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Abstract

Rice stubble is an important agricultural waste product in Thailand. Using the rice stubble
to make a compost is an effective way to dispose of this material as a lot of rice stubble is
needed to make compost. The aim of this study was to investigate the relationship between
rice stubble and other materials such as rock phosphate and cow dung on the properties
of the compost and its effects on okra yield and soil properties after harvest. The results
showed that the different proportions of rice stubble, rock phosphate and cow dung had an
effect on the compost properties, with the compost formulation CP4 (40% rice stubble: 30%
rock phosphate: 30% cow dung) showing the best properties. Varying the components of
the compost formulations had no effect on pod yield and N and P uptake but these
properties were significantly different when compared to the control. The application of
compost helped to improve soil properties after planting. In particular, the compost
formulation CP4 resulted in a higher available P content (97.1 mg/kg) in the soil than the
other treatments. The application of compost increased the nutrient activation coefficient,
particularly the phosphorus activation coefficient (PAC). It also increased the active carbon
pool, especially the very labile carbon, which can easily release nutrients to the plants. The
results suggested that reducing rice stubble and increasing rock phosphate and cow dung
could improve compost properties. In addition, the use of rice stubble compost enhanced
soil fertility, PAC, and active carbon content in the soil.

Keywords: rice stubble compost; okra yield; soil properties; nutrient activation coefficient;
carbon fraction

1. Introduction

Compost is a fertilizer obtained from the decomposition of plant or animal residues by
microorganisms and become compost materials. Various materials such as water hyacinth,
activated sludge or agricultural waste are used to produce compost. In Thailand, rice
stubble is a good choice for the production of compost, as in 2025 there were around 9.4
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million hectares available for rice cultivation spread across all regions of the country (Rice
Department, 2025). Sukyankij et al. (2023) specified that one hectare of rice field produces
about 10 tons of rice stubble. Therefore, there are more than 94 million tons of rice stubble
in the country every year, which is a large amount and in general they are burned by
farmers to dispose of the stubble, a practice that leads to increased air pollution and the
emission of gases such as CO2, CH4, CO, NO2 and SO:2 (Gajbhiye et al., 2025). Rice
stubble usually has a low content of plant nutrients and a carbon-rich structure that is
difficult to decompose (Gajbhiye et al., 2025; Zayed & Abdel-Motaal, 2025). Therefore,
when making compost from rice stubble, other materials are mixed with it to increase the
content of plant nutrients and accelerate the decomposition process. Stover from sun
hemp, mung beans, soybeans or manure (from cows, chickens or sheep) can be mixed
with stubble as these materials are rich in plant nutrients, especially nitrogen (Faassen &
Dijk, 1987; Sinkumkoon et al., 2015; Adekiya et al., 2019). Rock phosphate is also mixed
with rice stubble as it contains a lot of phosphorus (Zayed & Abdel-Motaal, 2025). These
materials can improve the properties of rice stubble compost. However, it is well known
that using compost helps improve various soil properties, such as soil organic matter
content and available plant nutrients in the soil. Soil organic matter is an important factor
used to indicate soil fertility and is based on the organic carbon in the soil (SOC). Therefore,
applying compost directly increases the SOC in soil. Grigatti et al. (2024) studied the effect
of applying different types of compost on SOC and soil quality. They reported that the
application of green waste compost could increase the amount of SOC, both in the form of
non-labile C (NLC) and labile C (LC) more than the addition of chemical fertilizer or no
application. In addition, Moharana et al. (2020) studied the application of compost from
crop residue on SOC fractions and nitrogen in subtropical India. They found that SOC
fractions were mostly present as NLC, followed by less labile C (LLC), very labile C (VLC),
and LC, respectively. The application of compost from crop residues (rice straw, mustard
stover, and tree leaves) improved the VLC fraction. Regarding the VLC, this fraction is
important because it can release nutrients for plant uptake (Hazra et al., 2018).

