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Improving artemisinin and
essential oil production from
Artemisia plant through in vivo
elicitation with gamma
irradiation nano-selenium and
chitosan coupled with
bio-organic fertilizers

Tarek E. Sayed* and El-Sayed S. Ahmed

Radioisotopes Department, Nuclear Research Center, Egyptian Atomic Energy Authority, Cairo, Egypt

Artemisia plants process potential bioactive secondary metabolites such as
artemisinin and essential oil. They are useful in controlling potential pests and
microbes and have a therapeutic effect. The commercial production of
artemisinin and essential oil is limited to regarding the worldwide demand.
Urgent attempts must be undertaken to improve the production of bioactive
secondary metabolites. The objectives of this experiment were to increase the
production and improve the quality of bioactive secondary metabolites in order
to limit the use of agrochemicals. Therefore, a field experiment was conducted
during the 2018 and 2019 seasons. Treatments included three elicitations
(gamma irradiation, nano-selenium, and chitosan) and three kinds of
fertilizers (NPK, Moringa leaf extract, and humic acid). The experiment was
conducted as a factorial with a completely randomized block. The designs and
treatments were arranged in a split—split plot with three replicates. A single
application of elicitors showed that chitosan > nano-selenium, chitosan >
gamma irradiation, and Moringa > humic acid > NPK in plants’ artemisinin
and essential oil content, while the interaction showed a significant synergistic
relationship between elicitors and the fertilizers in enhancing the quantity and
quality of artemisinin and essential oil of Artemisia plants. Without using any
pesticides, there was no infection that appeared in Artemisia plants, this could
be due to the enhancement of bioactive secondary metabolite production.
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Introduction

Currently, clean water and safe food for a healthy man is an
important issue for scientists and researchers, to solve major
environmental problems worldwide (Saleh et al, 2021; Saleh
etal, 2022). The sustainable application of nuclear technology in
agricultural and medicinal plants is currently a global issue that
has provoked significant challenges for modern economic
technologies that offer high productivity of food and human
welfare. In addition to increasing applications of nuclear
technologies, radioactive contamination has been considered a
great threat that has to be treated with economic and green
techniques (Saleh et al., 2019), (Saleh et al, 2020). Nuclear
techniques are becoming more important in medicine and
agriculture. However, nuclear technology increases agricultural
productivity and plays an important role in improving global
access to a safe, secure, high-quality food supply, cultivating
crops, and raising livestock (Udalova, 2020). When it comes to
agriculture, nuclear techniques can make a significant difference
even before the seeds are planted. One such technique makes it
easier to breed hardier plant varieties. This is accomplished by
exposing them to radiation and selecting mutations that increase
their chances of survival and flourishing (Oladosu et al., 2016).
Medicinal plants are beneficial to humans not only as a primary
source of medicines but also as phytochemical building blocks for
the development of new drugs, while 67% of drugs used in
chemotherapy are derived from natural products (Phumthum
et al,, 2019). Treatment with medicinal plants is thought to be
very safe because there are no or few side effects; however, based
on the World Health Organization, 80% of people around the
world rely on herbal medicines for some aspect of their primary
health care needs (Ekor, 2014).

Radioactivity is considered one of the most important
characteristics of radioisotopes. In this way, radioactivity was
utilized as gamma irradiation of medicinal plants to improve
their activity and productivity (Nabi et al., 2022). Recently,
gamma irradiation was used to increase the yield of
vinblastine in fungal cultures. Furthermore, various
fermentation media were tested in order to determine the best
one for maximum vinblastine production (El-Sayed, 2021). In a
recent study, elicitation coupled with organic fertilizer mediates
biomass and bioactive secondary metabolite production and
the of
development for marjoram under organic agriculture (Sayed
and Ahmed, 2022).

Artemisia (Artemisia annua), is an annual medicinal and

quality to promote achievement sustainable

aromatic plant belonging to the family Asteraceae (Ferreira and
Janick, 1996). Its leaves contain potential bioactive secondary
metabolites (BSMs) such as essential oil (EO) and artemisinin
(ART) in low concentration (Acton and Klayman, 1985). These
BSMs revealed therapeutic properties and may be useful for
controlling insect pests and microbes agents (Stankovi¢ et al,
2015; Towler and Weathers, 2015). Artemisinin a sesquiterpene
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(Guerriero et al, 2018) and its analogous are naturally
antimicrobial BSMs. Because of their low concentrations in
the Artemisia plant, artemisinin and essential oil production
do not satisfy the world demand (Malik et al., 2013). These
natural secondary metabolites are environmentally friendly and
safe to be used as bio-pesticides to protect plants (Sarkhosh et al.,
2017).

Since the beginning of the chemical revolution, agriculture
has changed by the excessive use of fertilizers, pesticides, and
microbicides (Pereira et al., 2019) in order to increase plant
productivity. However, agrochemical compounds, pesticides,
and microbicides have a negative impact on the environment
perverting sustainable development (Maas et al., 2020).

