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Basil (Ocimum basilicum L.) is a vital aromatic crop widely utilized in culinary and fragrance industries. The present study was
conducted to implement a two-year field experiment (2019 and 2020) aimed to assess the impact of various fertilizers on the
growth, yield, and essential oil composition of basil cultivated in Thanh Hoa Province, Vietnam. The fertilizer treatments in-
cluded: no fertilizer (control), chemical fertilizer (NPK at 90-120-90 kg/ha), cow manure, chicken manure, and a combination
of chemical fertilizer, cow manure, and chicken manure. The application of fertilizers resulted in significant improvements
across various parameters compared to the control group. Basil plants treated with fertilizers exhibited increased height, late-
ral stem count, fresh and dry yields, chlorophyll and carotenoid content, essential oil yield, and essential oil content. The essen-
tial oil extracted from basil contained notable volatile compounds, with methyl chavicol, linalool, S-elemene, and epi-a-cadinol
identified as the major constituents. The proportions of these compounds varied among the fertilizer treatments. Notably, the
combined fertilization approach involving chemical fertilizers, cow manure, and chicken manure emerged as the most effective
and significant in promoting basil growth and essential oil production. These findings not only contribute to the optimization
of basil cultivation practices but also provide insights for the agricultural community, emphasizing the importance of balanced
fertilization for maximizing the quality and yield of basil essential oil in the Vietnamese context.
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Basunuk (Ocimum basilicum L.) - ’KM3HEHHO BaXKHasi apoMaTHyecKast KyJbTypa, IIUPOKO UCI0JIb3yeMasi B KyJIMHAPUH U Map-
droMepHON NMPOMBILIJIEHHOCTH. B HacTosilieM HcC/eloBaHUM JBYXJeTHUM mosieBod skcrnepuMeHT (2019 u 2020r1.) 6bL1
HalpaBJleH Ha OLEHKY BJIMSHUSA Pa3/IMYHBIX Y00PEHUH Ha POCT, ypOXKalHOCTb U cocTaB 3GUPHOro Macsia 6a3uJMKa, Bblpa-
IIMBaeMOro B NPpOBUHLUU TxaHbX0a, BbeTHaM. O6paboTKU yLO0OPEHUSIMU BKJIIOYAIU: OTCYTCTBUE YA06peHUN (KOHTPOJIb),
xuMmuueckue ynoopenus: (NPK B foze 90-120-90 kr/ra), KopoBUH HaBO3, KYpUHbIH TOMET U KOMOUHAILMI0 XUMHUYECKUX Y/,0-
OpeHHH, KOPOBBLETO U KyPUHOTO NoMeTa. [I[puMeHeHMe yj06peHUH IPUBEJIO K 3HAUYUTENbHbBIM YIYYIIEHUSM 110 Pa3IMYHbIM
napaMeTpaM 110 CPaBHEHHUIO C KOHTPOJIbHOM rpynnoi. PacTeHus 6a3uiMka, o6paGoTaHHble YA00pEHUAMH, I0KA3a/lI1 YBeJIHU-
YeHUe BBICOThI, KOJIMYeCTBA BOKOBBIX CTeOJIel, CBeXXel U CyXol ypo:KallHOCTH, cojZiepKaHUs XJaopodusia U KapOTUHOU/IOB,
BbIX0OZ1a 3UPHOT0 Macja U CojieprkaHust 3GUPHOro Macsia. IPUPHOE MaC/I0, IKCTPAarupoBaHHOE U3 6a3UJIMKa, COJIEPKaJIO0 Je-
Ty4He COeJJMHEHHs], OCHOBHbIMH KOMIIOHEHTAaMH KOTOPBIX ObLIM METHJIXaBHKOJI, JIMHAJIO0O0J, [3-371eMeH W 3MU-0-KaJHHOJL.
[TponopIuu 3TUX COeAMHEHUH BapbUPOBAJIUCh B 3aBUCUMOCTH OT BHECEHUS y106peHu. [IprMedaTesbHO, YTO KOMGUHUPO-
BaHHBIH NOJIX0/] K BHECEHHI0O XUMHYECKUX Y/I06PEHUH, KOPOBBETO U KYPHUHOI'O IIOMeTa OKa3ascst Haubosiee 3G eKTUBHBIM
Y 3HAUMMBIM [IJIs1 CTUMYJIMPOBAHMS pocTa 6a3nJIMKa U MPOU3BO/CTBA 3QUPHOTo Macsa. ITU Pe3y/IbTaThl He TOJBKO C0CO6-
CTBYIOT ONTHUMH3ALMH METO/I0B BblpalllMBaHUs 0A3UJIMKA, HO U MOBBIIIAIT HHGOPMUPOBAHHOCTb CEJIbCKOX035IHCTBEHHOTO
COO6ILECTBA, O[YePKUBasi BAXKHOCTb COa/IaHCHPOBAHHOT'O BHECEHUS YA00PEHNH JIJI1 MaKCUMU3ALMU KayecTBa U ypoXKaiHo-
CTH 3$UPHOro Macsia 6a3UIMKa BO BbETHAMCKOM KOHTEKCTE.

