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Abstract. The variation in essential oil yield and composition of Artemisia afra across
different geographical regions and harvesting seasons remains poorly understood, de-
spite its significance for commercial and medicinal uses. This study aims to address
this gap by investigating the impact of harvesting season on the yield and chemical
composition of A. afia essential oil in the eastern coastal belt of the Eastern Cape,
South Africa. Fresh shoot samples were collected from the Bizana, Ngqeleni, and
Centane regions during summer, autumn, winter, and spring. The essential oils were
extracted via steam distillation, and the chemical components were analyzed using
gas chromatography-mass spectrometry (GC-MS). The highest oil yield (0.92% on a
fresh mass basis) was observed in Centane, with a significantly higher concentration
of 1.8-cineole (18.66%) in Ngqeleni. The content of Artemisia ketone was significantly
higher in Centane (24.51%) during summer, whereas camphor peaked at 34.10% in
Ngqeleni during winter. The cis- and trans-thujone isomers were most abundant in
Bizana (40.37% and 10.39%, respectively). The results highlight significant variation
in oil yield and composition influenced by location, season, and their interaction.
These findings provide valuable insights into optimizing the production of A. afra
essential oil based on geographical and seasonal factors.

Medicinal plants play a crucial role in the
health care systems of many African coun-
tries, where ~27 million people rely on tradi-
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sore throat, poor appetite, diabetes, fever, and
wounds. Various parts of medicinal plants,
including roots, stems, and leaves are com-
monly used for these purposes (Fennell et al.
2014; Roberts 1990; Van Wyk 2008). Among
these medicinal plants, 4. afra is widely used
in South Africa as an herbal remedy for respi-
ratory conditions, coughs, colds, influenza, ma-
laria, and gastrointestinal disorders (Du Toit
and Van der Kooy 2019).

Furthermore, Artemisia is recognized as
the largest and most widely distributed genus
within the Asteraceae plant family, compris-
ing more than 400 species (Koul et al. 2017).
Some species of Artemisia exhibit significant
medicinal properties due to their rich phyto-
chemical and pharmacological profiles, which
are primarily attributed to their essential oils

(Mamatova et al. 2019). These essential
oils possess antimicrobial, antifungal, and
anti-inflammatory properties. However, the
yield and composition of these oils vary de-
pending on the geographical location where
the plants are cultivated. For instance, Kilenga
et al. (2022) reported that in A. afia, the major
oil constituents in plants from Kenya were
borneol (5.1%), 1,8-cineole (6.74%), and ter-
pinene-4-ol (6.5%), whereas in plants from
Ethiopia, the predominant constituents were
artemisyl acetate and yomogi alcohol, both at
13.5%.

A study conducted by Asekum et al. (2017)
did not detect artemisia ketone, artemisia alco-
hol, or artemisyl acetate, whereas previous
studies by Mwangi et al. (1995) and Viljoen
et al. (2006) reported different percentage com-
positions of constituents such as camphor, arte-
misia ketone, and 1.8 cineole compared with
findings by Liu et al. (2009). Oyedeji et al.
(2009), Liu et al. (2019), and Abad et al.
(2012) attributed these variations in oil yield
and composition to factors such as geographi-
cal location, harvesting season, soil type, che-
motype or subspecies, genotype, and drying
methods. In addition, the monoterpene content
of certain Artemisia species, including cam-
phor, chrysanthemum, and 1,8-cineole, varies
seasonally, with the highest concentrations of-
ten occurring in the winter months. Other stud-
ies have identified a- and 3-thujone, camphor,
borneol, and 1,8-cineole as the primary constit-
uents of A. afra essential oil (Graven et al.
1992; Mwangi et al. 1995). Essential oil bio-
synthesis is also influenced by climatic condi-
tions (Worku and Rubiolo 1996).

Understanding the environmental factors
affecting the yield and quality of medicinal
plants and their by-products is essential for
their commercialization. However, there is
limited research on the seasonal variation of
essential oil yield and composition of 4. afra
in the eastern coastal belt of the Eastern Cape
Province, South Africa. Existing studies pre-
dominantly focus on the cultivation and oil
composition of 4. afra in other African coun-
tries, with insufficient information regarding
the optimal harvesting period to maximize oil
yield and constituent concentrations in South
Africa (Mofokeng et al. 2024). Addressing
this knowledge gap is crucial for identifying
the best harvesting season, ensuring consis-
tent and maximum oil yield as well as com-
position, thereby optimizing the therapeutic
efficacy of 4. afia.