Okra (Abelmoschus esculentus L.) is a popular vegetable for health-conscious
people and is cultivated in the tropics and subtropics of the world. The fruits of okra are the
main source of vitamin C, A and folic acid (Adekiya et al., 2019). They are also rich in
antioxidants, as they have a high content of polyphenols, flavonoids and quercetin
(Elkhalifa et al., 2021). Okra is an important export vegetable in Thailand. In 2022, around
2,911 tons of okra were exported, which corresponds to a value of 6.69 million US dollars.
Most of the cultivation areas are located in the center of the country, such as in the
provinces of Suphan Buri, Kanchanaburi, Ratchaburi and Nakhon Pathom, with a total
cultivation area of over 580 hectares and an average yield of 8.37 t/ha (Department of
Agriculture, 2022). Some reports indicate that the yield of okra can increase to over 10 t/ha
with optimal nutrient management (Adekiya et al., 2019; Akter et al., 2020). In Thailand,
farmers have relied mainly on chemical fertilizers for five decades, which has led to
resource degradation. Examples are the long-term application of ammonium fertilizer,
which over-acidifies the soil, and the frequent use of certain fertilizers such as potassium
chloride, which leads to increased salt accumulation in the soil. In contrast, the use of
organic fertilizers such as compost can be a better alternative to maintain crop yields,
increase soil fertility and organic matter (Surin et al., 2019). In particular, there are some
reports showing that okra responded better to organic fertilizers than to chemical fertilizers
(Abbas et al., 2019). Adekiya et al. (2019) clearly indicated that applying organic fertilizer
made from mesquite or neem leaves could increase okra yield by about 33.8-52.7%
compared to chemical fertilizers (NPK) and by about 175-213% compared to the control.
Besides, the increase in okra yield was also related to the amount of compost applied.
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Dada and Adejumo, (2015) studied the effect of compost application on the growth and
yield of okra under different light intensities and reported that okra responded well to
compost application, with 15 tons/ha of compost producing higher yields than applications
of 5 or 10 tons/ha. However, several studies in Bangladesh, India and Guyana suggested
that applying compost together with chemical fertilizer resulted in the highest okra yields
(Akter et al., 2020; Acharya et al., 2024). The hypothesis of this work was therefore that
different substrates (rice stubble, rock phosphate and cow dung) used to make compost
would be an influence on the properties of the compost and that the application of different
compost formulations would lead to a change in growth, okra yield or soil properties. Thus,
the aim of this study was therefore to investigate the effects of different rice stubble
composts on the growth and yield of okra and on soil properties after harvesting.

2. Materials and Methods

2.1 Experiment 1: Compost test
2.1.1 Experimental design

The preparation of compost for the experiment was conducted from November 2023 to
February 2024 at the Department of Agriculture, Faculty of Science and Technology,
Phranakhon Si Ayutthaya Rajabhat University, Phra Nakhon Si Ayutthaya, Thailand. Four
treatments (formulations of compost) and three replicates were used to study the efficacy
of compost blends. Rice stubble, rock phosphate, and cow dung were mixed in varying
quantities by weight to produce the compost (Table 1). The properties of the materials used
to produce compost are shown in Table 2. The mixture was composted in the basket for
90 days, with the total amount in each treatment being 50 kg/basket. All treatments were
turned every 15 days after fermentation, and 10 L of molasses (20% v/v) were added to
the mixtures on days 1, 14, 30, 45, 60, and 75 after decomposition. After 90 days, a
compost sample was taken from each basket to analyze its properties.

2.1.2 Data collection and analysis

The data in this section analyze the properties of the compost according to the Thai
standard method (Land Development Department, 2020). The details of the analysis were
that pH was measured with a pH meter at a 1:2 compost-to-distilled water ratio, and
electrical conductivity was measured with an EC meter at a 1:10 compost-to-distilled water
ratio. Organic carbon was determined by wet oxidation and then multiplied by 1.724 to
obtain the value of organic matter. Total nitrogen (N) involved digestion with a H2SOs-
Na2S04-Se mixture, distillation and titration with standard sulfuric acid. Total phosphorus
(P) and potassium (K) involved digestion with an acid mixture (HNO3:HCIO4 in a ratio of
2:1 viv.)). The clear solution was determined for total phosphorus using the
vanadomolybdate yellow color method and total potassium using the flame atomic
absorption spectrophotometer. The carbon/nitrogen ratio was calculated using the values
of organic carbon and total nitrogen.
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Table 1. The details of the materials used for the production of compost

The Mixture for Produced Compost (%, w/w)

Treatments Rice Stubble Rock Phosphate CowDung
CP1 70 15 15
CP2 60 20 20
cP3 50 25 25
CP4 40 30 30

