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Abstract  Cashew (Anacardium occidentale L.) 

seedling quality is influenced by nursery management 

practices, particularly the use of organic amendments and 

beneficial microorganisms. This study evaluated the effects 

of bokashi fertilizer and arbuscular mycorrhizal fungi 

(AMF) on the growth and biomass of cashew seedlings 

under nursery conditions. A 4 × 2 factorial experiment was 

conducted using a completely randomized design with 

three replications, consisting of four levels of bokashi 

fertilizer (0%, 15%, 30%, and 45%) and two levels of AMF 

inoculation (with and without AMF). Growth parameters 

were measured weekly and expressed as average growth 

rate, while root characteristics and biomass components 

were determined at harvest. Data were analyzed using 

factorial analysis of variance (ANOVA) and mean 

separation using the least significant difference (LSD) test 

at a 5% significance level. Results showed that bokashi and 

AMF did not significantly affect most growth, root, and 

biomass parameters when applied independently (p > 0.05). 

However, significant interaction effects were observed for 

plant height growth rate (p = 0.0030), stem dry matter 

weight (p = 0.0261), and root dry matter weight (p = 

0.0280), indicating that seedling responses depended on the 

combined application of bokashi and AMF. Root 

parameters and total dry matter yield were not significantly 

influenced by either factor or their interaction. These 

findings suggest that while individual applications of 

bokashi and AMF may have limited short-term effects, 

their combined application can influence specific growth 

and biomass responses. Further studies are recommended 

to evaluate long-term effects under field conditions to 

optimize their use in cashew production systems. 
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1. Introduction

Cultivating cashew (Anacardium occidentale L.) trees in 

tropical regions can be enhanced through effective nursery 

management practices, particularly in the propagation 

methods employed. These practices are essential for 

increasing the availability of high-quality planting 

materials, thereby improving tree survival and successful 

establishment in the field [1]. Grafting is a widely used 

asexual propagation method in cashew, where the rootstock 

provides the root system and the scion forms the canopy. 

Both components play critical roles in influencing the 

growth, vigor, longevity, and productivity of the tree, as 

well as fruit quality [2]. 

The quality of nursery-grown seedlings is a key 

determinant of successful field establishment and long-
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term orchard productivity [3]. One of the most important 

factors affecting seedling quality is the choice of growth 

media or substrate [4]. An appropriate growing medium 

supports the development of a functional root system, 

provides anchorage, and acts as a reservoir for water and 

nutrients while facilitating gas exchange [5-6]. Maintaining 

adequate porosity is crucial to ensure proper root 

development and to enable seedlings to withstand 

transplant stress and adverse environmental conditions [7]. 

The use of organic amendments in seedling production 

has been widely reported to improve growth performance, 

including increases in plant height, stem diameter, and 

biomass accumulation [7-8]. These materials also enhance 

soil fertility and improve the physical, chemical, and 

biological properties of the growth medium [7-8]. Bokashi, 

a fermented organic amendment derived from agricultural 

byproducts, has gained attention as a cost-effective and 

locally adaptable input for improving soil quality and plant 

growth. It contains a mixture of decomposed organic matter 

and beneficial microorganisms that can enhance nutrient 

availability and support plant development. 

Another important factor influencing plant growth is the 

presence of arbuscular mycorrhizal fungi (AMF), which 

form symbiotic associations with plant roots. These fungi 

enhance nutrient uptake, particularly phosphorus and 

nitrogen, and contribute to improved plant growth and 

biomass production [9-12]. AMF also influence root 

development and plant physiological processes, making 

them valuable in both nursery and field conditions. 

However, previous studies have reported variable and 

sometimes non-significant responses to organic 

amendments and AMF inoculation depending on 

application rates, environmental conditions, and plant 

species. This suggests that the effectiveness of these inputs 

may depend on specific treatment combinations rather than 

their individual application. Moreover, limited information 

is available on the interaction effects of bokashi and AMF 

under nursery conditions for cashew seedlings, particularly 

using factorial experimental approaches. 

Therefore, this study aimed to evaluate the main and 

interaction effects of bokashi fertilizer and AMF 

inoculation on the growth and rooting performance of 

cashew seedlings using a factorial experimental design. 

The findings provide insights into how these inputs 

influence seedling development and whether their 

combined application offers advantages over individual use. 