Kaiouessie cnroea: Ocimum basilicum, yro6peHus, coepkaHue 3GUpHOro Mac/a, METUIXaBUKOJI, TMHAI00JI

BaazodapHocmu: aBTOPbI BBIPAXKAIOT 6J1arolapHoCTb YHUBepcuTeTy XoHT JIbIK (BheTHaM) 3a moAiep KKy U MOMOIIb B OCY-
I[eCTBJIEHUHU HACTOSIEr0 UCCIeJOBAHMUS.
ABTODBI 6/1ar0/1apsAT PELIEH3EHTOB 3a UX BKJIA/] B 9KCIIEPTHYIO OLlEHKY 3TOH paGoThl.

Ans yumupoeaHus: Tuanr T.B., Xyen U.T., Xa#t H.X. [[puMeHeHre KOMOUHUPOBAHHbBIX YI0OpEHUH A/ YAyUlleHUs pOCTa,
YPOXKaHOCTHU U 3QUPHOMACIUYHOT0 cocTaBa 6asunka (Ocimum basilicum L.). Tpydsl no npuksaadHoli 6omaHuke, 2eHemuKe
u cesexkyuu. 2024;185(2):50-59. DOI: 10.30901/2227-8834-2024-2-50-59
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Introduction

Basil, scientifically known as Ocimum basilicum L., is a re-
vered herb celebrated not only for its culinary contributions
but also for the aromatic treasure it yields in the form of es-
sential oil (Dhama et al,, 2023). Originating from the tropical
regions of Asia, particularly India, basil has spread its aro-
matic influence across the globe, becoming a staple in various
cuisines and cultures (Shahrajabian et al., 2020). This herb is
renowned for its distinctive, sweet aroma and robust flavor,
which adds depth and character to a wide array of dishes. Its
glossy green leaves, often used either fresh or dried, impart
a unique and delightful taste to salads, pasta, soups, and many
other culinary creations (Filip, 2017). Beyond its culinary ap-
plications, basil has arich history in traditional medicine,
where it is revered for its potential health benefits (Shahra-
jabian et al.,, 2020; Dhama et al.,, 2023). Basil essential oil is re-
nowned for its therapeutic properties, including antimicro-
bial and anti-inflammatory characteristics (Kathirvel, 2016).
In aromatherapy, it is often employed to alleviate stress, uplift
the spirit, and promote mental clarity (Kathirvel, 2016).

The management of plant nutrition is undeniably one of
the keystones in modern agricultural strategies (Roy etal,
2006). As the global population burgeons, the demand for ag-
ricultural products, including herbs and essential oils, contin-
ues to rise. Effective plant nutrition not only ensures optimal
crop growth but also plays a crucial role in enhancing the nu-
tritional content of the produce (Baligar etal, 2001; New-
ell-McGloughlin, 2008; Fageria, Moreira, 2011). By adopting
precision nutrition strategies, farmers can tailor the nutrient
requirements of plants, leading to increased yields, improved
quality, and sustainable agricultural practices.

