
                       TRENDS IN SCIENCES 2026; 23(6): 12479 

https://doi.org/10.48048/tis.2026.12479                         RESEARCH ARTICLE 

Unravelling the Bifunctional Potential of Phylloplane Yeasts from Rose Flowers: 

Zinc Solubilization and Biocontrol of Fungal Phytopathogens 

 

Passorn Jongkaewvijit1, Noramon Panchanon1, Nawarat Hongthong1,  

Sopitar Soponputtaporn1, Kriengsak Thaipong2, Janpen Tangjitjaroenkun3,  

Moltira Srithaworn1 and Orawan Chunhachart1,4,* 

 

1Division of Microbiology, Department of Science and Bioinnovation, Faculty of Liberal Arts and Science,  

Kasetsart University, Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand 

2Department of Horticulture, Faculty of Agriculture, Kamphaeng Saen, Kasetsart University, Kamphaeng Saen 

Campus, Nakhon Pathom 73140, Thailand 

3 Department of Resources and Environment, Faculty of Science at Sriracha, Kasetsart University,  

Sriracha Campus, Chonburi 20230, Thailand 

4Microbes for Agriculture Research Unit, Faculty of Liberal Arts and Science, Kasetsart University,  

Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand 

 

(*Corresponding author’s e-mail: orawan.chu@ku.th)  

 

Received: 31 October 2025,   Revised: 1 December 2025,   Accepted: 10 December 2025,   Published: 15 February 2026 

 

Abstract  

 Plants cultivated on calcareous soils frequently show symptoms of zinc deficiency, which can increase their 

susceptibility to fungal phytopathogen infections and adversely impact plant growth and productivity. One potential 

approach to mitigate these issues is the application of zinc-solubilizing microbes with antagonistic activity against fungal 

phytopathogens. Therefore, the objective of this study was to isolate and screen yeasts from rose flowers for their ability 

to solubilize zinc and suppress fungal phytopathogens. Ninety-two phylloplane yeasts were screened for zinc-solubilizing 

efficiency using modified Pikovskaya’s agar individually supplemented with 0.1% ZnO, ZnCO₃, and ZnS. Among these 

isolates, we selected 5 zinc-solubilizing yeasts that exhibited high zinc-solubilizing efficiency (ZSE), ranging from 3.73 

to 5.38 and from 3.80 to 5.12 on media supplemented with 0.1% ZnO and ZnCO₃, respectively. These strains were 

identified as Kurtzmaniella quercitrusa and Hanseniaspora opuntiae based on the D1/D2 domain of LSU rDNA 

sequence analysis. Their growth, zinc solubilization at alkaline pH, acid production, and traits for promoting plant growth 

were investigated. Kurtzmaniella quercitrusa KPR1006 grew well in alkaline conditions and had the highest amount of 

soluble zinc at 73.64 mg/L at pH 7.0, followed by 53.04 mg/L at pH 8.0 and 29.75 mg/L at pH 9.0. The analysis of acids 

produced by K. quercitrusa KPR1006 indicated that citric acid, succinic acid, malic acid, and acetic acid were present in 

the culture filtrate. The cell-free supernatant from Hanseniaspora opuntiae KPR2060 significantly inhibited the hyphal 

growth of Sclerotium sp. and Phytophthora sp. M01 by 54.35 ± 1.54% and 81.65 ± 1.93%, respectively, and it also 

suppressed the germination of sclerotia and conidia. While K. quercitrusa KPR1006 inhibited the hyphal growth of 

Sclerotium sp. and Phytophthora sp. M01 by 29.88% and 76.94%, respectively. These phylloplane yeasts have 

demonstrated significant potential in simultaneously enhancing zinc solubilization and functioning as yeast-based bio-

fungicides. 
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Introduction  

 Zinc is an essential micronutrient for plant growth 

and development, playing critical roles in enzyme 

function, protein synthesis, and hormonal regulation 

[1,2]. Zn is an essential component of many 

biomolecules, including lipids, proteins, and cofactors 

of auxins. Zn plays an important role in the metabolism 

of carbohydrates, synthesis of proteins and chlorophyll, 

protection of membrane lipids from reactive oxygen 

species, and biosynthesis of plant growth hormones such 

as auxin [3]. However, in calcareous soils, zinc often 

exists in insoluble forms, limiting its availability to 

plants and resulting in widespread zinc deficiency. Zinc 

deficiency is a prevalent agricultural problem in 

Thailand, particularly in areas where calcareous soils are 

commonly used for growing essential crops such as corn 

(Zea mays L.) and mung bean (Vigna radiata L.) [4,5]. 

Young leaves with interveinal chlorosis, older leaves 

with spots, smaller leaves, and stunted development are 

signs of zinc deficiency in plants [6]. Therefore, zinc 

deficiency adversely affects crop productivity and 

nutritional quality, posing significant challenges for 

sustainable agriculture.  The bioavailability of zinc in 

these soils is often limited due to its adsorption onto 

calcium carbonate particles [7]. Calcareous soils contain 

high levels of calcium carbonate (CaCO₃) and Ca(OH)₂, 

which carbonate and hydroxide ions can react with zinc, 

forming insoluble zinc compounds such as zinc 

carbonate (ZnCO₃) and zinc hydroxide (Zn(OH)₂) [4,5]. 

These forms are unavailable to plants. Moreover, zinc 

deficiency in crops can result from multiple contributing 

factors, such as inherently low soil zinc content, limited 

solubility of zinc compounds, and the transformation of 

zinc into insoluble forms that plants cannot uptake 

efficiently [8]. Thailand possesses approximately 

800,000 rai of alkaline or calcareous soil, predominantly 

located in the upper central region, including the 

provinces of Lopburi, Suphan Buri, Saraburi, and 

Nakhon Sawan, where such soils are prevalent in 

limestone mountainous areas. These regions cultivate 

economic crops, including mung beans and cassava [9]. 

Zinc fertilizers such as zinc sulfate (ZnSO₄) have been 

applied into the soil, but zinc ions are quickly adsorbed 

onto soil particles or precipitated as insoluble 

compounds [10,11]. Additionally, reports suggest that 

chelated zinc fertilizers, such as Zn-EDTA, and foliar 

zinc application are more effective in addressing these 

issues [12,13]. These methods enhance the availability 

of zinc to plants, ensuring better absorption and 

utilization [13]. Although foliar application of zinc is 

more effective for providing immediate availability of 

zinc to plants, soil-applied zinc remains in use due to its 

residual benefits, practicality, and cost-effectiveness 

[10].     

