
International Journal of Agricultural Technology 2026 Vol. 22(2):959-976 
DOI: https://doi.org/10.63369/ijat.2026.22.2.959-976 

Available online http://www.ijat-aatsea.com 
ISSN 2630-0192 (Online) 

 

Phytohormone-like activity of Volvariella volvacea (Bull. Ex Fr.) 
Singer 
 
 
Valentino, M. J. G.1* and Bautista, N. S.2  
 
1Department of Biological Sciences, College of Science, Central Luzon State University, Science 
City of Muñoz, Nueva Ecija, 3120, Philippines; 2Plant Biology Division, Institute of Biological 
Sciences, College of Arts and Sciences, University of the Philippines Los Baños, Pedro R. 
Sandoval Ave, College, Laguna, Philippines.  
 
Valentino, M. J. G. and Bautista, N, S. (2026). Phytohormone-like activity of Volvariella 
volvacea (Bull. Ex Fr.) Singer. International Journal of Agricultural Technology 22(2):959-976.  
 
Abstract Results revealed the potential hormonelike activities of V. volvacea crude and hot water 
extracts influencing the growth and development of rice, corn and radish. The effect of V. 
volvacea (9.87) in the number of roots initiated in rice is comparable to those treated with auxin 
(11.23) and gibberellin (12.40) while in corn, V. volvacea (9.77) was statistically similar to 
gibberellin (9.03). In addition, the length of corn roots treated with V. volvacea crude extract 
(98.07mm) and V. volvacea hot water extract (93.65mm) exhibited auxin (87.74mm) and 
gibberellin (100.08mm) like activity. Meanwhile, auxin like activity was observed in rice treated 
with V. volvacea crude extracts with the length of second leaf of 109.39mm and 98.29mm, 
respectively. Whereas for the secondary leaf of corn, the effect of V. volvacea crude extract 
(87.89mm) and hot water extracts(84.17mm) were comparable to the effect of gibberellin 
(82.95mm). Cytokinin like activity was observed in V. volvacea hot water and crude extracts 
through rice coleoptile and biomass of radish assay with 16.88mm coleoptile length and 
cucumber cotyledon biomass of 0.164g. Lastly, the observed total chlorophyll content ranged 
from 65.12% to 192.67% which indicated the greening effect of V. volvacea extracts. 
 
Keywords: Exopolysaccharides, Mushrooms, Mycelia biomass, Phytohormones, Submerged 
fermentation 
 
Introduction 
 

Plant hormones or phytohormones are class of naturally occurring 
organic substances which are synthesized during the plant metabolism which 
affects plant’s physiological processes (growth, differentiation, development, 
stomatal movement) positively at lower concentration and negatively at a 
concentration above optimum concentrations (Chanlud and Morel, 2016; Shi et 
al., 2017). These plant hormones (auxins, cytokinins, ethylene, gibberellins, 
abscisic acid, brassinosteroid and salicylates) are obtained through plant 
extraction, chemical synthesis as well as microbial fermentation. They are found 
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not only in higher plants, but also in algae, and in plant-associated bacteria and 
fungi. Plant hormones are regarded also as secondary metabolites 
(Tarakhovskaya et al., 2007; Lu and Xu, 2015; Wang et al., 2015). 

 Nowadays, plant-fungal interactions are becoming popular due to the 
benefits they confer to crop productivity through improving nutrient uptake, 
increasing plant growth and conferring plant stress tolerance (Xu et al., 2006a; 
De Zelicourt et al., 2013). Fungi are also capable of producing protein effectors 
and metabolites that aids in plant immunity (Cho et al., 2006). Moreover, fungi 
produce compounds that are like plant hormones (Shi et al., 2017). 
Basidiomycota and Ascomycota are among the groups of fungi with known 
symbiotic relationship with plants (Akhtar et al., 2019).  

Volvariella volvacea is commonly known as straw or paddy straw 
mushroom and is cultivated as one of the edible and medicinal mushrooms. V. 
volvacea belongs to family Plutaceae of division Basidiomycota which are 
mostly found in tropical and subtropical regions (Beelman et al., 2019). It 
contains essential elements such as potassium, phosphorus, sodium, calcium, 
magnesium, iron, and zinc (Martinez-Medina et al., 2021). It also contains 
primary metabolites such as protein, fiber, carbohydrates, minerals and vitamins.  
Several enzymes are also present in paddy straw mushroom that are helpful for 
its fast growth such as endoglucanase, laccase, polyphenol oxidase, xylanase and 
beta glucosidase (Roy et al., 2011; Surekha et al., 2011; Shwetha and Sudha, 
2012;). 

Several studies have been conducted on its nutraceutical potentials but 
little to none has been conducted on its ability to produce phytohormones that 
could regulate plant growth. Hence, the study was conducted to evaluate the 
phytohormone-like activity of V. volvacea extracts. 
 
Materials and methods  
 

The crude and hot water extracts of Volvariella volvacea were used to 
determine its hormonelike like activity through its effect on coleoptile growth, 
stem and root elongation, stem elongation and cotyledon growth. Laboratory 
grade plant hormones such as gibbberelin, auxin and cytokinin (1ppm) were used 
as control. 
 
Hot water extraction 
 

Ten grams of dried fruiting body of V. volvacea were submerged and 
extracted in 100 mL of distilled water and was maintained in water bath at 80-90 
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C for 2 hours.  Then the extracts were filtered using Whatman filter paper No. 2 
and the filtrate was kept refrigerated until use.  
 
Crude extraction  
 

Fruiting body of the V. volvacea were surface sterilized and blot dried 
with paper towel. After which, the fruiting body was osteorized using blender 
and was placed in an amber bottle and kept refrigerated until use.  
 