In the pursuit of sustainable and environmentally friendly
agricultural practices, the utilization of organic fertilizers has
gained prominence (Adugna, 2016). Organic fertilizers, such
as compost and manure, contribute not only to enhanced soil
fertility but also foster long-term sustainability (Verma et al.,
2020). The adoption of organic fertilizers in Vietnam offers a
dual benefit - it provides essential nutrients to plants while
promoting soil health and reducing the environmental impact
of conventional chemical fertilizers (Sharma, 2017; Singh
etal, 2020). This shift towards organic fertilizers aligns with
global efforts to create a more sustainable and ecologically re-
sponsible agricultural sector (Verma et al., 2020).

In Vietnam, where the cultivation of herbs and essential
oils from basil has become a significant economic driver, ad-
dressing the challenge of increasing productivity without ex-
panding cultivation areas has become imperative. This neces-
sitates an innovative approach to agricultural practices, fo-
cusing on optimizing plant nutrition and employing organic
fertilizers to enhance crop yields. In the present study, a field
experiment was conducted to determine the effects of
(1) chemical fertilizers (N, P, K), (2) organic manure (cow ma-
nure, and chicken manure), and (3) integrated fertilizers (N, P,
K, cow manure, chicken manure) on the growth, yield and es-
sential oil composition of basil.

Materials and methods

Characteristics of the experiment site

The study was conducted on basil cultivated in an open
field during the years 2019 and 2020 at the experimental
farm situated at Hong Duc University, Thanh Hoa Province
(19°46’16"N and 105°46’47"E), Vietnam. The region experi-
ences high rainfall, ranging from approximately 1600 to 2300
mm annually, with a mean annual temperature of 24°C. Soil

samples were collected from a depth of 0 to 30 cm for physi-
cal and chemical analyses. The soil’s physicochemical proper-
ties were determined as follows: electrical conductivity (EC) -
0.56 dS/m, potential of hydrogen (pH) - 7.14, organic car-
bon - 0.43%, organic matter - 9.13%, nitrogen (N) - 0.07%,
phosphorus (P) - 0.01%, potassium (K) - 0.03%, and carbon/
nitrogen (C/N) ratio - 6.14.

Plant materials and sowing seeds

Basil seeds (Ocimum basilicum L.) were purchased from
the Vietnam High-tech Plant Seed Center. Subsequently, these
seeds were planted in a greenhouse equipped with auto-
mated environmental controls, maintaining a day/night tem-
perature of 25/20 °C, relative humidity of 65%, and utilizing
natural light. During the initial two-week post-sowing period,
the plants received daily watering, which transitioned to
a weekly schedule after this period. Plastic germination trays
served as the containers, and the growth medium employed
was a peat-based substrate. Transplantation of the seedlings
to the field site took place after 6 weeks.

Agronomic practices and experimental design

A field experiment was conducted using arandomized
block design comprising five treatments and three replica-
tions. The treatments included TO (control, without fertil-
izer), T1 (chemical fertilizers at the rate of 90 N- 120 P -
90 Kkg/ha), T2 (15 t/ha of cow manure), T3 (9 t/ha of
chicken manure), and T4 (a combination of chemical fertiliz-
ers with 30 N - 40 P - 30 Kkg/ha, 5 t/ha of cow manure, and
3 t/ha of chicken manure). Urea (CO(NH,),), triple super-
phosphate (Ca(H,PO,),)-H,0, and potassium sulfate (K,SO,)
were used to apply N, P, and K, respectively. The chemical
characteristics of cow manure and chicken manure can be
found in Table 1. All fertilizers were incorporated into the soil
one week before transplanting basil. Plots were irrigated im-
mediately after transplanting and as needed throughout the
growing seasons. No pesticides were employed during the ex-
periment, and weed control was carried out manually. Har-
vesting was conducted on June 20 in the first year and June 28
in the second.

Measurement of some morpho-physiological traits

In both years, the harvesting of plants occurred at the full
bloom stage, with the cut made 5 cm above the soil surface.
The total fresh yield was documented and presented as t/ha.
The number of lateral stems and plant height were deter-
mined, the latter measured with a ruler and expressed in cm.
The total dry yield was measured and reported as t/ha after
storing for 72 hours in an oven at 72°C. Concentrations of
chlorophyll a/b, total chlorophyll, and carotenoids were as-
sessed using a spectrophotometer following the method by
T. T. Le etal. (2021).

