf area, the
No. of roots plant®, and root dry weight
(Figure 3). While, plant height, leaf area, No.
of root plant?, and root dry weight increased
from one month. The application of only C.
tropicalis solution and 50% inorganic fertilizer
+ C. tropicalis showed the highest significant
differences in plant height, leaf area, and root
dry weight and not significant differences from
100% inorganic  fertilizer  application.
Regarding the photosynthetic pigments of
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vegetable soybean (Figure 4), significant
differences were found in chlorophyll a (Chl a)
and total chlorophyll (TC) contents, while
chlorophyll b (Chl b) and carotenoid (Car)
contents did not show significant differences.
The combination of 25 and 50% inorganic
fertilizer + C. tropicalis showed the highest
chlorophyll a and total chlorophyll compared
to other treatments. This finding is consistent
with the observation of enhanced plant growth
at the reproductive stage, where the highest
leaf area was recorded under the 25 and 50%
inorganic fertilizer + C. tropicalis application.
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Figure 3. Plant growth of vegetable soybean at reproductive stage

Leafarea plant! (cm?)

200 bebe .. a
150 1. B v
100 % % = %
T6 T T2 T3 T4 T5 Té
=TI4T2STIET4X TS % T6
Stem dry weight (kg rai!)
300.00
W0 % %
0o = / /
0.00 = % . /é
Té T T2 T3 T4 T5 T6

SETIZTIETIRTARTS 4 T6

684

30
20

0.6
04
02

No. of root plant-!

-3
Le]

TN

TT T2 T3 T4 T5 Té

ETIZMETIBTARTS4T6

Root dry weight (kg rai)

(=]
o
«
B

I it
27 -

T3 T4 T5 Té6

—

STIZT2ETIMT4ETS 4 T6



Iraqgi Journal of Agricultural Sciences —2025:56(2):677-691

Risman & Sungthongwises

Chlorophyll a (mg gFW-!)

Y

ab a

1.5

s Il &

T2 T3

-2
(¢}

-
IN

TS T6

MTIZT2NT3I=ET4=TSET6

Total chlorophyll (mg gFW-!)
2 ab

c

:

\\

0.5

%

TZ T3 T4 TS

MNTIZT2NT3I=ET4ZTS=ET6

Chlorophyll b (mg gFW-1)
0.60
0.40

0.20

i

///

7
T2

0.00

=
IS

TS T6

WTIZT2NT3=ET

S

ETS=T6

Carotenoid (mg gFW-!)
0.60
0.40

0.20 Z

il

0.00

T3

-
B

MTIZT2NT3=T

»

RTS=ET6

Figure 4. Photosynthetic pigments (Chlorophyll a, chlorophyll b, total chlorophyll and
carotenoid) of vegetable soybean at reproductive stage

Yield components and photosynthetic
pigments of vegetable soybean at harvesting
stage: The results showed that the length of
pod plant?, No. of pod plant?, No. of seed
plant™, and pod fresh weight were significant
differences at the harvesting stage (Figure 5).
While No. of seed pod™ and 100 seed weight
had no significant difference. The application
of 50% inorganic fertilizer + C. tropicalis
showed the highest significant difference in all
parameters followed by the application of 25%
inorganic fertilizer + C. tropicalis. In addition,

the study results indicate significant
differences in the chlorophyll a (Chl a), total
chlorophyll (TC), and carotenoid (Car)
contents, but no significant differences in
chlorophyll b (Chl b) (Figure 6). The
treatments with 50 and 25% inorganic
fertilizer combined with C. tropicalis resulted
in the highest levels of chlorophyll a (Chl a),
total chlorophyll (TC), and carotenoid (Car)
contents compared to other treatments.
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Figure 5. Yield components of vegetable soybean at harvesting stage
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Figure 6. Photosynthetic pigments (Chlorophyll a, chlorophyll b, total chlorophyll, and
carotenoid) of vegetable soybean at harvesting stage