 Zinc-deficient plants exhibit increased susceptibil-

ity to fungal phytopathogen infections due to compro-

mised structural, biochemical, and immunological 

defense mechanisms [1]. Zinc plays a pivotal role in 

maintaining cell wall integrity [14], activating 

antioxidant enzymes such as superoxide dismutase [2], 

and regulating the expression of pathogenesis-related 

proteins such as phytoalexins [1] and defense hormones 

[15].  Zinc is important for auxin metabolism and other 

hormone-regulated pathways that influence growth and 

immune responses [16]. Deficiency in zinc leads to 

weakened cell walls [17], impaired oxidative stress 

response [18], and disrupted signaling pathways [19], 

collectively reducing the plant’s ability to mount 

effective defenses against fungal invasion. Fungal 

phytopathogens such as Sclerotium sp. and 

Phytophthora sp. are major threats to crop cultivation, 

including leguminous crops, causing diseases that result 

in substantial yield losses [20,21]. Phytophthora sojae, 

the causal agent of Phytophthora root and stem rot, can 

infect soybean (Glycine max L.) at any developmental 

stage, from seed germination to plant maturity [22]. 

While Sclerotium rolfsii commonly causes southern 

blight disease on beans [23]. Conventional control 

methods, including chemical fungicides, raise concerns 

about environmental safety, resistance development, 

and regulatory restrictions [24]. Application of 

fungicides seriously affects the microflora of different 

ecosystems, with destructive effects on beneficial 

microorganisms, including epiphytic and endophytic 

fungi and bacteria [25]. Thus, there is an increasing 

demand for sustainable and environmentally friendly 

solutions that can simultaneously improve plant 

nutrition and protect against phytopathogens [26]. 

 Currently, the application of plant growth-

promoting microorganisms (PGPMs) tends to focus on 

the use of strains that possess multiple beneficial traits 

[27]. These include direct growth promotion 

mechanisms, such as the production of indole-3-acetic 

acid (IAA) [27], as well as the ability to suppress plant 
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pathogenic microorganisms and mitigate abiotic stress 

of plants [28]. This can involve either the use of a single 

microbial strain or a combination of multiple strains in 

consortia [29]. Zinc-solubilizing bacteria and 

actinomycetes demonstrated the ability to mitigate zinc 

deficiency and promote plant growth [30,31]. Several 

zinc-solubilizing bacteria, such as Pseudomonas 

protegens RY2 [32], Bacillus megaterium [33], and 

Bacillus altitudinis [34], have been recognized as plant 

growth-promoting bacteria due to the production of 

plant hormones and growth factors and making zinc 

available to plants, which is beneficial for plant growth 

[29]. Zinc-solubilizing bacteria have the ability to 

convert these insoluble zinc compounds into 

bioavailable forms through the secretion of organic 

acids and other chelating agents [35]. Furthermore, 

Enterobacter cloacae ZSB14, a zinc-solubilizing strain, 

possesses Zn-regulated transporters and iron (Fe)-

regulated transporter-like protein (ZIP) genes, which are 

upregulated under zinc deficiency. These genes are 

important for the transport and accumulation of Zn in 

rice in iron-deficient conditions [36]. Strains of zinc-

solubilizing Bacillus spp. can be inoculated into the soil 

alone or in combination with chemical fertilizers to 

increase the soil zinc availability for crop uptake [37-

39]. It has also been suggested that seed priming or 

coating with zinc-soluble Bacillus is an alternative 

method for promoting plant development [33,34]. Zinc-

solubilizing microorganisms might not only solubilize 

zinc, an essential nutrient for plants, but also have 

biocontrol capabilities against various fungal diseases 

[40]. This dual action can make them particularly 

valuable in integrated pest management strategies. 

Phylloplane yeasts, which reside on the aerial surfaces 

of plants, have emerged as promising candidates for 

dual-function agricultural applications. These 

microorganisms can exhibit both plant growth-

promoting traits and antagonistic activity against plant 

pathogens [41]. Rose flowers produce nectar and other 

exudates that are rich in sugars, amino acids, and organic 

acids, creating a favorable microenvironment for 

diverse microorganisms, including yeasts [42,43]. 

Generally, yeast favors acidic pH for growth, and they 

can produce several organic acids, which would benefit 

metal solubilization. Nectar and pollen of rose flowers 

contain essential minerals such as potassium, calcium, 

magnesium, and trace elements such as zinc and 

phosphorus [44]. These nutrients support the growth of 

microbes that might have specialized roles, such as zinc 

solubilization. These microbes can help in nutrient 

acquisition, and in return, the plant provides a hospitable 

habitat. Zinc-solubilizing yeasts are among the 

microorganisms that may colonize rose flowers, 

particularly the nectar and pollen, where they play a 

functional role in micronutrient dynamics, pollen 

viability, flower development, and overall reproductive 

success [45,46].  

 In this study, we aimed to isolate bifunctional 

phylloplane yeasts from rose (Rosa spp.) flowers that 

possess the ability to solubilize insoluble zinc 

compounds and inhibit the growth of fungal plant 

pathogens. Growth and solubilization of insoluble zinc 

compounds under alkaline conditions and acid 

production were examined. Further, the potent yeast 

strains were tested for their ability to inhibit the growth 

of Sclerotium sp. and Phytophthora sp. 

  

Materials and methods 

 Isolation and screening of zinc-solubilizing 

yeast strains 

 Roses were collected from Jira Rose farm, 

Chonburi province and a rose farm of the Department of 

Horticulture, Faculty of Kasetsart Kamphaeng Saen, 

Kasetsart University, Kamphaeng Saen campus, 

Nakhon Pathom province, Thailand, for the isolation 

and screening of Zn-solubilizing yeast (ZSY). The 

samples were collected from September 2022 to 

February 2023. Roses from various types were collected 

in sterile polythene bags, kept in a cooling box, and 

transported to the laboratory for further analysis within 

12 h after collection. The rose samples were surface 

sterilized by using 0.9% sodium hypochlorite for 1 min, 

then washed with 70% ethyl alcohol for 1 min, and 

washed 3 times with sterile distilled water. The rose 

samples were put in an Erlenmeyer flask containing 50 

mL of yeast extract peptone dextrose broth (YPD broth). 