Therefore, this study aimed to investigate
the seasonal variation in the yield and major
essential oil constituents of wild 4. afia in
the eastern coastal belt of the Eastern Cape
Province, South Africa. The findings of this
research will be valuable to traditional
healers, commercial herbal medicine manu-
facturers, and conservationists. Identifying
the optimal harvesting season will contribute
to the consistency and efficacy of 4. afia—
based herbal remedies. In addition, the study
will support sustainable harvesting practices,
ensuring the long-term availability of this
valuable medicinal plant.
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Fig. 1. Study areas in the Alfred Nzo, OR Tambo, and Amathole District Municipalities. (Designed by Mr. L. Meyer of the GIS Section at the Dohne Agri-

cultural Development Institute.)

Materials and Methods

Study area description and sampling
procedure

Fresh shoot samples from wild popula-
tions of A. afra were collected from the
Bizana (S30°43'16.366"; E29°48'00.434"),
Nggeleni (S31°41.132'; E29°07.064') and
Centane (S32°22.375'; E28°11.939’) locations
in the eastern coastal belt of the Eastern Cape
Province, South Africa (Fig. 1). The altitude
above sea level was measured at 726.45 m in
Bizana, 580 m in Nggeleni, and 690 m in
Centane. Sampling was conducted during au-
tumn, winter, spring, and summer seasons
over 2 years (2017 to 2018). In each location,
shoot samples of up to 3 kg each were col-
lected from randomly selected plants. All
plant shoots were harvested, leaving ~15 cm
of the stem above the ground to ensure plant
re-growth. Immediately after harvesting, the
samples were put in plastic bags and packed
into cardboard boxes to reduce water and es-
sential oil losses during transportation to the
Dohne Agricultural Development Institute
for analysis. Due to the distance between the
areas of sampling and the Dohne Agricultural
Development Institute, distillation was done
over 2 d, after harvesting. During this time,
the samples were stored under room tempera-
ture in the laboratory to reduce loss of essen-
tial oil due to temperature variations. Climatic
data for the study areas were obtained from
Agricultural Research Council of South Africa.
Soil samples were also collected to determine
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the fertility status of the soil where the plants
were growing (Table 1).

Rainfall and temperature distribution

Rainfall. Rainfall distribution differed
among the seasons and locations (Fig. 2). The
Bizana location recorded the highest rainfall
both in the summer and spring of 2017 and
2018. In all locations, rainfall was low in 2017
compared with 2018. The summer season re-
ceived a higher amount of rainfall, with the
lowest rainfall recorded in winter in all loca-
tions for 2018. A similar trend was observed
in 2017 when the lowest rainfall was re-
corded in winter for all locations. However,
Nggqeleni and Centane had the higher rainfall
in spring.

Temperature. Average minimum tempera-
tures in winter of 2017 ranged from 8.19°C
(Nggeleni) to 10.73 °C (Bizana). Temperatures
were lower in 2017 than in 2018, as presented
in Table 2. The spring season in 2017 recorded
the highest temperature of 29.82°C in the
Centane location. The locations appear to have
similar minimum and maximum temperatures,
especially in summer and winter. However,

the minimum temperature in Bizana was higher
(18.68 °C) than Nggeleni (11.32°C) and Cen-
tane (9.77°C) in autumn of 2017. There were
differences in the minimum and maximum
temperatures recorded across the locations in
2017 and 2018.

Sampling design

During sampling, the area was divided
into three portions whereby fresh shoots
from healthy 4. afra plants were randomly
harvested in summer, autumn, winter, and
spring. Samples from each portion were
packed together representing an experimen-
tal unit.

Data collection

Essential oil extraction and determination
of essential oil content. Upon arrival to the
laboratory at Dohne Agricultural Development
Institute, each shoot sample was weighed
before distillation to determine fresh mass.
From the fresh shoot samples, essential oils
were extracted using the steam distillation
technique. Thereafter, the essential oil was
weighed to determine the mass of the oil per

Table 1. Mineral analysis of soils from Bizana, Centane, and Ngqeleni.

Phosphorus Potassium

Calcium Magnesium Zinc

pH

Location Mg/L KCl
Bizana 10 122 3,303 982 2.9 5.13
Centane 4 205 2,397 422 2.7 4.78
Nggqeleni 7 102 2,675 462 2.1 4.76
1127
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Table 2. Average seasonal temperatures (°C) from different regions and seasons.