Bioassay of the hormone-like activity  
 

Protocol for bioassays for the detection of phytohormones were adapted 
from the works of Voytsehovska et al. (2010) and Tsygankova et al. (2016) with 
modifications.  
 
Rice and corn root initiation/ inhibition test  
 

Seeds were soaked in different treatments for 24 hours and were 
germinated for three days. and were subjected to different treatments for 14 days. 
Then, the number of roots initiated were counted and the length of roots were 
measured using a digital vernier caliper. 
 
Growth of decapitated coleoptiles  
 

Rice and corn seeds were incubated 35 cm below green, fluorescent light 
for 3 to 4 hours. Then the seeds were incubated in a dark room for three days. 
Starting at 3 mm below the coleoptile tip or at 2 mm below the coleoptile node, 
sections of 2 mm initial length were cut and placed in a test tube with 1.5 ml of 
different treatments. Then the coleoptiles were allowed to grow for 48 hours in 
dark room at 25°C. Coleoptiles were measured using a vernier caliper.  
 
Rice and corn coleoptile elongation test  
 

Thirty viable rice and corn seeds were soaked in different treatment for 
24 hours and placed in a dish lined with filter paper flooded with 5 ml of different 
treatments. It was then incubated at 25 – 28°C and will be allowed to germinate 
for seven days.  The length of coleoptiles was measured using a digital vernier 
caliper.  
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Rice and corn secondary leaf elongation test  
 

Rice seeds and corn seeds were allowed to germinate in a dish lined filter 
paper flooded with distilled water. After 24 hours of incubation, seeds with 1mm 
coleoptile were transferred to a filter paper immersed in 9 ml different treatment 
and control solutions. The seeds were allowed to grow under ordinary daylight 
conditions at 28°C. Each treatment was added with 0.5 ml of distilled water every 
24 hours. The blades of the second leaf were measured using digital vernier 
caliper after 14 days of incubation.  

 
Radish cotyledon biomass test  
 

Seeds were placed in a dish lined with paper towel moistened with 5 ml 
of distilled water and were germinated in dark condition at room temperature for 
96 hours. Then the cotyledons were removed from the seedlings using sterile 
scalpel. Then the cotyledons were incubated for 3 days. The index of average 
biomass (mg) of the cotyledons were determined on the 3rd day of incubation.  
 
Cucumber cotyledon greening bioassay  
 

Cucumber (Cucumber sativus L.) seeds were used for the cotyledon 
greening bioassay. Seeds undergone viability testing, surface sterilization, 
rinsing and were germinated on a tissue paper saturated with sterile distilled 
water in a dish for 7 days in a room temperature at dark condition. After 7 days, 
cotyledons were excised under green dim light. By weighing, cotyledons were 
placed in a dish containing 10 mL of respective treatments and controls, then was 
returned to dark for 20 hours. The chlorophyl content was analyzed using 
spectrophotometer and the values were computed using the following formula: 

 

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙	𝐴 =
12.7(𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒663) − 2.69(𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒645)	𝑥	𝐹𝑖𝑛𝑎𝑙	𝑉𝑜𝑙𝑢𝑚𝑒(𝑚𝐿)

1000 − 𝐹𝑟𝑒𝑠ℎ	𝑊𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝐶𝑜𝑙𝑒𝑜𝑝𝑡𝑖𝑙𝑒  

𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙	𝐵 =
22.9(𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒645) − 4.68(𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒663)	𝑥	𝐹𝑖𝑛𝑎𝑙	𝑉𝑜𝑙𝑢𝑚𝑒(𝑚𝐿)

1000 − 𝐹𝑟𝑒𝑠ℎ	𝑊𝑒𝑖𝑔ℎ𝑡	𝑜𝑓	𝐶𝑜𝑙𝑒𝑜𝑝𝑡𝑖𝑙𝑒  

𝑇𝑜𝑡𝑎𝑙	𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙 = 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙	𝐴 + 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙	𝐵 
 

Statistical analysis 
 

Data were expressed as mean±SD with three replications each. 
Treatments were laid out in a complete randomized design and differences were 
evaluated using one-way analysis of variance (ANOVA) and was completed by 
a Tukey’s HSD test. Data values of p<0.05 was considered significant. 
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Results  
 

Plant growth regulators can modify plant physiology by interfering with 
the biosynthesis, metabolism, or translocation of plant hormone that may 
enhance or delay the development of the plant.   

In this study rice, corn, radish and cucumber were used as experimental 
plants. Different parameters which are known as indicators of plant growth were 
evaluated such as the length of coleoptiles, decapitated coleoptiles, secondary 
leaf and roots, number of roots initiated, biomass of the radish cotyledons and 
the amount of chlorophyll (chlorophyll a, chlorophyll b, and total chlorophyll 
content) were measured. 
 
Root initiation and elongation 
 

Plant roots function for anchorage, storage and absorption of water and 
nutrients from the soil and its development such as primary and lateral root 
growth corresponds to cell proliferation and elongation. Lateral root developed 
from the primary root and affects the root system architecture and increases the 
surface area for absorption of nutrients into the soil as well as for anchorage  
 
Rice 
 

The observed length and number of roots initiated in rice is shown in 
Table 1. The highest number of roots were recorded in rice treated with 
gibberellin with 12.40, followed by auxin of 11.23 and V. volvacea crude extract 
of 9.87, whereas the least number of roots were noted in distilled water treated 
seeds of 1.0.  Statistically, the effect of auxin and gibberellin was comparable to 
both V. volvacea crude and hot water extracts.  