Table 2. The properties of materials used to produce compost

Properties Unit Rice Rock Cow Molasses
Stubble Phosphate Dung
pH (1:5) - 6.92 7.92 717 4.71
EC (1:5) dS/m 3.29 0.23 6.73 6.54
Organic carbon % 75.4 ND 25.5 20.2
Total nitrogen % 0.32 ND 1.02 0.55
Total phosphorus % 0.19 7.51 0.85 0.08
Total potassium % 1.66 0.67 1.32 3.27
C/N ratio - 239 - 25.0 36.7

Notes: ND-not detected

2.2 Experiment 2: Effect of compost on growth and yield of okra
2.2.1 Experimental design

The study on the effect of compost on the growth and yield of okra was conducted from
March to July 2024 in a greenhouse at the Department of Agriculture, Faculty of Science
and Technology, Phranakhon Si Ayutthaya Rajabhat University, Thailand. About 200 kg of
soil (0-20 cm depth) used for the experiment was collected from farmers' fields in Bang Sai
district, Phra Nakhon Si Ayutthaya province and air-dried in the greenhouse for 14 days.
After the soil was completely dry, about 0.5 kg of soil was sent to test its physio-chemical
properties. The properties of the soil were characterized by a clay texture, a pH of 4.65,
3.16 dS/m saturated electrical conductivity, 2.24% organic matter, 29.2 mg/kg ammonium,
4.1 mg/kg nitrate, 0.08% total nitrogen, 35.1 mg/kg available phosphorus, and 247 mg/kg
exchangeable potassium. For the pot experiment, a completely randomized design (CRD)
with five treatments and three replicates was used, consisting of T1 as control (no addition
of compost, CK) and T2 to T5, to which the compost formulas CP1 to CP4 were added,
respectively. With the exception of T1 (dried soil only), each pot was mixed with 8 kg of
dried soil and 51.3 g of dried compost, which corresponded to the use of compost at the
recommended rate (12.5 t/ha) (Department of Agricultural Extension, 2025) and incubated
for 7 days before cultivation. After that, three seeds of commercial okra seeds (purchased
from East-West Seed Group, Thailand) were placed in each pot. After 7 days of
germination, the excess plants were removed, leaving 1 plant per pot. All pots were
watered daily and if weeds were found in the pot, they were removed by hand to keep
weed-free condition. After 55 days from sowing, the okra was harvested and was harvested
continuously for up to 120 days, with the fresh yield recorded each time. At 40, 60, 80, 100,
and 120 days after sowing, the leaf greenness of the okra plants was measured using a
chlorophyll meter (SPAD-502 Plus) by assessing leaves 3 and 4 from the top of the plant
between 9.00 to 10.00 am. The mean values were calculated before being recorded. On
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the day of harvest, plant height was measured with a measuring tape from the top to the
base of the plant, and stem diameter was measured with a vernier caliper, with each plant
considered as one replication. All samples (pods and stover) were dried in a hot air oven
at 70°C until a constant weight was reached and recorded. In addition, 200 g of soil from
each pot was kept.

2.2.2 Data collection and analysis

The experimental data included measurements of nutrients in plants and some soil
properties. The total contents of N, P, and K in the plant and soil samples were analyzed
by crushing the samples and sieving them through a 2 mm sieve. For total N, 0.2 g of the
plant or soil was digested with a H2SO04-Na2S04-Se mixture and the N content was
analyzed using the Kjeldahl method (Jackson, 1965), while for total P and K, three acid
mixtures (HNO3-H2S04-HCIO4 mixture) (Johnson & Ulrich, 1959) were used for digestion,
and the P and K contents were analyzed using the vanadomolybdate yellow color method
(Murphy & Riley, 1962) and flame atomic absorption spectrophotometer (Shimazu, AA-
7000) (Westerman, 1990), respectively. Nutrient uptake (NU) was calculated from the dry
weight (DW) of the plant by multiplying it by the plant nutrient concentration (PNC)
(Sukyankij et al., 2023), as shown in equation 1.