2. Materials and Methods 

The experiment was conducted in a greenhouse at 

Guimaras State University–Baterna Campus, San Lorenzo, 

Guimaras, Philippines (10°34′55″ N, 122°40′19″ E; 48 m 

above sea level). The area has an average temperature of 

approximately 26.6 °C and an annual precipitation of about 

1666 mm. The study was conducted as a 4 × 2 factorial 

experiment in a completely randomized design (CRD) with 

three replications. The treatments consisted of four levels 

of bokashi fertilizer (0%, 15%, 30%, and 45%) and two 

levels of arbuscular mycorrhizal fungi (AMF) inoculation 

(with AMF and without AMF). Each treatment 

combination had three replications, resulting in a total of 

24 experimental units. One seedling was maintained per 

experimental pot, and each pot constituted one 

experimental unit. 

Cashew (Anacardium occidentale L.) seeds were 

subjected to a flotation test, and only seeds that sank were 

selected for planting. The seeds were directly sown in 

polyethylene bags containing 2 kg of soil mixed with the 

corresponding levels of bokashi fertilizer. The bokashi 

used had a pH of 7.5, organic matter content of 6.2%, 

available phosphorus of 56.2 ppm determined using the 

Truog method, potassium of 265 ppm, calcium of 2440 

ppm, and magnesium of 514.2 ppm. It also contained 

approximately 1.03 × 10⁸ bacteria and 1.35 × 10⁶ fungi, 

determined by laboratory analysis conducted by the Bureau 

of Soils and Water Management (BSWM), Manila, 

Philippines. Arbuscular mycorrhizal fungi (AMF) 

inoculum, a soil-based biofertilizer containing more than 

10 AMF species, was applied at a rate of 5 g per pot directly 

into the planting medium prior to sowing in the designated 

treatments. 

Growth parameters, including plant height, number of 

leaves, leaf area, and stem diameter, were measured weekly 

from 5 weeks until 15 weeks after sowing (WAS). Plant 

height was measured from the base to the apex, while the 

number of leaves was counted manually. Leaf area was 

estimated using the formula: Leaf Area = Length × Width 

× 0.60, and stem diameter was measured using a digital 

caliper. To account for repeated measurements, growth 

parameters were expressed as average growth rate (AGR), 

calculated as the difference between the final and initial 

measurements divided by the time interval, as follows: 

AGR = (Xfinal – Xinitial)/t 

where Xfinal is the value at the end of the experimental 

period, Xinitial is the value at the beginning of the 

measurement period, and t is the time interval in weeks. In 

this study, t corresponded to the duration between the first 

and final measurements within the 15-week experimental 

period. 

At the end of the experimental period (15 WAS), 

destructive sampling was conducted to determine root and 

biomass parameters. Root measurements included the 

length of the primary root, the diameter of the primary root, 

and the number of lateral roots. Roots were carefully 

washed and measured using a ruler and digital caliper. For 

biomass determination, plant samples were separated into 

leaves, stems, and roots, oven-dried at 70°C for 24 hours, 

and weighed to obtain leaf dry weight (LDW), stem dry 

matter weight (SDW), and root dry matter weight 

(RDMW). Total dry matter yield (TDMY) was calculated 
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as the sum of LDW, SDW, and RDMW. 

Data were analyzed using factorial analysis of variance 

(ANOVA) in the Statistical Tool for Agricultural Research 

(STAR) to determine the main effects of bokashi fertilizer, 

AMF inoculation, and their interaction. When significant 

interaction effects were detected, treatment means were 

compared using the Least Significant Difference (LSD) test 

at a 5% level of significance. Growth parameters were 

analyzed using AGR values, while root and biomass data 

were analyzed using final measurements. 

During the latter part of the experiment, some seedlings 

exhibited symptoms consistent with anthracnose infection. 

No chemical control measures were applied, and all plants 

were maintained under uniform conditions. This condition 

was considered during the interpretation of the results. The 

dataset supporting the findings of this study is available 

from the corresponding author upon reasonable request. 

This study did not involve human or animal subjects 

requiring ethical approval, and no generative artificial 

intelligence (GenAI) tools were used in the design, data 

collection, analysis, or interpretation of the study. 

3. Results 

3.1. Growth, Root, and Biomass Responses of Cashew 

Seedlings 

The factorial analysis of variance showed that bokashi 

fertilizer and arbuscular mycorrhizal fungi (AMF) did not 

significantly affect most growth, root, and biomass 

parameters when applied independently (p > 0.05) (Table 

1). Likewise, no significant interaction effects were 

observed for the average growth rate of leaf area (AGRLA), 

stem diameter (AGRSD), number of leaves (AGRNL), root 

parameters, leaf dry weight (LDW), and total dry matter 

yield (TDMY). However, significant bokashi × AMF 

interaction effects were detected for average growth rate of 

plant height (AGRPH) (p = 0.0030), stem dry matter 

weight (SDW) (p = 0.0261), and root dry matter weight 

(RDMW) (p = 0.0280), indicating that responses of cashew 

seedlings depended on specific combinations of bokashi 

and AMF inoculation rather than on the independent effects 

of either factor alone (Table 1). 