Nggeleni Bizana Centane
2017 2018 2017 2018 2017 2018
Seasons Min. T Max. T° Min. T° Max. T Min. T Max.T° Min. T° Max. T Min. T Max.T® Min. T Max. T°
Summer 15.8 26.72 13.17 22.65 16.36 26.77 15.42 25.69 16.42 28.06 15.70 26.86
Autumn 11.32 24.84 11.23 21.71 18.68 24.14 11.66 23.63 9.77 25.07 10.24 24.52
Winter 8.19 2231 9.54 20.62 10.73 21.99 9.97 22.21 8.76 22.81 8.36 22.64
Spring 16.20 26.74 10.98 21.86 14.49 23.65 13.29 23.66 17.59 29.82 11.89 24.19
180 1 2017 2018 were collected in the .Veld, more variation is
160 At expected compared with field trials, where, at
_ 140 » Winter least to a certain extent, external sources of
E 120 = Spring variation are controlled.
= 100 ® Summer
£ 80 Results and Discussion
E 60
~ 40 T.he oil yield. percentage of A. afra from
20 different regions and seasons
0 The two-way interaction of location x

Bizana Nggeleni Centane

Bizana Ngqeleni Centane

Locations/ Regions

Fig. 2. Seasonal distribution of rainfall in different locations for 2017 and 2018.

shoot sample. Essential oil content (%) was
determined using Eq. [1]:

Essential oil
Oil content (%) = ssential oil mass (g)

Fresh shoot mass (g)
x 100

(1]

Essential oil analysis. GC with MS was
used for the separation of the chemical con-
stituents of the essential oils of the 4. afra
samples. The oil constituents were quantified
using a flame ionization detector. The initial
GC temperature was set at 60 °C. Thereafter,
it was progressively increased at a temperature
ramp of 3 °C/min to 245°C. Oil component
identification was done using the National
Institute of Standards and Technology Mass
Spectra Library of the United States and the

confirmation by retention index was done us-
ing the extensive essential oil identification
dictionary (Adams 2007). Cross referencing
with other oils containing the same com-
pounds was also conducted.

Statistical analysis

Using three samplings per season per lo-
cation, a combined analysis of variance was
used to test differences caused by seasons, lo-
cations, and the interaction between season
and location, using the statistical program
GenStat 15. Years are considered as a ran-
dom variable; therefore, it was not included
as a source of variation in the analysis. The
means were compared using Fisher’s pro-
tected least significant difference test at the
5% level of significance. As the samples

Table 3. The oil yield percentage of Artemisia afra across different regions and seasons.

0il yield (%)

Location Seasons 2017 2018
Bizana Autumn 0.44 cd' 0.48 e
Winter 0.58 bed 0.52 de
Spring 0.40 de 048 e
Summer 0.83 a 0.83b
Nggeleni Autumn 0.52 cd 0.66 ¢
Winter 0.25¢ 0.5¢
Spring 0.47 cd 0.44 ¢
Summer 0.61 be 0.59 cd
Centane Autumn 0.54 bed 0.33 f
Winter 0.49 cd 025 f
Spring 0.51 cd 0.75 b
Summer 0.70 ab 0.92 a
ANOVA significance .
Location Hokkll ok
Season Hkkok dkkck
Season X location Hokk ok
CV (%) 12.80 4.57

' Means within the same column followed by the same letter are not significantly different according

to Tukey’s test range.

i wkx Significant at P < 0.01 and 0.001, respectively.
ANOVA = analysis of variance; CV = coefficient of variance.
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season was highly significant (P < 0.001)
with respect to oil yield percentage (Table 3).
The main factors of location and year greatly
influenced (P < 0.0001) oil yield for 2017
and 2018, whereas on the other hand the loca-
tion was significant at P < 0.001 with respect
to oil yield. As presented in Table 3, oil yield
percentage from Nggeleni is significantly dif-
ferent from Bizana and Centane for 2017 in
summer. Whereas in 2018, all the regions are
significantly different from each other. In
winter for both 2017 and 2018, Centane is
significantly different from Bizana and
Nggeleni. Furthermore, significant differ-
ences among all the regions are observed in
autumn of 2018.

The highest oil yield was recorded for
summer in Centane (0.70%, 0.92%) for
both 2017 and 2018, respectively. Summer
in Bizana had the second-highest percentage
of 0.83% in both years, followed by summer
in Nggeleni (0.61%, 0.59%) in both 2017 and
2018, respectively. Centane experienced the
highest maximum summer temperatures in
both years, followed by Bizana and Nggeleni
(Table 3). This suggests that A. afia will pro-
duce more oil at higher temperatures, sup-
porting findings by El-Sherei et al. (2014),
who reported the highest essential oil yield
(0.75%) for Solidago canadensis plants ob-
tained in flowers collected during spring to
summer in Egypt. However, Shanjani et al.
(2010) obtained the highest (0.85%) essential
oil yield percentage from foliage and berries
of Juniperus excelsa at Iran in autumn and
the lowest (0.5%) in summer. The maximum
temperatures in autumn for Iran (Iran climate,
1991 to 2020) are averaged at 18.7°C com-
pared with temperatures in Eastern Cape, sig-
nifying that the tested plant oil yield is
influenced by low temperatures.

