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INTRODUCTION 

Butternut squash, also known as Cucurbita moschata, 

is a variety of pumpkin that belongs to a group of horticultural 

annual plants with promising commercial potential.  

Butternut squash has recently gained popularity in  

Indonesia since 2013 (Baldotto and Baldotto, 

2016).The fruit resembles a nut in shape and is  

particularly well-liked in Indonesia (Kurniati et al., 

2018). Butternut squash can be used to make juice, 

jam, and baby food in addition to being eaten 

raw.Additionally, it can be utilized as a cake and spa-

ghetti colour (Paulauskiene et al., 2018). As long as 

there is consistent, adequate rainfall throughout the 
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year, this plant may thrive in Indonesia's tropical cli-

mate.The success of a plant to grow and produce well 

is determined not only by genetic and environmental 

factors but also by the way soil and crops are man-

aged, such as by adding nutrients through fertilization 

(Melo et al., 2013).Since the climatic conditions in In-

donesia and Malaysia are similar and close to the 

equator, Malaysia is expected to produce a significantly 

high yield of butternut squash similar to that in Indonesia.   

Acidic soils make up one-third of the global soils. The 

tropics, particularly Malaysia, are where about half of 

them are found. Soil acidity is one of the top five global 

constraints on boosting agricultural output. Aluminium 

(Al), manganese (Mn), and iron (Fe) toxicities, as well 

as shortages in macro and micronutrients, are charac-

teristics of highly weathered tropical acid soils (Hamidi 

et al., 2021). Most of the acidic soils in the tropics, 

such as Ultisols and Oxisols lack organic matter, which 

can supply plant nutrients and improve the structure of 

mineralised soils (Paramisparam et al., 2021). 

The use of organic fertilizers can bind easily lost nutri-

ents and help replenish soil nutrients, increasing ferti-

lizer efficiency, which is why adding organic material is 

so beneficial for restoring deteriorated soil. Compost is 

the organic matter usually applied for alleviating the 

infertility of Ultisols and Oxisols (Anda et al., 2010). 

Composting, however, poses difficulties for farmers 

because it requires infrastructure, specialized equip-

ment, and a variety of factors to meet quality standards 

(Christel, 2017). 

There are compost substitutes that have not been as 

thoroughly studied in agricultural settings. One of these 

is bokashi, which uses several formulas and an inocu-

lum of bacteria to degrade organic materials (Christel, 

2017). According to Krimuna et al. (2016) and Zaman 

et al. (2016), it is regarded as an organic fertilizer that 

can bolster crops, boost plant development and pro-

duction, and enhance soil structure and water reten-

tion. According to the research, bokashi positively im-

pacts crop output and soil fertility (Dou et al., 2012). 

According to Ferreira et al. (2016), applying bokashi 

enhanced lettuce's vegetative growth and nematode 

control. According to Christel (2017), bokashi boosted 

the height and biomass of spinach when grown in a 

greenhouse. However, the utilization of bokashi in the 

growth of butternut squash has not been thoroughly 

investigated. Therefore, this study aimed to elucidate 

the effects of various bokashi application rates on the 

development characteristics and yield of butternut 

squash (Cucurbita moschata) grown in tropical acid soil.     

MATERIALS AND METHODS 

Initial soil sampling   

Before the commencement of the planting experiment, 

the soil samples were collected systematically from the 

planting experiment site of Agro Techno Park, Universiti 

Malaysia Kelantan Jeli Campus, Malaysia (5.747° N, 

101.868° E) in June 2022 for initial soil characterization 

by using a mineral soil auger. The collected soil sam-

ples were air-dried, crushed and sieved to pass through 

a 2 mm sieve.Observation of the selected physical and 

chemical properties of the soil was carried out by pre-

liminary soil laboratory analysis before the application of 

the treatment, this was done to see the natural fertility 

of the soil.   

 

Methodology for soil characterization   

Soil texture was determined using a hydrometer method 

(Tan, 2005). Soil pH and electrical conductivity (EC) 

were measured in a ratio of 1:10 (soil:water) by using a 

digital pH meter and EC meter, respectively (Peech, 

1965). The loss-on-ignition approach was used to cal-

culate total C and soil organic matter (Tan, 2005). 