Essential oil extraction

Plant material (200 g) for each treatment was dried and
milled into a powder. Hydrodistillation was then carried out
for 3 hours using a Clevenger-type apparatus, following the
established procedures (Giang et al., 2023). The essential oils
were dried with anhydrous sodium sulfate and stored in am-
ber vials at 4°C. The process of hydrodistillation was repeated
in triplicate, and the essential oil yield (%, v/w) was subse-
quently calculated.

Essential oil analysis
The chemical compositions of the basil essential oils were
analyzed using gas chromatography-flame ionization detec-

TPY/IbI 110 TPUKJIAZTHOM BOTAHUKE, TEHETUKE U CEJIEKLIWH /

PROCEEDINGS ON APPLIED BOTANY, GENETICS AND BREEDING. 2024;185(2):50-59



I'manr T.B., XyeH 4.T., Xaii H.X.

. 185 (2),2024 o

Table 1. Chemical characteristics of cow manure and chicken manure used in the experiment

Ta6smmna 1. XuMu4yecKkHre XapaKTepUCTUKU KOPOBbEro HAB03a U KYPUHOI'0 IOMETa, HCN0/1b30BaHHbIX
B 3KCIIepUMeHTe

Parameter Cow manure Chicken manure
EC (dS/m) 1.68 6.73
pH 7.91 7.24
Organic carbon (%) 26.47 19.54
Organic matter (%) 30.11 32.67
Total N (%) 1.92 2.36
Available P (%) 0.84 0.80
Available K (%) 0.62 1.13
C/N 13.79 8.28

tion (GC-FID) and gas chromatography-mass spectrometry
(GC-MS), following previously established procedures (Thin
etal,, 2023). The GC-FID analysis employed an Agilent Tech-
nologies 7890A GC equipped with FID and an HP-5MS capil-
lary column (30 m x 0.25 mm, 0.25 pm film thickness). A ramp
oven temperature was applied, beginning at 60 °C for 5 min,
then increased to 220°C at arate of 4°C/min, and held at
220°C for 10 min. The injector and detector temperatures
were set at 250 and 260°C, respectively. Helium was used as
the carrier gas at a flow rate of 1 mL/min, with a 1:10 split
mode ratio in the injector. For each sample, the essential oil
was diluted in n-hexane (at aratio of 1:100) and injected
(1 pL) into the GC system. The quantification of essential oil
components was achieved through peak area normalization
without correction factors.

The GC-MS analysis utilized an Agilent 7890A gas chro-
matograph coupled to an HP 5973 mass spectrometer with
an HP-5MS capillary column (30 m x 0.25 mm, 0.25 pm film
thickness). The analysis was performed in the El mode, with
an electron energy of 70 eV, a scan range of 35-350 amu, and
atransfer line temperature of 280°C. Helium was the car-
rier gas with a flow rate of 1 mL/min, and the injector tem-
perature was set to 250°C, following the same oven tempe-
rature program as in GC-FID. Identification of essential oil
constituents was accomplished through computer matching
with MS libraries (Adams, 2007; NIST, 2018), along with
co-injection with authentic standards (linalool, methyl
chavicol, and f-elemene) from Sigma-Aldrich, USA. Addi-
tionally, the calculation of temperature-programmed linear
retention indices was conducted using a homologous series
of n-alkanes (Sigma, USA), and the results were compared
with those reported in the literature (Adams, 2007; NIST,
2018).

Statistical analysis

The results were presented as means and standard er-
rors. To evaluate statistically significant differences be-
tween treatments, means were compared using the analysis
of variance (ANOVA). The analyses were conducted on a per-
sonal computer utilizing SPSS™ software (SPSS Inc., Illinois,
USA). Treatment means were further compared through the
least significant difference test at a significance level of
p <0.05.

