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Abstract: White cabbage (Brassica oleracea var. capitata) is one of the oldest
known vegetable crops and is commonly grown worldwide. Vermicompost tea
(VCT) is considered a biofertiliser and is used in sustainable agriculture to promote
crop yield and improve soil properties. This study was conducted to assess the
efficacy of VCT and VCT residue (the solid material remaining after producing
VCT) and their competency to partly replace inorganic fertilisers for the growth
and yield of white cabbage under field conditions. The results showed that the use
of VCT at an extraction ratio of 1:5 combined with 50% inorganic fertiliser
significantly increased the cabbage head diameter and mean individual weight at
harvest compared to the 100% inorganic fertiliser treatment. Noticeably, the
application of VCT in a 1:5 combination with VCT residue + 50% inorganic
fertilisers and VCT in a 1:10 combination with VCT residue + 50% inorganic
fertilisers showed the best performances among treatments, with significant
increases in the 3-m’ plot yield of 24.7%, and 14.3%, respectively, compared to the
treatment with 100% inorganic fertilisers. These results demonstrate that VCT
combined with VCT residue can replace a substantial proportion of inorganic
fertilisers in cabbage cultivation, thereby reducing reliance on these non-
sustainable products while recycling waste materials in sustainable agriculture.

Key words: Brassica oleracea var. capitata, cabbage, organic fertilisers,
vermicompost tea, vermicompost tea residue.

Introduction

There is no doubt that agricultural production is influenced by several factors
such as soil condition, soil fertility, climate conditions, plant diseases, and
irrigation conditions. Inorganic fertiliser is one of the most important input
factors contributing to increased crop productivity, thanks to its outstanding
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advantages in providing nutrients quickly and accurately. However, it is well-
documented that excessive or improper use of chemical fertilisers in intensive
cultivation has led to detrimental influences on soil quality, plants, and the
environment, such as soil acidification, increased soil compaction, water
pollution, increases in pest and disease problems, and a reduction in the number
of soil organisms (Chali Abate, 2023). By contrast, organic fertilisers are derived
from natural sources such as manure, plant residues, coffee grounds, and spent
mushroom material. They are slow-release fertilisers, allowing soil
microorganisms time to break down organic materials and release essential plant
nutrients such as nitrogen, phosphorus, potassium, and micronutrients. Hence,
organic fertilisers provide stable and long-term nutrition, helping plants absorb
nutrients steadily and avoiding sudden excesses or deficiencies. In addition,
organic fertilisers help supply organic matter and beneficial microorganisms,
improve soil structure, increase soil porosity, increase soil water retention and
drainage capacity, and improve soil pH (Assefa and Tadesse, 2019). Therefore,
managers, scientists, and farmers are interested in finding organic and sustainable
alternatives to conventional agrochemicals.

Due to the low nutrient content and slow-release properties of organic
fertilisers, using them as a complete replacement for inorganic fertilisers could
lead to nutrient deficiencies in modern crop varieties with high nutritional needs.
In such cases, a large amount of organic fertiliser must be applied to meet the
nutrient requirements of these crops. Research indicates that combining organic
and inorganic fertilisers can increase crop productivity and quality, improve soil
quality, and enhance nutrient efficiency (Khanam et al., 2022; Phillips et al.,
2022; Wang et al., 2025). The sole use of organic or inorganic fertiliser cannot
increase crop yields and improve soil health. Wang et al. (2025) indicated that the
incorporation of manure and chemical fertiliser in wheat—wheat—maize rotation
systems increased the sustainable yield index (SYI) of grain yield of maize and
wheat compared to that of chemical application only in three long-term
fertilisation experiments in China. Furthermore, a previous study demonstrated
that the potential of integrating organic and inorganic fertilisers as a sustainable
alternative to conventional inorganic fertiliszation. Combined organic
and inorganic fertilisers not only reduced inorganic fertiliser use by 40% while
achieving similar tomato fruit quality and quantity, but also improved the soil
properties (Herndndez et al., 2014).

Vermicompost (VC) is a higher-quality final product produced through the
conversion of organic matter into humus-like material by earthworms (Amante,
2024). The macromineral contents of nitrogen, phosphorus, and potassium in VC are
1.5-2.5%, 0.9-1.7%, and 1.5-2.4%, respectively (Kumar et al., 2019). Due to its
high content of nutrients, organic matter, humic acid, plant-growth hormones, a low
C:N ratio, and a variety of beneficial microorganisms, VC significantly enhances


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/inorganic-fertiliser

Cabbage Growth and Yield under Vermicompost Tea and Residue 141

crop growth and productivity while improving soil properties (Mohite et al., 2024;
Amante, 2024). Consequently, it is widely recognised as an effective biofertiliser for
sustainable agricultural cultivation (Mohite et al., 2024; Amante, 2024).

Vermicompost tea (VCT) is an organic liquid fertiliser produced by
fermenting vermicompost with water for a certain period. Both aerated and non-
aerated methods can be used in VCT fermentation, with supplemental nutrients
such as molasses, sugars, and yeast extract added to enhance microbial activity
(Ingham, 2005). Studies have shown that VCT effectively promotes plant growth
and yield, improves soil properties, and suppresses plant diseases and pests due
to its abundance of beneficial microbes, NPK, and other nutrient elements (Pant
et al., 2012; Che Sulaiman and Mohamad, 2020; Alkobaisy et al., 2021).
Research by Luu et al. (2023a) demonstrated that spraying 500 mL of 5% VCT
every five days increased the individual weight of Chinese kale plants by 27.5%
compared to no VCT application. Additionally, the study by Souffront et al.
(2022) revealed that using 200 mL of VCT per tomato plant via soil drenching
with concentrations of 10% and 20% resulted in heavier tomato fruit weight and
higher total marketable yield compared to the 5% VCT treatment and the control
(no VCT application). Furthermore, after brewing and filtering to collect VCT,
the solid organic material residue (referred to as VCT residue) can be applied to
soil or plants. However, no previous studies have demonstrated its efficacy in
agricultural cultivation.