Kjeldahl's approach was used to calculate the total 

amount of N (Bremner, 1965). The soil-available P and 

exchangeable cations (K, Ca, and Mg) were extracted 

using the double acid method described by Mehlich 

(1953), and K, Ca, and Mg were then determined using 

an Atomic Absorption Spectrophotometer (AAS) 

(Analyst 800, Perkin Elmer, Norwalk, USA), while the 

soil-available P was determined using the molybdenum 

blue method (Murphy and Riley, 1962). The developed 

blue colour was analyzed by a UV-VIS Spectrophotom-

eter (Thermo Scientific Genesys 20, USA) at 882 nm 

wavelengths. 

 

Characterization of bokashi and peat moss  

The bokashi and peat moss  obtained from the local 

agricultural products shop in Kelantan, Malaysia. The 

bokashi and peat moss were characterized for pH, EC, 

organic matter, total C, and total N using the proce-

dures mentioned above in the soil characterization sec-

tion. Single dry ashing method was used to extract P 

and K from the bokashi and peat moss. After that, the 

total P of the bokashi and peat moss were determined 

using the molybdenum blue method (Murphy and Riley, 

1962). The developed blue colour was analyzed by a 

UV-VIS Spectrophotometer (Thermo Scientific Genesys 

20, USA) at 882 nm wavelengths. On the other hand, 

Atomic Absorption Spectrophotometer (AAS) (Analyst 

800, Perkin Elmer, Norwalk, USA) was used to deter-

mine the total K of bokashi and peat moss.  

 

Studyarea and experimental setup  

This research was conducted at Agro Techno Park, 

Universiti Malaysia Kelantan Jeli Campus, Malaysia. 

The planting experiment was carried out from July until 

October 2022. A total of 36 planting beds were pre-

pared, and each bed was constructed in the size of 100 
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cm x 400 cm, consisting of 8 plants bed-1.The experi-

ment was arranged in a Randomized Complete Block 

design (RCBD). The butternut cultivar used in this plant-

ing experiment was aWaltham cultivar. 

 A total of three different rates of bokashi were applied 

to the soil prior to planting, namely 0 (control), 4,000, 

and 8,000 kg ha-1 in T0, T1, and T2, respectively. The 

bokashi used in this study was a commercial bokashi 

produced from goat litter inoculated with lactic acid bac-

teria and phototrophic bacteria. A 12,000 kg ha-1 of com-

mercial peat moss (Holland Free Peat) was applied in 

T4 to compare bokashi and peat moss (the common 

planting medium used in most planting activities). After 

applying commercial bokashi and peat moss, 400 kg ha-

1 NPK and 150 kg ha-1 urea were added for each treat-

ment, including T0 (without bokashi). The Waltham culti-

var butternut squash seeds were sown in the sowing 

tray. The seedlings were then transferred to the beds 

after two weeks. The planting distance was 50 cmx100 

cm, and each bed consisted of 8 plants. After the seed-

lings had been transferred to the planting bed, the trellis 

was established.The experiment was monitored daily 

and stopped on the 100th day after planting, followed by 

harvesting of butternut squash. The treatment descrip-

tions are presented in Table 1. 

 

Data collection   

Plant height, leaf count, leaf length, and leaf width were 

all evaluated during the planting experiment as indica-

tors of vegetative development. A butternut squash 

plant's height was gauged from the tip of the shoot to 

the stem's beginning above the ground. In the first 

through eighth weeks, plant height was measured. Each 

plant's total number of leaves was counted from the first 

to the sixth week. Counting the leaves that emerged 

from the stem above soil level and continued to the 

shoot tip were caried out for the calculation of the leaf 

count. The others vegetative such as width of leaves 

and length of leaves were measured by randomly 

choosing three biggest leaves for each plant. The but-

ternut squash was harvestedthe next day after the 

planting experiment stopped at 100th day when the 

fruits changed from green to light brown. The weight of 

the harvested butternut squash was determined and 

recorded as the total weight of butternut squash per 

plant. 

 

Data analysis   

The vegetative and generative measurement data were 

analysed using Statistical Package for the Social  

Science (IBM SPSS) version 21. One-way Analysis of 

Variance (ANOVA) was used to detect significant differ-

ence between the treatmentswhile Tukey’s HSD test 

(P<0.05) was used to separate the means between the 

treatments.   