NU (g/plant) = PNC x DW (1)

For soil analysis, about 200 g of soil was collected after harvesting the plants and
then air-dried, crushed and sieved through a 2 mm sieve to analyze soil properties (except
organic matter, for which a 0.5 mm sieve was used). The soil pH was analyzed with a pH
meter at a 1:1 ratio of soil to distilled water (Thomas, 1996). The saturated electrical
conductivity of the soil was determined with an EC meter (Rhoades, 1996). Organic carbon
(OC) was measured by oxidation with K2Cr207 and titration with FeSO4 and the OC value
was then converted to organic matter (OM) by multiplication by 1.724 (constant factors)
(Nelson & Sommers, 1996). The available nitrogen in soil was extracted with 2N KCI and
the amount of ammonium and nitrate was determined by the stream distillation method
(Mulvaney, 1996), the available P content in the soil was extracted with Bray Il extractant
and determined by the ascorbic acid method (Kuo, 1996) and the exchangeable K content
in soil was extracted with 1M NH4OAc at pH 7 and measured by flame atomic absorption
spectrophotometry (Helmke & Sparks, 1996). The nutrient activation coefficient (NAC) was
calculated from the ratio between the amount of available plant nutrient (APN) and the total
plant nutrient (TPN) in the soil (Yang et al., 2019; Sukyankij et al., 2024), as shown in
equation 2.

NAC (%) = (APN / TPN) x 100 )

In addition, the carbon fractions (C) in the soil were also reported, which were
categorized into four groups: very labile C (VLC), labile C (LC), less labile C (LLC) and
non-labile C (NLC), which were determined as described by Luan et al. (2021). Each
fraction was oxidized with dichromate and using different concentrations of H2SO4 (12N,
18N, and 24N), as shown in equations 3-6.

VLC (%) = organic C oxidized under 12N H2SO4 (3)
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LC (%) = organic C oxidized under 18N H2SO4 — 12N H2SO04 (4)
LLC (%) = organic C oxidized under 24N H2SO4 — 18N H2SO4 (5)
NLC (%) = total organic C — 24N H2SO4 (6)

To evaluate the total organic C (TOC) in the sail, the dichromate oxidation method
was used by heating at 130°C for 30 min (Nelson & Sommers, 1996; Fernandes et al.,
2015). All calculated values of C fractions were classified as the active C pool and passive
C pool by designating the sum of the VLC and LC fractions as the active C pool and the
sum of the LLC and NLC fractions as the passive C pool (Nandan et al., 2019).

2.3 Statistical analysis

The results of both experiments 1 and 2 were analyzed using the software program SPSS
version 22. An analysis of variance (ANOVA) was performed to determine the difference
between the mean values. The differences between treatments were tested using
Duncan’s new multiple range test (DMRT) at the probability level of P<0.05. The
percentage coefficient of variation (CV, %) was calculated from the ratio of the square root
of the mean squared error to the mean value and multiplied by one hundred.

3. Results and Discussion

3.1 Properties of compost

The use of different materials for the production of compost obviously showed significant
differences (P<0.05), except for the total nitrogen content (Table 3). Decreasing the amount
of rice stubble and increasing the amount of rock phosphate and cow dung led to an
increase in the pH, electrical conductivity, total phosphorus and total potassium of the
compost. In contrast, the amount of organic matter, the C:N ratio and the moisture content
of the compost decreased. The compost from the CP4 treatment (40% rice stubble: 30%
rock phosphate: 30% cow dung) yielded the highest total phosphorus and total potassium
content (1.22 and 1.16%, respectively). While the CP1 treatment (70% rice stubble: 15%
rock phosphate: 15% cow dung) had the highest organic matter, C:N ratio and moisture
content (32.3%, 18.7 and 48.7%, respectively).

All composts produced from the various proportions of rice stubble met the
standard criteria of the Thai Department of Agriculture (Department of Agriculture, 2005),
except for moisture content, which was required not to exceed 30% in organic fertilizer.
However, the moisture content in compost can drop below 30% when it is air-dried before
storage. The addition of higher levels of rock phosphate and cow dung could significantly
increase the total phosphorus and total potassium contents in the compost, as rock
phosphate has a high P content, while cow dung also contains a lot of K (Table 2). In
addition, rock phosphate was important to increase the pH value of the compost, as it
contains a lot of calcium compounds (CaO and CaCOs) (Farrag & Bakr, 2023), which
increases the pH value (Table 3). Zhang and Sun (2017) investigated the production of
compost from different doses of fish pond sediments and rock phosphate. They found that
increasing the dose of rock phosphate by up to 10-15% increased the total N, P and K
content by 9.75-18.6%, 55.0-95.0% and 73.9-100%, respectively, compared to an
application without rock phosphate. Meanwhile, cow dung contains many plant nutrients
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and is normally used to make compost. Nguyen et al. (2024) reported that cow dung has
a high nutrient content and is a valuable source of K, with most of the Kin cow dung present
in a water-soluble form. However, organic matter and the value of C:N ratio of the compost
tended to decrease when the amount of rice stubble was reduced. The reason for this was
that rice stubble contains abundant organic carbon (Nghi et al., 2020), especially the rice
stubble used in this experiment (Table 2). Therefore, reducing the amount of rice stubble
as an important carbon source in the production of compost led to a decrease in the amount
of organic matter and the C:N ratio.