Streptomycin at a concentration of 0.02% (w/v) was 

used to inhibit bacterial growth. The sample was shaken 

at 150 rpm at 25 ± 2 C for 48 h. After that, the samples 

were cross-streaked on YPD agar plate and incubated at 

25 ± 2 C for 48 h. The growing colonies were inspected 

and purified using YPD agar streaking. 
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 The ability to solubilize zinc was evaluated on 

modified Pikoskaya’s agar, and the pH was maintained 

at 6.8 [47]. Different sources of insoluble zinc salts, 

consisting of zinc oxide (ZnO), zinc carbonate (ZnCO3), 

and zinc sulfide (ZnS), were supplemented individually 

at a final concentration of 0.1% to the medium, and the 

resulting medium was sterilized at 121 °C for 15 min. 

All tested strains were point inoculated onto the 

medium, and the plates were incubated at 25 ± 2 C for 

10 days. Strains with a distinct zone around the colony 

were termed zinc-solubilizing. The halo zone was 

measured, and the zinc solubilization efficiency (ZSE) 

of the strains was calculated using the following 

equation [46]: 

ZSE = HZ/C, where SE is the Zn solubilization 

efficiency, HZ is the diameter of the solubilization halo 

zone, and C is the diameter of the colony. 

 

 Quantitative analysis of soluble Zn 

 The quantitative measurement of soluble zinc was 

performed in a 250 mL conical flask containing 50 mL 

of Pikovskaya’s medium (pH 7.0) and 0.1% ZnO. Cell 

suspension of yeast with an OD600 of 1.0 was used as 

inoculum (10% inoculum). The suspension was 

incubated at 25 ± 2 C for 10 days in static conditions. 

Uninoculated medium was used as a control. After 10 

days of cultivation, cells were removed by 

centrifugation at 8,000 rpm for 10 min. The supernatant 

was collected and digested with HNO3 and HClO4 (1:4 

v/v). To measure the quantity of soluble zinc, the 

digested sample was analyzed using an atomic 

absorption spectrophotometer (Agilent Technologies 

200 Series AA, USA). 

 

 Determination of growth and soluble Zn in 

alkaline media 

 The 5 yeast isolates exhibiting the highest zinc 

oxide solubilization efficiency were selected for growth 

kinetics analysis. Each isolate was initially cultured on 

YPD agar at 25 ± 2 °C for 48 h. A single loopful of each 

isolate was then transferred into YPD broth and 

incubated at 25 ± 2 °C for an additional 48 h with 

shaking at 150 rpm. The resulting yeast suspensions 

were adjusted to an optical density (OD₆₀₀) of 0.5. 

Subsequently, 500 µL of yeast suspension was 

inoculated into 250 mL Erlenmeyer flasks containing 50 

mL of fresh YPD broth with pH 7.0, 8.0, and 9.0. The 

cultures were incubated at 25 ± 2 °C with agitation at 

150 rpm. Each isolate was tested in triplicate. Samples 

(1 mL) were collected at 3-hour intervals for 60 h. Cell 

growth was monitored by measuring optical density at 

600 nm. A growth curve was generated based on the 

OD₆₀₀ values to evaluate growth rates over the 

incubation period. 

 

 Analysis of the acid production of zinc-

solubilizing yeast 

 The yeast isolate KPR1006, demonstrating the 

highest efficiency in zinc oxide solubilization, was 

selected for analysis of types of acid production. The 

isolate was cultured in YPD broth and incubated at 25 ± 

2 °C for 48 h with continuous shaking at 150 rpm. The 

resulting yeast suspensions were adjusted to an OD₆₀₀ 

value of 1.0. Subsequently, 5 mL of yeast suspension 

was inoculated into 250 mL Erlenmeyer flasks 

containing 50 mL of Pikovskaya’s broth supplemented 

with 0.1% ZnO. The pH of the medium was adjusted to 

7.0, 8.0, and 9.0. Each pH condition was tested in 

triplicate. After incubation, the culture broths were 

prepared for high-performance liquid chromatography 

(HPLC) analysis. For sample preparation, the cultures 

were first filtered using a sterile syringe filter with a pore 

size of 0.45 µm. The filtrates were then diluted 5-fold 

using HPLC-grade water and subsequently filtered 

again through nylon membrane filters with a pore size 

of 0.22 µm. HPLC analysis was performed using a 

Rezex ROA-Organic Acid H⁺ (8%) column (300×7.8 

mm2 i.d.) (Phenomenex Inc., USA). The mobile phase 

was 0.005 N sulfuric acid at a flow rate of 0.8 mL/min. 

The column temperature was maintained at 40 °C, and 

detection was conducted at a wavelength of 210 nm. 

Quantification of organic acids was performed by 

comparison with standards of 4 organic acids: Acetic 

acid, citric acid, malic acid, and succinic acid. 

 

 Screening of plant growth promotion traits  

 Indole-3-acetic acid (IAA) production was 

analyzed both with and without 1% L-tryptophan 

supplementation. Zn-solubilizing yeast was inoculated 

into YPD broth with and without 0.1% L-tryptophan, 

and the culture was grown for 5 days at 150 rpm and 28 

± 2C. Cells were separated from the suspension by 
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centrifugation at 10,000 rpm for 10 min. Then, 

Salkowski's reagent was added to the supernatant at a 

ratio of 1:1 (v/v), and the mixture was stored in the dark 

for 25 min. For quantitative analysis of IAA, the 

absorbance at 530 nm was measured using a UV-vis 

double beam spectrophotometer (GENESYS 10S UV-

VIS, Thermo Scientific Inc., USA) and calibrated with a 

standard curve of pure IAA [28]. 

 To measure the solubilization of inorganic 

phosphate, yeast strain cultures were inoculated on 

Pikovskaya’s agar supplemented with 0.1% of calcium 

phosphate and incubated at 25 ± 2 C for 10 days. 

Strains showing a halo zone around the colony were 

identified as P-solubilizing strains. Chrome azurol S 

(CAS) medium was used for siderophore production 

according to a method described previously [48]. In 

brief, zinc-solubilizing yeast was grown on YPD agar at 

25 ± 2 C for 48 h and then point-inoculated onto CAS 

agar. The cultures were incubated at 25 ± 2 C for 5 

days. A colony surrounded by light orange zones was 

considered to possess siderophore production ability 

[28]. 

 The production of ammonia was evaluated by 

inoculating bacterial strains into 4% peptone broth and 

incubating them at 25 ± 2 °C for 5 days. One milliliter 

of Nessler's reagent was added after incubation. A 

positive result for NH3-producing strains was the 

development of a yellow to dark brown hue [46].  