RESULTS AND DISCUSSION 

Characteristics of soil, bokashi and compost  

The soil characterisation based on the soil analysis 

results is mentioned in Table 2. The pH of the soil was 

4.8, which was classified as very acidic, in this condi-

tion butternut squash (Cucurbita moschata) growth is 

not good, because the conditions for growing butternut 

squash are in the pH range of 6.0-6.8. The soil EC was 

low. The soil organic matter and total C present in the 

soil were 3.2% and 1.8%, respectively. The total N in 

the soil was 0.08%. The available P in the soil was also 

found to be very low due to the lower soil pH,which 

contributed to higher exchangeable (acidity, Al, and 

Fe). The exchangeable cations (K, Ca, and Mg) were 

higher in the soil. 

The characterization of the bokashi and peat moss 

showed that the pH of bokashi was neutral (7.2), while 

peat moss had an acidic pH (4.2) (Table 3). The EC of 

the bokashi and peat moss was low, indicating that 

they were safe to be applied to the soil for crop cultiva-

tion. The C-organic content of the bokashi was high 

and high organic matter content plays an essential role 

as a granulator, a source of nutrients and energy for 

the soil microorganisms (Andayani et al., 2023). In ad-

dition, the bokashi also showeda relatively high con-

centration of total N, total P, total K, and total cations. 

 

Butternut squash plant growth  

The weekly measurement of plant height of Waltham 

butternut squash for T0-T3 is shown in Fig.1.The growth 

pattern of the plant height was sigmoid curved for all 

treatments from week 1 until 8thweek. The growth per-

formance of T0-T3from the first week until the second 

week was slow. The growth accelerated rapidly starting 

2nd week until 8thweek. The growth started to stagnate 

and became constant from 6th week onwards, indicat-

ing the plants had reached the maximum growth stage. 

Waltham butternut squash applied with 8,000 kg ha-1 

bokashi (T2) was observed to produce the highest 

weekly plant height growth (Fig. 1). In terms of statisti-

cal comparison, the plant heights across all treatments 

were not significant in 2nd week (Fig. 2). However, the 

plant heights significantly differed across the treat-

ments in 5th and 8th weeks.  Waltham butternut squash 

applied with 8,000 kg ha
-1
 bokashi (T2) was observed to 

Table 1. List of treatments assessed in the planting exper-

iment 

Treatment* Description 

T0 0 kg ha-1 bokashi 

T1 4,000 kg ha-1 bokashi 

T2 8,000 kg ha-1 bokashi 

T3 12,000 kg ha-1peat moss 

*All treatments (T0-T3) were applied with 400 kg ha-1 NPK com-
pound fertilizer and 150 kg ha-1 urea fertilizer.  
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produce significantly highest plant height compared to 

other treatments, and the finding was consistent with 

that of Fig. 1.This increase in height is thought to be 

due to the supply of nutrients, especially N, P and K 

from the  

applied bokashi (Andayani et al., 2023). Nitrogen (N) is 

a component of both protein and phosphorus (P), so 

these two nutrients are crucial for Waltham butternut 

squash's vegetative growth, particularly plant height. 

Nitrogen enhances protein synthesis and vegetative 

development in plants. Root formation and cell division 

are both influenced by P. As a result, N and P activities 

helped the plant grow during the early vegetative 

phase (Hardjowigeno, 2010).  

The weekly production ofthe number of leaves from the 

first week until the 8th week is shown in Fig. 3. The pro-

duction of leaves was slow and uniform across all treat-

ments between the first week and 2ndweek. However, 

the leaves production increased rapidly from 3rdweek 

until 5thweek. This was consistent with the plant height's 

rapid growth as shown in Fig. 1. The production of 

leaves started to slow downstarting 6thweek. This indi-

cates that the plants had entered the maximum growth 

stage. In terms of statistical comparison, number of 

leaves across all treatments were not significantly dif-

Fig. 1. Weekly measurements of plant height (1st – 8th week) 

Fig. 2. Effect of treatments on the plant height across different 

weeks; Mean values with different letter(s) indicate significant 

differences between treatments by Tukey’s HSD test at 

P<0.05 

Fig. 3. Weekly measurements of the number of leaves (1st 

– 6th week) 

Fig. 4. Effect of treatments on the number of leaves across 

different weeks; Mean values with different letter(s) indicate 

significant difference between treatments by Tukey’s HSD 

test at P<0.05 

Fig. 5. Effect of treatments on the leaf length at the end of 

the experiment; Mean values with different letter(s) indicate 

significant differences between treatments by Tukey’s HSD 

Fig. 6. Effect of treatments on the leaf width at the end of 

the experiment; Mean values with different letter(s) indicate 

significant difference between treatments by Tukey’s HSD 

test at P<0.05 
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ferent. However, treatments applied with 4,000 and 

8,000 kg ha-1bokashi (T1 and T2) produced the highest 

number of leaves significantly in 5th and 6th week (Fig. 