Meanwhile, for the length of the roots initiated in rice, the longest root 
formed were measured in gibberellin treated rice seeds with 172.18mm, followed 
by auxin treated rice seeds of 112.63mm and V. volvacea crude extract treated 
rice seeds of 89.40mm and the shortest roots formed were observed in cytokinin 
treated rice of 12.74mm. Statistical analysis revealed that the effect of V. 
volvacea extracts to rice were significantly lower compared to gibberellin and 
auxin treated rice, and were significantly higher than cytokinin. 
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Table 1. Length and number of roots initiated in rice as influenced by different 
treatments 

Treatments Number of roots Length (mm) 

V. volvacea crude extract 9.87±2.13a 89.40±9.63c 
V. volvacea hot water extract 8.37±2.43a 87.38±5.21c 
Auxin  11.23±3.40a 112.63±12.25b 
Gibberellin  12.40±1.22a 172.18±10.20a 
Cytokinin  3.53±1.4b 12.74±2.00d 
Distilled water 1.0±0.12b 82.19±4.32c 

*Treatments with different letters are significantly different at 0.05 level of significance 
 
Corn 
 

The length and the number of roots initiated in corn is presented in Table 
2. Corn treated with auxin had the highest mean number of roots of 18.70, 
followed by corn treated with V. volvacea crude extract of 9.77 and corn treated 
with gibberellin of 9.03. Among which, roots treated with gibberellin had the 
longest roots initiated with a mean of 100.08mm, followed by corn treated with 
V. volvacea crude extract 98.07mm and corn treated with V. volvacea hot water 
extract of 93.65mm. The least length of roots of 45.44mm was recorded in corn 
treated with cytokinin. Statistical analysis revealed that the effect of V. volvacea 
crude extract to the corn is comparable to the effect of gibberellic acid in terms 
of number of roots initiated while the effect of both V. volvacea hot water and 
crude extracts were comparable to the effect of auxin and gibberellin for the 
elongation of the corn roots.  
 
Table 2. Length and number of roots initiated in corn as influenced by different 
treatments 

Treatments Number of roots Length of roots 

V. volvacea crude extract 09.77±1.12b 98.07±a 
V. volvacea hot water extract 5.37±0.78c 93.65±a 
Auxin  18.70±1.99a 87.74±a 
Gibberellin  9.03±1.00b 100.08±a 
Cytokinin  1.0±0.11e 45.44 ±b 
Distilled water 3.70±0.21d 54.47±b 

*Treatments with different letters are significantly different at 0.05 level of significance 
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Elongation of Secondary Leaf in Rice and Corn 
 

The length of the secondary leaf in rice and corn is shown in Table 3. In 
rice, the longest secondary leaf was recorded in gibberellin treated seedlings of 
111.89mm followed by auxin of 109.39 mm and the V. volvacea crude extract of 
98.29 mm while the least of 24.33 mm was observed in cytokinin treated rice. 
The effect of V. volvacea crude extract on rice is comparable to auxin.  

For the corn leaf, V. volvacea crude extract had the highest measured 
secondary leaf of 87.89mm which is statistically comparable to secondary leaf of 
corn treated with hot water extract and gibberellin with 84.17mm and 82.95mm, 
respectively. 
 
Table 3. Length of Rice and Corn secondary Leaf as influenced by different 
treatments 

Treatments Leaf rice Corn leaf 

V. volvacea crude extract 98.29±11.02bc 87.89±6.45a 
V. volvacea hot water extract 92.79±9.23c 82.95±5.01a 
Auxin  109.39±7.27ab 40.48±4.85b 
Gibberellin  111.89±10.00a 84.17±8.32a 
Cytokinin  25.33±2.01d 25.88±2.03c 
Distilled water 94.34±5.74b 32.80±6.00bc 

Mean±SD with the same letter superscript is not significantly different at 5% significance 
 
Coleoptile elongation 
 
 Enshealting the first leaf and the shoot apex in grass seedlings are the 
coleoptiles. they function to protect the first leaf and shoot apex as it emerges 
from the soil. Growth of coleoptiles is due to cell division and cell enlargement 
but upon reaching 5 mm long, their growth is due to cell elongation  

The mean length of rice and corn coleoptiles subjected to different 
treatments is shown Table 4. In rice, the highest mean of the coleoptiles was 
obtained in coleoptiles treated with auxin of 24.39mm, followed by coleoptiles 
treated with gibberellin with 19.90mm and coleoptiles treated with V. volvacea 
hot water extract of 17.90mm. Statistically, the effect of V. volvacea extracts on 
rice coleoptiles are comparable to those treated with cytokinin (16.88mm).  

For the corn, coleoptiles treated with auxin registered the highest mean 
of 40.16mm, followed by gibberellin of 36.94mm. Meanwhile, based on 
statistical analysis the effect of V. volvacea crude extract (13.13mm) and hot 
water extract (13.64mm) on corn coleoptiles are insignificant and are comparable 
to untreated corn seedlings. 
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Elongation of decapitated coleoptile 
 

For the length of the decapitated rice and corn coleoptile, auxin and 
gibberellin recorded the highest mean length of coleoptile both on rice and corn. 
For the rice, coleoptiles treated with auxin and gibberellin are statistically higher 
than all the other treatments with 8.28mm and 8.13mm respectively, whereas rice 
treated with V. volvacea crude extract with mean length of 6.01mm is comparable 
to rice coleoptiles treated with cytokinin of 7.26mm. In corn, the highest mean 
length of coleoptiles was recorded in gibberellin of 18.11mm followed with 
16.67mm of auxin, both are comparable and are statistically higher among all 
other treatments. While V. volvacea crude extracts of 8.43mm is comparable with 
the decapitated coleoptile treated with cytokinin (8.43mm). 
 