 

 Dual culture assay  

 Yeast inoculum was prepared through cultivation 

on a YPD agar plate incubated at 25 ± 2 °C for 48 h. The 

inoculum was streaked orthogonally on a YPD agar and 

carrot agar, 3 cm away from the rim of the Petri dish 

(90 mm diameter). Fungal inoculum was prepared by 

cultivating the fungi on PDA and incubating the plates 

at 25 ± 2 °C for 3 days for Sclerotium sp. and 7 days for 

Phytophthora sp. Following a 5 mm2 mycelium disk of  

Sclerotium sp., or Phytophthora sp. M01 was placed 

3 cm from the opposite side, and the plates were 

incubated at 25 ± 2 °C for 7 days. The plates only 

inoculated with the mold were used as controls. When 

the mold reached the dish border, the mycelial growth 

towards the yeast strip was measured using a ruler. The 

mycelial growth reduction was calculated as  

 

Inhibition (%) = [(C – T)/C]×100 

 

where C was the mycelial growth in the control (cm), 

and T was the mycelial growth of pathogenic fungi in 

the presence of yeast cultures (cm). The experiment was 

carried out in triplicate [49]. 

 

 Evaluation of antifungal activity of yeast cell-

free supernatant  

 Yeast isolates were cultured in YPD broth using a 

standard inoculum (1 loopful) and incubated at 25 ± 2 

°C for 24 h with shaking at 150 rpm. Following 

incubation, 0.5 mL of the cultured yeast suspension was 

transferred into a 250 mL Erlenmeyer flask containing 

50 mL of fresh YPD broth and incubated under the same 

conditions (25 ± 2 °C, 150 rpm) for 48 h. After 

cultivation, the cultures were centrifuged at 8,000 rpm 

for 10 min. The resulting supernatant was collected and 

filtered through a 0.45 µm pore-size membrane filter to 

obtain a sterile, cell-free supernatant. The antifungal 

assay was performed using Sclerotium sp. and 

Phytophthora sp. M01. For Sclerotium sp., potato 

dextrose agar (PDA) was used, while carrot agar was 

used for Phytophthora sp. The culture media were 

mixed with the yeast cell-free supernatant at a ratio of 

10 mL of media to 10 mL of supernatant. The mixture 

was poured into sterile Petri dishes and allowed to 

solidify. Fungal inoculation was performed by cutting a 

5 mm diameter mycelial disc from the actively growing 

edge of each fungal culture using a sterile cork borer. 

The disc was placed at the center of the prepared 

medium containing the yeast-derived supernatant. Plates 

were incubated at 25 ± 2 °C for 7 days. Culture media 

supplemented with 0.5% carbendazim and 0.5% 

metalaxyl were used as positive controls. Whereas 

unsupplemented culture media were used as a negative 

control. At the end of the incubation period, the diameter 

of fungal colonies was measured. The percentage of 

growth inhibition was calculated according to the 

method described by Dissanayake [50] using the 

formula: 

 

Inhibition (%) = {(C − T)/C}×100  

 

where C was the colony diameter in the control (cm),  

and T was the colony diameter in the treatment (cm) 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mycelium
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/pathogenic-fungus
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 Evaluation of conidial and sclerotia 

germination inhibition by yeast cell-free supernatant 

 Conidial germination inhibition of Phytophthora 

sp. M01 was assessed following the method of Cabañas 

et al. [51], with some modifications. Briefly, 100 µL of 

a Phytophthora sp. suspension (10⁵ conidia/mL) was 

evenly spread onto carrot agar plates. After the surface 

dried, 5 µL of yeast cell-free supernatant (10⁵ CFU/mL) 

was applied as a drop onto the agar surface. Plates were 

incubated at 28 ± 2 °C for 7 days. Spore germination was 

evaluated microscopically and compared to control 

plates without supernatant. The experiment was 

conducted in triplicate. For sclerotia germination 

inhibition [52], 1 mL of yeast cell-free supernatant was 

added to 4 mL of YPD broth in sterile test tubes. Three 

sclerotia of Sclerotium sp. were introduced per tube. All 

treatments were performed in triplicate and incubated at 

25 ± 2 °C for 7 days. YPD broth alone served as a 

negative control, while 0.5% carbendazim and 0.5% 

metalaxyl were included as positive controls. 

Germination and mycelial growth were monitored using 

a light microscope after incubation. 

 

 Production of extracellular hydrolytic enzymes 

 Cellulase activity was determined on solid 

medium containing sodium carboxymethylcellulose (5 

g/L) and mineral salts, as mentioned by Kumar et al.  

[53]. Chitinase activity was evaluated on solid medium 

supplemented with colloidal chitin [54]. 

 

 Biofilm formation by zinc-solubilizing yeast 

 Biofilm formation was evaluated following a 

previously described procedure [55]. with some 

modifications. Yeast strains were grown overnight at 25 

± 2 °C in YPD broth. Cells were then harvested by 

centrifugation at 8,000 rpm for 10 min, washed twice 

with 0.1 M phosphate buffer (pH 7.0), and resuspended 

in YPD broth to 105 CFU/mL. Aliquots (200 μL) were 

inoculated in triplicate into wells of a                                             

96-well polystyrene plate and incubated at 28 ± 2 °C for 

2 days. As a control, ten wells were handled identically, 

except that no yeast suspensions were added. After 

incubation, wells were washed twice with water, and the 

adherent biofilm layer was stained with an aqueous 

solution of 1% (w/v) crystal violet for 20 min, rinsed 

twice with water, and air-dried. The stained biofilm 

layer was eluted from each well with 200 μL of 95% 

ethanol, and 100 μL of the eluted solution was 

transferred to a new polystyrene 96-well plate. The 

amount of crystal violet in the solution was measured at 

590 nm. The absorbance (A) values for the controls 

were subtracted from the values for the test well to 

minimize background interference. Biofilm formation 

was considered positive in a well where the mean A of 

the treatment was higher than the mean A of the negative 

control. All assays were carried out 3 times. 