Results and discussion

Growth and morphophysiological characteristics

The application of various fertilizer treatments demon-
strated a positive influence on basil growth. Notably, the high-
est plant height was observed in plants treated with the com-
bination of fertilizers in the T4 treatment (Table 2). The use of
combined fertilization, involving chemical fertilizers, cow ma-
nure, and chicken manure, resulted in a significant increase in
plant height to 47.21 cm. Additionally, the number of lateral
stems was increased in all amended plots as compared to the
control (see Table 2). Among them, the number of lateral
stems did not significantly change among the treatments of
combined fertilizer and chemical fertilizer and reached the
highest values, 16.88 and 16.74 per plant, respectively. These
findings align with the earlier study by V. Pandey et al. (2016),
who reported improved growth attributes in basil when using
combined fertilizers in India. The enhancement of soil physi-
cochemical properties through combined fertilizers played
a crucial role in promoting crop growth and development. An
increased supply of nutrients likely contributed to arise in
plant height and lateral stem count, intensified physiological
activities, and enhanced photo-assimilate production, thereby
boosting the overall growth (Fattahi et al., 2019; Teliban et al.,
2020).

Furthermore, all fertilizers resulted in increased fresh and
dry yields of basil in comparison to the control group, as
shown in Table 2. The highest fresh and dry yields were
recorded for the T4 treatment when the combined fertilizer
was utilized. Specifically, the fresh and dry yields of basil
reached 13.57 and 3.69 t/ha, respectively. Superior yields at-
tributed to the use of various fertilizers may be explained by
the synergy of organic and chemical fertilizers, inducing
higher biomass production and improved plant growth.
G. S. Teliban et al. (2020) also noted a significant influence of
fertilizing systems on basil growth, dry matter, and herb pro-
duction.

As shown in Table 2, the application of different fertilizers
significantly increased the concentrations of photosynthetic
pigments in basil leaves. The T4 treatment, utilizing the com-
bined fertilizer, exhibited the highest chlorophyll a/b, total
chlorophyll, and carotenoid contents. This increase in chloro-
phyll levels could be directly linked to the balanced nutrient
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supply in the soil resulting from the combined use of organic
and chemical fertilizers. The intense green color, a preferred
quality criterion for consumers, was achieved through inte-
grated fertilizer application, with nitrogen playing a crucial
role as the building block for amino acids, protein synthesis,
and chlorophyll (Wen etal.,, 2019). According to V. Pandey
etal. (2016), the provision of nitrogen during the leaf growth
phase stimulates chloroplast formation, consequently en-
hancing the chlorophyll content in the leaves. Substantial ni-
trogen content in the growing tissue also acts as a catalyst for
enzymes responsible for chlorophyll synthesis (Leghari et al.,
2016; Wen et al., 2019).

Essential oil yield

Our findings highlight a substantial impact of fertilizer
treatments on the basil essential oil yield. All treated plots
demonstrated oil yields higher than the control (Figure 1).
Specifically, the application of the combined fertilizer (T4) re-
sulted in the highest essential oil yield at 1.28 + 0.04%, fol-
lowed by chemical fertilizer (T1) at 1.09 * 0.05%. In contrast,
the utilization of cow manure (T2) and chicken manure (T3)
showed no significant difference in essential oil yields, with
values 0f 0.92 * 0.03% and 0.90 * 0.04%, respectively. The es-
sential oil yield of the control (T0) was the lowest, measuring
only 0.71 + 0.06%. The increased essential oil yield observed
in basil under combined fertilizer treatments is likely attrib-
uted to the enhanced availability of essential elements, such
as nitrogen, and/or an increase in the cation exchange capac-
ity (CEC) of the soil (Siddique, 2015). This enhancement may
facilitate the accumulation of nutrients in the plant, leading to
higher biomass and production of secondary metabolites
(Anwar et al,, 2005; Pandey et al,, 2016). Nitrogen, in particu-
lar, plays a crucial role in the development and division of
cells containing essential oil, as well as in essential oil chan-
nels, secretory ducts, and glandular trichomes (Said-Al Ahl

etal, 2009; Leghari etal.,, 2016). The findings of V. Pandey
etal. (2016) support the idea that nutrient availability, result-
ing from fertilizer application, significantly increases oil yield
in basil. Therefore, a combination of different fertilizers can
be considered a comprehensive source of nutrients in sus-
tainable agricultural systems (Alizadeh etal., 2010; Pandey,
Patra, 2015; Keshavarz et al., 2018; Da Cunha Honorato et al.,
2022).

