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Salvia namaensis Schinz

@ CrpssMark

Background: Salvia dolomitica Codd. and Salvia namaensis Schinz. are indigenous to southern
Africa and are used as medicinal plants in folk medicine.

Aim: This study aimed to assess the effects of different levels of water deficit treatments on the
growth, concentration of secondary metabolites, and anti-Fusarium oxysporum activity of
S. dolomitica and S. namaensis.

Setting: Experiments were carried out on the Bellville campus of the Cape Peninsula University
of Technology, Cape Town.

Methods: Four weeks old seedlings of the two species were subjected to 3-, 6-, 9- and 12-day
water deficit regimes. Secondary metabolites such as polyphenols, alkaloids, and flavanols
were assessed using spectroscopic methods. The anti-fungal activities of crude extracts
obtained from plants were evaluated in a micro-dilution bioassay.

Results: In all treatments, the plant height, crown width, number of stems and leaves, and
fresh and dry weights reduced with increased water deficits. Acetone extracts from all
treatments showed anti-fungal activity. However, extracts from the treatment with moderate
water deficit (6-day watering interval) recorded significantly (P < 0.01) better inhibition of F.
oxysporum at the 18 h post incubation than the commercial fungicide, Mancozeb.

Conclusion: This research has revealed that mild to moderate water deficit level favours the
accumulation of alkaloids in S. dolomitica. Meanwhile, mild to severe water deficit significantly
lowered flavanol content in S. namaensis. There was a correlation between the increase in total
alkaloid contents and the enhanced anti-fungal activity of extracts of S. dolomitica. The present
findings pave the way for optimised cultivation of medicinal plants and development of
bioactive natural products.

Keywords: polyphenols; alkaloids; flavanols; Fusarium oxysporum; water deficit; Salvia species.

Introduction

South Africa is ranked as the 30th driest country globally (World Resources Institute 2015).
According to the World Economic Forum (2017), the third-highest risk for doing business in
South Africa is its crisis with access to fresh water. Droughts are expected to become more frequent
and intense as global temperates increases (W.W.F.-SA 2016). Even though South Africa is already
using too much water, it is forecasted that more water will be needed in the agricultural, industrial,
and municipal sectors, in the future (Donnenfeld, Crookes & Hedden 2018).

Although South Africa is a water-scarce country (Goldin 2010; Muller et al. 2009), it is home to 6%
of the world’s plant diversity (Raimondo 2015), and has one of the richest temperate flora globally
(Staden & Lotter 2015). South Africa has many indigenous medicinal species that have the
prospects of becoming sources of natural pesticides. The global demand for natural products is
increasing as the world becomes more conscious of synthetic products’ negative impacts on
human and environmental health (Saha, Dasgupta & Saha 2005).

In India, scientists in collaboration with the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) and local Indian farming communities, selected drought-resistant medicinal
plants that the farmers can intercrop with the food crops that are commonly cultivated. The intention
was for farmers to generate more income. Furthermore, farmers who had started growing medicinal
plants had doubled or even tripled their incomes (Antonucci 2016). In 2016, India’s prime minister

http://www.jomped.org . Open Access


http://www.jomped.org
https://orcid.org/0000-0001-8995-8896
https://orcid.org/0000-0002-9910-5085
mailto:felixnchu@gmail.com
https://doi.org/10.4102/jomped.v5i1.115
https://doi.org/10.4102/jomped.v5i1.115
http://crossmark.crossref.org/dialog/?doi=10.4102/jomped.v5i1.115=pdf&date_stamp=2021-10-15

initiated a project called the “Aroma Mission’, which promotes
the cultivation of marketable medicinal and aromatic crops in
unproductive areas, including those affected by water scarcity,
drought, salinity, or floods (Srivastava 2016). There are also
several similar initiatives in South Africa, supported by
provincial governments and municipalities (Van Wyk &
Prinsloo 2018).

Efforts to optimise the yield of medicinal plant materials
through cultivation methods or techniques have been
receiving much attention lately as a result of the rise of
multidrug-resistant organisms (MDROs) (Chen et al. 2016;
Isah 2019). The success rate of developing a new drug from
natural medicinal origins is higher compared to synthetic
drugs, with the latter being very expensive and difficult to
develop (Pan et al. 2013). Manipulation of the ambient
environmental factors has been used to successfully enhance
secondary metabolite production by plants (Ramakrishna &
Ravishankar2011). Many studies have revealed that medicinal
plants grown under certain water deficit conditions resulted
in significantly higher concentrations of relevant secondary
metabolites than their unstressed counterparts (Kleinwéchter
& Selmar 2015). Metabolic reactions triggered by drought stress
are responsible for the higher natural product accumulation in
plants grown in semi-arid regions (Al-Gabbiesh, Kleinwachter
& Selmar 2014).