 

 Identification of the selected strains 

 Morphological characteristics were examined for 

preliminary identification, followed by molecular 

identification of the selected yeast strains. A 1 loopful 

of yeast was cultured in YPD broth at 25 ± 2 °C for 16 

h with shaking at 150 rpm. After incubation, 1,000 µL 

of the yeast cell suspension was transferred into a micro-

centrifuge tube and centrifuged at 10,000 rpm for 1 min 

to pellet the cells. Genomic DNA was extracted from the 

cell pellet using the GF-1 Plant DNA Extraction Kit  

(Vivantis, Malaysia) following the manufacturer’s 

protocol. The extracted DNA was transferred to a new 

microcentrifuge tube and stored at –20°C until further 

use. PCR amplification of the D1/D2 domain of the 26S 

rRNA gene was performed using the primers NL-1 (5´-

GCATATCAATAAGCGGAGGAAAAG-3´) and NL-

4 (5´-GGTCCGTGTTTCAAGACGG-3´), as described 

by Kurtzman and Robnett [56]. The PCR products were 

verified by agarose gel electrophoresis using a 1.5% 

agarose gel containing GelRed nucleic acid stain. The 

PCR products were subsequently purified using the GF-

1 AmbiClean Kit (Vivantis, Malaysia) according to the 

manufacturer’s instructions. The nucleotide sequences 

of the D1/D2 region of the 26S rRNA gene were com-

pared with reference yeast sequences available in the 

GenBank database (http://www.ncbi.nlm.nih.gov/blast) 

using the BLASTN (Basic Local Alignment Search 

Tool for nucleotides) homology search program [57]. 

Species identification was based on the criteria proposed 

by Kurtzman and Robnett  [56]. Phylogenetic analysis 

was conducted by using BioEdit Sequence Alignment 

Editor version 7.2.5. A phylogenetic tree was then con-

structed using the Maximum Likelihood method 

implemented in MEGA software version 11.0.11 [58]. 

 

 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/polystyrene
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 Statistical analysis 

 Statistical analysis was carried out with SPSS 16.0 

(SPSS Inc., Illinois, USA). Data were examined using 

1-way analysis of variance, followed by Duncan’s New 

Multiple Range Test, to determine significant 

differences between the treatments at p < 0.05. 

 

Results and discussion 

 Zinc-solubilizing yeast 

 In the present study, zinc-solubilizing yeast were 

isolated from rose flowers growing in Chonburi and 

Nakhon Pathom Provinces, Thailand. The ability of all 

isolates to solubilize zinc was tested using agar media 

supplemented with 3 types of insoluble zinc 

compounds: ZnO, ZnCO₃, and ZnS. The formation of a 

clear halo zone surrounding the yeast colonies indicated 

zinc solubilization. All the selected strains can 

effectively solubilize insoluble Zn compounds, notably 

ZnO and ZnCO₃, under the conditions of the assay. 

None of the isolates showed any ZnS solubilization 

(data not shown). The halo zone diameter and zinc-

solubilization efficiency (ZSE) for the selected zinc-

solubilizing yeast are summarized in Table 1. Out of the 

92 isolates, only 5 (which is 5.4%) showed a zinc-

solubilization efficiency (ZSE) on both ZnO and ZnCO3 

higher than 3.00, which are KPR1006, KPR2047, 

KPR2056, KPR2060, and KPR2062, so these were 

chosen for further study. The isolate KPR2047 exhibited 

the highest ZSE in ZnO-supplemented medium (5.38 ± 

0.46). The isolate KPR2060 showed the highest ZSE in 

ZnCO₃-supplemented medium (5.12 ± 0.32). Flowers 

are typically habitats for yeasts because the nectar and 

pollen provide a nutrient-rich substrate that supports 

their growth and metabolism [59]. When these yeasts 

inhabit nectar or pollen, they may contribute to the local 

bioavailability of zinc, both for the plant and for other 

microorganisms or visiting pollinators that rely on zinc 

as a micronutrient. This relationship can be mutually 

beneficial for both yeast and the rose flower, the 

presence of zinc-solubilizing yeast may enhance zinc 

nutrition, which is important for pollen viability, flower 

development, and overall reproductive success [46]. In 

previous studies, zinc solubilization efficiency varied 

among microorganisms [30,46,60]. According to the 

zinc solubilization efficiency (ZSE) data, none of the 

isolates exhibited consistent solubilization efficiency for 

all 3 zinc compounds. Unlike earlier studies that found 

the best zinc solubilization efficiency for zinc oxide or 

zinc sulfate, this study shows that both ZnO and ZnCO3 

also have solubilization efficiency. Saravanan reported 

that Bacillus sp. isolated from zinc ore sphalerite can 

solubilize ZnO, ZnCO₃, and Zn [61]. Pseudomonas 

oleovorans  ZSB13 isolated from contaminated soil 

efficiently solubilize ZnO more than ZnCO3,  ZnS and 

Zn(PO4)2  by organic acids production [62]. However, 

the finding that none of the yeast isolates in this 

investigation solubilized ZnS might be attributable to 

variations in the environments in which they were 

isolated. Zinc solubilizing efficiency on solid medium is 

sometimes different from in liquid medium [63]. 

Therefore, quantitative analysis of soluble zinc in 

Pikovskaya’s broth supplemented with 0.1% ZnO at pH 

7.0 was performed. The yeast isolates solubilized 

insoluble ZnO in liquid medium, producing soluble zinc 

at concentrations ranging from 14.32 ± 6.76 to 72.77 ± 

5.76 mg/L (Table 2). Although the isolate KPR1006 did 

not show high ZSE on solid medium, it showed the 

maximum solubilization of Zn (72.77 ± 5.7 mg/L) in 

liquid medium and the pH of the culture medium did not 

significantly alter. There are several strategies for 

dissolving zinc, including the excretion of metabolites 

such as organic acids, proton expulsion, and the 

production of chelating agents. Several microbes 

generate organic acids in the soil, which bind zinc 

cations and lower the pH of the surrounding soil. 

Furthermore, the anions can chelate zinc and improve 

zinc solubility. It has been reported that lactic, acetic, 

succinic, formic, isobutyric, and isovaleric acid 

generation by microbial isolates is a key solubilization 

process [64]. Several reports have demonstrated that the 

decrease in the pH of the culture medium was 

proportional to the quantity of soluble Zn produced by 

zinc-solubilizing microorganisms [53]. Furthermore, 

the formation of siderophores has been documented to 

facilitate metal solubilization, including Fe³⁺, and other 

studies have shown that phylloplane yeast can 

synthesize siderophores. All selected yeasts in this 

investigation are capable of producing siderophores 

(Table 5). Consequently, it may serve as a mechanism 

to facilitate zinc solubilization [28,76]. 
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Table 1 Zinc solubilizing efficiency of ZSY isolates on solid medium using insoluble zinc compounds. 