In addition, the essential oil content re-
corded for Nectandra grandifiora and Nec-
tandra lanceolate harvested in Brazil were
higher in spring and lowest in winter (Ferras
et al. 2018). Summer harvest of Cymbopogon
citratus species yielded higher yield of
0.25%, whereas lowest yield of 0.16% was
recorded in leaves harvested in autumn

HortScIeENCE VoL. 60(7) JuLy 2025
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Table 4. The interaction effect of the major Artemisia afra oil constituents from different regions and seasons.

Treatments Constituents (%)
Year Location Seasons 1.8 Cineole Ketone Cis-Thujone Trans-Thujone Camphor Camphene
Bizana Autumn 15.99 abc' 1.47 cd 40.37 a 10.23 a 15.02 ef 2.22 de
Winter 15.04 bed 0.41d 38.65 a 8.94 a 14.88 ef 2.83 cd
Spring 14.93 bed 0.24d 39.84 a 9.48 a 14.56 ef 2.05¢e
Summer 12.89 de 0.51d 3599 a 9.03 a 1570 e 297 ¢
Nggeleni Autumn 15.42 bed 0.34d 18.63 d 4.47 be 2943 b 553 a
Winter 18.66 a 0.31d 1475 ¢ 3.86 ¢ 32.06 a 4520
2017 Spring 12.81 de 0.32d 20.78 d 5.66 be 2530 ¢ 437b
Summer 13.26 cede 359 ¢ 13.50 ¢ 3.80 ¢ 29.35b 5.09 ab
Centane Autumn 16.45 ab 19.03 b 23.85¢ 6.08 b 15.02 ef 297 ¢
Winter 16.58 ab 20.74 b 18.95d 4.15 be 15.06 ef 2.41 cde
Spring 13.97 bed 23.18 a 19.22 d 4.41 be 13.51 fg 2.03 ¢
Summer 10.83 e 24.51 a 18.40 d 4.63 be 12.67 g 2.92 cd
ANOVA significance
Location NS sokok sokok sk Hxk sk
SeaSOn sesksk ssksk sesksk B sk sksksk
SeaSOn X IOCatiOn sksksk ksksk kksk kkk sksksk sksksk
CV (%) 7.42 11.69 3.73 12.59 3.77 8.90
Bizana Autumn 14.55 cde 1.36 cd 40.19 a 10.39 a 15.30 de 2.85b
Winter 14.55 de 0.39d 38.22 ab 821 Db 14.63 def 2.59b
Spring 13.38 de 027 d 39.81 a 9.78 a 14.29 ef 244 b
Summer 13.88 de 0.55 cd 3520 b 9.75 ab 15.23 de 2.875b
Ngqeleni Autumn 14.89 cd 0.39d 16.88 def 4.23d 28.32 be 528 a
Winter 18.62 a 0.33d 15.23 efg 391d 34.10 a 428 a
2018 Spring 1293 ¢ 0.38d 19.24 d 523 cd 26.14 ¢ 4.77 a
Summer 13.19 de 2.58 ¢ 13.97 fg 4.19d 29.26 b 5.262 a
Centane Autumn 16.46 be 19.28 b 2333 ¢ 582 ¢ 14.87 def 2.61b
Winter 17.22 ab 20.40 b 18.22 de 4.275 cd 17.22d 2.28b
Spring 14.20 de 23.88 a 12.88 g 4.895 cd 13.87 ef 298 b
Summer 10.26 f 24.58 a 18.20 de 4.805 cd 1223 f 291 b
ANOVA significance
Location * seskok sdeskok skeskok skeksk soksk
SeaSOn sksksk skksk kksk kkk sksksk 3k
Season X location Hokk Hokk Hokk * HokE ns
CV (%) 5.18 10.70 5.56 9.76 5.58 13.06

' Means within the same column followed by the same letter are not significantly different according to Tukey’s test range.
NS, *, **_ sk Nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively.
ANOVA = analysis of variance; CV = coefficient of variance.

(Jardinetti et al. 2016). These results corre-
spond with findings for the present study, in
which the lowest oil yield recorded was
0.25%, observed during winter in Nggeleni
and Centane for 2017 and 2018, respectively.
Rainfall could be a contributing factor, be-
cause augmented rainfall can lead to higher
oil yields in 4. afi-a, as it promotes healthy
plant growth and development (Desrosiers
et al. 2019). As evident in Fig. 2, in winter,
rainfall for Bizana is considerably higher
than that of Centane and Nggqeleni. Further-
more, Graven et al. (1992) argued that high
oil yield on A. afi-a can be obtained when the
plants are harvested during flowering and
carly seed as opposed to earlier or later in the
reproductive period. This can be a result for
the present study because the flowering was
observed from late February to May across
different areas.