Different environmental stresses cause plants to produce
various secondary metabolites that help them adapt to those
stresses (Berini et al. 2018; Kroymann 2011). The production
of secondary metabolites by plants can be elicited by
changing the ambient biotic and abiotic factors (Caretto et al.
2015; Narayani & Srivastava 2018; Rejeb, Pastor & Mauch-
Mani 2014). Moreover, the presence of secondary metabolites
that are affected under water shortage can impact the
commercial medicinal value of plants (Tatrai et al. 2016).
Plant secondary metabolites can be divided into three major
groups, namely, terpenoids; nitrogen-containing alkaloids
and sulphur-containing compounds and flavonoids; and
allied phenolic and polyphenolic compounds. These
secondary metabolites act as defence molecules against
microbes, viruses, or other competing plants (Pusztahelyi,
Holb & Pocsi 2015; Wink 2003). Antimicrobial compounds
restrict pathogens’ growth by activating specific signalling
pathways leading to Ca®* elevation and reactive oxygen
species (ROS) burst by binding to cell membranes followed
by leakage of cell components of pathogenic fungi such as
Fusarium oxyporum (Ito et al. 2007).

Drought often causes oxidative stress, thereby affecting the
amounts of flavonoids and phenolic acids in plant tissues
(Larson 1998). Water stress can increase the tannin and
saponin contents of plants (Umebese & Falana 2013), which
are reported to have anti-fungal properties (Arif et al. 2009).
Under drought stress, the closing of the stomata results in a
series of consequent physiological and/or biochemical
adjustments aimed at balancing the photosynthetic process
as well as at enhancing the plant defence barriers against the
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drought-promoted stress. These barriers include the
stimulation of antioxidant systems, stimulation of aquaporin
synthesis and the accumulation of osmolytes, which are
some of the mechanisms used by plants to overcome the
unfavourable period of water deficit (Kapoor et al. 2020). In
the current context, it is plausible to think that water-stressing
indigenous Salvia plants during cultivation could enhance
the production of secondary metabolites, thereby increasing
the plant extracts’ bioactivity against F. oxysporum.

Salvia dolomitica Codd, commonly known as dolomite sage or
pilgrim’s rest pink sage, is a fast-growing shrub and is restricted
to the provinces of Limpopo and Mpumalanga, where it grows
on dolomite rock outcrops at altitudes of 1150 m — 1900 m
(Clebsch 2003; McQuillan 2013). The major compounds in
S. dolomitica are: o-pinene (7.1%), 8-3 carene (7.5%), limonene
(9.7%), 1.8-cineole (17.6%), p-caryophyllene (17.4%), and borneol
(8.5%). The methanol:chloroform (1:1) extracts of S. dolomitica
contain: Betulafolientriol oxide, Caffeic acid, Oleanolic/ursolic
acid, and Rosmarinic acid (Kamatou et al. 2008).

Salvia namaensis Schinz, commonly known as Nama sage, is a
well branched, semi-woody perennial shrub that is fast
growing. The species comes from Namaqualand, Namibia or
the Northern Cape as indicated by the epithet namaensis. It
grows at 400 m — 1700 m in well-drained, rocky, or sandy soil
on limestone and dolerite hills (Clebsch 2003; McQuillan
2011). The methanol:chloroform (1:1) extracts of S. namaensis
contain: 7-O-Methylepirosmanol, Betulafolientriol oxide,
Caffeic acid, Carnosol, Carnosic acid, Oleanolic/ursolic acid,
and Rosmarinic acid (Kamatou et al. 2008).

This research aimed to determine the effect of water deficits
on the phenolic compounds of the aerial parts of two
indigenous South African Salvia species, namely Salvia
dolomitica and Salvia namaensis.

Materials and methods
Research design

Rooted cuttings of two Salvia species, S. dolomitica and
S. namaensis, were randomly exposed to four watering
regimes in a greenhouse experiment with controlled-
environmental conditions. The plants were arranged in a
randomised complete block design on a cement floor inside
the research greenhouse where the plants were exposed to
natural sunlight that entered through the polycarbonate roof.
At the end of the experiment, data on different plant growth
parameters, secondary metabolite contents and antifungal
activity were collected.

Propagation of Salvia dolomitica and Salvia
namaensis cuttings

Semi-hardwood cutting materials from indigenous S. dolomitica
and S. namaensis were obtained from the Kirstenbosch National
Botanical Garden, Cape Town, courtesy of the curator at the
time, the late Mr Philip le Roux. One hundred, 10 cm cuttings,
of each species were propagated in 128-cell, styrofoam trays
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containing equal volumes of river sand and perlite. These
substrate materials were pre-sterilised with Captab WP (4 g in
1 L), supplied by Villa Crop Protection, Kempton Park, South
Africa, before use. The trays of cuttings were placed on hotbeds
maintained at a temperature of 26.5 °C under intermittent mist
in the production glasshouse with controlled environmental
conditions (22 °C; 100% RH) until the roots appeared through
the drainage holes of the trays.

