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ABSTRACT

Basil (Ocimum basilicum var. pilosum) is an herbaceous plant
species exhibiting various economic and medicinal values. This
study aimed to determine the effect of different organic fertilizers
within creasing application rates on the plant growth, fresh yield,
and essential oil content of basil grown in Thu Duc city. The
treatments were a factorial combination of three kinds of organic
fertilizers (cow manure fertilizer (CMF)-control, worm castings
manure fertilizer (WCF) and Komix organic fertilizer (KOF)) and
five levels of application (5-control, 10, 15, 20 and 25 tons/ha).
The field experiment was arranged in split-plot design with three
replications. Generally, when applying WCF and KOF with the
amount of 5, 10, 15, 20, and 25 tons/ha, the indexes resulted in
higher plant height, stem diameter, number of primary branches,
number of leaves and chlorophyll index CMF. Among the three
types of fertilizers, WCF gave higher results than KOF and CMF.
Specifically, the tree height reached 37.9 cm, the base diameter was
5.5 mm, and the number of leaves was 13.3 branches/plant. There
was no significant difference in plant growth when increasing the
fertilization rate from 15 to 25 tons/ha. The results showed that
the application of 25 tons/ha of WCF gave to best results of fresh
weight (93.3 g/plant), theoretical yield (24.9 tons/ha), actual yield
(14.7 tons/ha), essential oil content (0.47 mL)/100 g), and yield of
essential oil (117 L/ha). The economic efficiency analysis showed
that the highest total profit after three harvests (VND 737,570,000
per ha) was obtained at the treatment of 25 tons/ha WCF, while
that of 5 tons/ha achieved the highest real benefit-cost ratio (3.26).

Cited as: Pham, H. T., Nguyen, T. X., Nguyen, N. P., Tran, T. N. C., Thanh, Q. L., Nguyen,
T. V., & Nguyen, T. T. H. (2022). Effect of three different organic fertilizers on growth, yield,
and essential oil content of basil (Ocimum basilicum var. pilosum). The Journal of Agriculture and

Development 21(3), 21-27.

1. Introduction

provinces and the Central Highlands, especially
famous in Phu Yen province. Basil contains essen-

Basil (Ocimum basilicum var. pilosum) is an tial oils and oleoresin that are used as a flavour-
herbaceous species belonging to the group of ing agent in food, in cosmetics and ingredients in
basil. Basil is a typical spice of the South-Central traditional medicine (Tambun et al., 2017).
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Organic fertilizer contains both macro and mi-
cronutrients, which helps to reduce dependence
on chemical fertilizers. Bufalo et al. (2015) indi-
cated that applying the appropriate amount of
organic fertilizer for basil created favorable con-
ditions for photosynthesis in plants and the accu-
mulation of nutrients. Therefore, increasing plant
yield and essential oil content. In Vietnam, the
organic fertilizer market is diverse with multi-
ple different types, such as cow dung manures,
green manures, microbial fertilizers, and mineral
organic fertilizer, however, the utilization of them
on basil is not well understood in the study area.
Therefore, the objectives of this study were to
determine the appropriate types and application
levels of CMF, WCF, and KOF for maximizing
the yield and essential oil content of basil grown
on loamy sand soil in Thu Duc City.

2. Materials and Methods
2.1. Experimental design

The experiment was carried out at the Exper-
imental field of the Faculty of Agronomy, Nong
Lam University, Ho Chi Minh City from Septem-
ber 2020 to January 2021. The two-factor experi-
ment was laid out in a split-plot design with three
replicates. The main plot (H) consisted of three
kinds of organic fertilizers (CMF-control, WCF,
and KOF). The sub-plot (L) included five levels
of application rates (5-control, 10, 15, 20, and 25
tons/ha). The basil was planted at a density of
266,667 plants/ha. The spacing between blocks,
plots, rows and plants were 1.0, 0.5, 0.25, and 0.15
m, respectively. The plot area was 6 m? (6.0 m x
1.0 m) and total experimental area was 270 m?.
All treatments were fertilized with the same dose
of 500 kg lime, 135 kg N, 75 kg P2O5, and 120 kg
K20 per hectare (ha).