The application of C. tropicalis solution has
an effect on the growth of soybean vegetable.
While, root lenght of vegetable soybean
showed highest under no fertilizer and 25%
inorganic fertilizer + C. tropicalis at one
month after germination. Limited fertilizer
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conditions can sometimes induce a stress
response in plants that promotes root growth.
This is a strategy to increase the plants ability
to explore a larger soil volume for nutrients
and water. Mild nutrient stress due to the
absence of fertilizer might trigger a response
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in plants to enhance root growth to
compensate for limited nutrient availability
(16). In addition, at the reproductive stage the
results showed that under 25 and 50%
inorganic fertilizer + C. tropicalis have a
highest leaf area and photosynthetic pigment
(chl a and TC) of vegetable soybean. Higher
chlorophyll content generally indicates greater
photosynthetic capacity, which can lead to
increased plant growth and larger leaf area.
Similar to Song et al. (36), reported that the
treatment inoculated with Trichoderma viride
had higher chlorophyll content and carotenoid
content than the uninoculated treatment.
Shome et al. (33) studied that inoculation of
Rhizobium japonicum with 50% of the
recommended N fertilizer produced the tallest
plant and was also significant for leaf area

Total protein (%)

60.00 40.00

Carbohydrate (%)

a

index and total chlorophyll content of the leaf
(8.39 mg gFW™).

Effect of C. tropicalis application on
nutritional  parameters of vegetable
soybeans: The results showed significant
differences in the nutritional value of
vegetable soybeans in all parameters (Figure
7). Applying 25% inorganic fertilizer + C.
tropicalis showed substantial increases in total
protein at 42.13%, calcium at 0.30%, and
moisture content at 70.32% compared to only
C. tropicalis solution.  Additionally, the
application of C. tropicalis solution alone
resulted in the highest significant increase in
fat and fiber content at 19.07% and 12.27%
respectively. However, PGPR application led
to a significantly higher carbohydrate and ash
content at 34.45% and 2.17% respectively.
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Figure 7. Nutritional values of vegetable soybean after inoculation of C. tropicalis solution

The results indicate that the application of C.
tropicalis, alone or mixed with inorganic
fertilizers, significantly impacts the nutritional
value of vegetable soybeans. The application
of C. tropicalis significant increase in fat and
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fiber content which aligns with research by
Verma et al. (41), who demonstrated that
certain strains of PSF can enhance plant
structural integrity and nutrient uptake,
particularly lipids and fibers of rice, by
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improving nutrient availability and promoting
metabolic pathways associated with cell wall
development. The synergistic effect of
combining inorganic fertilizer + C. tropicalis,
resulting in higher total protein, calcium, and
moisture content, is consistent with studies
such as that by Singh et al. (34), who
demonstrated that microbial inoculants can
improve nutrient uptake efficiency and
nitrogen  assimilation when used in
conjunction with inorganic fertilizers. Haridy
et al. (18) reported that treating soybean seeds
with fresh yeast cells of Saccharomyces
cerevisiae significantly increased the protein
content of the resulting seeds. The treatment

enhanced total protein (16.47%), soluble
protein  (22.9%), and insoluble protein
(15.2%). This demonstrates the positive

impact of PSF solution on soybean seed
protein composition. This underscores the
potential for integrating microbial solutions
with low-level chemical inputs to achieve
higher nutritional value in crops. Candida
tropicalis from the bulk soil of fresh corn has
demonstrated the potential to enhance the
growth and yield of vegetable soybeans. When
cultivated on TB media for five days, these
PSF isolates are capable of producing a
significant population, which may contribute
to improved plant nutrient uptake and growth
performance. Both applications of C.
tropicalis, alone and in combination with
reduced levels of inorganic fertilizers,
significantly enhanced the growth and
physiological ~ parameters of  vegetable
soybeans. The study demonstrated that C.
tropicalis improved leaf area, root length, and
overall plant growth at two weeks and one
month after germination, with the highest
growth observed in treatments with 50%
inorganic  fertilizer + C. tropicalis.
Additionally, C. tropicalis  positively
influenced chlorophyll and total chlorophyll
content, particularly in combination with 25%
and 50% inorganic fertilizer. At the harvesting
stage, significant improvements were observed
in the length of pod plant™, No. of pod plant™,
No. of seed plant™, and pod fresh weight, with
the best results found in the 50% inorganic
fertilizer + C. tropicalis treatment. These
findings suggest that C. tropicalis can enhance
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plant growth and productivity, allowing for
reduced inorganic fertilizer application without
compromising crop Yyield. In addition, the
application of C. tropicalis and its
combination with inorganic fertilizers had a
significant effect on the nutritional value of
vegetable soybeans. However, more research
is needed on C. tropicalis to fully understand
its potential and optimize its application for
sustainable agriculture.
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