Isolates 

Zn solubilization 

ZnO ZnCO3 

Colony 

diameter (cm) 

Zone of 

clearance (cm) 
ZSE 

Colony diameter 

(cm) 

Zone of 

clearance (cm) 
ZSE 

KPR1006 0.53 ± 0.01 2.28 ± 0.06  4.28 ± 0.06bc 0.54 ± 0.02 2.04 ± 0.15 3.80 ± 0.16c 

KPR2047 0.16 ± 0.03 0.86 ± 0.09 5.38 ± 0.46a 0.20 ± 0.03 0.87 ± 0.09 4.38 ± 0.16b 

KPR2056 0.22 ± 0.02 0.82 ± 0.05 3.73 ± 0.38c 0.24 ± 0.04 0.94 ± 0.10  4.05 ± 0.32bc 

KPR2060 0.21 ± 0.02 0.95 ± 0.07 4.46 ± 0.36b 0.16 ± 0.02 0.80 ± 0.07 5.12 ± 0.32a 

KPR2062 0.23 ± 0.02 0.99 ± 0.17  4.26 ± 0.43bc 0.13 ± 0.03 0.66 ± 0.08 4.91 ± 0.27a 

*Data are statistically analyzed using 1-way ANOVA followed by Duncan’s New Multiple Range Test. Mean ± SD values with 

different lowercase superscripts are significantly (p < 0.05) different. 

 

 

Table 2 Zinc solubilizing efficiency of different ZSY isolates in Pikovskaya’s broth supplemented with 0.1% ZnO. 

Isolates Soluble zinc (mg/L) Final pH of culture broth 

KPR1006 72.77 ± 5.76a 6.96 ± 0.07 

KPR2047 14.32 ± 6.76c 7.05 ± 0.05 

KPR2060 16.31 ± 2.74c 7.12 ± 0.03 

KPR2062 18.46 ± 2.44c 7.15 ± 0.03 

*Data are statistically analyzed using one-way ANOVA followed by Duncan's New Multiple Range Test. Mean ± SD 

values with different lowercase superscripts are significantly (p < 0.05) different. 

 

 

 Effect of alkaline environment on growth and 

zinc-solubilizing efficiency of ZSY 

 Since zinc deficiency in plants is commonly found 

in calcareous or alkaline soils, it is essential to evaluate 

the survival and growth of zinc-solubilizing yeasts 

under alkaline conditions. Such an assessment is 

necessary to determine whether these yeasts can tolerate 

alkaline environments and maintain their zinc-

solubilizing ability under such conditions. All yeast 

isolates exhibited an increased lag phase when cultured 

under alkaline conditions (Figure 1(A)). The results 

showed that the yeast isolate KPR1006 maintained 

moderate growth at pH 8.0 and 9.0, with only a slight 

reduction compared to its growth at pH 7.0, whereas the 

growth of the other 4 isolates was markedly suppressed 

under alkaline conditions. These findings suggest that 

KPR1006 possesses a degree of alkali tolerance that 

supports its survival and partial metabolic activity in 

such environments. When evaluating the amount of 

soluble zinc produced by the yeast isolate KPR1006 

cultured in Pikovskaya’s broth supplemented with 0.1% 

ZnO at pH 8.0 and 9.0, it was found that the 

concentration of soluble zinc decreased compared to 

that at pH 7.0 (73.64 ± 4.31 mg/L). At pH 8.0 and 9.0, 

the concentrations of soluble zinc were 53.04 ± 1.93 

mg/L and 29.75 ± 6.36 mg/L, respectively (Table 3). 

Under alkaline conditions, zinc solubilization efficiency 

decreased by 27.98% at pH 8.0 and 59.60% at pH 9.0 

compared to pH 7.0, indicating that elevated pH levels 

impair the yeast’s ability to mobilize zinc effectively. 

Notably, the final pH of the culture broth, initially 

adjusted to pH 8.0 and 9.0, decreased obviously, 

suggesting substantial acid production by the yeast in 

response to alkaline stress. However, the concentration 

of soluble zinc was lower under these conditions. This 

suggests that the acids produced by the yeast were 

primarily utilized to neutralize the alkaline environment, 

thereby creating conditions more favorable for growth 

or survival, rather than directly contributing to zinc 

solubilization. Yeast possesses multiple mechanisms to 
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respond to alkaline stress, including activating proton 

pumps such as the plasma membrane H⁺-ATPase 

(Pma1p) to expel excess OH⁻ ions and maintain optimal 

cytosolic pH [65]. In alkaline conditions, cells rapidly 

absorb calcium ions from the outside surrounding 

environment through the Mid1-Cch1 protein complex. 

This activates calcineurin, a calcium/calmodulin-

dependent phosphatase. Calcineurin dephosphorylates 

the zinc-finger transcription factor Crz1, which allows it 

to enter the nucleus. Crz1 binds to particular DNA 

sequences called Calcineurin-Dependent Response 

Elements (CDREs) in the promoter regions of 

calcineurin-responsive genes, including ENA1, which 

codes for the Na⁺-ATPase enzyme [65]. The Rim101 

pathway has also been associated with the way yeast 

reacts to alkaline environments. Rim101 serves as a 

repressor, controlling the degree to which NRG1 

(Negative Regulator of Glucose-Repressed Genes) is 

expressed. Snf1 regulates Nrg1 further in the Snf1 

signaling pathway. When the pH increases, Snf1 is 

activated via phosphorylation, which prevents Nrg1 

from functioning. This inhibition reduces the repression 

on ENA1, which promotes the expression of the gene 

that codes for the Na⁺-ATPase enzyme, which is very 

important for keeping ions in balance when the pH 

becomes elevated [65,66]. Based on these results, the 

ability of yeast isolate KPR1006 to grow and solubilize 

zinc under alkaline conditions highlights its potential 

application in biofertilization strategies for calcareous 

soils, where zinc deficiency is prevalent.  

 

 

Table 3 Zinc solubilizing efficiency of KPR1006 in alkaline conditions using Pikovskaya’s broth supplemented with 

0.1% ZnO.   

 

 

 Analysis of organic acids production by ZSY 

under alkaline stress 

 The yeast isolate KPR1006 produced citric acid, 

acetic acid, succinic acid, and malic acid when cells 

were grown in Pikovskaya’s broth adjusted to pH 7.0, 

8.0, and 9.0 with supplementation of 0.1% ZnO. An 

increase in the production of malic acid and acetic acid 

was observed at pH 8.0 and 9.0, while the levels of citric 

acid and succinic acid decreased under these conditions. 

