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ABSTRACT

Experiments were conducted to assess the effects of varied nitrogen (N) concentrations on plant growth, tissue nutrient

content, and antimicrobial activity of acetone extract of aerial parts of Helichrysum cymosum. Six weeks old rooted cuttings

were treated with 52.5, 105.0, 210.0, and 420.0 mg N/L by varying the nutrient N level in plant growth medium. Plant growth

parameters, leaf tissue nutrient content, anti-Fusarium oxysporum activity, and a well-known bioactive secondary metabolite

(3,5-dicaffeoylquinic acid) concentration in the plant extracts were analysed. Leaf number increased with increasing N level,

while height increase was highest at the lowest N treatment. Tissue analysis of N content and LC-MS analysis of the acetone

extracts of aerial parts indicated that lower N treatment corresponded to lower tissue N and higher accumulation of 3,5-

dicaffeoylquinic acid in the extracts, respectively. In conclusion, lower nutrient N level significantly correlated with increased

antimicrobial activity and yield of the targeted compound of the crude acetone extract of H. cymosum. This study suggests that

nitrogen fertilization may be manipulated to optimize bioactivities of crude extracts of medicinal plants.

Keywords: Cultivation of medicinal plants, total activity, secondary metabolite, antifungal activity

INTRODUCTION

Hydroponic plant cultivation has many advantages,

including reducing water wastage, increasing crop yield and

improving secondary metabolite production in targeted

plants. Given these opportunities in soilless cultivation of

plants, research focusing on developing optimum

hydroponics protocols and increasing bioactive compounds

in plants are warranted.

Ambient environmental factors including herbivory,

high UV radiation, nutrient availability and, presence of

pathogens can trigger plant production of secondary

metabolites, such as terpenes, phenolic compounds,

nitrogen-alkaloids, and sulphur-containing compounds

(Lavola and Julkunen-Tiitto, 1994; Nelson and Kursar,

1999; Van Alstyne and Pelletreau, 2000; Pedneault et al.,

2002; Crozier et al., 2007; Kiferle et al., 2011; Mazid et

al., 2011; Kennedy and Wightman, 2011; Maggini et al.,

2012a; Sugumaran et al., 2013; Lu et al., 2018). Nitrogen

is one of the important elements needed by plants for

growth and many physiological functions. It has also been

demonstrated that N availability in plant growth media can



46

Medicinal Plants, 13(1) March 2021

Yonela Matanzima

influence the production of secondary metabolites (Beatty

et al., 2010; Fan et al., 2010; Farag 2013). For example,

Ibrahim et al. (2010) and Deng et al. (2019) showed that

limited supply of nitrogen was favourable to increase the

quantity of flavonoids in tomato, while increased rate of N

decreased the concentration of flavonoids in grapefruit.

Gayler et al. (2007) reported that polyphenols of Picea

sitchensis (Bong.) Carr. (Family: Pinaceae) were higher in

plants exposed to low N concentration. Excessively

nitrogen-fertilized plants can depress the activity of

superoxide dismutase and peroxidase, increase the

accumulation of reactive oxygen species (ROS) and

malondialdehyde harm, decrease crop yield, and harm

human health if consumed (Liu et al., 2014; Kong et al.,

2017). Inadequate supply of N leads to poor plant growth,

increased plant stress as well as increased susceptibility to

diseases (Bénard et al., 2011; Amanullah and Stewart, 2013).

Hence, it is important to determine the optimum N range

for cultivation for each medicinal plant species to guarantee

high yield of medicinal materials including plant parts and

secondary metabolites.

Studies focusing on the hydroponics cultivation of

indigenous southern African plants are scarce. Helichrysum

cymosum subsp. cymosum L. (Family: Asteraceae) is an

important medicinal plant in southern Africa (Heyman,

2009). Its common English and Xhosa names are gold carpet

and Impepho, respectively. Helichrysum species are used in

traditional medicine for the treatment of stomach-ache, pain,

wounds, coughs, and diabetes mellitus (Lourens et al., 2008;

Demir et al., 2009, Albayrak et al., 2010ab; Otang, 2012;

Viegas et al., 2014). H. cymosum grows well in sandy soil

and is mostly propagated using cuttings and seeds. Because

it is extensively harvested from the wild, identification of

optimum conditions for growing H. cymosum

hydroponically could increase efficacy of the extracts and

decrease excessive exploitation of plants from the wild.