3.2. Interaction Effects on Significant Growth and 

Biomass Parameters 

Because significant interaction effects were observed for 

AGRPH, SDW, and RDMW, treatment means were further 

compared using the Least Significant Difference (LSD) test 

(Table 2). 

Plant height growth rate varied depending on the 

combined effects of bokashi and AMF inoculation. Under 

AMF inoculation, 30% bokashi produced the highest 

AGRPH (1.97 cm week-1), significantly higher than the 

other bokashi levels. Additionally, under non-inoculated 

conditions, 15% bokashi produced the highest plant height 

growth rate (1.66 cm week-1). 

Similarly, stem dry matter weight was significantly 

influenced by treatment combinations. Under AMF 

inoculation, 45% bokashi produced the highest stem dry 

matter weight (1.95 g), whereas under non-inoculated 

conditions, the highest stem dry matter weight (1.92 g) was 

observed at 30% bokashi. 

Table 1.  Summary of factorial ANOVA for growth, root, and biomass parameters 

Parameter 
Bokashi 

(p-value) 

AMF 

(p-value) 

Interaction 

(p-value) 

AGRLA 0.9510ns 0.9413ns 0.1248ns 

AGRSD 0.3790ns 0.1977ns 0.4979ns 

AGRNL 0.0663ns 0.8592ns 0.1537ns 

AGRPH 0.1890ns 0.9610ns 0.0030** 

LPR 0.8525ns 0.4723ns 0.2866ns 

DPR 0.0753ns 0.8899ns 0.5441ns 

NOLR 0.1293ns 0.5407ns 0.6682ns 

LDW 0.1101ns 0.9426ns 0.1880ns 

SDW 0.2562ns 0.7932ns 0.0261* 

RDMW 0.3796ns 0.1281ns 0.0280* 

TDMY 0.1270ns 0.8123ns 0.0658ns 

ns = not significant (p > 0.05); * significant at p < 0.05; ** significant at p < 0.01. 

AGRLA = average growth rate of leaf area; AGRSD = average growth rate of stem diameter; AGRNL = average growth rate of number of 
leaves; AGRPH = average growth rate of plant height; LPR = length of primary root; DPR = diameter of primary root; NOLR = number of 
lateral roots; LDW = leaf dry weight; SDW = stem dry matter weight; RDMW = root dry matter weight; TDMY = total dry matter yield. 



 Universal Journal of Agricultural Research 14(2): 48-53, 2026 51 

 

Table 2.  Interaction effects of bokashi application and arbuscular mycorrhizal fungi (AMF) inoculation on average plant height growth rate, stem dry 
matter weight, and root dry matter weight 

AM Inoculation 
Bokashi Rate 

(%) 

Average Growth Rate  

for Plant Height (cm week-1) 
Stem Dry Matter Weight (g) Root Dry Matter Weight (g) 

Inoculated 0% 0.83 b 1.41 bc 0.58 b 

 15% 0.91 b 1.81 ab 0.90 a 

 30% 1.97 a 1.28 c 0.64 ab 

 45% 1.21 b 1.95 a 0.91 a 

Non-Inoculated 0% 1.03 ab 1.40 b 0.83 ab 

 15% 1.66 a 1.44 ab 0.77 b 

 30% 0.82 b 1.92 a 1.11 a 

 45% 1.38 ab 1.57 ab 0.80 ab 

Means followed by the same letter within a column are not significantly different at p ≤ 0.05.  

For root dry matter weight, higher values were observed 

at 15% and 45% bokashi under AMF inoculation (0.90 and 

0.91 g, respectively), while under non-inoculated 

conditions, 30% bokashi produced the highest root dry 

matter weight (1.11 g). These results indicate that biomass 

responses differed according to specific bokashi–AMF 

combinations. 

3.3. Summary of Treatment Effects 

Overall, the results indicate that most growth, root, and 

biomass parameters were not significantly affected by 

bokashi or AMF when applied independently. However, 

significant interaction effects were observed for plant 

height growth rate, stem dry matter weight, and root dry 

matter weight, highlighting that seedling response was 

dependent on specific combinations of bokashi and AMF. 

4. Discussion 

The present study evaluated the effects of bokashi 

fertilizer and arbuscular mycorrhizal fungi (AMF) on the 

growth, rooting performance, and biomass of cashew 

seedlings under nursery conditions. It was hypothesized 

that the combined application of bokashi and AMF would 

enhance seedling growth and root development. However, 

the results showed that bokashi and AMF did not 

significantly influence most parameters when applied 

independently, while significant responses were observed 

only when bokashi and AMF were applied in combination, 

suggesting an interaction between nutrient amendment and 

mycorrhizal colonization. 