Table 3. The properties of compost from different rice stubble formulations

Moisture
Treatments  pHi:2f ( dE g/:r:; 1 (.(,ZI;AT (1;2‘) (:,;)F;T (-‘!-AST rgt.i':T (%, ¥v/w)
CP1 6.85° 2.57° 32.32 1.00 0.51¢ 0.81° 18.72 48.72
CP2 7.322 2.83° 30.52b 1.03 0.73° 0.86° 17.22 43.5%
CP3 7.332 2.87° 24.2b 1.05 0.98% 0.91% 13.4° 36.3°
CP4 7.372 3.962 22.8° 1.07 1.222 1.162 12.3° 32.2¢
F-test * * * ns * * * *
CV (%) 0.62 5.07 5.45 10.1 5.21 4.65 8.98 2.88

Notes: T Values with different letters in the same column differ significantly based on DMRT at P<0.05;
p<0.05=*; p>0.05= ns; EC= electrical conductivity; OM= organic matter; TN= total nitrogen; TP= total
phosphorus; TK= total potassium; C:N ratio= carbon per nitrogen ratio.

3.2 Effects of different composts on okra

Okra growth was evaluated by plant height, stem diameter and leaf greenness value at
different days after sowing (40, 60, 80, 100 and 120 days), while okra yield was expressed
by pod fresh weight. In addition, the nutrient uptake (of nitrogen, phosphorus and
potassium) in the pods as well as in the stems and leaves of okra was evaluated. The
application of different formulation of rice stubble compost did not differ statistically
(P>0.05) in plant height and stem diameter, with both parameters ranging between 113-
123 and 1.31-1.74 cm, respectively (Table 4). In addition, there was no significant
difference (P>0.05) in leaf greenness on all days on which the plants were assessed
(Figure 1). For yield of okra, there was a significant difference in okra yield when rice
stubble compost was used compared to the control (P<0.05). However, no differences
were observed between the different formulations of rice stubble compost, with the range
of yields being 80.8-86.6 g FW/pot (Table 4).

The application of rice stubble compost had an explicit effect on increasing okra
yield because the application of fertilizer to plants is an important key to successful crop
production. It increases crop productivity by replenishing the soil with essential nutrients,
thus supporting plant growth, maximizing agricultural yields and ensuring global food
security (Asadu et al., 2024). However, all compost formulations contained levels of N, P,
and K that met the standard criteria for organic fertilizer (Department of Agriculture, 2005).
This may be an important reason why applying all compost formulations provided optimal
plant nutrients for okra. The difference in okra yield between the use and non-use of
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compost was clearly observed. The results of the experiment showed that all treatments
receiving the compost produced a higher pod yield than the control. Although there were
no significant differences in plant height, stem diameter and leaf greenness, it was shown
that the application of rice stubble compost had a better effect on growth than the non-
application of compost. This was especially true for the value of stem diameter (Table 4)
and the value of leaf greenness at the 100 and 120 days after planting (Figure 1). Several
reports confirmed the effectiveness of fertilizers, especially organic fertilizers, in increasing
crop yields (Abbas et al., 2019; Widowati et al., 2020: Hossain & Islam, 2024). Besides,
Acharya et al. (2024), who studied the application of four different types of vermicompost
on the productivity of okra in Nepal, showed that there was no significant difference in
yields when vermicompost was applied with different types, but there was a significant
difference when vermicompost was not applied. However, the application of organic
fertilizer alone did not produce plants of the highest yields, in fact, the application of organic
fertilizer in combination with chemical fertilizer led to the highest crop yields. Benchasri et
al. (2021) studied the influence of fertilizer type on the growth and yield of okra in southern
Thailand and reported that the use of organic fertilizer (swine manure) resulted in the
highest okra yield, which was 28.1% higher than with chemical fertilizer (conventional
cultivation) and 441% higher than with no fertilizer (control). According to our results,
applying compost increased okra yield by approximately 41.3-51.4% compared to the
control. Abbas et al. (2019) investigated the influence of compost, poultry manure and NPK
fertilizers on okra yield and found that the combination of poultry manure and half NPK
dose (75:37.5:30 kg N-P-K/ha) was able to increase okra yield by about 57.0% compared
to the full NPK dose, while the application of compost was also able to increase yield by
about 33.1%. Some reports also stated that the combination of compost and biochar can
increase crop yields. Widowati et al. (2020) investigated the effect of biochar and organic
fertilizer on increasing maize yield on different types of drylands in Indonesia and reported
that compost application significantly increased maize yield compared to the control and
that this treatment was also not significantly different from the yield of the highest yielding
treatment.