Chemical composition of the essential oil

The results of the GC and GC-MS analyses of the essential
oil extracted from the aerial parts of basil are outlined in Ta-
ble 3. The main components influencing the quality of basil
essential oil were identified as follows: methyl chavicol
(39.27-28.78%), linalool (31.04-27.25%), f-elemene (7.92-
4.34%), and epi-a-cadinol (6.30-4.09%). This composition
aligns with the findings reported by other researchers exam-
ining the chemical compounds of basil essential oil (Omid-
baigi et al,, 2003; Sajjadi, 2006; Stanojevic et al., 2017).

The analysis of essential oils derived from the aerial parts
of basil revealed that the fertilizer treatments had a notice-
able impact on the percentage of these compounds, as illus-
trated in Figure 2. In fact, the application of fertilizers re-
sulted in an enhancement of essential oil quality, as indicated
by the increased percentages of the marker compounds com-
pared to the control conditions. Notably, the combined fertil-
ization approach in this study exhibited the most significant
increase in the content of the main compounds found in basil
essential oil. Previous studies corroborated that various fer-
tilizers, including both chemical and organic manure, can ex-
ert an effect on the composition of essential oils (Bistgani
etal, 2018; Hamedi et al,, 2022; Yang et al., 2022).

The variability in the chemical composition of essential
oils is closely linked with the overall physiology of the plant
(Lietal, 2020). It appears that the positive effect of combined
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Fig. 1. The effect of fertilizers on the essential oil yield (%, v/w) of basil. TO - control, T1 - chemical fertilizers,
T2 - cow manure, T3 - chicken manure, and T4 - chemical fertilizers + cow manure + chicken manure. Results are means of
three measurements * standard errors. Values associated with different letters are significantly different according to
Tukey’s test at p < 0.05

Puc. 1. BiusiHue ya06peHnii Ha BbIX0A 3dupHoro maca (%, v/w) 6a3unuka. TO - konTposb, T1 - xuMH4eckue
yno6penus, T2 - kopoBuit HaBo3, T3 - KypuHbIH oMeT, T4 — xuUMHUYecKue y06peHNs + KOPOBUHM HaBO3 + KYPUHBIM IOMET.
PesysnbTaThl Tpe/icTaB/eHbl KaK CpeZiHUe TPeX U3MepPeHNH + CTaHJapTHbIe OIMOKHU cpe/iHero. 3Ha4eHus,
COMPOBOXK/JAIOIINECS PAa3JIUIHBIMU OYKBaMH, J0CTOBEPHO pa3/IM4aloTcs 1o Kputepuio Teloku mpu p < 0,05
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Table 3. The effect of fertilizers on the essential oil composition of basil (%)
Ta6suna 3. BiussHue yao6peHuil Ha cocTaB 3pupHoro Macsia 6asuiauka (%)

Treatments
Compound ? RI® | RIC
TO T1 T2 T3 T4

a-Pinene 939 932 1.15+0.05 0.18 £0.02 0.11+0.01 0.32 £0.02 0.21+£0.02
Camphene 955 946 0.20 £0.02 0.10+0.01 0.27 £0.03 0.21+0.01 0.11+£0.01
Sabinene 978 969 0.17£0.01 _d - 0.28 £0.02 0.15+0.01
B-Pinene 984 974 2.25+0.04 0.33+0.01 0.41 +0.03 1.61+0.04 0.42 £0.02
Myrcene 991 988 0.23+£0.02 0.48 £0.02 0.32+0.03 0.10 £ 0.01 0.28 £0.03
Limonene 1034 | 1024 0.31+0.02 0.34 +0.02 0.10 £ 0.01 0.27 £0.01 0.13+0.01
1,8-Cineole 1037 | 1026 2.40+0.12 1.74 + 0.04 1.62 + 0.05 2.98 £0.06 1.17 £ 0.04
(2)-B-Ocimene 1039 | 1032 1.87 +0.07 1.68 + 0.03 2.89 £ 0.05 2.33+0.05 0.27 £0.01
(E)-B-Ocimene 1048 | 1044 2.64 +0.08 0.75+0.02 1.24 £ 0.06 0.89 £0.03 0.94 £0.02
Terpinolene 1087 | 1086 - 0.37+£0.01 0.53 +0.02 - 0.18£0.01
Linalool 1101 | 1095 | 27.25+0.17 30.89 +0.28 28.05+0.19 27.76 £0.20 31.04 £ 0.41
Camphor 1145 | 1141 0.38+0.02 0.46 +0.01 0.28 £0.03 0.22+0.01 0.35+0.02
Menthone 1154 | 1148 0.49 +0.03 0.15+0.01 0.32£0.02 0.29 £ 0.02 0.27 £0.01
iso-Menthone 1164 | 1158 0.15+0.01 0.26 £0.01 0.27 £0.01 0.10 +0.01 0.19 £ 0.01
Menthol 1172 | 1167 0.36 +0.02 0.82£0.02 0.54 £0.02 0.67 £0.03 0.46 £ 0.02
Terpinen-4-ol 1185 | 1174 - 0.13+0.01 0.19 £0.01 0.24 £ 0.02 -
a-Terpineol 1197 | 1186 1.47 £ 0.02 0.11+£0.01 0.36 £ 0.02 0.39 £0.02 0.21+£0.01