White cabbage (Brassica oleracea var. capitata) belongs to the Brassicaceae
family and is one of the oldest known vegetables. Cabbage is a biennial plant, but
is commonly grown as an annual crop, characterised by dense-leaved heads
(Stefan and Ona, 2020; Chanu et al., 2025). Cabbage is popularly cultivated
globally, including Vietnam, and has high commercial value (Chanu et al., 2025).
Due to its high content of fibre, minerals, vitamins, and antioxidants, white
cabbage provides several health benefits, including anti-cancer activity, improved
gastrointestinal health, antioxidant activity, anti-obesity, hypolipidaemic, and
hypoglycaemic effects (Stefan and Ona, 2020).

There is strong evidence that VCT has significant potential as an organic
foliar fertiliser for various crops, effectively increasing production and
supporting the sustainability of agricultural systems. However, no previous
studies have assessed the effectiveness of the VCT residue in enhancing crop
yield. As a result, the present study investigated the growth-promoting efficiency
of VCT and VCT residue on the growth and yield of the plant Brassica oleracea
var. capitata. The study results could demonstrate the effectiveness of VCT
individually and in combination with VCT residue in enhancing crop yields by
recycling nutrients from waste products. This not only improves crop yields but
also helps maintain environmental sustainability in farming.
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Material and Methods

This study was conducted under field conditions from October 2024 to
January 2025 in Cang Long commune, Vinh Long province, Vietnam. The soil at
the experimental site is classified as loam with a pH of approximately 5.5.

Field preparation and fertiliser application

The field was ploughed, levelled, and formed into ridges for transplanting
seedlings. Each ridge was 20 cm high above the field surface and 1 m wide.
Between two adjacent ridges, there was a 15-cm-wide furrow to facilitate drainage
and mgtintenance of the experiment. The experimental area was divided into plots
of 3m".

To produce white cabbage in this experiment, the local cultivation practice
followed by the local farmers in Cang Long commune was applied. An inorganic
NPK fertiliser (for the top-dressing period) was used with a formula of 180 N, 120
P,0s, and 120 K,O (kg/ha).

Table 1. Top-dressing fertilisers used in the experiment.

Day after Inorganic fertiliser application (kg/ha) Not.
planting  T1 T2 T3 T4 T5 T6 T7 o
10 400 200 200 200 200 200 200
20 200 100 100 100 100 100 100 NPK (20-10-10)
40 350 175 175 175 175 175 175 NPK (17-17-17)

Source: Authors’ calculations. T1-T7: Seven treatments of this experiment.

Noticeably, for basal fertilisation, all treatments applied the same amount and
type of fertiliser (per 1 ha), including: 15 tonnes of composted manure, 200 kg of
phosphate fertiliser (16%, containing 32 kg of P,Os), and 100 kg of calcium-
magnesium fertiliser (Sao Vang Mekong Company, Vietnam). Calcium-
magnesium fertiliser helps stabilise pH, improve soil, and provide micronutrients
for crops. For top-dressing fertilisation, the amount and type of top-dressing
fertiliser depended on each treatment. The time and dosage of inorganic top-
dressing fertilisers are presented in Table 1.

Vermicompost tea (VCT) was applied by spraying at a rate of 200 mL per
plant at different dilution levels corresponding to the treatments. After the cabbage
head formed, VCT was irrigated at the plant base to prevent it from remaining on
the head. VCT residue was used at a rate of 200 g per plant and distributed around
the base of each plant. VCT and VCT residue applications were made every 7 days.
The first and last applications of VCT and VCT residue were made 10 days and 44
days after planting, respectively. Treatment T1 received 100% of the top-dressing
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fertilisers; the remaining treatments (T2 to T7) received inorganic top-dressing
fertiliser at 50% of the application rate used in treatment T1, supplemented either
with VCT alone or in combination with VCT residue. A 20-10—10 NPK fertiliser
(Yaramila PLUS) was used 10 and 20 days after planting, and a 17-17-17 NPK
fertiliser (Viet Duc Fertilizer Company, HCM City, Vietnam) was used 40 days
after planting.

Preparation of the transplants

This study used heat-tolerant white cabbage seeds (TROPIC-SUNPLUS F1;
Chanh Nong Company, Vietnam). The seeds were sown in an 84-hole foam
seedling tray with a growing medium consisting of coconut peat, rice husk ash, and
clean loam soil in a ratio of 1:1:1. On the 7™ and 14™ day after seedling, fish
fertiliser (concentration of 1%) was applied. Transplants were planted when they
had 4-6 true leaves.

Experimental design

To assess the efficiency of vermicompost tea (VCT) and vermicompost tea
residue (VCT residue) on the growth and the yield of white cabbage (Brassica
oleracea var. capitata), a one-factor experiment was conducted using a completely
randomised design (CRD) under field conditions. The experiment included seven
distinct treatments, as follows:

T1: 100% top-dressing inorganic fertilisers (control)

T2: Vermicompost tea at an extraction ratio of 1:5 + 50% inorganic top-
dressing fertilisers (VCT 1:5)

T3: Vermicompost tea at an extraction ratio of 1:10 + 50% inorganic top-
dressing fertilisers (VCT 1:10)

T4: Vermicompost tea at an extraction ratio of 1:15 + 50% inorganic top-
dressing fertilisers (VCT 1:15)

T5: Vermicompost tea at an extraction ratio of 1:5 with adding 200 g plant™
of vermicompost tea residue + 50% inorganic top-dressing fertilisers (VCT 1:5 +
VCT residue)

T6: Vermicompost tea at an extraction ratio of 1:10 with adding 200 g plant™
of vermicompost tea residue + 50% inorganic top-dressing fertilisers (VCT 1:10 +
VCT residue)

T7: Vermicompost tea at an extraction ratio of 1:15 with adding 200 g plant™
of vermicompost tea residue + 50% inorganic top-dressing fertilisers (VCT 1:15 +
VCT residue)
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The treatments were replicated three times. Each replication consisted of a
plot of 3 m?, planted with 10 seedlings at a spacing of 50 cm x 70 cm between
plants.