Table 4. Growth and yield of okra plants under the influence of different rice stubble
composts

Treatments Plant Height Stem Diameter Pod Yield
(cm) (cm) (g FWiplant) t

CK 120 1.31 57.2°
CP1 123 1.73 83.42
CP2 113 1.74 84.02
CP3 114 1.62 86.62
CP4 117 1.73 80.82

F-test ns ns *

CV (%) 8.69 15.3 12.9

Notes: T Values with different letters in the same column differ significantly based on DMRT
at P<0.05; p<0.05= *; p>0.05= ns; CK= control treatment
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Figure 1. Leaf greenness of the okra plants under the influence of different rice stubble
compost in different age periods; p>0.05= ns; CK= control treatment

The nutrient uptake of okra was measured only for the primary plant nutrients (N,
P and K) in the pods and in the stover tissue (Table 5). In particular, N uptake in all tissues
and only P uptake in the pods differed significantly (P<0.05) with the application of compost
fertilizer. The application of rice stubble compost clearly produced an uptake of N and P in
okra (2.37-2.62 g/plant for total N uptake and 0.17-0.19 g/plant for pod P uptake) that was
higher than okra without compost application (1.67 g/plant for total N uptake and 0.14
g/plant for pod P uptake), while the use of different rice stubble compost formulations (CP1-
CP4) showed no difference in N and P uptake in the plant. There was no statistical
difference in K uptake between pods, stover, and total uptake. However, the main reason
that no significant difference was found in K uptake by the plant may be that the soil K level
(247 mg/kg) before planting okra was high (Land Classification Division and FAO Project
Staff, 1973). Therefore, there was no difference between treatments with or without
compost application.

Compost is an important source of plant nutrients, especially in this experiment
where no nutrients were added from other sources. Treatment with compost therefore has
the effect of increasing the nutrient uptake of the plants. Added compost can delay the loss
of applied plant nutrients, possibly help to retain soil moisture and slowly release some
plant nutrients through mineralization so that the nutrients are available during the growth
phase of the plants (Rann et al., 2016). Rann et al. (2016) studied the response of rice to
pig manure and chemical fertilizer in Thailand and found that the application of pig manure
could increase the nutrient uptake (NPK) of the rice plant. This treatment produced an NPK
that was close to the application of 50% pig manure in combination with a full dose of
chemical fertilizer, which caused the highest nutrient uptake by the plant. Adewole and
llesanmi (2011) studied the effect of soil amendments on nutrient quality of okra and
reported that the use of organic compost fertilizer significantly increased N, P and K content
compared to inorganic fertilizer, biofertilizer, or without fertilizer application.
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Table 5. Nutrient uptake (N, P, K) in pod and stover of okra under the influence of different
rice stubble composts

Treatments N Uptake (g/plant) P Uptake (g/plant) K Uptake (g/plant)
Podf Stover! Totalf Pod' Stover Total Pod Stover Total
CK 0.46° 1.21b 1.67° 0.14b 0.40 0.53 0.39 0.99 1.39
CP1 0.592 2.032 2.622 0172 0.56 0.72 047 1.01 1.48
CP2 0.642 1.732 2377 0.192 0.46 0.65 047 0.86 1.33
CP3 0.572 1.952 2522 0172 0.45 0.62 0.46 1.05 1.51
CP4 0.592 1.902 2492 0.182 0.44 0.61 0.51 1.03 1.54

F-test * * * * ns ns ns ns ns
CV (%) 8.4 14.9 12.2 9.9 22.2 16.8 9.7 13.7 9.2

Notes: T Values with different letters in the same column differ significantly based on DMRT
at P<0.05; p<0.05= *; p>0.05= ns; CK= control treatment