4) compared to T0 (0 kg ha
-1

 bokashi). This was due to 

bokashi improving the physical and chemical conditions 

of the soil to create favourable conditions for soil micro-

organisms, which will promote the growth and develop-

ment of Rhizobium bacteria in fixing N.  

The N, P, and K are all essential nutrients for plant veg-

etative growth, particularly N, which plays a role in ar-

ranging chlorophyll.This abundance of leaves will even-

tually contribute significantly to plant growth during the 

generative phase, which calls for considerable glucose 

stores for the flowering and fruiting phase. In the study 

by Boudet et al. (2015), the number of leaves produced 

for pepper plants (Capsicum annuum L.) aged one 

month was 9.74 under the treatment of 7.5 tons ha-1 of 

bokashi. Similar observation was observed in the culti-

vation of sweet potato, which indicates that bokashi 

canincrease plant growth and development of plants

(Douet al., 2012).On the other hand, observation of the 

leaf length and width of Cucurbita moschataduring the 

planting experiment showed that the application of bo-

kashi treatment did not significantly affect the number of 

leaf length and width across all treatments (T0-T3) (Fig. 

5 and 6).  

The effect of treatment application on the yield of but-

ternut squash can be seen in Fig. 7, where at the end of 

the planting experiment it showed that the bokashi 

treatment significantly affected the yield of butternut 

squash per plant.The bokashi application treatment of 

8,000 kg ha-1 (T2) resulted in the significantly highest 

yield (expressed in total weight plant-1), which was 1.5 

kg plant-1 compared to other treatments. The current 

finding produced a higher yield weight compared to a 

study by Kaimuddin et al. (2020), which used bio-slurry 

and NPK fertilization as source of nutrients for butter-

nut squash cultivation. Treatments T1 (4,000 kg ha-1 

bokashi) and T3 (12,000 kg ha-1 peat moss) were not 

significantly different from the treatment of T0 (0 kg ha-1 

bokashi). 

 

Conclusion 

 

The present study concluded that butternut squash of 

Waltham, Cucurbita moschata could grow in Malaysia's 

climate condition, particularly in the Jeli area.The maxi-

mum growth of plant height and leaf production for but-

ternut squash was around 7-8th week. Application rate 

of 8,000 kg ha-1 bokashi contributed to significantly 

highest plant height (352.1 cm), number of leaves (86 

leaves), and yield of Waltham butter squash per plant 

(1.5 kg plant-1). It is suggested to carry out multiple 

planting cycles in the future to elucidate furtherthe re-

sidual effect of the bokashi towards nutrient supply to 

butternut squash cultivation.  
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Fig. 7. Effect of treatments on the total weight of butternut 
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Table 2. Selected physico-chemical properties of soil prior 

to planting. 

Property Value Obtained 

Soil texture Sandy loam 

Soil pH 4.8 

Soil electrical conductivity (dS m-1) 0.07 

Soil organic matter (%) 3.2 

Soil total C (%) 1.8 

Soil total N (%) 0.08 

Soil Available P (ppm) 2.5 

Soil Exchangeable K (ppm) 71.5 

Soil Exchangeable Ca (ppm) 134.7 

Soil Exchangeable Mg (ppm) 47.3 

Table 3. Selected chemical properties of bokashi and peat 

moss 

Property Bokashi Peat Moss 

pH 7.2 4.2 

Electrical conductivity (dSm-1) 0.23 0.02 

Organic matter (%) 73.6 5.0 

Total C (%) 42.7 2.9 

Total N (%) 3.0 2.1 

Total P (%) 0.7 0.4 

Total K (%) 8.3 2.5 

C/N ratio 14.2 1.7 

C/P ratio 62.7 7.25 
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