Vermicompost tea preparation

Vermicompost tea (aqueous extract) was freshly prepared every 7 days before
application, using the same type of vermicompost. The vermicompost was obtained
from Dang Gia Trang Production Trading Services Company Limited (HCM city,
Vietnam), and contained 48.4% organic matter, 1.57% nitrogen, 1.24% available
phosphorus, and 0.67% available potassium.

The extraction ratios for the tea were 1:5, 1:10, and 1:15 (w/v) of
vermicompost to water, employing the aerated method. This preparation method
was modified from the method of Ingham (2005). Vermicompost (VC) was placed
into a gauze sack, which was then tied tightly and put in a suitable plastic
container. Dechlorinated water was added in appropriate volumes to achieve the
desired vermicompost tea dilutions, along with 5% molasses (calculated based on
the percentage of the vermicompost quantity). The mixture was then actively
aerated for a 24-hour extraction period using a mini double-nozzle aerating pump.
After the fermentation process, 200 mL of vermicompost tea, with extraction ratios
of 1:5 (VCT 20%), 1:10 (VCT 10%), and 1:15 (VCT 6.7%), were used as a foliar
fertiliser to spray each plant for the respective treatments. When the plant leaves
began to compact to form the cabbage head, the vermicompost tea was applied at
the plant base. Vermicompost tea residue remaining after VCT extraction was also
applied at a rate of 200 g per plant in treatments T5-T7.

Data collection

Five of the 10 plants in each plot were selected randomly to collect data. The
growth parameters, including plant height (cm), stem diameter and foliage diameter
(cm) of cabbage plants were recorded every 10 days after planting. The number of
cabbage leaves was counted at 10 and 20 days after planting, until the cabbage
plants began to form heads. The diameter of the cabbage head was measured at 40,
50, and 56 days after planting. The yield parameters were determined on the
harvest day (56 days after planting). In terms of yield parameters, cabbage heads
were harvested on the harvest day. The fresh mean weight of cabbage heads was
determined from the five selected plants per plot, representing individual plant
yield, while plot yield was calculated as the total fresh weight of all ten plants
within each plot.
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Data analysis

Statistical analysis was conducted using SPSS v. 22 (IBM Inc.). One-way
ANOVA was used to determine the statistical significance of differences in growth
and yield parameters of white cabbage plants among different treatment groups.

Before comparing the means of all treatments, the data sets were analysed for
homogeneity of variance with the Levene’s test to ensure that all comparison
groups had the same variance. When this assumption was not met, the Welch’s test
was used as an alternative analysis. The significance of the effects of VCT and
VCT residue on the growth and yield of cabbage plants among treatments was
determined by the Duncan’s post-hoc test at p < 0.05.

Results and Discussion
Effects of vermicompost on the growth parameters of white cabbage

Differences in the plant height, foliage diameter, the number of leaves and
the diameter of cabbage head among the seven different treatments during the
experimental period are shown in Tables 2, 3, and 4.

In general, insignificant differences in cabbage plant height among
treatments were observed at most sampling points during the growing period, the
exception being at 20 days after planting (Table 2). At 10 days after planting,
there were no significant differences in plant height among treatments. However,
the application of VCT and VCT residue at this stage began to influence plant
growth. By 20 days after planting, cabbage plants treated with VCT and/or VCT
residue had been taller than those in the treatment receiving only inorganic
fertiliser, as confirmed by one-way ANOVA (Table 2). The analysis showed
significant differences in plant height among treatments, with those receiving
VCT and/or VCT residue generally outperforming the control (inorganic fertiliser
only), except for treatment T2. From 30 days after planting onwards, the plants
began forming cabbage heads, which may explain the reduced variation in plant
height among treatments during the later stages (30 to 56 days). Consequently, no
significant differences in plant height were detected among treatments during
these periods (Table 2).

Vermicompost tea (VCT) and VCT residues positively influenced the
foliage diameter of cabbage plants in this study (Table 3). After the application of
VCT and VCT residues, the foliage diameter of plants in these treatments was
greater than that of plants treated with 100% inorganic fertiliser. Notably, at 20
days after planting, the foliage diameter in the inorganic fertiliser-only
treatment was significantly lower than in all treatments that received VCT and/or
VCT residues.
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Table 2. Effects of vermicompost tea and vermicompost tea residue on the height
of white cabbage plants.

Plant height (cm) in different growth periods

Treatments

10 days 20 days 30 days 40 days 50 days 56 days

T1 (control ) 10.13 13.13b 21.87 24.87 31.20 31.40
T2 9.80 14.07ab 20.20 25.87 31.87 33.80
T3 10.53 15.97a 22.37 25.87 2940 32.33
T4 10.00 16.07a 22.10 29.13 32.27 3430
T5 10.13 16.20a 22.27 28.53 31.73 33.40
T6 9.07 16.37a 22.80 27.80 31.93 34.00
T7 9.77 16.23a 22.90 27.87 30.93 31.60
Fe6.14) 0.698 3.274 0.434 1.279 0.873 1.527
Sig. ns * ns ns ns ns

CV (%) 9.5 8.0 10.8 9.0 5.7 5.0

Values are means of three replications; zs: non-significant; *: statistically significant at the 5% level; means
with different letters are significantly different at p <0.05 according to the Duncan’s post hoc test.
Source: Authors’ calculations.

Furthermore, at 30 days after planting, the foliage diameter of cabbage plants
in treatments receiving VCT alone or in combination with VCT residues increased
by 17.00% to 31.88% compared with the inorganic fertiliser-only treatment
(control). This trend continued up to 40 days after planting. However, by 40 days
and at harvest (56 days after planting), the differences in foliage diameter between
the VCT and/or VCT residue treatments and the control had decreased
considerably (Table 3).