Average essential oil constituents of A. afia

The results of this study indicated that the
two-way interaction of location X season was
highly significant (P < 0.0001) with respect
to oil constituents’ percentage (%) (Table 4).
Regarding the constituent %, the location
was significant at P < 0.001, whereas the
year and season had a substantial impact
(P < 0.0001) on the constituent percentage
for 2017 and 2018.
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1.8-cineole. 1t was observed that 1.8-cineole
content was higher during cooler seasons (au-
tumn and winter) than in warmer seasons
(summer and spring). The constituent was
highest in winter at Nggeleni (18.66%,
18.62%) followed by Centane in winter
(16.58%, 17.22%) and last in autumn at Cen-
tane (16.45%, 16.46%) for both 2017 and
2018, respectively. The lowest, however, was
recorded in the summer months of 2017 and
2018 in Centane (10.83%, 10.26%). Bizana
samples had the second-lowest percentage
(12.89%) in 2017, followed by Ngqeleni
samples (12.81%). In 2018, Nggeleni sam-
ples had the second-lowest percentage in the
spring (12.93%) and the third-lowest percent-
age in the summer (13.19%). Makunga and
Mothapo (2017) alluded that the essential oil
of A. afra had the highest 1.8-cineole on plants
harvested during the winter months (19.78%)
supporting findings of the present study.

Season had a major impact on the limo-
nene, which has an aroma comparable to
1.8-cineole (Lola et al. 2002), according to
contradicting findings reported by Sgarbossa
et al. (2019) with Aloysi triphylla essential
oil. In the summer (28.04%), when there was
less evapotranspiration, limonene was found
in greater amounts (Sgarbossa et al. 2019).
The results of the current study, however,
might be the consequence of less rainfall in

winter, which in turn led to decreased evapo-
transpiration on the plants. Furthermore, as
Ranjbar et al. (2020) described, plants col-
lected at different developmental phases may
have different oil profiles, which could ac-
count for differences in 1.8-cineole. According
to Mohammadreza (2008), the main compo-
nent of Artemisia annua L. during its flower-
ing stage was 1.8-cineole. In addition, the
plants’ geographic location and altitude may
have an impact on their oil content.

Artemisia ketone. Artemisia ketone was
significantly higher in Centane for both years
(2017 and 2018) compared with Nggeleni
and Bizana for all seasons. It was observed
that during warmer seasons, Artemisia ketone
percentage was higher than that produced in
cooler seasons at Centane. These findings
support findings of Mothapo and Makunga
(2016), who suggested that Artemisa ketone
percentage on A. afra increased greatly in
summer. They further stated that the increase
might be due to temperature-induced changes
in enzyme activity, increased water stress, as
well as the changes in plant growth and de-
velopment. According to Mossa and El-Feraly
(1990), production of ketones in the essential
oil is a defense mechanism to water stress
because water stress triggers the activation
of enzymes involved in the biosynthesis of
ketones.
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Cis- and trans-thujone. In both 2017 and
2018, the Bizana area had the highest levels
of cis-thujone (40.37%; 40.19%) and trans-
thujone (10.23%; 10.39%) during autumn.
For the Ngqgeleni location, the summer
months of 2017 were found to have the low-
est levels of cis- (13.50%) and trans-
(13.50%) thujone. Last, in 2018, Ngqeleni
had the lowest trans-thujone (3.91%) and
Centane had the lowest cis-thujone (12.88%).
The result of the study confirms findings of
Libbey and Sturtz (1989), who indicated that
in South Africa, cis-thujone is a major com-
ponent for essential oils of many plant spe-
cies. Graven et al. (1992) specified that trans-
thujone is a major oil constituent of 4. afra in
Zimbabwe. Furthermore, these findings cor-
respond with findings of Lubbe and Ver-
poorte (2011), who alluded that on the
composition of A. afra, cis- and trans-thujone
content was found in plants grown in areas
with high temperatures, low relative humid-
ity, and high rainfall.

Camphor. Seasonally, camphor tended to
be lower in the summer and higher in the
winter, as shown in Table 4. In comparison
with Centane and Bizana, Ngqeleni compara-
tively had the highest camphor for every sea-
son. Winter in Nggeleni had the highest
percentages at 32.06% and 34.06%, followed
by autumn at 29.35% and 28.32%, and sum-
mer at 29.35% and 29.26% in 2017 and
2018, respectively. It was also noted that the
cooler seasons had the highest percentage of
camphor in all locations. Centane has the
lowest camphor in 2017 and 2018, with sum-
mer season percentages of 12.67% and
12.23%, respectively. The present study con-
tradicts findings of Makunga and Mothapho
(2017), who explained that the camphor con-
tent of A. afra is highest during its flowering
stages and summer. However, there is a pos-
sibility that the plants were harvested at their
flowering stage because for the current study,
the plants’ developmental stages were not re-
corded. Kamatou and Viljoen (2010) argued
that the camphor content in 4. afra essential
oil is highest from plants grown in well-
drained soils having low nutrient levels.