Helichrysum species are known to be rich in secondary

metabolites, including apigenin, quercetin, kaempferol,

helihumulone and quinic acid derivatives (Van Vuuren et

al., 2006). Essential oils of Helichrysum spp. possess anti-

oxidant and antimicrobial activities (Tchoumbougnang et

al., 2010). According to Van Vuuren et al. (2006), H.

cymosum’s acetone extract is active against fungi, with

(MIC) values of 0.313 mg/mL for Candida albicans and

0.078 mg/mL for Cryptococcus neoformes. Helicrysum spp.

contain many bioactive dicaffeoylquinic acid derivatives,

including 3,5-dicaffeoylquinic acid, 3,4-dicaffeoylquinic

acid and 4,5-dicaffeoylquinic acid that have antifungal

activity against plant pathogens, such as Fusarium solani

(Zhu, 2004; Harrison Jr et al., 2008; Heyman et al., 2015).

Previously, Clifford et al. (2003) used LC-MS to

discriminate between isomers of p-coumaroylquinic acid,

caffeoylquinic acid, feruloylquinic acid, and dicaffeoyl-

quinic acid obtained from methanolic coffee bean extract

and commercial cider (hard cider). Plant pathogens, such

as Fusarium spp. can cause severe diseases of plants,

leading to high economic losses (Dean et al., 2012). Few

studies have been dedicated to the search for anti-infective

crude extracts and compounds against plant pathogens in

contrast to human pathogens (Shupping and Eloff, 2017).

The objective of this study was to evaluate the effects

of nitrogen fertilization on plant growth, secondary

metabolites, and anti-F. oxysporum activity (growth

inhibition) of crude extracts of hydroponically-cultivated

H. cymosum.

MATERIALS  AND  METHODS

Plant materials

Stem cuttings were made from actively growing H. cymosum

stock plants on the Cape Town Campus of the Cape

Peninsula University of Technology, South Africa. The

cuttings were transplanted onto soil mix consisting of 3:1

river sand and compost. The cuttings were placed under mist

propagation conditions until they rooted. The rooted

cuttings were each transplanted into separate pots (12.5 cm

diameter) containing Light Expanded Clay Aggregate

(LECA®) as substrate.

Preparation of nutrient solution

Analytical grade salts were used to prepare the nutrient

solutions (Table 1) based on the Hoagland’s solution (Table

1). The levels of N in the nutrient solutions were adjusted

to obtain four concentrations (52.5, 105.0, 210.0, and 420.0

mg N/L). Care was taken to ensure that both NO
3
-N and

NH
4
-N forms increased simultaneously with increasing total

N. The final nutrient solutions were prepared by dissolving
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appropriate amounts of salt and acid combinations in 50 L

of sterile deionised water.

Greenhouse experiment

The experiment was carried out in a greenhouse. Sixteen

white plastic gutters (2 × 0.15 m) were placed on four steel

tables. The gutters were held in place by cable ties. Ten

plastic pots (12.5 cm) f illed with LECA® were placed,

spaced evenly, in each gutter. Each plastic pot had one six-

week old H. cymosum rooted stem cutting. Four fish tanks

(65 L), each containing a submersible water pump and final

nutrient solution, supplied re-circulated nutrient solution

through a 20 mL black plastic pipe to one gutter, only. The

nutrient solution was continually supplied to the plants by

spaghetti tubings at a rate of 4 L/h. Each nitrogen treatment

had a total of four gutters and 40 plants. The plants were

randomly allocated to the treatments and were arranged

using a randomized complete block design with four

replicates per treatment. To avoid algae build-up and

evaporation, all the gutters were wrapped with black

polyethylene sheets. The experimental conditions in the

greenhouse were: day temperature 16–36 °C, night

temperature 10–18 °C; relative humidity (RH) 35–65%;

natural photoperiod; and the pH of growth media was

maintained at 5.0–6.5.

Evaluation of plant growth

Plant height (cm) and leaf number were recorded at weeks

two and nine following commencement of the experiment.

Following harvest at nine weeks post treatment, the aerial

parts (stem and leaves) were oven-dried and weighed. The

differences in leaf numbers and plant height at two weeks

and nine weeks were used to measure plant growth over

time.