Table 3. Effects of vermicompost tea and vermicompost tea residue on the foliage
diameter of cabbage plants.

Foliage diameter (cm) in different growth periods

Treatments 10days _ 20days 30 days 40 days 50 days 56 days
T1 (control ) 1770 24.07b 36.95 48.43¢ 55.90 59.57
T2 1443 2773 44.53 48.90bc 60.93 62.70
T3 1580  27.67a 4323 51.30abe 56.50 59.13
T4 1460  27.13a 46.60 54.10a 57.97 61.97
TS 1683 27.90a 48.03 54.10a 59.30 62.77
T6 1627  2857a 4737 55.47a 59.50 61.73
T7 1627  28.60a 48.73 53.37ab 58.77 60.80
Fen 0.853 5.450 2777 3.516 2.380 0.959
Sig. ns K ns * ns ns
CV (%) 13.7 42 94 4.9 34 42

Values are means of three replications; ns: non-significant; *: statistically significant at the 5% level;
**: statistically significant at the 1% level; means with different letters are significantly different
at p < 0.05 according to the Duncan’s post hoc test.

Source: Authors’ calculation.
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After VCT and VCT residue application, there were differences in the stem
diameter parameter between the inorganic fertiliser-only control and treatments
with VCT alone or combined with VCT residue (Table 4). Subsequent statistical
analysis confirmed significant differences in the stem diameter among the
treatments at 20 days after planting. However, after 20 days, these differences
diminished during the following growth periods. Consequently, statistical analysis
indicated no significant differences in stem diameter of cabbage plants among
treatments between 30 and 56 days after planting (Table 4).

Table 4. Effects of vermicompost tea and vermicompost tea residue on the stem
diameter of cabbage plants.

Stem diameter (cm) in different growth periods

Treatments 10 days 20 days 30 days 40 days 50 days 56 days
T1 (control ) 0.43 0.93b 1.38 2.06 2.24 2.38
T2 0.41 0.99b 1.37 1.93 2.28 2.53
T3 0.47 0.99b 1.41 2.00 2.17 2.47
T4 0.40 1.14a 1.41 1.99 2.26 2.45
TS 0.45 1.13a 1.41 1.95 224 2.52
T6 0.43 1.16a 1.42 2.00 2.28 2.40
T7 0.43 1.21a 1.43 2.03 2.26 2.45
F6.14) 0.275 5.881 0.045 0.344 0.846" 0.513
Sig. ns ** ns ns ns ns
CV (%) 17.9 7.2 13.5 6.3 2.4 5.46

Values are means of three replications; ns: non-significant; *: statistically significant at the 5% level;
**: statistically significant at the 1% level; LF (Welel’s testy; Mmeans with different letters are significantly
different at p < 0.05 according to the Duncan’s post hoc test.

Source: Authors’ calculation.

Differences in the number of cabbage leaves per plant among treatments are
shown in Table 5. Since approximately 30% of the cabbage plants had already
begun forming heads by 30 days after planting (with leaves compacting to form the
cabbage head), leaf count data were recorded only at 10 and 20 days after planting.
On day 10, there were no significant differences in the number of leaves among
treatments. However, by day 20, treatments involving VCT and VCT residue had
shown a higher number of leaves compared to the treatment receiving inorganic
fertiliser only. Among these, treatment T6 recorded the highest number of leaves
(11.13), representing a 31.40% increase compared to T1 (inorganic fertiliser only).
One-way ANOVA analysis confirmed that the number of leaves differed
significantly among treatments on day 20, and post hoc testing showed that the
number of leaves in treatments TS5 (50% inorganic fertiliser + VCT 1:5 + VCT
residue) and T6 (50% inorganic fertiliser + VCT 1:10 + VCT residue) were
significantly higher than in T1(inorganic fertiliser only).
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Table 5. Effects of vermicompost tea and vermicompost tea residue on the number
of leaves and the diameter of cabbage heads.

The number of cabbage leaves The diameter of cabbage head (cm)

Treatments 10 days 20 days 40 days 50 days 56 days
T1 (control ) 6.00 8.47b 9.80 15.10 16.93b
T2 4.80 8.67b 7.47 15.53 18.20a
3 5.27 9.33ab 9.00 1427 16.73b
T4 4.93 9.33ab 9.93 14.73 17.07b
TS 5.40 10.73a 10.93 17.20 19.03a
T6 5.73 11.13a 9.40 15.93 18.10a
7 5.33 10.40 ab 8.67 15.40 16.67b
Fioin 0.672 3.143 1.052 1.579 7310
Sig. ns * ns ns *k
CV (%) 16.6 10.4 19.8 8.4 33

Values are means of three replications; ns: non-significant; *: statistically significant at the 5% level;
**: statistically significant at the 1% level; means with different letters are significantly different at p
< 0.05 according to the Duncan’s significant difference test.

Source: Authors’ calculations.

Regarding cabbage head diameter measured at 40, 50, and 56 days after
planting, the results indicated variation among treatments (Table 5). Throughout
the growth period, treatment TS5 consistently produced the largest head diameters,
measuring 10.93 cm, 17.20 cm, and 19.03 cm at 40, 50, and 56 days, respectively.
Although treatment T2 recorded the smallest diameter at day 40 (7.47 cm), it
showed substantial growth and reached the second-largest diameter (18.20 cm) by
harvest (56 days). One-way ANOVA analysis revealed no significant differences
among treatments at 40 and 50 days; however, significant differences were
detected at harvest (56 days after planting).

Vermicompost (VC) and vermicompost tea (VCT) are biofertilizess considered
valuable tools in sustainable agriculture. Previous studies have shown that application
of VC and VCT had positive effects on the growth and yield parameters of crops
(Luu et al., 2023a; Oyege and Bhaskar, 2025), soil properties, soil microbes, and the
environment (Mohite et al., 2024; Yatoo et al., 2024; Oyege and Bhaskar, 2024).