According to Asekum et al. (2007), dry-
ing methods affect the relative quantities of
the oil components, as a result camphor for
A. afra when distilled fresh was 14.2% and
when sun dried 8.2%. The composition of
camphor decreased in air-dried (0.12%) sam-
ples compared with fresh material (0.27%)
(Ashafa and Pitso 2014). This could have af-
fected the camphor of the current study be-
cause some samples were kept at room
temperature for ~48 h before distilling.

Camphene. Winter at Centane had the
greatest camphene in 2017, with autumn
coming in second at 15.02% for both Centane
and Bizana. Summer in Centane had the low-
est rates, with 12.67% and 13.51%, respec-
tively. Season had no effect on the camphene
of all the plants’ oil from the different loca-
tions for 2018. Nonetheless, Ngqeleni had
the highest, followed by Bizana and Centane.
Ferras et al. (2018) explained that the
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camphene can vary depending on the se-
lected plants’ developmental stages, which
can be during flowering or fruiting. For this
present study, it can be explained that even
though the plants were harvested during the
same seasons, the possibility of them being
in different stages of growth was possible.

Conclusions

In conclusion, the essential oil yield of
A. afra was significantly influenced by both
location and season, as well as the interaction
between these two factors. The study identi-
fied Artemisia ketone, 1.8-cineole, camphor,
camphene, and cis- and frans-thujone as the
major constituents of 4. afra essential oil.
These key compounds were found to be pre-
sent in higher quantities in specific locations,
indicating that environmental factors play a
crucial role in the composition and yield of
the essential oil. Understanding the effect of
location and season on essential oil produc-
tion can help optimize the cultivation and ex-
traction processes of A. afra for various
commercial applications such as pharmaceut-
icals and cosmetics industries.

References Cited

Abad MJ, Bedoya LM, Apaza L, Bermejo P. 2012.
The Artemisia L. genus: A review of bioactive
essential oils. Molecules. 17:2542-2566.

Adams RP. 2007. Identification of essential oil com-
ponents by Gas Chromatography/Mass Spectrom-
etry, 4th edition. Allure Publishing Corporation,
Carol Stream, IL, USA.

Asekun OT, Grierson DS, Afolayan AJ. 2007.
Variations in the quality and yield of the essen-
tial oil from Artemisia afra using different
drying methods. J Essential Oil-Bearing Plants.
10(1):5-9. https://doi.org/10.1080/0972060X.2007.
10643511.

Ashafa AOT, Pitso TR. 2014. Effects of microwave
drying on the yield and chemical composition of
essential oils of Artemisia afra Jacq. Ex willd
from the eastern free state South Africa. J Essen-
tial Oil-Bearing Plants. 17(6):1087-1093. https:/
doi.org/10.1080/0972060X.2014.960280.

Desrosiers MR, Towler MJ, Weathers PJ. 2019.
Artemisia annua and Artemisia afra essential
oils and their therapeutic potential, p 197-209.
In: Malik S (ed). Essential oil research: Trends
in biosynthesis, analytics, industrial applica-
tions and biotechnological production. Springer
Cham.

Du Toit A, Van der Kooy F. 2019. Artemisia afra, a
controversial herbal remedy or a treasure trove
of new drugs? J Ethnopharmacol. 244:112127.
https://doi.org/10.1016/j.jep.2019.112127.

El-Sherei M, Khaleel A, Motaal AA, Abd-Elbaki
P. 2014. Effect of seasonal variation on the
composition of the essential oil of Solidago
canadensis cultivated in Egypt. J Essential Oil-
Bearing Plants. 17(5):891-898.

Fennell CVV, Lindsey KL, McGaw LJ, Sparg SG,
Stafford GI, Elgorashi EE, Grace OM, van
Staden J. 2004. Assessing African medicinal
plants for efficacy and safety: Pharmacological
screening and toxicology. J Ethnopharmacol.
94(2-3):205-217. https://doi.org/10.1016/].
jep.2004.05.012.

Ferraz EdO, Vieira MAR, Ferreira MI, Fernandes
Junior A, Marques MOM, Minatel 10, Albano
M, Sambo P, Lima GPP. 2018. Seasonality

effects on chemical composition, antibacterial
activity and essential oil yield of three species
of Nectandra. PLoS One. 13(9):0204132.
https://doi.org/10.1371/ journal.pone.0204132 .