Plant tissue analysis

Plants from the treatments were analysed by Bemlab (Pty)

Ltd., Somerset West, South Africa, using a Leco N-analyser

FP 528 (LECO Corporation, St. Joseph, USA). The leaves

were washed and dried, and then ashed and milled at 480

°C. This was followed by extraction in a 50:50 HCl (32%)

solution (Campbell and Plank, 1997; Miller, 1998). Total

N content of the ground leaves was determined through

total combustion in the Leco N-analyser.

Extraction of plant material

Fresh aerial plant materials from the greenhouse

experimental plants and outdoor plants (f ield plants)

occurring on CPUT property were air-dried at 28 ± 2 °C.

The dried plant material were ground into fine powder

Table 1: Macro- and micro-nutrient concentrations in modified Hoagland’s hydroponic solutions; 52.5, 105, 210 and 420 mg N/L

Nutrients 52.5 mg N/L 105 mg N/L 210 mg N/L 420 mg N/L

NH
4
NO

3
52.5 (N) 105.0 (N) 210.0 (N) 210.0 (N)

KCl 195.5 (K) 195.5 (K) 195.5 (K) 195.5 (K)

CaCl
2

200.0 (Ca) 200.0 (Ca) 200.0 (Ca) 200.0 (Ca)

KH
2
PO

4
39. 1 (K) 39. 1 (K) 39.1 (K) 39.1 (K)
31.0 (P) 31.0 (P) 31.0 (P) 31.0 (P)

H
3
BO

3
0.05 (B) 0.05 (B) 0.05 (B) 0.05 (B)

CuSO
4

0.02 (Cu) 0.02 (Cu) 0.02 (Cu) 0.02 (Cu)

NaMoO
4
.2H

2
O 0.01 (Mo) 0.01 (Mo) 0.01 (Mo) 0.01 (Mo)

ZnSO
4

0.1 (Zn) 0.1 (Zn) 0.1 (Zn) 0.1 (Zn)

MgSO
4
.7H

2
O 48.0 (Mg) 48.0 (Mg) 48.0 (Mg) 48.0 (Mg)

64.0 (S) 64.0 (S) 64.0 (S) 64.0 (S)

Fe-EDTA 2.0 (Fe) 2.0 (Fe) 2.0 (Fe) 2.0 (Fe)

MnCl
2
.4H

2
O 0.01 (Mn) 0.01 (Mn) 0.01 (Mn) 0.01 (Mn)
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using a Jankel and Kunkel Model A 10 mill. Five grams of

the powdered foliage material was suspended in 100 mL of

acetone in a glass beaker. The beaker was capped, shaken

vigorously for 15 min with a vortex mixer, and the

supernatant filtered-out using Whatman No. 1 filter papers.

The extracted material was left to dry overnight at room

temperature of 22 ± 2 °C and the dried acetone extract was

weighed to determine yield of extract.

Antifungal activity of extracts

To determine the minimum inhibitory concentration (MIC),

we used the microdilution assay previously described by

Nchu et al. (2010) with slight modifications. Spores of

Fusarium oxysporum f. sp. glycines strain (UPFC no. 21)

obtained from stock agar plates were cultured on Potato

Dextrose Agar and the mature spores were transferred into

Nutrient Broth suspension (Merck, Johannesburg, South

Africa). Mancozeb (Agrimark [Pty] Ltd., Cape Town, South

Africa) was used as a positive control in the MIC assay at

a starting concentration of 80 mg/10 mL. An aqueous

acetone solution (water: acetone; 1:1) was used as a

negative control. The MIC values (mg/mL) were recorded

after 18 h. The MIC assay was replicated three times. The

MIC values and yield of extracts obtained after extraction

were used to determine the Total Activity (TA). The TA unit

is mL/g, and it indicates the degree to which the active

compounds in 1 g of plant materials can be diluted and still

inhibit the growth of the tested microorganisms (Eloff,

2004).

Liquid chromatography – mass spectrometry (LC-MS)

analysis

Acetone extracts were subjected to LC-MS analysis in the

ESI negative mode using a Waters Synapt G2 quadrupole

time-of-flight mass spectrometer coupled to a Waters Acquity

ultra-performance liquid chromatograph (UPLC) equipped

with an Acquity photo diode array (PDA) detector. LC

separation was attained using a Waters UPLC BEH C18

column (2.1 × 50 mm, 1.7 µm particle size) with 0.1% formic

acid as mobile phase A and acetonitrile as mobile phase B. A

constant flow rate of 0.35 mL/min was used for each analysis.