Greenhouse experiment

The experiment was conducted in a research greenhouse on
the Bellville campus of the Cape Peninsula University of
Technology (CPUT) in Cape Town. Four-week-old, rooted
cuttings of S. dolomitica and S. namaensis were individually
transplanted into 15 cm brown plastic pots filled with
sterilised medium containing equal parts of 1:1:1 silica sand,
coir, and perlite. Sixty-four, 4-week old, potted cuttings of
each of the two Salvia species were used in the water deficit
experiment. The two groups of plants were divided into four
treatments of 16 replicates each. A preliminary trial had
shown that watering the plants with 250 mL of reverse
osmosis (RO) water, every 3 days, was sufficient to prevent
wilting, and thus, this watering regime was used as treatment
one (T1 - no water deficit). In treatment 2 (T2 — mild deficits),
16 plants of each species were irrigated with 250 mL of water
every 6 days. In treatment 3 (T3 — moderate), 16 plants of
each of the two species were watered every 9 days, and
plants in the fourth treatment (T4 — severe) were watered
every 12 days. The experiment was conducted for 11 weeks
and the plants were irrigated with RO water according to the
irrigation regimes per treatment.

The potted plants were placed on the cement floor inside the
research greenhouse, where the plants were exposed to natural
sunlight that entered through the polycarbonate roof. The
experiment followed a complete randomised block design.
Temperatures inside were maintained between 24 °C and 26 °C
during the day and 15 °C - 20 °C during night, and Relative
humidity (RH) was maintained at 74%. The plants” height was
measured at the beginning and the end of the experiment
using a measuring tape from the surface of the medium inside
the plant pot to the tip of the tallest shoot. The crown width for
each plant was measured from the tips of the two shoots that
grew furthest from each other on a horizontal plane.

The biomass for each of the replicates was calculated post-
harvest. Individual plants were harvested at the end of the
experiment by cutting the stems at the base level to the
growth medium’s surface. The plants were weighed, and
their fresh weight was recorded. After being dried in a
thermo-oven at 40 °C for 7 days in individual brown labelled
paper bags, dry weights were recorded.

In vitro fungal screening using micro-dilution
assay

As described by Ntobela et al. (2020), the micro-dilution
method was employed to determine the minimum inhibitory
concentration (MIC) for the extracts. Five grams of milled
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material of five replicates per treatment of S. dolomitica and S.
namensis was extracted with 25 mL acetone and evaporated
under a fan. The extracts were diluted into acetone to
obtain a starting concentration of 6 mg/mL. The starting
concentration was diluted two-fold in each successive serial
dilution. The strain of Fusarium oxysporum glycines strain
(UPEC no. 21) that was used in this bioassay was obtained
from existing cultures in the Department of Horticultural
Sciences, CPUT, and was sub-cultured from stock agar plates
and transferred into Nutrient Broth (Merck, South Africa) for
4 h. The fungal cultures (100 pL) were added to each well of
the 96-well microplates (10° cells/mL). Mancozeb (Stodels
Pty Ltd. Garden Centre, Cape Town, South Africa) served as
the positive control. Forty microliters (40 pL) of 0.2 mg/mL
of p-iodonitrotetrazolium chloride (INT) (Sigma) dissolved
in sterile distilled water was added to each microplate well,
sealed in a plastic bag and incubated at 37 °C and 100% RH.
The INT will show pink colour in presence of fungal growth.
The MIC values were recorded at the 6th, 12th, 18th, and 24th
hour of incubation of the microtiter plates. Minimum
inhibitory concentration values were recorded after
comparing the pink colour of the wells to known concentration
markers for individual rows of the microtiter plates using
visual observations. The anti-fungal bioassay (MIC) consisted
of three replicates per treatment.