These shifts are consistent with previous studies 

showing that yeasts adapt to alkaline stress by producing 

acids that help neutralize the external pH [67,68]. The 

increase in malic and acetic acid production is likely a 

physiological response aimed at maintaining 

intracellular pH homeostasis and enabling cell survival 

under unfavorable pH conditions. Acetic acid 

production also plays a role in redox balance and energy 

conservation through the pyruvate-acetyl-CoA pathway, 

which is often upregulated under stress conditions. In 

contrast, the reduced accumulation of citric and succinic 

acids may reflect partial downregulation of the 

tricarboxylic acid (TCA) cycle, as certain enzymes (e.g., 

citrate synthase, succinate dehydrogenase) are pH-

sensitive and less active at higher pH. Additionally, the 

metabolic flux may be redirected away from these 

intermediates toward pathways that produce acids with 

stronger acidifying effects or that support more 

immediate survival needs [69]. Alkaline environments 

cause an elevated level of mitochondrial proteins 

involved in the tricarboxylic acid cycle (TCA cycle), 

according to proteomic investigations. Malate 

dehydrogenase levels notably rise, indicating an 

enhanced flux through the TCA cycle to support 

biosynthetic processes and energy demands under stress 

[70].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Initial pH of  

culture broth 

Soluble zinc  

(mg/L) 

Relative zinc solubilizing 

efficiency (%) 

Final pH of  

culture broth 

7.0 73.64 ± 4.31 100 6.91 ± 0.10 

8.0 53.04 ± 1.93       72.98 7.19 ± 0.14 

9.0 29.75 ± 6.36       40.40 7.28 ± 0.04 
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Figure 1 Effect of pH on the growth of zinc-solubilizing yeast. 

 

 
Figure 2 Acid profile of the yeast isolate KPR1006. 
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 Biocontrol of soil fungal phytopathogens by 

zinc-solubilizing yeast 

 High zinc-solubilizing yeasts were evaluated for 

antifungal activity against Sclerotium sp. and 

Phytophthora sp. M01. Variability in the inhibition of 

Sclerotium sp. and Phytophthora sp. M01 was observed 

in the dual culture assay (Figure 3(A)). While the cell-

free supernatant of ZSY remarkably inhibited both 

Sclerotium sp. and Phytophthora sp. M01. A significant 

suppression was detected with Sclerotium sp.; the cell-

free supernatant of yeast isolates KPR2047, KPR2056, 

and KPR2060 inhibited fungal growth by 54-58%, 

surpassing the efficacy of 0.5% carbendazim and 

metalaxyl (Figure 3(B); Table 4). The cell-free 

supernatant from yeast isolates KPR1006, KPR2047, 

KPR2060, and KPR2062 inhibited the growth of 

Phytophthora sp. M01 by over 70%, as seen in Table 4. 

Inhibition of sclerotia germination was clearly observed 

by yeast cell-free culture broth of the isolate KPR2047 

and KPR2056. The hyphal growth originating from the 

sclerotia, indicative of a filamentous form of Sclerotium 

sp., demonstrated a significantly lowered growth rate 

relative to the hyphae in the control and 0.5% metalaxyl 

treatments (Figure 4(A)). Inhibition of Phytophthora 

sp. M01 spore germination by yeast cell suspensions 

was observed as shown in Figure 4(B). A considerable 

variety of yeast species have been proven to be 

antagonistic agents against fungal plant diseases [55,71]. 

Certain yeast strains entirely inhibited the expansion of 

mycelial development. The limitation of mycelial 

growth and the establishment of the inhibitory zone in 

dual cultures may be ascribed to the release of diffusible 

antifungal compounds by the antagonistic yeasts [72]. 

The cell-free culture broth of ZSY showed significant 

antifungal activity in this investigation. Prior reports 

have documented the production of cell wall-degrading 

enzymes (chitinase, cellulase, and pectinase) by fungal 

biocontrol yeasts. Nonetheless, all ZSY examined in this 

investigation were unable to produce cellulase and 

chitinase (data not shown), indicating that these traits 

were strain-specific. Based on previously reported 

findings [73], it was noted that the most effective 

antagonistic strain against the examined fungi cannot 

produce glucanase, chitinase, or cellulase. Consequently, 

while the production of hydrolytic enzymes from fungal 

cell walls has demonstrated efficacy in reducing 

pathogen growth, our findings suggest it is an important 

yet non-essential aspect of yeast biocontrol activity.  

 In our research, the biocontrol effect appears to be 

facilitated by various yeast metabolic components or 

their combinations. The pH of the culture medium was 

approximately 5.0; thus, pH might be one factor that 

affects fungal growth and germination of spores. 

Consequently, the production of biofilms and the 

suppression of spore and sclerotia germination were 

investigated. Despite biofilm formation being one of the 

least understood mechanisms of antagonism, this ability 

has been associated with wound colonization in plants, 

leading to fast proliferation and coverage of the affected 

area [74]. Our results demonstrate that ZSY exhibited 

minimal biofilm formation, with the exception of 

KPR1006 (Figure 4(C)). A high level of biofilm 

production is not necessary for wound protection, and 

the most effective yeast strains against Botrytis cinerea 

were very low biofilm producers [55]. Concerning the 

capacity to suppress sclerotia germination, only 

KPR2047 and KPR2056 demonstrated significant 

inhibition, while other ZSY strains, such as KPR2060 

and KPR2062, exhibited substantial inhibition of fungal 

growth but failed to inhibit sclerotia germination. This 

suggests that the inhibition of germination is not critical 

for yeast to regulate fungal hyphal growth, although it 

may contribute to a broader spectrum of antagonistic 

effects. Our results support the hypothesis that 

antifungal properties are not based on a single activity 

of yeasts, but instead involved in combination of 

nutrient competition, production of secondary 

metabolites, formation of biofilm or inhibition of spore 

germination [75]. These particular ZSY may serve as an 

effective biocontrol agent; nevertheless, additional 

mechanisms, secondary metabolites and killer toxins 

that can directly inhibit the growth or germination of 

fungal pathogens, require examination. 
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Figure 3 In vitro antagonistic activity of zinc-solubilizing yeasts against Sclerotium sp. and Phytophthora sp. M01; (A) 

Dual culture assay and (B) Poisoned food technique assay. 

 

 

Table 4 Inhibition of mycelial growth of fungal phytopathogen by ZSY. 

 

Different superscripts in a column differ significantly (p < 0.05) according to Duncan’s multiple range test.   

NA = Not analysis 

Isolates 

Dual culture inhibition (%) 
Mycelial growth inhibition by 

cell-free supernatant (%) 

Sclerotium sp. 
Phytophthora sp. 

M01 
Sclerotium sp. 

Phytophthora sp. 