Elution was initiated with 100% solvent A for 0.5 min

followed by a gradient to 100% B during the next 24.5 min.

The column was washed for 1 min in 100% B, before re-

equilibration to the initial conditions for 2 min. Capillary

voltage and cone voltage were maintained at 2.5 kV and 15

V, respectively, while the desolvation temperature was set at

275 °C with desolvation gas flowing at 650 L/h. The ion

chromatograms and peaks of the molecular masses

corresponding to compounds that were previously reported

in H. cymosum were targeted. These include 3,5-

dicaffeoylquinic acid (DCQ) for which a commercial standard

was available. DCQ (sourced from Sigma-Aldrich (Pty) Ltd.,

Kempton Park, South Africa) was used as a chemical standard

at three concentrations: 5, 50 and 100 mg N/L. Helihumulone

was compared with the library standard. Subsequently, the

peaks of the extract for which the molecular mass

corresponded to that of dicaffeoylquinic acid and

helihumulone were targeted and compared with the eluted

standard and the library standard, respectively. The peaks

were further analysed using MS-MS and retention time. The

area of the peak was compared with the standard to quantify

dicaffeoylquinic acid in each eluted extract.

Statistical analysis

Plant growth, MIC and total activity data were analysed

using one-way analysis of variance (ANOVA). The means

were separated using Tukey HSD test. The level of statistical

significance was P < 0.05. All the analyses were performed

using PAST (Hammer et al., 2001).

RESULTS

Plant growth

Plant heights increased and varied significantly (df = 3,

153; F; 4.8; P < 0.01) among treatments over time (from

week 2 to week 9 post treatment); ranging from 7.1±0.4 cm

(210 mg N/L) to 9.0 ± 0.3 cm (52.5 mg N/L) (Table 2). The

increase in leaf number was significantly (df = 3, 155; F =

2.8; p < 0.05) associated with N treatment, ranging from

305.1± 24.7 (52.5 mg N/L) to 468.0± 45.4 (420 mg N/L)

(Table 2). Dry weights of aerial parts of plants obtained in

the different treatments did not vary significantly (df = 3,

42; F = 0.2; P > 0.05) among treatments at 9 weeks post

treatment; it ranged from 0.8 ± 0.2 – 1.0 ± 0.1g/plant (Tables

2). Similarly, there was no significant difference (df = 3, 138;

F = 0.5; P < 0.8) in the dry weight of roots (0.2 ± 0.0 g/

plant) among the different treatments (Table 2).
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Tissue nutrient content

Plant tissue N content was significantly higher (df = 3, 12;

F = 9.7; P < 0.01) in plants exposed to the highest nutrient

nitrogen level (420.0 mg N/L) (34875 ± 2556 mg/kg)

compared with those exposed to lower levels of N

treatments (Table 3).

Minimum inhibitory concentration (MIC) and total

activity (TA)

N treatment significantly influenced (df = 5, 12; F = 78.07;

P < 0.01) MIC level, with the lowest N treatment (52.5 mg

N/L) recording the lowest MIC value (0.1 mg/mL) among

the greenhouse plants. Furthermore, the antifungal activity

in the MIC bioassay showed that the least N concentration

was not statistically different (P > 0.05) from field plants

(0.18 ± 0.0 mg/mL) at 18 H (Table 4). The antifungal

activities of the extracts were significantly better (P < 0.05)

than Mancozeb® (positive control) (Table 4). Although

acetone extracts of plants grown hydroponically at the

lowest N treatment (52.5 mg N/L) (392.2 ± 99 mL/mg)

recorded the highest values of TA against F. oxysporum

compared to the other N treatments, the differences among

treatments were not significantly (df = 4, 10; F = 3.06; P >

0.05).

LC-MS

Based on the LC-MS data – extracted mass ion

chromatograms and molar mass (MM) values of the

compounds – a cluster of helihumulone peaks was detected

in all the samples. Two more compounds were detected in

variable quantities and these were 2',4',6'-trihydroxy-3'-

isoprenylchalcone and 2',6'-dihydroxy-4'-methoxychalcone.

A cluster of three peaks that eluted at about T
R 

8-9 min were

identif ied as dicaffeoyl quinic acid isomers, and they

occurred in detectable quantities at all N levels (Figure 1).