Determination of polyphenol, flavanol and
alkaloid contents

Total alkaloid content in the plant extracts was determined
using the spectroscopic method described by Fadhil et al.
(2007). Briefly, the supernatants of aqueous extracts that were
obtained by extracting 100 mg of the ground aerial plant
samples with 10 mL of aqueous ethanol for 2 h followed by
centrifuging at 4000 x g for 10 min were used in the assay.
The extract supernatant (2 mL) and atropine standard
solutions were mixed with sodium phosphate buffer (5 mL)
and bromocresol green solution (12 mL). Subsequently, we
added 12 mL of chloroform to the solution, and the solution
was mixed vigorously using a vortex mixer (Espinoza et al.
2019). The absorbance at 417 nm was determined, and the
concentration of mg atropine equivalent per g dry weight (mg
AE/g DW) in the sample using a standard curve of atropine
was calculated. The total polyphenol content of the aqueous
ethanol extracts of dried S. dolomitica and S. namaensis materials
were determined by the Folin-Ciocalteu method (Singleton,
Orthofer & Lamuela-Raventos 1999). Briefly, 25 uL of the
aqueous extracts was mixed with 125 pL Folin-Ciocalteu
reagent (Merck, South Africa) and diluted 1:10 with distilled
water in a 96-well microplate. After 5 min, 100 pL (7.5%)
aqueous Na,CO, (Sigma-Aldrich, South Africa) was added to
the well. The plates were incubated at room temperature for 2 h
before the absorbance was read at 765 nm using a Multiskan
plate reader (Thermo Electron Corporation, USA). The
standard curve was prepared using 0 mg/L, 20 mg/L,
50mg/L, 100 mg/L, 250 mg/L and 500 mg/L gallic acid in 10%
ethanol (Singleton et al. 1999), and the results were expressed
as mg gallic acid equivalents per g dry weight (mg GAE/g
DW) (Espinoza et al. 2019). The total flavanol content of the
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aqueous ethanol extracts of dried aerial materials of the Salvia
plants was determined using quercetin 0 mg/L, 5 mg/L,
10 mg/L, 20 mg/L, 40 mg/L, and 80 mg/L in 95% ethanol
(Sigma-Aldrich, South Africa) as standard. In the sample
wells, 12.5 pL of the crude aqueous extracts were mixed with
12.5 pL 0.1% HCl (Merck, South Africa) in 95% ethanol and
225 uL 2% HCl and incubated at room temperature for 30 min.
The absorbance was read at 360 nm, at a temperature of 25 °C.
The results were expressed as mg quercetin equivalent per
g dry weight (mg QE/g DW) (Espinoza et al. 2019).

Statistical analysis

The plant height, crown width, total phenolic, and MIC data
are reported as Mean + SE, and the one-way analysis of
variance (ANOVA) was used to compare the means amongst
the treatments. The number of stems and leaves in the different
treatments were compared using the Kruskal-Wallis test
because they are count data. All computations were completed
with the software programmes STATISTICA® (13.5.0.17) and
the Paleontological Statistics package for education and data
analysis (PAST 3.14). Post hoc analysis based on the Tukey test
was used to separate the means for the plant height and crown
width, total phenolic, and MIC data, while the Mann—-Whitney
test was used to analyse the data for the number of stems and
leaves. P-values of < 0.05 were regarded as significant, and
P-values of < 0.01 as very significant.

Ethical considerations

This study followed all ethical standards and received ethical
clearance from Ethical Committee of the Faculty of Applied
Sciences, Cape Peninsula University of Technology.

Results
Height and crown width

The heights of S. dolomitica plants varied significantly
amongst the watering interval treatments (df = 3, 48; F = 18.95;
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P < 0.01). Treatment two (6-day watering interval) had the
highest mean height of 315 mm, followed by the shortest
watering interval (3-day watering interval) with a mean of
304.5 mm. Treatments three (9-day watering interval) and
four (12-day watering interval) recorded the shortest plants
with 224.6 mm and 182.6 mm, respectively.

There was also a significant difference (P < 0.01) in the
heights of the S. namaensis plants between treatments (make
df = 3, 48; F = 5.345; P = 0.004875). Treatment one had the
highest mean height of 198 mm, followed by treatment two
with a mean height of 160 mm. The lowest means were
obtained in treatment three, 145 mm, and treatment four,
with a mean of 132.5 mm.

A significant difference in the crown widths of the S.
dolomitica plants (df = 3, 48; F = 22.24; P < 0.01) was observed
with the largest widths belonging to treatment 1 (3-day
watering interval) with a mean of 134.5 mm followed by
treatment two and treatment three with measurements of
119.41 mm and 97.50 mm, respectively. Treatment four had
the lowest mean of 63.33 mm (Figure 1).

There was a significant difference (P < 0.05) in the crown
width of the S. namaensis plants (df = 3, 48; F = 3.312; P =
0.03433). The widest crown size measurements belonged to
treatment two with a mean of 213.3 mm, followed by
treatment one 206.9 mm. Treatments three and four both had
the lowest mean of 145 mm each.

Fresh and dry weights

There was a significant difference in the fresh weights of the
S. dolomitica plants (df = 3, 48; F = 61.62; P < 0.01). Treatment
one, with the shortest watering interval, had the highest
mean fresh weight of 11.25 g, followed by treatments two
and three with fresh weights of 8.9 g and 4.13 g, respectively.
Treatment four had the lowest mean fresh weight (1.52 g)
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FIGURE 1: Means of plant heights and crown widths of Salvia dolomitica and Salvia namaensis plants subjected to four different water deficit treatments.
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(Table 1). A significant difference was also found in the fresh
weights of the S. namaensis plants (df = 3, 48; F = 58.56;
P < 0.01). Treatment one had the highest mean of 8.52 g,
followed by treatments two and three with 3.52 gand 1.46 g,
respectively. Treatment four had the lowest mean fresh
weight (1.15 g). There was a significant difference in the dry
weight of the S. dolomitica plants (df = 3, 48; F = 22.72;
P < 0.01). Treatment one had the highest mean dry weight
(3.98 g), followed by treatments two and three with
measurements of 3.46 g and 1.85 g, respectively. Treatment
four had the lowest mean of 1.37 g (Table 1).