Table 4. Length and percentage increase of rice and corn coleoptile in millimeter 
(mm) as influenced by different treatments  

Treatments Rice Corn 

V. volvacea crude extract 15.64±1.34d 14.82±2.22cd 
V. volvacea hot water extract 17.90±1.67c 16.67±1.78cd 
Auxin  24.39±3.43a 40.16±4.35a 
Gibberellin  19.90±1.00b 36.95±2.88 a 
Cytokinin  16.88±2.13cd 26.43±2.12b 
Distilled water 13.54±1.99e 9.83 ±1.44d 

Mean±SD with the same letter superscript is not significantly different at 5% significance 
 
Table 5. Length of the decapitated rice and corn coleoptile in millimeter (mm) 
as influenced by different treatments 

Treatments Rice coleoptile Corn coleoptile 

V. volvacea crude extract 6.01±0.47c 8.43±1.02c 
V. volvacea hot water 
extract 

7.32±1.00b 11.05±1.85b 

Auxin  8.28±0.99a 16.67±1.45a 
Gibberellin  8.13±0.23a 18.11±2.01a 
Cytokinin  7.26±0.85b 8.43±0.55c 
Distilled water 5.83±0.36c 9.83±1.00bc 

Mean±SD with the same letter superscript is not significantly different at 5% significance 
 
Biomass of radish cotyledon 
 
  Shown in table 6 are the mean and %increase in biomass of radish 
cotyledon. An observable increase in the biomass was noted when subjected to 
different treatments. Radish cotyledon treated with gibberellic acid had the 
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highest mean biomass of 206.20 mg followed by auxin of 164.00 mg. 
Statistically the effect of cytokinin (152.61 mg) was comparable with those 
treated with auxin, V. volvacea crude and hot water extract of 164.00 mg, 139.00 
mg and 153.mg, respectively.  
 
Table 6. Biomass and %increase in biomass of radish coleoptile 

Treatments Radish coleoptile (mg) % increase in biomass 

V. volvacea crude extract 139.00±2.30b 54.53±4.12b 
V. volvacea hot water extract 153.00±2.78b 69.17±4.23b 
Auxin  164.00±5.23ab 81.73±5.02ab 
Gibberellin  206.20±4.20a 128.57±4.03a 
Cytokinin  152.61±2.01b 69.17±5.22b 
Distilled water 90.00±2.13c  

Mean±SD with the same letter superscript is not significantly different at 5% significance 
 
Cucumber cotyledon greening assay 
 

The effects of different treatments for the greening of cucumber plants, 
cucumber cotyledon subjected to different treatments are presented in Table 7. 
Cotyledons treated with gibberellin and cytokinin had the highest chlorophyll a, 
chlorophyl b and total chlorophyll contents. Followed by V. volvacea hot water 
extracts of 15.21. meanwhile the least chlorophyll content of 8.87 was recorded 
in cotyledons subjected in distilled water. Percentage increase in total 
chlorophyll content ranged from 65.12% to 192.67%. Statistical analysis 
significant increased in chlorophyll a, chlorophyll b and total chlorophyll content 
when treated with commercial hormones and V. volvacea extracts. The in 
addition the effect of auxin is comparable to those treated with V. volvacea crude 
and hot water extracts both in chrolorphyll a and chlorophyll b.  

 
Table 7. Total chlorophyll contents of cucumber cotyledons (mg/g) 

Treatments Chlorophyll 
A 

Chlorophyll 
B 

Total 
Chlorophyll 

% Increase in 
Total 

Chlrophyll 
V. volvacea crude 
extract 

4.55±3.64b 10.10±7.95bc 14.65±9.59c 65.16 

V. volvacea hot water 
extract 

3.24±0.29b 13.97±0.92b 17.21±0.64b 94.02 

Auxin 3.93±0.18b 12.20±1.23b 16.13±1.07b 81.84 
Gibberellin 6.23±0.81a 19.73±1.47a 25.96±1.67a 192.67 
Cytokinin 5.43±0.22ab 20.24±0.91a 25.67±0.69a 189.4 
Distilled water 1.36±0.53c 7.51±1.07d 8.87±1.37d   

Mean±SD with the same letter superscript is not significantly different at 5% significance 
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Discussion  
 

Basidiomycetes are known as source of food and for its pharmaceutical, 
biotechnological and agricultural potentials (Chang and Shao, 2002; Chang and 
Wasser, 2017; Hyde et al., 2019). Meanwhile, in ecological perspective, they are 
known to form link in the ecosystem forming mycorrhizal mat in the soil where 
they dominate affecting microevolution of organisms (Bahram and Netherway, 
2022). Fungi can produce substances that could affect plant physiological 
processes and metabolism (Rangel- Castro et al., 2002; Fonseca et al., 2018; 
Akhtar et al., 2019). Among these groups of fungi are the ectomycorrhizal fungi 
such as basidiomycetes and ascomycetes by regulating hormone secretion 
(Srivastava, 2002; Yang et al., 2009; Quiroz-Castaneda et al., 2011; Raudaskoski 
and Kothe, 2015; Xia et al., 2023). According to Fernandez-Suarez et al., 2015, 
these phytohormones helps in plant-fungal interaction. They are involved in the 
promoting higher biomass and plant growth rates (Vadassery et al., 2008; 
Hamayun et al., 2017; Khan et al., 2020; Pons et al., 2020; Gomes and Scortecci, 
2021). 