In particular, the use of sole VCT or a combination of VCT and VC in
agricultural cultivation has significantly promoted crop growth. Research by Yatoo
et al. (2024) indicated that VC or VCT, applied alone or in combination, stimulated
the height, length, number of branches, and leaf number of tomato plants. The
tomato plants treated with VCT had a height of 57.80 cm; those in the VC
treatment reached 68.82 cm; while the plants that received both VCT and VC grew
to 74.12 cm. In contrast, the control group, which did not receive any VCT or VC,
reached only 51.18 cm. The same tendency was recorded in the number of branches
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per tomato plant, with the highest and lowest numbers recorded in the VCT
combined with VC treatment and the control, respectively (Yatoo et al., 2024).

Similarly, Oyege and Bhaskar (2025) conducted a study to evaluate the effects
of VCT at varying concentrations (10%, 20%, and 40%), both individually and in
combination with VC, applied at a rate of 2.47 t ha"'. The results showed that
treatments of VCT application alone and in combination with VC significantly
increased the height of maize plants during all growth periods. Additionally,
treating maize plants with 10% VCT resulted in greater height compared to
treatments using 20% VCT and 40% VCT. Moreover, when 20% VCT and 40%
VCT were combined with VC, the maize plants displayed better height
performance than when these concentrations of VCT were applied individually
(Oyege and Bhaskar, 2025).

The present observations confirm the findings of previous studies,
demonstrating the beneficial effects of VC and VCT supplementation. In general,
during the early stage of the growth period (20 days), plant growth performance —
measured by height, foliage diameter, stem diameter, and number of leaves — was
generally significantly higher in the VCT and VCT residue treatments compared to
the 100% inorganic fertiliser treatment. In the later stages, only plant height and
stem diameter in the VCT and VCT residue treatments were slightly improved
compared to those in the 100% inorganic fertiliser treatment (T1). One plausible
explanation in this case might be that in the later stages (from 30 days onward),
cabbage plants concentrate nutrients on forming and developing the cabbage head
(Duarte et al., 2019), so differences in growth parameters among treatments
gradually narrowed. Additionally, at the time of harvest (56 days), the diameter of
the cabbage head — a key factor directly linked to individual yield — was greater in
the treatment combining VCT 1:5 with VCT residue (T5) and in the treatment
combining VCT 1:10 with VCT residue (T6). These results were improved
compared to the treatments that used only VCT at the respective concentrations
(Table 5).

The findings of this study showed that the application of VCT in combination
with VCT residue (the solid material remaining after producing VCT from original
vermicompost material) resulted in improved growth performance. This aligns with
the findings of Oyege and Bhaskar (2025), who demonstrated that VCT combined
with VC stimulated maize growth more than VCT alone. These results suggest that
the applications of VCT and VCT residue can enhance nutrient uptake, provide
growth-promoting hormones, and improve soil properties, leading to increased
plant growth performance (Che Sulaiman and Mohamad, 2020; Alkobaisy et al.,
2021; Mohite et al., 2024; Amante, 2024).
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Effects of vermicompost tea and vermicompost tea residue on the yield
parameters of white cabbage head

The results of this study revealed large variations in the average individual
weight of cabbage heads at harvest and the total plot yield of white cabbage across
the different treatments (Table 6, Figure 1). The average weight of a single cabbage
head in treatment TS5 (VCT 1:5 + VCT residue + 50% inorganic fertiliser) was the
highest, with a mean of 1.24 kg, representing a 49.4% increase compared to the
treatment using only inorganic fertiliser (T1). Following TS5, treatment T6 (VCT
1:10 + VCT residue + 50% inorganic fertiliser) had a mean cabbage head weight of
1.01 kg. Consequently, one-way ANOVA analysis indicated significant differences
in individual cabbage head weight among treatments. Notably, the average
individual cabbage head weight in treatment TS5 was significantly higher compared
to all other treatments (Table 6).

Table 6. Effects of vermicompost tea and vermicompost residue on the individual
weight and plot yield of cabbage plants.

The individual weight and plot yield of cabbage head (fresh weight)

Treatments

Individual weight (kg cabbage™) Plot yield of 3 m? (kg)
T1 (control) 0.83 £0.02cd 7.00 £0.15¢cd
T2 0.96 + 0.02b 7.50+0.17¢
T3 0.81 £ 0.06d 6.90 +0.10d
T4 0.79 + 0.05d 6.80 +0.12d
T5 1.24 +0.05a 8.73 +0.29a
T6 1.01 £0.03b 8.00 =0.12b
T7 0.94 + 0.03bc 7.20+0.12cd
Fi.14) 16.699 18.279
CV (%) 6.7 3.8

Values are means of three replications; **: statistically significant at the 1% level; means with different
letters are significantly different at p < 0.05 according to the Duncan’s significant difference test.
Source: Authors’ calculations.

In terms of plot yield, the highest total cabbage yield, 8.73 kg per 3 m? plot,
was recorded in treatment TS5 (VCT 1:5 + VCT residue + 50% inorganic fertiliser),
while the lowest yield, 6.80 kg per 3 m? plot, was observed in treatment T4 (VCT
1:15 + 50% inorganic fertiliser). In treatment T1 (inorganic fertiliser only), the
cabbage yield reached 7.00 kg per 3 m” plot, which was 1.73 kg lower than the plot
yield in treatment T5. Consequently, the yield in treatment T5 was 24.7% higher
compared to treatment T1 (inorganic fertiliser only). Meanwhile, the cabbage yield
in treatment T2 (applications of VCT 1:5 and 50% inorganic fertiliser) increased by
only 7.1% compared to treatment T1. These results indicated the effectiveness of
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utilising by-products (i.e., VCT residue) in agriculture (Table 6, Figure 1).
Statistical analysis confirmed that plot yields in treatments TS5 and T6 were
significantly higher than those in the other treatments, including the inorganic
fertiliser-only treatment (T1).