Results also show a significant difference in the dry weight of
the S. namaensis plants (df =3, 48; F =31.6; P <0.01). Treatment
one had the highest mean dry weights (3.69 g + 0.29 g),
followed by treatments two and three, with measurements of
2.14 g + 0.26 g and 1.38 g = 0.26 g, respectively. Treatment
four had the lowest mean of 1.01 g (Table 1).

Number of stems and leaves

Because of the nature of the growth habit of S. namaensis, the
number of stems and leaves for the different treatments have
not been recorded as they are too numerous to count, and
even mild to moderate water deficit treatments made the
leaves too brittle to handle. The data for S. dolomitica is
presented in Table 2. The number of stems and number of
leaves decreased with increasing water stress. There was no
statistical difference found between treatments of the number
of stems of the S. dolomitica plants (df = 3; y* = 27.43; P =
0.1107) subjected to different water-deficit treatments.
Treatment one had the highest mean recorded for the stems
(3.07 + 0.66), while the lowest mean number of stems (1.38 +
0.21) was recorded for treatment four (Table 2). A significant
difference was found amongst treatments for the number of
leaves (df = 3; ¥* = 34.05; P < 0.001) of the S. dolomitica plants
subjected to different water-deficit treatments. Treatment
one had the highest mean number of leaves (109.15 + 9.71),
while the lowest mean number of leaves (44.33 + 4.33) was
recorded for treatment four.

Polyphenols in mg gallic acid equivalents/g
There was no statistical difference in total polyphenol content

amongst the treatments for the S. dolomitica (df = 3, 8; F = 107;

TABLE 1: The mean + standard error fresh and dry weights of Salvia dolomitica and
Salvia namaensis species subjected to four different water-deficit treatments.

Salvia species Fresh weight Dry weight
Salvia namaensis

Treatment one 11.25 £ 0.93F 3.98 £ 0.43F
Treatment two 8.90 + 0.50% 3.46 +0.237
Treatment three 4.13 £0.35§ 1.85+0.14%
Treatment four 1.52+0.129 1.37 +£0.10%
Salvia dolomitica

Treatment one 8.52 £ 0.64} 3.69 +0.297
Treatment two 3.52 £0.48% 2.14 £0.26%
Treatment three 1.46£0.12§ 1.38+0.11%,§
Treatment four 1.15+0.08§ 1.01+0.07§

Note: The values tabulated are the means * SE of fresh and dry weights, 13 replicates.
Significant differences amongst the means are evaluated using the Tukey’s HSD test. Values
with the same symbols in a column are not significantly different at the 0.05 probability level.
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P = 0.4147). However, treatment three recorded the highest
mean of 73.67 GAE/g + 4.91 GAE/g and treatment four had
the lowest total polyphenol content tested, recording a mean
of 64.39 GAE/g + 3.40 GAE/g (see Table 3).

Similarly, no statistical difference in total polyphenol content
was observed amongst the treatments for the S. namaensis
(df =3, 8, F=1.986; P =0.1947). However, treatment one had
the highest total polyphenol content, 61.22 GAE/g + 1.79
GAE/g, followed by treatment two, 55.33 GAE/g + 2.31
GAE/g and treatment three, 52.88 GAE/g + 3.53 GAE/g,
and the lowest amount recorded was from treatment four
with 51.57 GAE/g + 3.97 GAE/g (Table 3).

Flavanols in mg quercetin equivalent/g

There was no statistical difference in the total flavanol
contents in the extracts of the differently treated S. dolomitica
plant (df = 3, 8; F = 2.401; P = 0.1432). The values of mg
QE/g ranged from 8.09 mg QE/g + 0.11 mg QE/g to 10.36
mg QE/g + 0.76 mg QE/g, with treatment four containing
the lowest amount of flavanols and treatment three the
highest (Table 3). Treatments one and two contained 8.84
mg QE/g + 0.90 mg QE/g and 8.53 mg QE/g + 0.48 mg
QE/g, respectively.

On the other hand, flavanol contents in S. namaensis plants
varied significantly amongst the treatments (df =3, 8; F =5.171;
P =0.02811), with the shortest watering interval, treatment 1,
yielding the highest amount 8.24 mg QE/g + 0.30 mg QE/g,
followed by treatment two 7.45 mg QE/g + 0.44 mg QE/g and
treatment four with 06.33 mg QE /g + 0.60 mg QE/g. Treatment

TABLE 2: The mean + standard error number of stems and leaves of Salvia
dolomitica subjected to four different water-deficit treatments.

Species: Salvia dolomitica Number of stems Number of leaves

Treatment one 3.07 £ 0.667 109.15 £9.71}
Treatment two 1.84 £0.37F 90.46 + 6.227F
Treatment three 1.53+0.31F 58.08 + 6.07%
Treatment four 1.38+0.217 44.33 +4.331

Note: The values tabulated are the means + SE of the number of stems and leaves,
13 replicates. Means + SE with the same symbols in a column are not significantly different
at the 0.05 probability level following a Mann—Whitney test.