Graven EH, Dean SG, Svoboda KP, Mavi S,
Gundidza MG. 1992. Antimicrobial and an-
tioxidant properties of the volatile (essen-
tial) oil of Artemisia afra Jacq. Flavour &
Fragrance J. 7(3):121-123. https://doi.org/
10.1002/£j.2730070305.

Jardinetti VA, Schwan-Estrada F, Maia AJ, da
Costa WF, de Freitas RN. 2016. Effect of sea-
sons on chemical composition and fungitoxicity
of Cymbopogon citratus (DC) Staf essential
oil. AfrJ Agric Res. 11(12):1048-1055.

Kamatou GOO, Viljoen AM. 2010. The in vitro
pharmacological effects and in vivo toxicity
of the essential oil of Artemisia afra Jacq. J
Pharmacy Pharmacology. 62(9):1211-1221.

Kilenga NG, Maeda D, Kibazohi O, Kaale LD.
2022. Evaluation of natural antifungal com-
pounds from Artemisia afra and its effectiveness
on prevention of aflatoxins. Tanz J Sci. 48(3):
537-547. https://doi.org/10.4314/tjs.v48i3.2.

Koul B, Taak P, Kumar A, Khatri T, Sanyal I.
2017. The Artemisia genus: A review on tradi-
tional uses, phytochemical constituents, pharma-
cological properties and germplasm conservation.
J Glycomics Lipidomics. 7(1):142.

Libbey LM, Sturtz G. 1989. Unusual essential
oils grown in Oregon. 1. Artemisia afra Jacq.
J Essential Oil Res. 1(1):29-31. https:/doi.
0rg/10.1080/10412905.1989.9699441.

Lota ML, de Rocca Serra D, Tomi F, Jacquemond
C, Casanova J. 2002. Volatile components of
peel and leaf oils of lemon and lime species.
J Agric Food Chem. 50(4):796-805. https:/
doi.org/10.1021/5£0109241.

Lubbe A, Verpoorter R. 2011. Cultivation of Artemi-
sia afra and its influence on the essential oil com-
position. J Essential Oil Res. 23(3):257-265.
https://doi.org/10.1080/10412905.2011.9700498.

Makunga NP, Mothapo NP. 2017. Seasonal var-
iation in the essential oil composition of Ar-
temisia afra Jacq. J Essential Oil Res. 29(3):
257-265. https://doi.org/10.1080/10412905.2016.
1271113.

Mamatova AS, Korona-Glowniak I, Skalicka-
Wozniak K, Jozefczyk A, Wojtanowski KK,
Baj T, Sakipova ZB, Malm A. 2019. Phyto-
chemical composition of wormwood (Arte-
misia gmelinii) extracts in respect of their
antimicrobial activity. BMC Complement
Altern Med. 19(1):288-288. https://doi.org/
10.1186/512906-019-2719-x.

Mofokeng MM, Weepener HL, Araya HT,
Amoo SO, Araya NA, Hlophe-Ginindza S,
Du Plooy CP. 2024. Environmental suitabil-
ity predictions for the distribution and po-
tential cultivation of Artemisia afra in South
Africa. 1JPB. 15(4):1321-1337. https://doi.org/
10.3390/ijpb15040091.

Mohammadreza VR. 2008. Variation in the essen-
tial oil composition of Artemisia annua L. of
different growth stages cultivated in Iran. Afr J
Plant Sci. 2(2):16-18.

Mossa JS, El-Feraly FS. 1990. Effects of water
stress on the essential oil composition of Arte-
misia afra. Phytochemistry. 29(10):3333-3336.
https://doi.org/10.1016/0031-9422(90)85264.

Mothapo NP, Makunga NP. 2016. Essential oil
composition of Artemisia afra Jacq. at different
growth stages and seasons. J Essential Oil Res.
28(3):259-267. https://doi.org/10.1080/10412905.
2015.1128474.

Mwangi JW, Achola KJ, Sinei KA, Lwande W,
Laurent R. 1995. Essential oil constituents of
Artemisia afra Wild. J Essential Oil Res.