Since 3,5-dicaffeoylquinic acid (DCQ) was available as a

standard and being one of the bioactives identified, it was

Table 2: Effects of varying nitrogen concentrations in plant growth medium on different growth parameters (Mean ± SE) of Helichrysum
cymosum recorded at 9 weeks post-treatment.

Treatment Dry weight Dry weight Increase in leaf Increase in height
(mg N/L) (*Mean ± SE g/plant) (*Mean ± SE g/plant) number (*Mean ± SE) (*Mean ± SE cm)

shoots roots between weeks 2-9 between weeks 2-9

52.5 1.0 ± 0.1a 0.2 ± 0.0a 305.1± 24.7bc  9.0± 0.3a

105 0.9 ± 0.2a 0.2 ± 0.0a 376.7± 4138ab 7.2± 0.3b

210 0.8 ± 0.2a 0.2 ± 0.0a 406.1± 46.7ab 7.1 ± 0.4b

420 1.0 ± 0.2a  0.2 ± 0.0a 468.0± 45.4a 7.3± 0.5b

*Means followed by the same lowercase letters in each column are not significant different at (P > 0.05) following comparison using
Tukey’s test.

Table 3: Effect of varying N concentrations in plant growth medium
on tissue nitrogen content in tissues of aerial parts of
hydroponically-cultivated Helicrysum cymosum at 9 weeks post
treatment.

Treatment (mg N/L) Tissue N (*Mean ± SE mg/kg)

52.5 39725.0 ± 2649.0b

105.0 34875.0 ± 2556.0b

210.0 37400.0 ± 2017.0b

420.0 50050.0 ± 755.0a

*Means followed by the same in each are not significant different
(P > 0.05) following comparison using Tukey’s test.

Table 4: Results on minimum inhibitory concentration (MIC)
bioassay and total activities of acetone extracts at 18H obtained from
aerial parts of hydroponically-cultivated Helichrysum cymosum
following exposure to a range of N nutrient levels (52.5–420 mg
N/L) for nine weeks.

Treatment MIC Total Activity
*Mean ± SE *Mean ± SE *Mean ± SE
mg N/L mg/mL mL/g

52.5  0.1 ± 0.0 b 392.2 ± 99.0a

105 0.4 ± 0.0 d 142.4 ± 21.8a

210 0.2± 0.0 cd 243 ± 20.1a

420 0.2± 0.0 cd 226.3 ± 17.7a

Field plants 0.18 ± 0.0 bc 355.5 ± 75.6a

+ve control 0.02 ± 0.0a -

*Means followed by the same lowercase letters in each column are
not significant different (P > 0.05) after comparison using Tukey’s
test.
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Table 5: Effect of N treatment on quantity of 3,5-Dicaffeoylquinic
acid in plant extracts of hydroponically cultivated Helichrysum
cymosum at nine weeks post treatment.

N Treatment Quantity of 3,5-Dicaffeoylquinic
(mg N/L) acid (DCQ) in extracts

(*Mean ± SE µg/L)

52.5 15.6 ± 3.2bc

105 25.7 ± 6.7ab

210 12.9 ± 1.5bc

420 5 ± 1.3d

Field plants 17 ± 3.2bc

*Mean with the same lowercase letters are not significantly different
following Tukey HSD test at a P < 0.05 level significance.

Figure 1: LC-MS profile
of 3,5-dicaffeoylquinic
acid in the plant extract
(A) and ESI-MS
fragmentation pattern of
3,5-dicaffeoyl quinic acid
(B).

selected as a reference for monitoring its variation at the

different N levels. Interestingly, the least quantity of

dicaffeoylquinic acid (DCQ) in extracts (Mean ± SE mg/L)

was detected in the samples corresponding to the highest

concentration 420.0 mg N/L compared with the lower N

concentration samples (DF = 4, 15; F = 3.95; P < 0.05)

(Table 5).

DISCUSSION

This study evaluated the effects of N treatment on three

important aspects that relates to yield and quality of

medicinal materials of H. cymosum: plant growth

parameters, antimicrobial activity and amounts of a well-

known antifungal compound in the acetone extract.

Broadly, the results showed that N treatment had mixed

effects on plant growth parameters, while antimicrobial

activity and quantity of DCQ were negatively associated

with higher N treatment.