Methyl chavicol 1200 | 1195 28.78 £0.21 36.05 +0.62 34.24£0.28 31.18+0.42 39.27 +0.58

Geraniol 1252 | 1249 | 0.20+0.01 0.28 +0.01 0.49 £ 0.02 1.41 +0.06 0.39 +0.02
Bornyl acetate 1286 | 1284 | 0.18+0.01 0.78 £ 0.02 0.12 +0.01 0.35 +0.02 0.25 + 0.02
5-Elemene 1339 | 1335 | 0.46 +0.02 0.96 £ 0.03 0.30 £0.01 0.20 £0.01 0.36 0.01
a-Cubebene 1352 | 1345 | 0.39:0.01 0.27 +0.01 0.21+0.01 0.11+0.01 -
a-Copaene 1379 | 1374 | 0.37%0.01 0.17 +0.01 0.22 +0.02 0.51+0.03 0.24 +0.01
pB-Elemene 1395 | 1389 | 4.34:0.15 7.92 £0.20 7.88+0.18 5.36+0.18 7.81+0.21
(E)-Caryophyllene | 1424 | 1417 | 2.78%0.02 1.84 +0.05 2.43 £0.05 2.80 £ 0.04 0.91 +0.02
B-Gurjunene 1433 | 1431 - 0.38 £ 0.02 - - 0.15+0.01
a-Guaiene 1442 | 1437 | 1.92+0.02 0.79 +0.04 2.62 £0.06 2.37 £0.06 1.42 £0.03
a-Humulene 1458 | 1452 | 0.34+0.01 0.47 0.01 0.30 £0.02 0.62 +0.03 0.53 £0.02
y-Muurolene 1486 | 1478 | 2.18+0.03 1.92 +0.03 1.89 + 0.04 1.42 £ 0.03 1.67 + 0.04
Germacrene D 1489 | 1484 | 2.63+0.03 0.60  0.02 1.03 +0.03 0.77 +0.02 0.89 +0.03
a-Bulnesene 1510 | 1509 | 0.27+0.01 0.31+0.01 0.52 +0.01 0.40 £ 0.01 0.57 +0.02
B TPY/bI [10 HPI/IKJIA,ZLHOI;I BOTAHUKE, TEHETUKE U CEJIEKLIUHU /
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Table 3. The end
Ta6smna 3. OKoHYaHHe

Treatments
Compound ? RI® | RIC
TO T1 T2 T3 T4

y-Cadinene 1518 | 1513 0.12 £0.01 0.29 +0.01 0.37 £0.02 - 0.25+0.01
6-Cadinene 1526 | 1522 2.94+0.03 0.45 +0.02 1.24 +0.04 2.27 £0.03 0.12+0.01
(E)-Nerolidol 1563 | 1561 0.24 £0.02 0.32+0.01 0.36 £0.01 0.13+£0.02 0.11+0.01
Spathulenol 1582 | 1577 0.38+0.01 0.25+0.01 0.22£0.01 0.17 £0.01 0.18 +0.01
1-epi-Cubenol 1632 | 1627 0.41 £0.02 0.61£0.02 0.24 £0.02 0.11+£0.01 0.10 £0.01
epi-a-Cadinol 1645 | 1638 4.09 £0.08 4.17 £0.10 4.28 +0.09 6.30£0.14 6.27 £0.13
Total identified (%) 94.34 +1.41 97.62 +1.78 96.46 + 1.52 95.14 + 1.69 97.87 + 1.86