The physicochemical properties of soil and or-
ganic fertilizers are presented in Table 1. Soil
sample in the experiment tested in Southern
Forestry Science Institute. The data showed that
the soil is clay loam, moderately acidic, low in soil
organic matter, total N but high in total P5Os5
and K5O. The organic fertilizers used in the ex-
periment had organic matter of 22.0 - 88.68%. To-
tal N, PoO5 and K5O of organic fertilizers ranged
from 1.06 - 2.50%, 0.07 - 4.0% and 1.31 - 6.0%,
respectively (Table 1).

Table 1. Selected physicochemical properties of soil
and organic fertilizer used in the experiment

Properties Soil! CMF? WCF? KOF*4
Texture

Sand (%) 45

Silt (%) 28

Clay (%) 28
pHu,o 5.58
MC (%) 22.19 15.0 25.0
OM (%) 128 88.68 220 220
Total N (%)  0.06 1.06 1.57 2.50
Total PoO5 0.15  0.07 1.24 4.0
(%)
Total KO 2.5 1.31 0.67 6.0
(%)

CMF = cow manure, WCF = worm castings fertilizer, KOF
= Komix organic fertilizer, OM=organic matter, MC = mois-
ture content.

LForest Science Institute of South Vietnam, 2021; ?Research
Institute for Biotechnology and Environment. 2SFARM, 2020;
4TSJISC, 2012.

2.2. Data collection and statistics

Growth parameters, yield components, yield
and essential oil content were collected randomly
from ten plants in the middle three rows of
each base plot. In detail, the plant height, the
number of leaves, stem diameter, the number
of primary branches before harvest, the num-
ber of leaves on the main stem, and the num-
ber of shoots was calculated 20 days after plant-
ing (DAP). The average fresh weight of stems
and leaves (g/plant) was calculated in 90 DAP:
Measured the average weight fresh of stems and
leaves of 10 target plants, cut with a sickle at 3
cm from the ground (P;). Theoretical fresh yield
(ton/ha) = Py (g/plant) x 107° x Planting den-
sity (plant/ha). Actual harvested yield (ton/ha)
= [Weight of fresh stems and leaves of each base
plot (kg) x 1073 x 10,000]/Area of the base plot
(m?).

For the analysis of the essential oil content of
the basil, 100 g/pot of branches and leaves of 10
target plants, collected at the time point when
the plants on the experimental plot had buds and
begun to bloom, were used. The samples after be-
ing harvested were kept for 2 - 3 hours at room
temperature, then the essential oil was distilled
by steam distillation (Khang & Khien, 2001). Es-
sential oil content was calculated by the percent-
age of essential oil obtained from the mass of the
starting material after being extracted by steam
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distillation in 90 DAP. The calculation was based
on the formula: Content of essential oil in leaves,
stems (%) = (Volume of essential oil)/(Weight
of sample) x 100. Theoretical yield of essential
oil (L/ha): Calculated as essential oil content of
leaves and stems (mL/100 g) x Theoretical fresh
yield (ton/ha) x 10.

For the analysis of the economic efficiency, to-
tal cost (VND/ha/three harvests) = seeds + fer-
tilizers + pesticides + labor + electricity, water;
Total revenue (VND/ha/three harvests) = Ac-
tual yield (kg/ha) x selling price (VND/kg); To-
tal profit (VND /ha/three harvests) = Total rev-
enue - Total cost, and benefit - cost ratio = Total
profit/Total cost, were measured.

Data were subjected to analysis of variance
(ANOVA) using R software. Treatments means
were separated using, Duncan’s rank test at the
5% level of significance.

3. Results and Discussion

3.1. Effect of types and amounts of organic
fertilizers on growth of basil (Ocimum
basilicum var. pilosum)

As shown in Table 2, among three kinds of fer-
tilizer, the treatment using worm castings fertil-
izer (WCF') produced the highest (39.7 cm) while
plant height was highest when basil was fertilized
with fertilizer 25 tons/ha (38.9 cm) in five levels
of organic fertilizer. The height of basil plants was
affected by the interaction between the type and
amount of organic fertilizer, ranging from 28.8
to 41.8 cm. The highest plants were seen in the
treatment using 25 tons/ha (41.8 cm) of WCF
and there was a very significantly different (P <
0.01) from the plants in the treatment using 5
tons/ha of CMF (28.8 cm).