Previous studies revealed the presence of cytokinin in the forms of zeatin 
and zeatin ribosides in basidiomycetes (Janitor and Vizarova, 1994; Morrison et 
al., 2015). According to Vedenicheva et al. (2015) and Morrison et al. (2015), 
basidiomycetes could synthesize cytokinins which may vary on specific species 
of microfungi and the qualitative and quantitative number of produced hormones. 
Aside from cytokinins, auxin in the form of indole acetic acid (active form of 
auxin in fungal species) were also detected in fungal species belonging to 
ascomycota, basidiomycota and muromycota (Waqas et al., 2012). Auxin is 
involved in apical dominance, cell division and cell enlargement (Peret et al., 
2009; Gomes and Scortecci, 2021). Lastly, gibberellic acid was first isolated in 
fungal pathogen Gibeberella fujikuroi. In a study of Hedden and Sponsel (2015), 
fungal derived auxin had enhanced the biomass and chlorophyll content of the 
rice plants. 

In addition, due to multitude nutritional components of basidiomycetes, 
they can act as biofertilizers which can increase in the nutritional uptake of the 
plants, production of secondary metabolites, and induces plant growth regulation 
and stimulation (Chi et al., 2010; Abdel-Fattah et al., 2013; Pal et al., 2015). 
Accordingly, they aid in the mobilization and solubilization of the unavailable 
essential nutrients for plants. Increase in production of various compounds also 
triggers upregulation of genes for plant defense and development (Vassilev et al., 
2015). Rather their observed actions can be attributed to actions of extracellular 
enzymes it secretes such as amylase, cellulase, lignase and laccase, which were 
reported to possess different biological activities in relation to plant physiological 
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processes (Ahlawat et al., 2008). Also, secondary metabolites such as the 
alkaloids, saponins, phenolics, and terpenoids are also present in V. volvacea 
(Jonathan and Adeoyo, 2011; Roy et al., 2011). Based on reports, the secondary 
metabolites are potent stimulants or inhibitors of plant growth (Chen et al., 2011; 
Chaudhary and Rahi, 2023). Whereas the presence of essential minerals also 
important biochemical function in plants seed germination and establishment. 
This includes calcium and boron for cell wall establishment and cell elongation, 
magnesium, selenium, zinc, iron, copper, nickel, molybdenum, manganese for 
stress related proteins and potassium for osmoregulation and turgor stability 
(Ahlawat et al., 2008).   
  Hormonelike activities were exhibited by V. volvacea crude and hot water 
extracts. During root initiation and elongation, auxin function as a root forming 
hormone which influences the root architecture and trigger lateral root formation 
(Gomes and Scortecci, 2021;). It also exhibits bi-modal effect on plants which 
can limit the elongation of the primary root and increases the number of lateral 
roots. Similarly, gibberellin also induce root elongation and promote cell 
expansion, differentiation and proliferation (Overvoorde et al., 2010; Vishal and 
Kumar, 2018). On the other hand, cytokinins has an inhibitory effect on the 
formation of lateral roots, increasing its concentration reduces the formation of 
lateral roots. In addition, its function in modulating ethylene biosynthesis is 
inhibitory to root cell elongation (Chae et al., 2003; Laplaze et al., 2007; Street 
et al., 2016; Julkowska, 2018). 

Cell elongation has been shown to be coordinately regulated by auxins 
and gibberellins and their effects overlap with respect to cell expansion and tissue 
differentiation (Stamm and Kumar, 2010; Ross et al., 2011;). In many plants, 
gibberellic acid is higher in zone of elongation and vigorous growth period in 
rice and endogenous levels of gibberellins were higher in younger than older 
leaves (Watanabe et al., 2007; Xu et al., 2006b). Whereas cytokinin control 
diverse developmental processes including the determination of the final size and 
function of plant organs such as leaves ( Zucher et al., 2013; Kieber and Schaller, 
2014).  

For the coleoptiles, auxin causes coleoptile elongation by affecting 
biochemical composition of cell wall, that induces growth by cell expansion and 
elongation through expression of cell wall remodeling factors (Coenen et al., 
2003; Majda and Robert, 2018). Meanwhile, Nanda and Melnyk (2018) 
mentioned that gibberellins also take part in coleoptile growth, Accordingly, 
decapitation cause the reduction in gibberellin, auxin triggers the production of 
gibberellins and in turn it promotes auxin transport. 

According to Hedden and Sponsel (2015) and Hyde et al. (2019), 
production of GAs by microorganisms is dependent on the optimized cultural 
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parameters such as pH, temperature, culture medium, light and days of 
cultivation. Series of screening, optimization, solid state fermentation, 
confirmation and identification of GAs is done to isolate and produce specific 
amount of GA. Furthermore, exposure of fungal isolates to stress such as salinity 
stress increases the production of GA. 

Gibberellins are present in some fungi and bacteria which can be a 
symbiont or a pathogen. GAs produced by fungi do not influence fungal growth 
but rather function to suppress the immunity of the host plants and aid in 
infection. Additionally, they function in several physiological processes such as 
seed germination, shoot and stem elongation, and flower development. GAs 
produced by plants and fungi are structurally the same but have differences in 
the pathways and enzymes involved (Hedden et al., 2001). 

Cotyledons are highly sensitive to plant different hormones that could 
either inhibit or promote growth. Of which cytokinin can cause extensive growth 
through cell division and altering the size and activity of the meristem (Werner 
et al., 2001; Kosakivska, 2018). As reported by Srivastava (2002), the rate of 
endosperm cell division is closely associated with cytokinin level and that 
exogenous kinetin significantly increases the number of endosperm cells and 
grain weight.  