3.3 Soil properties after harvesting

The application of rice stubble compost led to a change in some soil parameters but only
soil pH, ammonium and available P were significantly different (P<0.05) (Table 6). The
application of CP4 compost (40% rice stubble: 30% rock phosphate: 30% cow manure)
resulted in the highest soil ammonium and available P contents, which were 28.0 and 97.1
mg/kg, respectively, while CP3 compost (50% rice stubble: 25% rock phosphate: 25% cow
manure) resulted in the highest soil pH. However, the application of compost (CP1-CP4
formulations) did not differ significantly in ammonium content, which ranged between 22.1-
28.0 mg/kg (Table 6). The application of compost had a positive effect on some soil
properties such as the pH value of the soil. This was because the rock phosphate in the
composition of the compost has an influence on increasing soil pH. In general, the
application of compost can also increase the pH, porosity, moisture, aggregate stability,
organic content, P and K content and reduce the bulk density of the soil (Ho et al., 2022).
In this experiment, we observed that the treatment with compost resulted in a significantly
higher soil pH than the control, and this is an important factor for increasing the
mineralization of nutrients in the soil (Ho et al., 2022). The amount of ammonium was
significantly increased in the treatment with compost application compared to the control,
indicating a positive effect of compost application. According to Mahmood et al. (2017),
who studied the effect of organic and inorganic fertilizer on maize yield and soil properties,
the application of organic fertilizer apparently provided the highest total N content in the
soil after maize cultivation, and this treatment also gave higher soil N than the inorganic
fertilizer treatment. Normally, compost is a source of plant nutrients, especially nitrogen.
Cahyani et al. (2024) reported that compost from rice stubble had a N content between
1.34 to 1.67%, depending on the material used to mix with rice stubble, with this value
being quite close to the result of the experiment (1.00 to 1.07%) (Table 3). This directly
affected the increase in soil ammonium content after planting compared to the control
(Table 6). Regarding the available P in the soil, the main reason for the increase of
available P in the soil after planting is probably the rock phosphate contained in the
compost. The results showed that the application of compost with a high content of rock
phosphate led to an increase in the available P content in the soil and the amount of
available P in the soil increased with increasing rock phosphate content in the compost.
Billah et al. (2020) evaluated the effects of compost enriched with rock phosphate and
rhizobacteria for soil health and wheat yield. They found that the application of compost
with rock phosphate and rhizobacteria increased the available P content in the soil after
wheat cultivation to a greater degree than the control or normal compost.
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Table 6. The properties of the soil after harvesting the okra plant under the influence of
different rice stubble composts

Treatments  pHuat EC. oM NH4* NOs Avail. P Exch. K

(dS/m) (%) (mglkg)? (mglkg) (mglkg)' (mglkg)!
CK 4.92¢ 3.61 2.94 18.6° 2,92 39.6¢ 154
CP1 5.47° 3.73 3.28 26.62 7.00 46.2¢ 197
CP2 5.69%° 3.79 3.23 2213 5.83 64.6° 203
CP3 6.012 3.46 3.21 27.82 8.17 80.1° 199
CP4 5.812b 3.44 3.32 28.02 8.17 97.12 216
F-test * ns ns * ns * ns

CV (%) 3.05 4.64 7.27 15.4 36.2 11.32 16.79

Notes: T Values with different letters in the same column differ significantly based on DMRT
at P<0.05; p<0.05= *; p>0.05= ns; CK= control treatment.

Rice stubble compost application affected the increase in nutrient activation
coefficient (NAC) for all plant nutrients (N, P, K), but only the phosphorus activation
coefficient (PAC) was significantly different (P<0.05) (Figure 2). The application of CP4
compost resulted in the highest PAC value (7.52%), which was not significantly different
from CP3 compost (7.38%), and the control treatment resulted in the lowest PAC value
(5.75%). However, increased the amount of rock phosphate resulted in a clear increase in
total P in the compost, with CP2, CP3, and CP4 having total P levels higher than CP1 by
approximately 47.1%, 92.1%, and 139.2%, respectively (Table 3). This result directly
increased soil available P, with the experiment indicating that the amount of available P in
the soil tended to increase more than soil available N and K (Table 6). This was an
important reason why the application of compost had a significantly greater effect on the
PAC than on the N and K activation coefficients. The results for the N and K activation
coefficients showed no significant differences, with values ranging between 2.22-3.20%
and 3.86-5.40%, respectively. In this study, NAC was determined to assess the efficiency
of rice stubble compost in enhancing the conversion of total soil nutrients into plant-
available forms (Sukyankij et al., 2025). It is an important indicator of soil fertility. The higher
the NAC value, the more plant nutrients are available for plant growth (Wu et al., 2017;
Yang et al., 2019). The results showed that the application of compost increased NAC in
all primary plant nutrients. This is because compost is a good source of plant nutrients and
can improve physical and chemical soil quality. When compost is added to the soil, the
physical, chemical and biological properties of the soil improve (Ho et al., 2022). It
promotes the conversion of plant nutrients from the total form to the available form, which
is an important reason for increasing NAC.
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Figure 2. Nutrient activation coefficient (NAC) of nitrogen, phosphorus and potassium
under the influence of different rice stubble composts