 N treatments had varied effects on the different the plant

growth parameters. The most distinctive effect was on plant

height and leaf number. The lowest hydroponic N level (52.5

mg N/L) yielded the highest increase in height, while leaf

numbers were positively associated with N treatments. It is

worth noting that plants exposed to 420.0 mg N/L had the

highest tissue concentrations of N. High N fertilization

often correlates with high nitrate concentration in plant

(Kane et al., 2006), which can interfere with the formation

and development of leaves (Ma et al., 1997). While many

studies suggest a positive correlation between nutrient

nitrogen level and plant growth (Moniruzzaman et al., 2009;

Giorgi et al., 2009), excessive nitrogen fertilization might

actually decrease or have no beneficial effect on plant yield.

For example, Miceli and Miceli (2014) showed that the dry

matter of Swiss chard (Beta vulgaris L. var. cicla L.) was

signif icantly lower after treatment with higher nitrogen

fertilization levels compared with the lower nitrogen levels.

They also found that higher nitrogen fertilization, beyond

100 kg/ha, did not increase Swiss chard’s leaf number per

plant. If the rate of N goes beyond the optimum N threshold,

growth of plants may be limited (Savvas et al., 2006). Our
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results seem to support this argument because H. cymosum

did not grow better beyond the lowest concentration of

nutrient nitrogen (52.5 mg N/L). Knowing the optimum

level of N requirement of medicinal plants is critical for the

following reasons: toxic nitrate intake is dangerous to

human health, excessive N application is a serious threat

to the environment, and mineral fertilizers are costly.

We observed that acetone extracts of H. cymosum were,

generally, bioactive against F. oxysporum. Remarkably, the

acetone extract of plants treated with 52.5 mg N/L was the

most bioactive against F. oxysporum compared to extracts

obtained from plants exposed to 105.0 mg N/L, 210.0 mg

N/L as well as 420.0 mg N/L treatments. In a previous study,

the MICs of crude acetone extracts of H. cymosum tested

against ten microbial pathogens ranged from 0.156–0.313

mg/mL (Van Vuuren et al., 2006). These results are

comparable with the current results obtained in our anti-F.

oxysporum bioassay (Table 3). The bioactivities of extracts

are mediated by the bioactive constituents. Fu et al. (2016)

reported that among ten different solvents, aqueous acetone

(70%) had the highest extraction capacity for 3,4-, 3,5- and

4,5- dicaffeoylquinic acids of sweet potato (Ipomoea

batatas L.) leaves. Dicaffeoylquinic acids are active against

the plant pathogen F. solani (Radusienë et al., 2019).

Previously, bioassay guided fractionation of acetone

extracts of H. cymosum yielded a highly active antimicrobial

compound, helihumulone (Van Vuuren et al., 2006). With

trans 3-O-caffeoylquinic acid as one of its major

compounds, Eryngium viviparum extract was more effective

than ketoconazole against Penicillium ochrochloron (Ayuso

et al., 2020).

This negative association between bioactivity of extracts

and the high N supply might be explained by the increased

production of more bioactive molecules with reduced N

supply. For example, in a study conducted by Ibrahim et

al. (2011), the production of flavonoids and polyphenols

in three varieties of Labisia pumila reached their peaked

under 0 followed by 90, 180 and 270 kg N/ha treatment.

They also found that the total flavonoids and total

polyphenols correlated with the phenyl alanine lyase

activity and the reduced production of soluble proteins.

According to the LC-MS/MS data (Figure 1), the three

peaks eluting at 7.79, 7.92, and 8.75 min were due to 3,4-

, 3,5- and 4,5-dicaffeoyl quinic acids, respectively. This

identification was achieved by comparison with LC-MS/

MS data of these compounds as reported by Long et al.

(2012) and Clifford et al. (2003). Thus, although they are

isomers of each other, their unique individual fragmentation

patterns makes it possible to identify them and distinguish

them from each other. Helihumulone also occurred in the

extracts of plants from all the treatments. 3,5-

dicaffeoylquinic acid concentration was signif icantly

higher at the lower N treatments (Table 5) (Figure 1).

Harrison, Jr. et al. (2008) reported that 3,5-dicaffeoylquinic

acid had growth inhibitory effects against F. solani. Nitrogen

fertilization can influence the synthesis of carbon based

secondary metabolites in plants. In a study involving

Hypericum pruinatum, increased nitrogen supply

significantly reduced the accumulation of major phenolics,

such as catechin, chlorogenic acid, hyperoside, quercitrin,

and isoquercitrin, as well as total phenolic content and

antioxidant activity (Radugienë et al., 2019). Bate et al.