Figure 1. Sizes of cabbage head in different treatments.
T1 (control): 100% inorganic fertilisers; T2: VCT 1:5 + 50% inorganic fertilisers; T3: VCT 1:10 +
50% inorganic fertilisers; T4: VCT 1:15 + 50% inorganic fertilisers; TS: VCT 1:5 + VCT residue +
50% inorganic fertilisers; T6: VCT 1:10 + VCT residue + 50% inorganic fertilisers; T7: VCT 1:15 +
VCT residue + 50% inorganic fertilisers. Source: Authors’ photograph.

In terms of potential use of VCT alone or combined with VC to boost crop
productivity, previous studies have demonstrated that VCT supplementation
increased the yield of pak choi (Paint et al., 2012), broccoli (Alkobaisy et al.,
2021), sugar beet (Ghaffari et al., 2022), Chinese kale (Luu et al., 2023a), tomato
(Yatoo et al., 2024), and maize (Oyege and Bhaskar, 2025).

In the present study, the mean individual fresh weight of cabbage head in the
VCT 1:5 treatment (20% VCT) was higher than that in the treatments of VCT 1:10
and VCT 1:15 (10% VCT and 6.7% VCT, respectively). In addition, the
combination of VCT and VCT residue significantly improved the individual weight
of the cabbage head. Specifically, the average individual weight of cabbage head in
the treatment of VCT 1:5 combined with VCT residue (T5) achieved 1.24 kg,
compared to only 0.96 kg per cabbage head in the VCT 1:5 treatment (T2), an
increase of 29.2%. Similarly, increases of 24.7% and 19.0% were found in VCT
1:10 combined with VCT residue (T6) in comparison with VCT 1:10 alone (T3),
and in VCT 1:15 combined with VCT residue (T7) compared with VCT 1:15 alone
(T4), respectively.

A similar trend was also observed in plot yield (Table 6; Figure 1). Notably,
the mean individual weight and 3-m? plot yield of cabbage heads in treatments T5
(VCT 1:5 + VCT residue) and T6 (VCT 1:10 + VCT residue) were significantly
higher than in the other treatments, including the control (inorganic fertiliser only).
The findings of this study highlighted the potential for partially replacing inorganic
fertilisers with organic fertilisers. In this case, using VCT alone or in combination
with VCT residue can reduce the use of inorganic fertiliser in the top dressing
period by 50% without affecting crop productivity. Specifically, using VCT 1:5
(20% VCT) with 50% inorganic fertilisers (T2) increased individual weight and
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plot yield of 3 m* by 15.7% and 7.1%, respectively, compared to the control (100%
inorganic fertilisers). Furthermore, 20% VCT combined with VCT residue (T5)
improved individual weight and 3-m” plot yield by 49.3% and 24.7%, respectively,
compared to the control. In contrast, treating VCT 1:10 (10% VCT) and 50%
inorganic fertilisers (T3) decreased plot yield by 1.4% in comparison to the control,
but in combination with VCT residue, plot yield increased by 14.3% compared to
the control. This confirmed the results of a previous study, which found that
integrating liquid fertiliser and solid organic fertiliser improved crop yield
compared to using liquid fertiliser alone (Hatibie and Garantjang, 2022). The
reason for this is that the combined application helps improve soil quality, enhance
microbial activity, and retain nutrients for longer, thereby increasing nutrient
uptake efficiency and crop growth compared to using liquid fertiliser alone (Luu et
al., 2023b).

The results of this study were consistent with the findings of previous studies
and confirmed the positive effects of VCT and VCT residue on crop yield. For
example, Alkobaisy et al. (2021) demonstrated that spraying 1% VCT (used as
irrigation water) combined with 50% inorganic fertilisers improved the weight of
the main broccoli flower disc by 30.6% compared to the 100% inorganic fertiliser
treatment. Moreover, treating VCT with VC was even more effective, resulting in a
35.4% increase in broccoli flower disc weight in comparison to the 100% inorganic
fertiliser treatment (Alkobaisy et al., 2021). Meanwhile, Pant et al. (2012)
demonstrated that 10% VCT supplementation had better effects on the yield of pak
choi (Brassica rapa) than 5% VCT application under both greenhouse and field
conditions.

To sum up, VCT and VCT residue contribute to improved growth and yield in
various crops. This highlights that VCT and VCT residue contain high content of
macronutrients (N, P, K), micronutrients, beneficial microorganisms, and plant
growth regulators (Pant et al., 2012; Che Sulaiman and Mohamad, 2020; Alkobaisy
et al., 2021; Arosha and Sarvananda, 2022). Moreover, VCT residue, the solid by-
product remaining after the production of VCT from the original vermicompost
material, possesses slow-release properties and a high organic content, allowing
crops to absorb nutrients more effectively and enhancing soil properties (Oyege
and Bhaskar, 2023). Consequently, adding VCT in combination with VCT residue
in agricultural cultivation effectively promoted the growth and yield of crops. It is
clear that the effects of VCT depend on the type of crops, original vermicompost
material, the method of preparing VCT, and the applied method (Pant et al., 2012;
Alkobaisy et al., 2021; Oyege and Bhaskar, 2024; Oyege and Bhaskar, 2025).
However, this study has shown beneficial effects on cabbage yield when applied
under appropriate conditions.
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Conclusion

Vermicompost tea (VCT) and VCT residue had positive effects on the growth
and yield of white cabbage. VCT 1:5 with 50% inorganic fertilisers resulted in
significant improvements in the cabbage head diameter and average individual
weight at 56 days in comparison to the treatment with inorganic fertilisers only. In
contrast, the treatments of VCT 1:10 and VCT 1:15 did not show better effects on
cabbage growth and yield than the inorganic fertiliser treatment alone. Noticeably,
significant increases in plot yield of 24.7% and 14.3% were recorded in the
treatments of VCT 1:5 in combination with VCT residue + 50% inorganic
fertilizsers (T5) and VCT 1:10 in combination with VCT residue + 50% inorganic
fertilisers (T6), respectively, compared to the treatment with 100% inorganic
fertilisers (T1). These results revealed that VCT combined with VCT residue can
replace up to 50% of inorganic fertilisers in cabbage cultivation. Consequently, the
findings of this study demonstrate that a combination of VCT and VCT residue is
highly effective in improving crop productivity and highlights the potential for
recycling waste materials in sustainable agriculture.