TABLE 3: The mean # standard error of polyphenols, flavanols and alkaloids
present in extracts of S. dolomitica and S. namaensis subjected to four different
water-deficit treatments.

Salvia species Polyphenols in Flavanols in Alkaloids in mg AE/g
mg GAE/g mg QE/g

Salvia namaensis

Treatment one 66.43 £ 5.237 08.84 + 0.907 05.91 £ 0.331,1

Treatment two 64.51 + 2.967 08.53 £ 0.487 04.57 £ 0.263%

Treatment three 73.67 £ 4917 10.36 £ 0.76F 06.67 £ 0.547

Treatment four 64.39 + 3.407 08.09 +0.117 04.75 £ 0.537,1

Salvia dolomitica

Treatment one 61.22 +1.79% 08.24 + 0.30F 02.10 £ 0.20F

Treatment two 55.33 +2.317 07.45 + 0.44+,% 02.89 + 0.307

Treatment three 52.88 +3.53F 06.13 £0.34% 02.75 £ 0.68+

Treatment four 51.57 £3.97F 06.33 £0.60%,% 04.05 +0.967

Note: Values with the same symbols in a column are not significantly different at the 0.05
probability level. Significant differences amongst the means were evaluated using the
Tukey’s HSD test.

GAE, gallic acid equivalents; QE, quercetin equivalent; AE, atropine equivalent.
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three contained the lowest with a value of 6.13 mg QE/g +
0.34 mg QE/g (Table 3).

Alkaloids mg atropine equivalent/g

Extracts of S. dolomitica exposed to treatment three (6.67 mg
QE/g + 054 mg AE/g) produced significantly higher
alkaloid content compared to the other treatments (df=3, 8; F
=5.211; P = 0.02758) (Table 3).

No statistical difference in total alkaloid contents (P > 0.05)
was observed amongst the treatments (df = 3, 8; F' = 1.716;
P = 0.2405) of the S. namaensis extracts. The values of
mg AE/g ranged from 2.10 mg QE/g + 0.20 mg AE/g to
4.05 mg QE/g + 0.96 mg AE/g, with the treatment one
having the lowest and treatment four the highest (Table
3). Treatment two and three contained 2.89 mg QE/g + 0.30
mg AE/g and 2.75 mg QE/g + 0.68 mg AE/g, respectively.

Antifungal activity in a micro-dilution bioassay

Minimum inhibitory concentration of Salvia dolomitica
extracts

There was a significant difference (P < 0.01) amongst
treatments after the 6th and 12th hour of incubation (df = 4,
10; F = 7.51; P < 0.01). The mild, treatment two, and
moderate, treatment three, water deficit treatments
produced higher activity than the synthetic fungicide,
Mancozeb (Figure 2).

A significant difference was observed amongst the treatments
at the 18th hour of incubation (df = 4, 10; P < 0.01). Treatments
one, two, and three each had a MIC of 1.5 mg/mL, followed by
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treatment four with a recording of 3 mg/mL. All the treatments
showed fungistatic activity higher than Mancozeb, which had
a MIC value of 6 mg/mL (Figure 2).

After 24 h of incubation there was significant differences in the
fungistatic activity of the acetone extracts of S. dolomitica (df =
4,10; P < 0.01). All the treatments had higher activity than the
synthetic fungicide, Mancozeb that had a MIC reading of
6 mg/mL at this period. Treatment one and treatment four
recorded a MIC value of 3 mg/mL, and both treatment two
and three recorded a better MIC value of 1.5 mg/mL.

Minimum inhibitory concentration of Salvia namaensis
extracts

There was a significant difference amongst treatments at
6 and 12 h of incubation (df = 4, 10; F = 1.5; P < 0.01) (Figure
3). Treatment one and treatment four, both having a MIC of
6 mg/mL, showed weaker activity than that of Mancozeb,
which had a reading of 3 mg/mL. Treatment three was
comparable to that of Mancozeb with the same MIC value,
and treatment two showed the highest activity of 1.5 mg/mL
of the extracts tested (Figure 3).

Treatment two had significantly higher fungistatic activity
than the other treatments (df =4, 10; F = 5.4; P < 0.01) with a MIC
of 3 mg/mL (Figure 3). A reading of 6 mg/mL was observed at
the 18th hour of incubation for treatment one, treatment three,
treatment four, and the synthetic fungicide, Mancozeb.

There was no change in the MIC values at 24 h MICs for
treatments one, three, and four which were comparable to
the fungistatic activity of Mancozeb. All had a MIC value of
6 mg/mL.

Minimum inhibitory concentraion in mg/ml
S
1

MIC @ 6 hincubation

MIC @ 12 h incubation

‘ B Treatment 1 |:| Treatment 2 . Treatment 3 . Treatment 4 |:| Mancozeb

MIC @ 18 h incubation MIC @ 24 h incubation

Incubation period

MIC, minimum inhibitory concentration.