Note: - elution order on an HP-5MS column; b_ retention indices on an HP-5MS column; € - literature retention indices; d_ not identified.
TO - control, T1 - chemical fertilizers, T2 - cow manure, T3 - chicken manure, and T4 - chemical fertilizers + cow manure + chicken ma-
nure. Results are means of three measurements + standard errors

[IpuMeyaHue: a_ MOPSLOK 3JIIOMPOBaHUSA Ha KosioHKe HP-5MS; b_ WH/JEKChI Ylep>KUBaHUs Ha KosloHke HP-5MS; ‘- UH/IeKChI Y ep>KU-
BaHUA U3 JINTEPATYPBL;  — He onpeAesyiock. TO — koHTposb, T1 - xuMuyeckue yro6penus, T2 - kopoBuii HaBo3, T3 - KypHHBIH TOMeT,
T4 - xuMuveckyre yAo06peHus1 + KOPOBUM HABO3 + KYpUHBIN IOMeT. Pe3y/ibTaThl NpejAcTaB/IeHbl KaK CpeJJHUe TpeX U3MepeHUH * CTaH-
JlapTHBIE OIUGKHU CpeZiHET0

45

25 4

20 4

15 4

10 +

Linalool Methyl chavicol p-Elemene epi-u-Cadinol

uTO uT1 uT2 T3 T4

Fig. 2. The effect of fertilizers on the content of main compounds (% of the total oil) in basil essential oil.

TO - control, T1 - chemical fertilizers, T2 - cow manure, T3 - chicken manure, and T4 - chemical fertilizers + cow manure +
chicken manure. Results are means of three measurements * standard errors. Values associated with different letters are
significantly different according to Tukey’s test at p < 0.05
Puc. 2. BiusiHMe y06peHui Ha coJep;KaHre OCHOBHBIX KOMIIOHEHTOB (% cymMMBbl MaceJ1) 3pHpHOro MacJja 6asu/ivKa.
TO - xoHTposb, T1 - xUMH4eckue ynobpenus, T2 - kopoBuit HaBo3, T3 - KypuHbIl noMeT, T4 — XUMHYecKue
yA06peHUs + KOPOBUM HaBO3 + KYPUHBIM OMeT. Pe3ysibTaTel IpeAcTaBIeHbI Kak CpeIHNE TPeX U3MepeHUH + cTaHJapTHbIe
OLIMOKH CpeJiHEero. 3HaueHHsl, CONPOBOXKAOLIUECS PA3JIMYHbIMU 6YKBAMH, JOCTOBEPHO PA3/IMYaOTCs 10 KpUTEPHI0 ThIOKU

npu p < 0,05
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fertilizers on major compounds stems from the diverse min-
erals present in these combinations, which impact the sec-
ondary metabolism in plants (Bistgani et al., 2018; Keshavarz
etal, 2018). These minerals contribute to an improvement in
cellular metabolism and biomass production. Consequently,
this results in enhanced vegetative growth and an increase in
glandular trichomes (Said-Al Ahl etal., 2009; Bistgani et al,,
2018; Yang et al.,, 2022).

Conclusions

In conclusion, the impact of fertilizer applications on basil
cultivation was thoroughly examined in this study, revealing
a significant effect on various growth and yield parameters.
The use of fertilizers was found to positively affect plant
height, number of lateral stems, fresh and dry yields, chloro-
phyll content, carotenoid content, essential oil yield, and es-
sential oil content. Notably, the application of combined fertil-
izers demonstrated superior results in terms of growth, yield,
and essential oil quality when compared to single fertilizer
applications. Moreover, the chemical profile of basil essential
oil obtained in this study closely resembled the profiles re-
ported in previous research publications, indicating consis-
tency in the essential oil composition.

The findings underscore the efficacy of employing a com-
bination of chemical fertilizers, cow manure, and chicken ma-
nure for basil cultivation. This integrated fertilization ap-
proach was identified as the most suitable method for en-
hancing the economic productivity of basil crops. Overall, this
study contributes valuable insights into optimizing fertiliza-
tion practices for basil cultivation, providing a practical and
effective strategy to boost both yield and essential oil quality.
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