Acknowledgements

The authors gratefully acknowledge the support of time and facilities provided
by Tra Vinh University.

References

Alkobaisy, J. S., Abdel Ghani, E. T., Mutlag, N. A., & Lafi, A. S. A. (2021). Effect of vermicompost
and vermicompost tea on the growth and yield of broccoli and some soil properties. In IOP
Conference Series: Earth and Environmental Science, 761(1), 1-7.
https://doi.org/10.1088/1755-1315/761/1/012008

Amante, G. (2024). Advancing Agricultural Sustainability: Vermicomposting as a Biochemical
Pathway for Improved Soil Health and Climate Resilience. Middle East Research Journal of
Agriculture and Food Science, 4(2), 86-94. https://doi.org/10.36348/merjafs.2024.v04i02.006

Arosha, K. P. L., & Sarvananda, L. (2022). Vermicomposting tea a potential liquid biofertilizer.
Frontiers in Life Science Research, 1(1), 1-5. https://doi.org/10.56397/FLSR.2022.10.01

Assefa, S., & Tadesse, S. (2019). The principal role of organic fertilizer on soil properties and
agricultural productivity-a Review. Agricultural Research & Technology, 22(2), 1-5.
https://doi.org/10.19080/artoaj.2019.22.556192

Chali Abate, J. (2023). The impacts of using inorganic chemical fertilizers on the environment and
human health. Organic & Medicinal Chemistry International Journal, 13(3), 001-008.
https://doi.org/10.19080/0mcij.2023.13.555864

Chanu, N. C., Sanasam, J., Maisnam, G., & Thakur, D. (2025). Effect of various organic on growth
and yield of cabbage (Brassica oleracea L.). In BIO Web of Conferences, 178, 1-10.
https://doi.org/10.1051/bioconf/202517801009

Che Sulaiman, 1.S., & Mohamad, A. (2020). The Use of Vermiwash and Vermicompost Extract in
Plant Disease and Pest Control. In C. Egbuna & B. Sawicka (Eds.), Natural Remedies for Pest,


https://doi.org/10.1088/1755-1315/761/1/012008
http://dx.doi.org/10.19080/ARTOAJ.2019.22.556192

154 Hai T.T. Luu et al.

Disease and Weed Control. (pp. 187-201). Academic Press. https://doi.org/10.1016/b978-0-12-
819304-4.00016-6

Duarte, L. O., Clemente, J. M., Caixeta, I. A. B., Senoski, M. D. P., & Aquino, L. A. D. (2019). Dry
matter and nutrient accumulation curve in cabbage crop. Revista Caatinga, 32(3), 679—-689.
https://doi.org/10.1590/1983-21252019v32n312rc

Ghaffari, H., Tadayon, M. R., Bahador, M., & Razmjoo, J. (2022). Biochemical and yield response of
sugar beet to drought stress and foliar application of vermicompost tea. Plant Stress, 5, 1-8.
https://doi.org/10.1016/j.stress.2022.100087

Hatibie, S., & Garantjang, S. (2022). The effect of manure combination and liquid organic fertilizer
(LOF) on livestock-integrated maize farming production (Zea mays L). Hasanuddin J. Anim.
Sci., 4(1), 20-29. https://doi.org/10.20956/hajas.v4ij.20594

Hernandez, T., Chocano, C., Moreno, J. L., & Garcia, C. (2014). Towards a more sustainable
fertilization: Combined use of compost and inorganic fertilization for tomato cultivation.
Agriculture, Ecosystems & Environment, 196, 178-184.
https://doi.org/10.1016/j.agee.2014.07.006

Ingham, E. (2005). The compost tea brewing manual, latest methods and research. Oregon: Soil Food
web Incorporate.

Khanam, M., Alam, M. S., Kamal, M. Z. U., Akter, M., Binte, B. L., & Alam, M. A. (2022). Efficacy
of organic and inorganic fertilizers on growth, yield and nutrient uptake of cauliflower in acidic
soil of Bangladesh. European Journal of Agriculture and Food Sciences, 4(3), 24-29.
https://doi.org/10.24018/ejfood.2022.4.3.500

Kumar, A., Ajrabat, B., Singh, S., Kumar, V, Dhotra, B., & Sharma, A. (2019). Vermicompost: An
organic manure for sustainable agriculture. Rashtriya Krishi, 14(1), 11-14

Luu, T. T. H,, Le, T. L., Nguyen, V. T., Nguyen, T. D. T., & Green, 1. D. (2023a). Effect of three
types of growing media and vermicompost tea on the growth and individual weight of Chinese
Kale (Brassica oleracea var. alboglabra Bailey). Tra Vinh University Journal of Science, 13(4),
52-59. https://doi.org/10.35382/tvujs.13.4.2023.2847

Luu, T. T. H,, Le, T. L., Huynh, N., & Green, 1. D. (2023b). Effect of spent coffee grounds and liquid
worm fertilizer on the growth and yield of Brassica campestris L. Acta fytotechnica et
zootechnica, 26(4), 390-397. https://doi.org/10.15414/afz.2023.26.04.390-397

Mohite, D. D., Chavan, S. S., Jadhav, V. S., Kanase, T., Kadam, M. A., & Singh, A. S. (2024).
Vermicomposting: a holistic approach for sustainable crop production, nutrient-rich bio
fertilizer, and environmental restoration. Discover  Sustainability, 5(60), 1-13.
https://doi.org/10.1007/s43621-024-00245-y

Oyege, 1., & Bhaskar, M. S. B. (2023). Effects of vermicompost on soil and plant health and
promoting sustainable agriculture. Soil Systems, 7(4), 1-27.
https://doi.org/10.3390/s0ilsystems7040101