The lack of significant main effects suggests that the 

individual application of bokashi or AMF may not be 

sufficient to produce measurable improvements during the 

early growth stage of cashew seedlings. This may be 

explained by the nature of organic amendments such as 

bokashi, which typically exhibit delayed effects due to 

gradual nutrient mineralization and soil improvement 

processes [7-8,13]. In addition, AMF require time to 

establish effective symbiotic relationships with plant roots 

before contributing to nutrient uptake and plant growth [9-

12,14]. These processes may not have been fully expressed 

within the duration of the experiment. 

Previous studies have reported that AMF inoculation can 

enhance root development under favorable conditions [9-

12,15]. However, responses to AMF are known to vary 

depending on environmental conditions, host plant species, 

and soil characteristics [16]. This variability may explain 

the non-significant results observed in the present study. 

It is also important to note that anthracnose infection 

occurred during the latter part of the experiment, which 

may have contributed to the variability in growth and 

biomass parameters. Disease stress can impair 

physiological processes such as photosynthesis, nutrient 

uptake, and assimilate partitioning, potentially masking 

treatment effects. Anthracnose infection may have 

contributed to experimental variability and may have 

partially obscured treatment responses, although disease 

severity was not quantified. 

Despite the absence of significant independent effects, 

the significant interaction effects observed for plant height 

growth rate, stem dry matter weight, and root dry matter 

weight indicate that bokashi and AMF may produce more 

favorable responses under certain combinations than when 

applied separately. A significant interaction in the absence 

of significant main effects indicates that seedling responses 

were dependent on specific bokashi–AMF combinations, 

where positive responses under certain treatment 

combinations may have been offset by neutral or 

contrasting responses under others, thereby obscuring 

overall main effects. These results are consistent with the 

concept that organic amendments and microbial inoculants 

can interact to influence plant growth, particularly when 

soil conditions and microbial activity are favorable [15]. 

Bokashi may have improved growing medium conditions 

that could have favored AMF functioning, although these 

mechanisms were not directly measured in this study. 

The variation in responses across treatment 
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combinations suggests that optimal bokashi levels may 

differ depending on the presence or absence of AMF, 

highlighting the context-dependent nature of plant 

responses. This emphasizes the importance of factorial 

experimental approaches in evaluating combined inputs. 

From a practical perspective, the results indicate that the 

application of bokashi or AMF alone may not consistently 

improve seedling performance under short-term nursery 

conditions. However, specific combinations of these inputs 

may enhance certain growth and biomass parameters, 

which have implications for nursery management practices. 

Future research should focus on longer-term studies to 

capture the delayed effects of organic amendments and the 

establishment of mycorrhizal associations. In addition, 

evaluating these treatments under field conditions and 

varying environmental and nutrient conditions would 

provide a more comprehensive understanding of their 

potential benefits. Further studies should also consider 

plant–microbe–disease interactions, particularly the role of 

soil amendments and beneficial microbes in mitigating 

diseases such as anthracnose. 

5. Conclusions 

This study showed that bokashi fertilizer and arbuscular 

mycorrhizal fungi (AMF), when applied independently, did 

not significantly affect most growth, root, and biomass 

parameters of cashew seedlings under nursery conditions. 

However, significant interaction effects were observed for 

plant height growth rate, stem dry matter weight, and root 

dry matter weight, indicating that seedling responses 

depended on specific combinations of bokashi levels and 

AMF inoculation. 

These findings suggest that the response of cashew 

seedlings to organic amendments and microbial inoculants 

is interaction-dependent rather than driven by single-factor 

effects alone. Although individual applications of bokashi 

or AMF did not consistently improve seedling performance, 

certain combinations showed potential to enhance selected 

growth and biomass components, highlighting the 

importance of evaluating combined inputs in developing 

nursery management strategies for cashew seedling 

production. 

6. Recommendations 

Further studies are recommended to optimize bokashi–

AMF treatment combinations under longer-term nursery 

and field conditions to verify whether the interaction 

effects observed in this study can improve seedling 

establishment and productivity after transplanting. Future 

research should also assess mycorrhizal root colonization 

and consider the influence of biotic and abiotic factors, 

including diseases such as anthracnose, to better 

understand the mechanisms affecting seedling responses. 

From a practical standpoint, nursery managers may 

consider evaluating specific bokashi–AMF combinations 

rather than applying these inputs independently, as certain 

combinations may enhance selected growth and biomass 

parameters. 
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