The carbon fractions of the soil differed significantly (P<0.05) only for the very labile
carbon (VLC) and the less labile carbon (LLC). The active carbon pool (AC-P) was also
significantly different (Table 7). The compost formulation with a low proportion of rice
stubble tended to increase the VLC, with the CP4 compost having the highest value
(1.71%). On the other hand, the low proportion of rice stubble in the compost explicitly led
to a decrease in LLC, with the control treatment showing the highest value (1.01%).
Furthermore, the reduction in the proportion of rice stubble in the compost produced led to
an increase in the AC-P, with the CP4 compost treatment having the highest AC-P value
(2.97%), which was not significantly different from other compost treatments. In general,
AC-P (VLC plus LC) are recognized as important markers of soil quality, as these C pools
directly influence plant nutrient supply and crop yield, and the active C pool can change
more significantly depending on cultivation and soil management (Hazra et al., 2018). The
results showed that the application of compost increased the C pool in the form of AC-P.
This meant that treatment with compost could release more plant nutrients than without
application. The control treatment had the highest passive C pool (PC-P), and this
suggested that when compost or organic residues were not applied, the C pool in the soil
tended to change from AC-P to PC-P, representing C stabilization (LLC plus non-labile C,
NLC). According to Moharana et al. (2020), the application of compost from mustard stover
and tree leaves increased AC-P compared to control, and this increase was greater when
the compost was applied together with half the recommended rate of chemical fertilizer.
The type of compost influences the amount of SOC in the soil. Grigatti et al. (2024) found
that green waste compost could provide higher TOC and PC-P than other composts
including anaerobically digested bio-waste, sludge, and bio-waste, while the content of AC-
P was more influenced by the quantity of compost applied than by the type of compost.
However, the addition of compost or organic residues to the soil is therefore important as
they are a source of available C in the soil, which plays a role in releasing nutrients for
plants (Hazra et al., 2018).
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Table 7. The difference in C fractions under the influence of different rice stubble composts

Carbon Fractions (%) Interpretation
Treatments
VLCt LC LLCt NLC AC-P (%)t PC-P (%)
CK 0.37¢ 0.83 0.592 0.78 1.200 1.37
CP1 0.84b 0.79 0.35°b 0.84 1.632 1.19
CP2 0.872° 0.72 0.10¢ 0.95 1.592 1.05
CP3 0.992 0.72 0.06¢° 1.02 1.712 1.08
CP4 0.992 0.73 0.10¢ 0.98 1.722 1.08
F-test * ns * ns * ns
CV (%) 8.18 7.18 23.5 13.2 5.09 9.76

Notes: T Values with different letters in the same column differ significantly based on DMRT
at P<0.05; p<0.05= *; p>0.05= ns; CK= control treatment; VLC= very labile C; LC= labile
C; LLC= less labile C; NLC= non-labile C; AC-P= active C pool; PC-P= passive C pool

4. Conclusions

The different proportions of the materials used to produce compost influenced the
properties of the compost. The use of a low proportion of rice stubble and a higher
proportion of rock phosphate and cow dung led to better compost properties. Application
of rice stubble compost resulted in a significantly higher pod yield and higher N and P
uptake than without application, however, no significant difference was found among the
use of the different compost formulations. The soil properties after planting, however,
differed significantly, especially with regard to ammonium and available P, while only the
NAC value showed significant differences, especially for PAC. In addition, the application
of rice stubble compost increased the active C pool, which is an important source of plant
nutrients, suggesting that the addition of compost helps to increase the availability of
nutrients to plants.
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