The basil with the largest stem diameter was
found in the treatment using WCF (5.5 mm)
and it was statistically significantly different from
the other two treatments at Table 2. The use
of fertilizer at a rate of 25 tons/ha created the
largest stem diameter (5.5 mm) but it was not
statistically different from the treatment using 20
tons/ha (5.4 mm). In addition to, the basil plants
had a stem diameter ranging from 4.8 - 6.0 mm
depending on different types and amounts of or-
ganic fertilizers. The basils in the treatment us-
ing WCF at a rate of 25 tons/ha had the largest
stem diameter (6.0 mm) and there was very sig-

nificantly different (P < 0.01) from the basils fer-
tilized with CMF at a rate of 5 tons/ha (4.8 mm).

The study also revealed that the application of
different amounts of organic fertilizers generated
differences in the number of primary branches on
basil. The highest number of primary branches
(13.4 branches) were observed on the plants that
applied 25 tons/ha of organic fertilizers and grad-
ually reduced when applied the organic fertilizers
with the lower rates (Table 2). The number of pri-
mary branches in the experiment were lower than
that in the experiment of Topalov et al. (1966),
which ranged from 24.6 to 25.6 branches/plant.
Dinh Hai An noted that at the time of 60 DAP,
the number of primary branches fluctuated from
20 to 30 branches/plant when studying the effects
of manure and foliar fertilizers on the growth, de-
velopment and essential oil content of the plant.

The data in Table 2 showed that the basil
plants in the treatments using WCF at a rate
of 25 tons/ha and 20 tons/ha showed the high-
est number of leaves (16.8 leaves) in Table 2 and
there was significantly different from those ob-
served in the treatment using 5 tons/ha and 10
tons/ha of CMF and KOF (14.8 and 15.0 leaves).

Statistical analysis in Table 2 showed signifi-
cant differences in the number of shoots, rang-
ing from 14.5 - 20.2 shoots. Basils in the treat-
ment were applied WCF with the amount of
25 tons/ha had the highest number of post-
regenerated shoots (20.2 shoots), whereas the
basils fertilized with 5 tons/ha of KOF produced
the lowest number of shoots (14.5 shoots).

3.2. Effect of types and amounts of organic
fertilizers on fresh yield and essential oil
yield of basil (Ocimum basilicum var. pi-
losum)

In Table 3, the treatment with the highest
weight of fresh stems and leaves using earthworm
organic fertilizer (80.2 g/plant) was statistically
significantly different from the treatment using
Komix fertilizer (69.1 g/plant) and cow manure
fertilizer (66.5 g/plant). Using 5 tons/ha for the
lowest weight of fresh stems, branches, and leaves
(62.0 g/plant). Using WCF at 25 tons/ha con-
tinued to show the highest effects on the av-
erage fresh weight of stems and leaves of basil
(93.3 g/plant). Whereas, the lowest average fresh
weight of stems and leaves was observed on basils
in the treatment with 5 tons/ha of CMF (55.0

g/plant).
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Table 2. Effect of sources and application levels of organic fertilizers on plant growth of basil (Ocimum

basilicum var. pilosum)

Application rates

Parameters Organic (L) (ton/ha)
(20 DAP) fertilizers
(H) (control) 10 15 20 25  Average H
CMF
(control) 28.8¢ 29.7b¢  33.53bc  34.2abc 35 gabe 32.4P
Plant height WCF 34.9%b¢  35.93bc 392 39.1>  41.8* 37.92
(cm) KOF 36.32P¢  37.32b 3842  37.32b 3902 37.72
Average L 33.3¢ 34.3P¢36.6°>  36.9% 38.92
CV =12.8%; FH = 3.5%; FL = 1.7*; FHL = 1.9
CMF
(control) 4.8° 4.9Pc 5.1P¢ 5.1bc 5.1b¢ 5.0°
Stem diameter WCF 5.22be 5.4abe 5 gabe 5 gab 6.0* 5.5%
(mm) KOF 4.8° 5.1P¢  5.gabe 5 gabe 5 pabe 5.2P
Average L 4.9¢ 5.1¢ 5.2b¢ 5.42b 5.5%
CV =8.6%; FH = 1.1%; FL = 1.1%; FHL = 1.1**
CMF
(control) 12.28b 115> 12220 13.0°P  13.42 12.5P
Primary WCF 12.72P 13.32 13.4* 1352 13.5% 13.32
branches KOF 12.9*  13.0*b  13.2*  13.1*P 1342 13.12
(branch/plant)  Average L~ 12.6° 12.6°  12.92P  13.22b 1342
CV = 6.6%; FH = 2.6%; FL = 4.5%; FHL = 3.0*
CMF
(control) 14.84 14.84  15.2¢d  155cd  15.7bd 15.2b
Number of WCF 1554 1594 16.12bc  16.8* 16.82 16.22
leaves KOF 15.04 15.14  15.5¢d 1550 16.62P 15.52P
(leave/plant)  Average L 15.19 1534 15.6°  15.9%  16.42
CV =3.8%; FH = 1.3%; FL = 0.6""; FHL = 0.5
CMF
(control) 15.4P¢  17.02be  17.12bc  17.52Pc  1g8.52P 17.1
Number shoots WCF 15.9°¢  16.7°¢  16.92bc  17.52Pc  20.22 17.4
(shoot) KOF 14.5° 15.3P¢  16.5P¢  16.92Pc  17.32bc 16.8
Average L 15.3° 16.3>¢  16.8%P¢ 1842 1872