HortScIeENCE VoL. 60(7) JuLy 2025

/0’ /ou-Aq/sesuaol|/610 suowwodaAeald//:sdny (/0" 7/ouU-Aq/sasuadl|/Bi0 SUOWWOIBAIIBBIO//:SA)Y) 9SUadl|
JN-AZ DD 9y} Japun pajngulsip ajoie ssaooe uado ue s siYy] '$se00y uadQ BIA GL-80-GZ0Z 18 /w09 Alojoejqnd poid-awnid-ylewssyem-jpd-awiid//:sdpy wol papeojumoq


https://doi.org/10.1080/0972060X.2007.10643511
https://doi.org/10.1080/0972060X.2007.10643511
https://doi.org/10.1080/0972060X.2014.960280
https://doi.org/10.1080/0972060X.2014.960280
https://doi.org/10.1016/j.jep.2019.112127
https://doi.org/10.1016/j.jep.2004.05.012
https://doi.org/10.1016/j.jep.2004.05.012
https://doi.org/10.1371/
https://doi.org/10.1002/ffj.2730070305
https://doi.org/10.1002/ffj.2730070305
https://doi.org/10.4314/tjs.v48i3.2
https://doi.org/10.1080/10412905.1989.9699441
https://doi.org/10.1080/10412905.1989.9699441
https://doi.org/10.1021/jf010924l
https://doi.org/10.1021/jf010924l
https://doi.org/10.1080/10412905.2011.9700498
https://doi.org/10.1080/10412905.2016.1271113
https://doi.org/10.1080/10412905.2016.1271113
https://doi.org/10.1186/s12906-019-2719-x
https://doi.org/10.1186/s12906-019-2719-x
https://doi.org/10.3390/ijpb15040091
https://doi.org/10.3390/ijpb15040091
https://doi.org/10.1016/0031-9422(90)85264
https://doi.org/10.1080/10412905.2015.1128474
https://doi.org/10.1080/10412905.2015.1128474

7(1):97-99. https://doi.org/10.1080/10412905.
1995.9698475.

Ranjbar M, Naghavi MR, Alizadeh H. 2020.
Chemical composition of the essential oils of
Artemisia species from Iran: A comparative
study using multivariate statistical analysis’. J
Essential Oil Res. 32(4):361-371. https://doi.
0rg/10.1080/10412905.2020.1750495.

Roberts M. 1990. Indigenous healing plants. Southern
Book Publishers, Halfway House, Midrand, South
Afiica.

Shanjani PS, Mirza M, Calagari M, Adams RP.
2010. Effects of drying and harvest season

HorTScience VoL. 60(7) JuLy 2025

on the essential oil composition from foliage
and berries of Juniperus excelsa. Industrial
Crops and Products. 32(2):83-87. https://doi.
org/10.1016/j.indcrop.2010.03.003.

Sgarbossa J, Schmidt D, Schwerz F, Schwerz L,

Prochnow D, Caron BO. 2019. Effect of sea-
son and irrigation on the chemical composition
of triphylla essential oil. Rev Ceres. 66(2):
85-93. https://doi.org/10.1590/0034-737x20196
6020002.

Van Wyk BE. 2008. A broad review of commercially

important southern African medicinal plants.

J Ethnopharmacol. 119(3):342-355. https:/
doi.org/10.1016/j.jep.2008.05.029.

Viljoen AM, van Vuuren SF, Gwebu T, Demirce

B, Baser K, Husnu C. 2006. The geographical
variation and antimicrobial activity of African
wormwood (Artemisia afra Jacq.) essential oil.
J Essential Oil Res. 18(sup1):19-25. https:/doi.
0rg/10.1080/10412905.2006.12067114.

Worku T, Rubiolo P. 1996. Major constituents

of Artemisia afra oil. J Essential Oil Res.
8(4):355-357. https://doi.org/10.1080/10412905.
1996.9700639.

1131

10" y7/ou-Ag/sesuaal|/B1o suowwodaAleald//:sdny (/0 7/ou-Aq/sasuadl|/B10 SUOWWOIDAIIBIO//:SA)Y) 9SUal|
IN-ALG DD 8y} Japun pajngLisip ajoie ssadoe uado ue S| siy] 'ssed0y uadQ BIA GL-80-GZ0Z 1e /wooAlojoeiqnd pold-awid-yiewlaem-jpd-awiid//:sdiy wouy papeojumoq


https://doi.org/10.1080/10412905.1995.9698475
https://doi.org/10.1080/10412905.1995.9698475
https://doi.org/10.1080/10412905.2020.1750495
https://doi.org/10.1080/10412905.2020.1750495
https://doi.org/10.1016/j.indcrop.2010.03.003
https://doi.org/10.1016/j.indcrop.2010.03.003
https://doi.org/10.1590/0034-737x201966020002
https://doi.org/10.1590/0034-737x201966020002
https://doi.org/10.1016/j.jep.2008.05.029
https://doi.org/10.1016/j.jep.2008.05.029
https://doi.org/10.1080/10412905.2006.12067114
https://doi.org/10.1080/10412905.2006.12067114
https://doi.org/10.1080/10412905.1996.9700639
https://doi.org/10.1080/10412905.1996.9700639