FIGURE 2: Minimum inhibitory concentration values (mean + standard error mg/mL) of Salvia dolomitica leaf extracts, subjected to different water deficit treatments,

against Fusarium oxysporum.
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Minimum inhibitory concentraion in mg/ml

MIC @ 6 h incubation

MIC @ 12 h incubation

Incubation period

‘. Treatment 1 D Treatment 2 . Treatment 3 [l Treatment 4 |:| Mancozeb

MIC @ 18 h incubation

MIC @ 24 h incubation

MIC, minimum inhibitory concentration; h, hour.

FIGURE 3: Minimum inhibitory concentration values (mean * standard error mg/mL) of Salvia namaensis leaf extracts, subjected to different water deficit treatments,

against Fusarium oxysporum.

Discussion

Water deficit is one of the most important factors affecting
plant growth and poses a substantial threat to sustainable
agriculture (Ings et al. 2013). This study’s findings suggest
that increasing water deficits lead to a decrease in plant
height and crown width in S. dolomitica and S. namaensis
plants overall. These agree with the findings of Rahimi,
Taleei and Ranjbar (2017) who found that dehydration
reduces overall plant growth as a result of the considerable
reduction of photosynthesis, cell turgidity, cell growth, and
increasing evapotranspiration. Moderate water deficit did
increase the length of S. dolomitica and the crown width of
S. namaenis plants in the current study. Similar findings were
reported by Luvaha, Netondo and Ouma (2008), who found
that mild water deficits had a positive effect on the stem
length of Mangifera indica. Guo et al. (2016) also showed that
the height and crown width of L. ruthenicum increases under
mild water deficit conditions.

The fresh and dry weights decreased as the water deficits
increased for all the treatments of both species of Salvia tested in
this study. However, the drop in fresh weight is more drastic
than the decrease in dry weight. Ramos et al. (1999) showed that
water deficit inhibits the accumulation of fresh plant mass
significantly than dry biomass of the common bean plant
(Phaseolus vulgaris L.). Malejane et al. (2018) concluded, based on
their trial, that overall, increasing water deficit impacted
negatively on the fresh weight of both the green leafy lettuce
cultivars tested. Water deficit also reduced the plant height,
crown width, fresh and dry mass of Melissa officinalis L. (Radécsi
et al. 2016). In this study, the number of leaves and stems of S.
dolomitica significantly decreased as the water deficits” intensity
increased. These findings can be corroborated by Gugliuzza
et al. (2020) study, in which drought reduced all growth in
Loquat plants (Eriobotrya japonica). Radécsi et al. (2016) showed
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that water-deficit levels significantly affected the quantity and
quality of lemon balm plants.

The abiotic factor, water deficit stress, is one of the most
common environmental factor that affects plant growth
(Bohnert & Jensen 1996; Xu et al. 2010), and is considered one
of the most growth-limiting factor that decreases plant growth
(Tatrai et al. 2016). Drought stress occurs when the available
water in the soil is reduced to critical levels. Drought stress
tolerance is seen in all plants, yet the extent of tolerance varies
from species to species. Exposure to drought causes many
common reactions in plants, such as cellular dehydration,
which causes osmotic stress and water removal from the
cytoplasm to vacuoles (Ramakrishna & Ravishankar 2011).
A reduction in chlorophyll content may occur under drought
stress (Massacci et al. 2008). Water deficits can adversely
impact many aspects of the physiology of plants, especially
photosynthetic capacity, and prolonged drought stress may
severely diminish plant growth and productivity (Osakabe
et al. 2014). Water stress affects plants’ photosynthesis by
reducing the carbondioxide conductance in leaves because of
the changes in the stomatal aperture with the decrease in the
leaf water potential. In some plants, the translocation of
photoassimilates from leaves to the stems assists in the
maintenance of growth under water stress conditions (Li et al.
2009; Ohashi, Saneoka & Fujita 2000).

The effects of water-stress on phenolic content varied with
plant species in this study, suggesting that water deficit can
increase or decrease phytochemicals in plants (Umebese &
Falana 2013). Specifically, moderate water deficit treatment
increased the level of polyphenols in the extracts of S. dolomitica.
Similar results were obtained by Marchese et al. (2010) when
they examined the effect of water deficits on accumulating
biomass and artemisinin in annual wormwood (Artemisia
annua L.) and results showed that moderate water deficit not
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only induced artemisinin accumulation, but also reduced time
and costs in drying the crop. These factors, in combination,
increase crop profit margins coupled with water-saving and
can only lead to further mitigation of environmental
degradation and sustainable business practices.