Results of the study elucidated the hormonelike activities of V. volvacea 
crude and hot water extracts that both enhanced or deterred the development of 
rice, corn and radish. In terms of number of roots in corn, gibberellin like activity 
was noted in V. volvacea crude extract while auxin and gibberellin like activity 
for the elongation of the corn roots. In addition, auxin like activity was exhibited 
by V. volvacea crude extracts on the growth of the second leaf of rice and in corn, 
V. volvacea crude and hot water extracts gibberellin like activity. Cytokinin like 
activity was observed in V. volvacea hot water and crude extract in elongation of 
coleoptiles and biomass of radish. Lastly, V. volvacea crude extracts influenced 
the production of total chlorophyll content of cucumber cotyledon. 
 
Acknowledgements 
 

The authors would like to acknowledge Central Luzon State University where the study 
was conducted. 
 
Conflicts of interest  
 
 The authors declare no conflict of interest.  

 
 
 



International Journal of Agricultural Technology 2026 Vol. 22(2):959-976 
 

971 
 
 

 

References  
 
Abdel-Fattah, G. M., Ibrahim, A. H., Al-Amri, S. M.  and Shoker, A. E. (2013). Synergistic effect 

of arbuscular mycorrhizal fungi and spermine on amelioration of salinity stress of wheat 
(Triticum aestivum L.cv. 9). Australian Journal of Crop Science, 7:1525. 

 
Ahlawat, O. P., Gupta, P., Dhar, B. L., Sagar, T. G., Rajendranath, R. and Rathnam, K. (2008). 

Profile of the extracellular lignocellulolytic enzymes activities as a tool to select the 
promising strains of Volvariella volvacea (Bull. ex Fr.) sing. Indian Journal of 
Microbiology, 48:389-396.  

 
Akhtar, S. S., Mekureyaw, M. F., Pandey, C. and Roitsch, T. (2019). Role of cytokinins for 

interactions of plants with microbial pathogens and pest insect. Frontiers in Plant Science, 
10:1777.  

 
Bahram, M. and Netherway, T. (2022). Fungi as mediators linking organisms and ecosystems. 

Federation of European Microbiological Societies (Microbiological Reviews), 46.  
 
Beelman, R. B., Kalaras, M. D. and Richie, J. P. (2019). Micronutrients and bioactive compounds 

in mushrooms: A recipe for healthy aging? Nutrition Today, 54:16-22. 
 
Chae, H. S., Faure, F. and Kieber, J. J. (2003). The eto1, eto2, and eto3 mutations and cytokinin 

treatment increase ethylene biosynthesis in Arabidopsis by increasing the stability of 
ACS protein. Plant Cell, 15:545-559. 

 
Chang, S. T. and Zhao, M. (2002). Products of medicinal mushrooms as a good source of dietary 

supplements. Edible Fungi of China, 21:5-6. 
 
Chang, S., and Wasser, S. (2017). The cultivation and environmental impact of mushrooms. 

Oxford University Press, New York. Retrieved from https://global.oup.com/  
 
Chanlud, E. and Morel, J. B. (2016). Plant hormones: a fungal point of view. Molecular Plant 

Pathology. 17:1289-1297. 
 
Chaudhary, E. and Rahi, D. K. (2023). Statistical optimization for the production of bioactive 

exopolysaccharide by Ganoderma gibbosum under submerged fermentation conditions 
and in-vitro evaluation of its antioxidant activity. Biologia, 78:2611-2621. 

 
Chen, W., Zhao, Z. and Li, Y. (2011). Simultaneous increase of mycelial biomass and 

intracellular polysaccharide from Fomes fomentarius and its biological function of gastric 
cancer intervention. Carbohydrate Polymers, 85:369-375. 

 



 
 

 
 

972 

Chi, F., Yang, P., Han, F., Jing, Y. and Shen, S. (2010). Proteomic analysis of rice seedlings 
infected by Sinorhizobium meliloti 1021. Proteomics, 10:1861-1874. 

 
Cho, E. J., Oh, J. Y., Chang, H. Y. and Yun, J. W. (2006). Production of exopolysaccharides by 

submerged mycelial culture of a mushroom Tremella fuciformis. Journal of 
Biotechnology, 127:129-140. 

 
Coenen, C., Christian. M., Luthen, H. and Lomax, T. L. (2003). Cytokinin Inhibits a Subset of 

Diageotropica-Dependent Primary Auxin Responses in Tomato. Plant 
physiology, 131:1692-1704. 

 
De Zelicourt, A., Colcombet, J. and  Hirt, H. (2013). The role of MAPK modules and ABA during 

abiotic stress signaling. Trends in Plant Science, 18318-326.  
 
Fernandez-Suarez, K., Ortega, E. and Medina, L. (2015). The kinetin riboside as In Vitro 

stimulator of Glomus clarum spores germination. Cultivos Tropicales, 36:5e49. 
 
Fonseca, S., Radhakrishnan, D., Prasad, K. and Chini, A. (2018). Fungal production and 

manipulation of plant hormones. Current Medicinal Chemistry, 25:253. 
 
Gomes, G. L. B. and Scortecci, K. C. (2021). Auxin and its role in plant development: Structure, 

signalling, regulation and response mechanisms. Plant biology (Stuttgart, Germany), 23: 
894-904. 

 
Hamayun, M., Khan, S. A., Khan, M. A., Kang, S. M., Kim, J. G. and Lee, I. J. (2017). 

Gibberellin-producing endophytic fungi isolated from Helianthus annuus and their impact 
on plant growth. Plant Growth Regulation, 81:183-195.  

 
Hedden, P. and Sponsel, V. (2015). A century of gibberellin research. Journal of Plant Growth 

Regulation, 34:740-760. 
 
Hyde, K. D., Xu, J., Rapior, S., Jeewon, R., Lumyong, S., Niegro, A. G. T. and Stadler, M. (2019). 

The amazing potential of fungi: 50 ways we can exploit fungi industrially. Fungal 
Diversity, 97:1e136.  