M01 

KPR1006 1.41 ± 1.34 c 35.04 ± 0.44 a 29.88 ± 6.47 d 76.94 ± 6.24 b 

KPR2047 15.51 ± 0.85 b 33.66 ± 3.69 a 58.82 ± 3.93 a 72.39 ± 4.67 b 

KPR2056 37.56 ± 0.58 a 29.87 ± 4.49 a 54.51 ± 2.94 ab 58.59 ± 4.90 c 

KPR2060 36.69 ± 0.20 a 33.45 ± 1.73 a 54.35 ± 1.54 ab 81.65 ± 1.93 ab 

KPR2062 37.56 ± 0.52 a 32.09 ± 3.39 a 48.55 ± 2.58 b 82.43 ± 0.75 ab 

0.5% Carbendazim NA NA 25.41 ± 1.47 d 35.69 ± 3.40 d 

0.5% Metalaxyl NA NA 37.30 ± 2.03 c 89.45 ± 0.47 a 
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Figure 4 Characterization of the fungal antagonistic activity of zinc-solubilizing yeast; (A) Inhibition of sclerotia 

germination by yeast cell-free culture broth and (B) Inhibition of Phytophthora sp. M01 spore germination by yeast cell-

free supernatant and (C) Biofilm formation capacity of yeast. 

 

 Characterization of plant growth promoting 

activity and identification of ZSY 

 These 5 isolates of yeast capable of zinc 

dissolution were examined for plant growth-promoting 

activities and molecular identification at the species 

level, as shown in Table 5. All of them produce indole-

3-acetic acid (IAA) and siderophore. None of them can 

solubilize inorganic phosphate, and only the isolate 

KPR1006 can produce ammonia. Phylloplane yeasts 

have been reported to produce IAA and possess other 

plant growth-promoting traits [28,76]. The molecular 

identification results indicated that all 5 yeast isolates 

were classified under the phylum Ascomycota and the 

family Saccharomycetaceae. The isolate KPR1006 

revealed over 99% nucleotide sequence similarity with 

Kurtzmaniella quercitrusa, while isolates KPR2047, 

KPR2056, KPR2060, and KPR2062 displayed over 

99% similarity with Hanseniaspora opuntiae (Table 5). 

Based on molecular identification, all 5 isolates had 

nucleotide alterations of less than 1%; hence, they are 

not likely to represent new yeast species. A phylogenetic 

tree based on the evolutionary connections in the 

nucleotide sequences of these zinc solubilizing yeasts 

are presented in Figure 5. Our findings indicate that 

Kurtzmaniella quercitrusa KPR1006 showed 

outstanding growth and zinc solubilization in alkaline 

conditions, whereas Hanseniaspora opuntiae KPR2047, 

KPR2056, KPR2060, and KPR2062 displayed 

significant inhibitory effects against Sclerotium sp. and 

Phytophthora sp. M01. Therefore, the potential 

individual efficacy of the strain or co-inoculation of 

these strains needs to be investigated. However, the 

interactions across strains in the consortium need to be 

evaluated. The efficacy of these ZSY strains in 

mitigating zinc deficiencies in plants cultivated in 

calcareous soil must be assessed under field conditions. 
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Figure 5 Phylogenetic tree of yeasts isolated from rose flowers and related species constructed by the maximum 

likelihood technique based on the D1/D2 domains of LSU rRNA gene.  

 

 

Table 5 Plant growth promotion activities and identification of ZSY. 

Isolate 

IAA production 

with L-Tryp 

(mg/g DW) 

Phosphate a 

solubilization 

(SE) 

 

Siderophore b 

production 

(mm) 

 

NH3 
c 

production 
Closest species 

% 

Similarity 

Result of identification 

(Accession no.) 
Roses 

KPR1006 1.60 ± 0.38 - 0.6 ± 0.4 + 

Kurtzmaniella 

quercitrusa 
(NRRL Y-5392T) 

99.81% 

Kurtzmaniella 

quercitrusa 
(PQ757930) 

Honey Dijon 

 

KPR2047 12.94 ± 1.63 - 2.8 ± 0.8 - 

Hanseniaspora 

opuntiae 
(CBS 8733T) 

99.63% 

Hanseniaspora 

opuntiae 
(PQ757931) 

Jessika 

KPR2056 12.59 ± 1.48 - 2.6 ± 0.6 - 

Hanseniaspora 

opuntiae 
(CBS 8733T) 

99.45% 

Hanseniaspora 

opuntiae 
(PQ757932) 

Wedgewood 

KPR2060 12.20 ± 0.63 - 1.9 ± 0.3 - 

Hanseniaspora 

opuntiae 
(CBS 8733T) 

99.73% 

Hanseniaspora 

opuntiae 
(PQ757933) 

Wedgewood 

KPR2062 12.90 ± 1.01 - 3.1 ± 0.4 - 
Hanseniaspora 

opuntiae 

(CBS 8733T) 

99.73% 
Hanseniaspora 

opuntiae 

(PQ757934) 

Wedgewood 

 

 

Conclusions 

 In conclusion, zinc-solubilizing phylloplane 

yeasts were isolated from rose flowers. The 

investigation focused on the capacity of bifunctional 

ZSY to solubilize insoluble zinc in alkaline conditions 

and suppress Sclerotium sp. and Phytophthora sp. M01, 

significant fungal phytopathogens affecting mungbean 

and soybean plants. Their growth and capacity to 

solubilize ZnO in alkaline conditions were examined. 

The study revealed that Kurtzmaniella quercitrusa 

KPR1006 exhibited outstanding growth and zinc 

solubilization (53.04 ± 1.93 mg/L) under alkaline 

conditions. The zinc solubilizing efficiency remained 

stable at 72.98% at pH 8.0, with a noticeable decline in 

the pH value of the culture broth. The decrease in pH is 

attributable to the production of acids, including acetic, 

malic, succinic, and citric acid. These ZSY exhibited 

biocontrol activity against both fungal pathogens. The 

significant inhibitory effects against Sclerotium sp. and 

Phytophthora sp. M01 was found from dual culture 
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assay and cell-free culture broth of Hanseniaspora 

opuntiae KPR2047, KPR2056, KPR2060, and 

KPR2062. These findings demonstrate the potential 

application of these yeasts as bioinoculants in mitigating 

zinc deficiency and providing yeast based biofingicide 

in plants, especially mungbean grown under alkaline 

soil conditions. Additional research will be conducted 

on the development of a consortium bioinoculant 

comprising these ZSY, assessing their capacity for zinc 

solubilization and their efficacy in controlling fungal 

diseases in mungbean cultivated in alkaline soil in field 

trials. 
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