CV = 10.7%; FH = 0.5™; FL = 0.7*; FPL = 0.5*

Values within the same group followed by the same letters
Duncan’s multiple range test; * and **

are no significant different at P < 0.05 according to the

are significantly different at the 5% and 1% levels, respectively. CMF = cow

manure, WCF = worm castings fertilizer. KOF = Komix organic fertilizer.

Data in Table 3 showed that the treatment us-
ing 25 tons/ha of WCF generated the highest the-
oretical fresh yield with 24.9 tons/ha. Applying
CMF at a rate of 5 tons/ha produced the lowest
theoretical fresh yield (14.7 tons/ha). This result
was in accordance with a report by Anwar et al.
(2005), who reported that fertilizing 5 tons/ha of
vermicompost with 50 kg N + 25 kg PoO5 + 25
kg K5O per hectare gave basil the highest yield
of 16.85 tons/ha. The highest dry yield was 4.05
tons/ha and the highest essential oil yield was
121.30 L/ha.

The highest theoretical yield (21.9 tons/ha)
was discovered when applied 25 tons/ha of or-

ganic fertilizer and it was statistically signif-
icantly different from using 5 tons/ha (15.8
tons/ha). As Table 3 revealed using WCF at a
rate of 25 tons/ha created the highest actual fresh
yield with 14.7 tons/ha. On the contrary, using
CMF at a rate of 5 tons/ha produced the lowest
actual fresh yield with 8.4 tons/ha.

With the equal amounts of different fertilizers,
WCF showed higher essential oil content than the
other two fertilizers, specifically the highest in the
amount of fertilizer 15 and 25 tons/ha with 0.47%
at Table 3.

In short, different types and levels of fertilizer
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Table 3. Effect of sources and application levels of organic fertilizer on yield components and yield of basil

(Ocimum basilicum var. pilosum)

Application rates

Parameters  Organic fertilizers (L) (ton/ha)
(90 DAP) (H) 5
(control) 10 15 20 25 Average H
CMF
(control) 55.0¢ 57.3¢  65.3P¢  75.33bc 79 7abe 66.5"
Fresh weight WCF 66.33b¢  70.3a3bc  g7.3ab 77 7abe g3 3a 80.22
(g/plant) KOF 64.7b¢ 65.0P  67.02Pc  73.02bc  75.33bc 69.1P
&/P Average L 62.0°  64.2>°  70.0>  80.5*  82.8°
CMF
(control) 14.7¢ 17.4bc  18.83bc  90.12bc 90, 1abe 18.2P
Theoretical WCF 17.4P¢  19.58Pc 91 3abc 93 3ab 94 ga 21.32
yield KOF 15.3¢ 17.3bc  17.73bc  17.92bc  9( 7abe 17.8P
(ton/ha) Average L 15.84 18.1¢  19.3b¢  20.42b 2102
CV = 26%, FH = 1.1*; FL = 2.8**; FHL =1.3"
CMF
(control) 8.4P 10.82>  11.82b  11.92P  12,02b 11.0°
Actual fresh WCF 10.92P 11.32P  12.82>  13.88b 1472 12.72
yield KOF 9.02b 10.22>  11.12b 12,02 13.4eP 11.1P
on/ha verage . . . . .
(ton/ha) A L 9.44 10.8¢ 11.9>  12.62b 1342
CV = 5.8%; FH = 1.7*; FL = 0.5**; FHL =14
CMF
(control) 0.30¢ 0.33>¢  0.40*"  0.40°®  0.40%P 0.372
Essential oil WCF 0.36P¢ 0.402b 0402  0.472 0.472 0.422
content KOF 0.36P¢ 0.36°¢  0.36Pc  0.37bc  0.402b 0.372
(mL/100g) Average L 0.34P<  0.36°  0.39*b  0.41*  0.42°
CMF
™ ol (control) 55.2 62.8 75.5 7.7 80.7 70.4b
ey?g?ffca WCF 67.2 77.6 83.7 89.1 95.6 82.67
. KOF 66.4 60.3 67.4 72.3 82.4 69.8P
of essential b b
oil (L/ha) Average L 62.9¢ 66.9¢ 75.5 79.7% 86.2%