 
Janitor, A. and Vizarova, G. (1994). Production of abscisic acid and cytokinins in static liquid 

culture by Schizophyllum commune. Czech Mycology, 474:293e302. 
 
Jonathan, S. G. and Adeoyo, O. R. (2011). Evaluation of Ten Nigerian Mushrooms for Amylase 

and Cellulase Activities. Mycobiology, 39:103-108. 
 



International Journal of Agricultural Technology 2026 Vol. 22(2):959-976 
 

973 
 
 

 

Julkowskal, M. (2018). Releasing the Cytokinin Brakes on Root Growth. Plant Physiology, 
177:865-866. 

 
Khan, N., Bano, A., Ali, S. and Babar, M. A. (2020). Crosstalk amongst phytohormones from 

planta and PGPR under biotic and abiotic stresses. Plant Growth Regulation, 90:189e203. 
  
Kieber, J. J. and Schaller, G. E. (2014). Cytokinins. Arabidopsis Book, 12:e0168. Retrieved from  
 
Kosakivska, IV. (2018). Endogenous cytokinins dynamics in mycelial biomass basidiomycetes 

at different stages of cultivation. International Journal of Biochemistry & Physiology, 
3000122.  

 
Laplaze, W. L., Benkova, E., Casimiro, I., Maes, L., Vanneste, S., Swarup, R., Calvo, V., Parizot, 

B., Herrera-Rodriguez, M. B., Offringa, R., Graham, N., Doumas, P., Jiri, J., Bogusz, D., 
Beeckman, T. and Bennett, M. (2007).   Cytokinins act directly on lateral root founder 
cells to inhibit root initiation. The Plant cell, 19:3889-3900. 

 
Lu, Y. and Xu, J. (2015). Phytohormones in microalgae: a new opportunity for microalgal 

biotechnology. Trends in Plant Science, 20:273-282. 
   
Majda, M. and Robert, S. (2018). The Role of Auxin in Cell Wall Expansion. International 

Journal of Molecular Sciences, 19:951. 
 
Martinez-Medina, G. A., Chavez-Gonzalez, M, L., Verma, D. K., PradoBarragan, L. A. et al. 

(2021). Biofunctional components in mushrooms, a health opportunity: Ergothionine and 
huitlacohe as recent trends. Journal of Functional Foods, 77:104326. 

 
Morrison, E. N., Knowles, S., Hayward, A., Thorn, R. G., Saville, B. J. and Emery, R. J. N. 

(2015). Detection of phytohormones in temperate forest fungi predicts consistent abscisic 
acid production and a common pathway for cytokinin biosynthesis. Mycologia, 
107:245e257 

 
Nanda, A. K. and Melnyk, C. W. (2018). The role of plant hormones during grafting. Journal of 

Plant Research, 131:49-58. 
 
Overvoorde, P., Fukaki, H. and Beeckman, T. (2010). Auxin control of root development. Cold 

Spring Harbor Perspectives in Biology, 2:a001537. 
 
Pal, S., Singh, H. B., Farooqui, A., and Rakshit, A. (2015). Fungal biofertilizers in Indian 

agriculture: Perception, demand and promotion. Journal of Eco-friendly Agriculture, 
10:101-113. 

 



 
 

 
 

974 

Péret, B., Larrieu, A. and Bennett, M. J. (2009). Lateral root emergence: A difficult birth. Journal 
of Experimental Botany, 60:3637-3643. 

 
Pons, S., Fournier, S., Chervin, C., Bécard, G., Rochange, S., Frei Dit Frey, N., et al. (2020). 

Phytohormone production by the arbuscular mycorrhizal fungus Rhizophagus irregularis. 
PLoS ONE, 15:e0240886. 

 
Quiroz-Castañeda, R. E., Pérez-Mejía, N., Martínez-Anaya, C., Acosta-Urdapilleta, L., Folch-

Mallol, J. L. and Dantán-González, E. (2011). Evaluation of different lignocellulosic 
substrates for the production of cellulases and xylanases by the basidiomycete fungi 
Bjerkandera adusta and Pycnoporus sanguineus. Biodegradation, 22:565-572. 

 
Rangel-Castro, I. J., Danell, E. and Taylor, A. F. (2002). Use of different nitrogen sources by the 

edible ectomycorrhizal mushroom Cantharellus cibarius. Mycorrhiza, 12:131-137. 
 
Raudaskoski, M. and Kothe, E. (2015). Novel findings on the role of signal exchange in 

arbuscular and ectomycorrhizal symbioses. Mycorrhiza, 25:243-252. 
 
Ross, J. J., O’Neill, D. P., Wolbang, C. M., Symons, G. M., Surekha, C. D. K., Srikakarlapudi, 

R. and Haseena, J. R. (2011). Evaluation of antioxidant and antimicrobial potentiality of 
some edible mushrooms. International Journal of Advance Biotechnology Research, 
2:130-134. 

 
Roy, A., Prasad, P., Surekha, C. D. K., Srikakarlapudi, R. and Haseena, J. R. (2011). Evaluation 

of antioxidant and antimicrobial potentiality of some edible mushrooms. International 
Journal of Advance Biotechnology Research, 2:130-134. 

 
Shi, T. Q., Peng, X., Zeng, S. Y., Ji, R. Y., Shi, K., Huang, H. and Ji, X. J. (2017). Microbial 

production of plant hormones: Opportunities and challenges. Bioengineered, 8:124-128. 
 
Shwetha, V. K. and Sudha, G. M. (2012). Ameliorative effect of Volvariella volvacea aqueous 

extract (Bulliard Ex Fries) Singer on gentamicin-induced renal damage. International 
Journal of Pharmacology and Bio Sciences, 3:105-117. 