According to McKiernan et al. (2017) juvenile Eucalyptus
globulus can tolerate periods of continuous yet moderate water
availability with little impact on concentrations of secondary
plant metabolites. On the other hand, increasing water deficits
resulted in a decrease in polyphenolic content in S. namaensis,
which contrasts with the results recorded by Lee and Oh (2017)
in their study on the effects of water deficits on the contents of
bioactive compounds in Dropwort; the total phenolic contents
of all the water deficit treatments increased significantly
compared to the controls. A study by Giamperi et al. (2012)
compared the total content of polyphenolic compounds in
eight Salvia spp. exudates and reported that the second highest
concentration of polyphenols was detected in S. namaensis
with 20 pg polyphenols recorded. It is interesting that the
water deficit treatments in this study did not have a positive
effect on the accumulation of polyphenols in S. namaensis. The
levels of phenolic compounds in plants are genetically
controlled and environmentally induced (Lattanzio 2013).
Further study on the effects of abiotic factors on the
polyphenolic content of this species is recommended.

This study indicates that moderate water deficits increased
the flavanol content of S. dolomitica extracts, and mild and
severe water deficit treatments decreased the flavanols’
levels. However, the effect of water deficits on flavanol
content was not significant (P > 0.05). Umebese and Falana
(2013) investigated the impact of water stress on the
concentrations of phytochemicals of Bryophyllum pinnatum L.
and found that flavonoids increased with increased water
deficit intervals. Various biotic and abiotic stress affect the
accumulation of flavonoids in plant vegetative tissues and
organs (Braidot et al. 2008). Water deficits affect the
accumulation of flavonoids in plants (Hernandez, Alegre &
Munne-Bosch 2004). The results of a trial by Yuan et al. (2012)
clearly showed that water deficit affected flavonoid
accumulation by regulating hormone metabolism in
Scutellaria  baicalensis. All the water deficit treatments
significantly (P < 0.05) decreased the S. namaensis extracts’
flavanol content compared to the controls (treatment 1).
Raddcsi et al. (2016) also found that under two of the stress
treatments they subjected Melissa officinalis plants to the
accumulation of flavonoids was decreased by 14% — 22%.

As was the case in the flavanol content of the extracts in this
study, mild and severe water deficit treatments significantly
(P < 0.05) decreased the alkaloid content in the S. dolomitica
extracts, but an increase in alkaloid content was observed in
the extracts exposed to moderate water deficits, significantly
more than the extracts treated to mild water deficits. With
the S. namaensis extracts, the alkaloid content increased as
the level of water deficits increased; the association was not
significant. Alkaloids are secondary metabolites synthesised
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and accumulated by many higher plant species (Umebese,
Okunade & Orotope 2012). Several alkaloids affect the biological
function of fungi at low concentrations (Singh, Pandey & Singh
2007). The differences in accumulation of secondary metabolites
of Salvia species at various degrees of water deficits may be
because of the genetic makeup of the individual species (Isah
2019; Matveeva, Sokornova & Lutova 2015) as well as changes
in nutrient uptake which may cause changes in secondary
metabolite production (Prescott et al. 2020).

The extracts of S. dolomitica plants exposed to mild and
moderate water deficits displayed significantly ~better
fungistatic activity against F. oxysporum than the controls, the
severe water deficit treated extracts, and the synthetic
fungicide Mancozeb. With the S. namaensis, the mild water
deficit treated extracts displayed more potent activity than all
other treatments. Broadly, these results suggested that mild to
moderate water stress enhances antifungal activity of acetone
extracts of both Salvia spp. studied. When El Bouzidia et al.
(2012) examined the anti-fungal activities of Achillea ageratum
against Candida species, they claimed that the MIC values
ranging from 5.83 mg/mL to 842 mg/mL were quite
remarkable. In this study, the MIC values ranged from
0.075 mg/mL to 6 mg/mL for S. dolomitica extracts and
1.5 mg/mL - 6 mg/mL for S. namaensis extracts. They can,
therefore, also be considered as remarkable levels of anti-
fungal activity. The anti-fungal activity of the tested extracts
can be correlated to the changes in the phenolic content when
subjected to water deficits. Similarly, results of the study on
the antimicrobial properties of ethanol extracts of Gymnema
montanum L. against Salmonella typhi, Pseudomonas aeruginosa,
and Candida albicans indicated that the presence of antimicrobial
properties in the leaf extract of G. montanum correlated to its
phenolic compound content (Devi et al. 2017).

Conclusion and recommendations

The results if the present study indicate that the cultivation of
S. dolomitica under mild and moderate water deficits correlated
with their alkaloid metabolites as well as the fungistatic
activity of the acetone extracts against F. oxysporum. However,
the data presented here reflect in vitro and greenhouse
experiments, and it is recommended that field experiments
and further investigations need to be conducted to confirm this
conclusion. The application of controlled water deficits during
the cultivation of medicinal plants will save water, freeing up
water for other uses or decreasing the water bill and enhancing
profit margins of medicinal plant cultivators. Saving water is
critical for a water-scarce country like South Africa.

Based on the results of this study, it is possible to speculate
that moderate water stress can be beneficial for secondary
metabolite production of Salvia spp. and this knowledge
could be further exploited by pharmaceutical industries to
develop new drugs and formulations.
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