Oyege, 1., & Bhaskar, M. S. B. (2024). Evaluation of vermicompost and vermicompost tea application
on corn (Zea mays) growth and physiology using optical plant sensors. Plant Nutrition, 48,
1275-1293. https://doi.org/10.1080/01904167.2024.2434583

Oyege, 1., & Bhaskar, M. S. B. (2025). The role of vermicompost and vermicompost tea in
sustainable corn production and fall armyworm suppression. Agriculture, 15(13), 1-17.
https://doi.org/10.3390/agriculture15131433

Pant, A. P., Radovich, T. J., Hue, N. V., & Miyasaka, S. C. (2012). Pak choi (Brassica rapa,
Chinensis group) yield, phytonutrient content, and soil biological properties as affected by
vermicompost-to-water ratio used for extraction. HortScience, 47(3), 395-402.
https://doi.org/10.21273/hortsci.47.3.395

Phillips, I., Paungfoo-Lonhienne, C., Tahmasbian, 1., Hunter, B., Smith, B., Mayer, D., & Redding,
M. (2022). Combination of inorganic nitrogen and organic soil amendment improves nitrogen
use  efficiency  while reducing nitrogen  runoff.  Nitrogen, 3(1), 58-73.
https://doi.org/10.3390/nitrogen3010004


http://dx.doi.org/10.35382/TVUJS.13.4.2023.2847
https://doi.org/10.3390/soilsystems7040101
https://doi.org/10.3390/agriculture15131433

Cabbage Growth and Yield under Vermicompost Tea and Residue 155

Souffront, D. K. S., Salazar-Amoretti, D., & Jayachandran, K. (2022). Influence of vermicompost tea
on secondary metabolite production in tomato crop. Scientia Horticulturae, 301, 1-7.
https://doi.org/10.1016/j.scienta.2022.111135

Stefan, I. M. A., & Ona, A. D. (2020). Cabbage (Brassica oleracea L.). Overview of the health
benefits and therapeutical uses. Hop and Medicinal Plants, 28(1-2), 150—169.

Wang, J., Yang, X., Huang, S., Wu, L., Cai, Z., & Xu, M. (2025). Long-term combined application of
organic and inorganic fertilizers increases crop yield sustainability by improving soil fertility in
maize—wheat cropping systems. Journal of Integrative Agriculture, 24(1), 290-305.
https://doi.org/10.1016/j.jia.2024.07.003

Yatoo, A. M., Ali, M. N., Baba, Z. A., Alsohim, A. S., Muthukumaran, M., & Sayyed, R. Z. (2024).
Effect of macrophyte biomass-based vermicompost and vermicompost tea on plant growth,
productivity, and biocontrol of Fusarium wilt disease in tomato. Biocatalysis and Agricultural
Biotechnology, 60, 1-9. https://doi.org/10.1016/j.bcab.2024.103320

Received: 22 November 2025
Accepted: 19 April 2026


https://doi.org/10.1016/j.scienta.2022.111135
https://doi.org/10.1016/j.jia.2024.07.003
https://doi.org/10.1016/j.bcab.2024.103320

156 Hai T.T. Luu et al.

UTICAJ TECNOG EKSTRAKTA GLISTENJAKA I NJEGOVOG OSTATKA
NA RAST I PRINOS KUPUSA
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Vinh Long Province, Vietnam
*Bournemouth University, Faculty of Science and Technology,
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Rezime

Kupus (Brassica oleracea var. capitata) jedna je od najstarijih poznatih
povrtarskih kultura i ¢esto se gaji Sirom sveta. Tecni ekstrakt glistenjaka (engl.
vermicompost tea — VCT) smatra se biodubrivom i koristi se u odrzivoj
poljoprivredi za povecanje prinosa useva i poboljSanje svojstava zemljiSta. Ovo
istrazivanje sprovedeno je sa ciljem procene efikasnosti te¢nog ekstrakta
glistenjaka i1 ostatka teCnog ekstrakta glistenjaka (Cvrstog materijala koji ostaje
nakon proizvodnje te¢nog glistenjaka), kao i njihove sposobnosti da delimi¢no
zamene mineralna dubriva u pogledu rasta i prinosa kupusa u poljskim uslovima.
Rezultati su pokazali da primena te¢nog ekstrakta glistenjaka i ostatka te¢nog
ekstrakta glistenjaka u odnosu 1:5 u kombinaciji sa 50% mineralnim dubrivom
znacajno povecava precnik glavice kupusa 1 njenu prosecnu pojedina¢nu masu pri
berbi u poredenju sa tretmanom gde su primenjena samo mineralna dubriva.
Posebno je uoceno da je primena te¢nog ekstrakta glistenjaka u kombinaciji 1:5 sa
ostatkom te¢nog ekstrakta glistenjaka + 50% mineralnih dubriva, kao i te¢nog
ekstrakta glistenjaka u kombinaciji 1:10 sa ostatkom te¢nog ekstrakta glistenjaka +
50% mineralnih dubriva, pokazala najbolje rezultate medu tretmanima, sa
znacajnim povecanjem prinosa na parceli od 3 m? za 24,7%, odnosno 14,3% u
poredenju sa tretmanom gde su primenjena samo mineralna dubriva. Ovi rezultati
pokazuju da tecni ekstrakt glistenjaka u kombinaciji sa ostatkom te¢nog ekstrakta
glistenjaka moze zameniti znacajan deo mineralnih dubriva u uzgajanju kupusa,
¢ime se smanjuje oslanjanje na ove neodrZive proizvode, uz istovremeno
recikliranje otpadnih materijala u odrzivoj poljoprivredi.

Kljucne reci: Brassica oleracea var. capitata, kupus, organska dubriva, tecni
ekstrakt glistenjaka, ostatak te¢nog ekstrakta glistenjaka.
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Odobreno: 19. aprila 2026.
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