 
Srivastava, L. M. (2002). Hormonal regulation of cell division and cell growth. In Plant Growth 

and Development: Hormones and Environment (pp.1-20). Academic Press. 
 
Stamm, P. and Kumar, P. P. (2010). The phytohormone signal network regulating elongation 

growth during shade avoidance. Journal of Experimental Botany, 61:2889-2903. 
 



International Journal of Agricultural Technology 2026 Vol. 22(2):959-976 
 

975 
 
 

 

Street, I. H., Mathews, D. E., Yamburkenko, M. V., Sorooshzadeh, A., John, R. T., Swarup, R., 
Bennett, M. J., Kieber, J. J. and Schaller, G. E. (2016). Cytokinin acts through the auxin 
influx carrier AUX1 to regulate cell elongation in the root. Development, 143:3982-3993. 

 
Surekha, C. D. K., Srikakarlapudi, R. and Haseena, J. R. (2011). Evaluation of antioxidant and 

antimicrobial potentiality of some edible mushrooms. International Journal of Advance 
Biotechnology Research, 2:130-134. 

 
Tarakhovskaya, E. R., Maslov, Y. I., and Shishova, M. F. (2007). Phytohormones in algae. 

Russian Journal of Plant Physiology, 54:163-170. 
 
Tsygankova, V., Andrusevich, Y., Shtompel, O., Myroljubov, O., Hurenko, A., Solomyanny, R., 

Mrug, G., Frasinyuk, M., Shablykin, O. and Brovarets, V. (2016). Study of auxin, 
cytokinin and gibberellin-like activity of heterocyclic compounds derivatives of 
pyrimidine, pyridine, pyrazole and isoflavones. European Journal of Biotechnology and 
Bioscience, 4:29-44. 

 
Vadassery, J., Ritter, C., Venus, Y., Camehl, I., Varma, A., Shahollari, B., et al. (2008). The role 

of auxins and cytokinins in the mutualistic interaction between Arabidopsis and 
Piriformospora indica. Molecular Plant-Microbe Interactions, 21:1371-1383. 

 
Vassilev, N., Vassileva, M., Lopez, A., Martos, V., Reyes, A., Maksimovic, I., Eichler-

Löbermann, B. and Malusà, E. (2015). Unexploited potential of some biotechnological 
techniques for biofertilizer production and formulation. Applied Microbiology and 
Biotechnology, 99:4983-4996. 

 
Vedenicheva, N. P., Al-Maali, G. A., Mykchaylova, O. B., Lomberg, M. M., Bisko, N. A., 

Shcherbatiuk, M. M., Wang, C., Liu, Y., Li, S. S. and Han, G. Z. (2015). Insights into the 
origin and evolution of the plant hormone signaling machinery. Journal of Plant 
Physiology, 167:872-886. 

 
Vishal, B., and Kumar, P. P. (2018). Regulation of seed germination and abiotic stresses by 

gibberellins and abscisic acid. Frontiers in Plant Science, 9, 838. 
 
Voytsehovska, O. V., Kapustyan, A. V., Kosik, O. I., Musienko, M. M., Olkhovich, O. P., 

Panyuta, O., et al. (2010). Plant Physiology: Praktykum. Parshikova, T. V. (Ed.). Lutsk: 
Teren. (In Ukrainian). 

 
Wang, G., Zhang, G. and Wu, M. (2015). CLE peptide signaling and crosstalk with 

phytohormones and environmental stimuli. Frontiers in Plant Science, 6:1211. 
 



 
 

 
 

976 

Waqas, M., Khan, A. L., Kamran, M., Hamayun, M., Kang, S. M., Kim, Y. H. and Lee, I. J. 
(2012). Endophytic fungi produce gibberellins and indoleacetic acid and promote host-
plant growth during stress. Molecules, 17:10754-10773. 

 
Watanabe, H., Hase, S. and Saigusa, M. (2007). Effects of the combined application of ethephon 

and gibberellin on growth of rice (Oryza sativa L.) seedlings. Plant Production Science, 
10:468-472. 

 
Werner, T., Motyka, V., Strnad, M., and Schmülling, T. (2001). Regulation of plant growth by 

cytokinin. Proceedings of the National Academy of Sciences of the United States of 
America, 98:10487-10492. 

 
Xia, F., Cao, S., Wang, M. and Sun, Y. (2023). Optimizing extraction, structural characterization, 

and in vitro hypoglycemic activity of a novel polysaccharide component from Lentinus 
edodes. Food Bioscience, 55:103007. 

 
Xu, C. P., Kim, S. W., Hwang, H. J. and Yun, J. W. (2006a). Production of exopolysaccharides 

by submerged culture of an entomopathogenic fungus, Paecilomyces tenuipes C240 in 
stirred tank and air lift reactor. Bioresource Technology, 97:770-777 

 
Xu, J., Hofhuis, H., Heidstra, R., Sauer, M., Friml, J. and  Scheres, B. (2006b). A molecular 

framework for plant regeneration. Science, 311:385-388. 
 
Yang, J., Kloepper, J. W. and Ryu, C. M. (2009). Rhizosphere bacteria help plants tolerate abiotic 

stress. Trends in Plant Science, 14:1-4. 
 
Zucher, E., Tavor-Deslex, D., Lituiev, D., Enkerli, K., Tarr, P.T. and Muller, B. (2013.) A robust 

and sensitive synthetic sensor to monitor the transcriptional output of the cytokinin 
signaling network in planta. Plant Physiology, 161:1066-1075. 

 
 

(Received: 13 May 2025, Revised: 3 March 2026, Accepted: 11 March 2026) 
 