(1994) had demonstrated a quantitative relationship

between phenylalanine ammonia-lyase levels and

phenylpropanoid accumulation in transgenic tobacco.

Alves-Silva et al. (2020) demonstrated that chlorogenic acid

and quercetin derivatives found in the hydrodistillation

residual water were the main contributors of the antioxidant

activity of Crithmum maritimum L. Nani et al. (2020)

showed that the Brazilian organic propolis (BOP) had anti-

inflammatory and anti-Candida spp. effects and went on to

argue that the bioactivities could be attributed to its

chemical constituents, such as caffeoyltartaric acid, 3,4-

dicaffeoylquinic acid quercetin, and gibberellins A7, A9,

and A20. Dicaffeoylquinic acids have been reported to be

present in other Helichrysum species, such as H. stoechas

(Barroso et al., 2014), H. monizii (Gouveia and Castilho,

2011) among others. Our findings are in agreement with the

wide held view that the enhancement of total flavonoids

and phenolics usually occur when a plant is deficient in

nitrogen supply; plants deprived of N tend to produce more

secondary metabolites (Savvas et al., 2006; Le Bot et al.,

2009). In a study conducted by Ibrahim et al. (2010), the

total phenolics decreased in the leaves with the increase of

N supply, whereas plants that received limited amount of

N had an increase in total flavonoids and phenolics. In

Hypericum pruinatum, increased nitrogen supply

significantly reduced the accumulation of major phenolics,
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such as catechin, chlorogenic acid, hyperoside, quercitrin,

isoquercitrin, and total phenolic content (Radugienë et al.,

2019). Interestingly, in this study, the crude acetone extract

from the lowest N treatment (52.5 mg N/L) showed the

highest anti-F. oxysporum activity.

Researchers are investigating the pathways through

which nutrient N influences the synthesis of secondary

metabolites. For example, Kong et al. (2017) reported that

the concentrations of some amino acids and amino acids-

derived N-acetylleucine and L-lysopine increased strongly

under excessive nitrogen conditions, whereas other N-

containing molecules, such as γ-aminobutyric acid, choline,

acetylpyrrolidine and (4-hydroxybenzoyl) choline,

decreased. They also reported that many flavonoids,

phenolics, and alkaloids decreased with excessive N

fertilization of field-grown wheat (Triticum aestivum L.).

Nitrogen fertlization affects amino acid phenylalanine and

phenylalanine ammonia-lyase activity that are involved in

the biosynthesis of 5-O-caffeoylquinic acid (5-CQA) and

other related dicaffeoylquinic acids (diCQAs) (Ibrahim et

al., 2011; Clifford et al., 2017). Based on the data obtained

in the LC-MS analysis, growing the subject species under

low nutrient N level favoured the accumulation of 3,5-

dicaffeoylquinic acid and that of helihumulone.

It should be noted that helihumulone elutes as part of

the second cluster alongside 2',4',6'-trihydroxy-3'-

isoprenylchalcone and 2',6'-dihydroxy-4'-methoxychalcone

and other unidentified constituents. Previously, a bioassay-

guided fractionation of the acetone extract of H. cymosum

by Van Vuuren et al. (2006) led to the identification of

helihumulone. However, they also noted that it belongs to

a class of air-and light-sensitive compounds which

compromises its relative stability. For this reason, DCQ

would be a better choice to target as a marker for quality

control purposes where this may be required. Furthermore,

the higher polarity of the DCQ’s as reflected by the LC

elution pattern, suggests that they should be more aqueous

soluble than helihumulone and therefore more bioavailable

in physiological media. DCQ can also be considered as one

of the important markers for chemotaxonomic

investigations of Helicrysum spp. However, the inclusion of

chemometrics in future studies can enhance

chemotaxonomic distinction among the Helicrysum spp.

(Santos et al., 2020).

In conclusion, this study showed that 52.5 mg N/L

nutrient content in the growth medium yielded the most

bioactive acetone extracts of H. cymosum and 420.0 mg N/

L yielded the highest increase in leaf number, suggesting

that the effect of nutrient N on medicinal plants is not

straightforward. Further studies on the effects of nitrogen

on the metabolomics of Helichrysum spp. are warranted.
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