CV =9.5%; Fg = 0.1%; Fr, = 0.8%; Fyp, = 1.1*®

Values within the same group followed by the same letters are no significant different at P < 0.05 according to the Duncan’s

*

multiple range test; * and *

are significantly different at the 5% and 1% levels, respectively. CMF = cow manure fertilizer,

WCF = worm castings fertilizer. KOF = Komix organic fertilizer.

affected the theoretical yield of essential oils. The
treatment of 25 tons/ha of fertilizer generated
the highest theoretical yield of essential oils 82.6
L/ha. The theoretical yield of essential oil fluc-
tuated from 55.2 to 95.6 L/ha when considering
the interaction between the two factors (Table 3.

For the benefits of using WCF, vermicompost
contain more nutrients than the other organic
product from which it is processed (Buchanan et
al., 1988) and thus it acts as a rich source of nu-
trients for plant growth and promotion (Ismail,
2000). Vermicompost decreases the amount of
heavy metal incorporated to soil compare to com-
post as described by Lim et al. (2016). It has been

also stated that vermicompost may have more
compounds serve as a plant hormone which en-
hances plant growth and development compared
to compost (Najar et al., 2015; Coulibaly & Bi,
2010). Our study results were in accordance with
Shahriari et al. (2015), who reported that appli-
cation of vermicomposting at doses of 10 tons/ha,
5 tons/ha, and O tons/ha to basil, the corre-
sponding values were higher: plant height 54.3
cm versus 52.46 cm and 44.98 cm; dry weight
13.03 g/plant compared with 9.72 g/plant and
7.64 g/plant; the number of leaves/plant is 182.7
- 162.2 and 118.4, respectively; at the same time,
the ratio and yield of essential oil also increased
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correspondingly when the amount of vermicom-
post was increased.

3.3. Effect types and amounts of organic fertil-
izers on economic efficiency of basil (Oci-
mum basilicum var. pilosum)

Results at Table 4 showed that when selling
with price of VND 25.000 per kg basil, apply-
ing worm castings manure at the amount of 25
tons/ha gained the highest total revenue (VND
1,002,500,000 per ha/3 harvests) and total profit
(VND 737,570,000 per ha/3 harvests); Total cost
was highest (VND 439,930,000 per ha/3 harvests)
in the treatment using 25 tons/ha of cow ma-
nure. However, the benefit-cost ratio when grow-
ing basil in the treatment using worm castings
manure at a rate of 5 tons/ha was the highest
(3.26).

4. Conclusions

The field experiment examined the effects of
three types of organic fertilizers with increas-
ing application rates on the plant growth, yield,
and essential oil content of basil grown in Thu
Duc City. Generally, the application of WCF and
KOF resulted in better plant height, stem di-
ameter, number of primary branches, number of
leaves, and chlorophyll index than CMF. The re-
sults showed that the application of 25 tons/ha
of WCF yielded the best results in fresh weight
(93.3 g/plant), theoretical yield (24.9 tons/ha),
actual yield (14.7 tons/ha), essential oil content
(0.47 mL)/(100 g), and yield of essential oil (117
L/ha). The economic efficiency analysis showed
the highest total profit after three harvests per
hectare (VND 737,570,000 per ha/3 harvests).
However, the highest real benefit-cost ratio (3.26)
was obtained at the treatment of 5 ton/ha WCF.

Through the implementation of the experiment
and the obtained results, the use of worm castings
fertilizer with the amount of 5 tons/ha created
the total revenue and benefit-cost ratio. However,
the effect of these organic fertilizers on basil (Oci-
mum basilicum var. pilosum) should be continued
on a larger area and with different crops for more
comprehensive view of each type of fertilizer.
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