Elicitation is a process of inducing enhancement of the
synthesis of secondary metabolites by plants to ensure their
survival, enhancing competitiveness (Sharma and Zafar, 2016;
Swieca, 2016). Secondary metabolites are compounds that are
essential for plant growth and survival, and they contribute to the
economic importance of the plants. These secondary metabolites
play a major role in plant adaptation to biotic and abiotic
environmental stresses (Jansen et al., 2008). Elicitation has
been applied to stimulate medicinal plant production through
organic and agrochemical management (Zlotek, 2017).

Among the various chitosan applications, the stability of
microparticulate-based delivery systems is critical because it is
strongly dependent on the surface electrostatic charge, which
changes during storage (Abdel Ghaffar et al., 2018). Various
radiation processing techniques, including electron beam,
gamma radiation, UV, and X-rays, have been shown to
significantly improve the properties of chitosan. Chitosan’s
biocompatibility is unaffected by a sterilizing irradiation dose
of 25 kGy (Seif et al., 2022). Crosslinking was reported to be
negligible in chitosan irradiated with up to 25kGy, but
scissions of the 1-4 glycosidic bonds caused a reduction in
the polymer’s molecular weight (Wach et al., 2020). The
irradiation spectrum of chitosan exposed to a high dose of
560 kGy in air revealed the formation of carbonyl and
carboxyl groups, as well as the decay of the C1 O C4, OH,
and NH2 groups (Lim et al., 1998).

Elicitation has played a distinct role in the regulation of plant
and pathogen attacks that cause huge loss in yield under
production of agrochemical traditional agriculture (Zheng
et al., 2005).

Organic fertilizers enhance plant dry weight, and BSM
production increases the biological and pharmaceutical
activities in addition to overcoming biotic and abiotic
environmental stresses (Banchio et al, 2008; del Rosario
Cappellari et al., 2013). Humic acid has proven to be
effective in increasing growth, yield, and physiological
processes in plants (Charles et al, 1990). Chitosan is an
exogenous biotic elicitor. It is a polysaccharide and
composed of a 2-deoxy-2- (acetylamino) glucose unit
(N-acetyl glucosamine). Chitosan is produced as processing
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Non-irradiated

Artemisia seeds

Fertilizers( NPK, MO, and HA)

SCHEME 1
Summary of materials and methods.

waste from shellfish krill and oyster squid and fungal cell walls
(Montesano et al., 2003). Ahamed and Ahamed (2018) found
a significant increase in cress plant biomass and seed yield in
response to low doses of gamma radiation (15, 20, and 30 Gy)
while the interaction between gamma radiation and iron
nanoparticles (20 Gy + NFe 30 ppb) achieved a significant
synergistic increase in essential oil percentage, total phenolic
content, and total flavonoid content. Dandelion (Taraxacum
officinale) plant treated with gamma radiation and nano and
micro-zinc showed a significant increase in biomass and BSM
(phenol flavonoids) production and antioxidants (Ahamed
and El-Sayed, 2018). However, the nano-zinc effect encoded
both micro-zinc and gamma radiation, and the production of
secondary metabolites in plants is very low (less than 1% dry
weight) (Dixon, 2001; Oksman-Caldentey and Inzé, 2004).
Therefore, improving their production through elicitation
could be significant in the pharmaceutical and therapeutic
industries. The specific objectives of the current research are
1) to investigate the effect of elicitation on biomass production
of the Artemisia plant, 2) to determine the quantitative and
qualitative improvement of BSMs (essential oil and
artemisinin, and 3) to identify the most effective elicitor
that is capable of inducing the highest BSM production.
The ultimate goal was to develop alternative control
strategies (elicitation under organic fertilizers) to reduce
the use of synthetic agrochemicals (microbicides and
sustainable

pesticides) in order to promote the

development of the Artemisia plant.
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Materials and methods
Field experimental design

Field experiments were conducted in two subsequent seasons
during 2018 and 2019 at the ‘Horticultural production Farm” El-
Sharkeya Governorate-Egypt. Artemisia plants were grown in
sandy soil under the drip irrigation system using brackish
shallow well water (900 ppm). The experiment design used
was a factorial completely randomized block design, with
three replicates. Treatments were arranged as split-split plots.
The main plots contain three elicitors and the control while the
sub-plots contain three fertilizers. A graphic diagram
summarizing the materials and methods is reported in Scheme 1.

Treatments

Elicitors

a. Gamma irradiation (GI), physical elicitor, at 2.5 KGy dos.
b. Nano-selenium oxide (NSe), abiotic elicitor, at 30 ppb.

c. Chitosan (CH), biotic elicitor, at 250 ppm.

d. No elicitor (NE NPK, the control treatment).

Fertilizers

a. Agrochemical fertilizer NPK (19:19:19).

b. Organic fertilizers Moringa (MO), dry leaves’ extract.
c. Organic fertilizers, humic acid (HA).
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TABLE 1 Artemisia fresh and dry leaves’ yield, essential oil percentage, and essential oil yield in response to elicitors (Gl, NSe, and CH) under

(NPK),Moringa (MO), and humic acid (HA) fertilizers.

Application Fresh leaves’ yield. Dry leaves’ yield. g/m” Essential oil % Essential oil yield, g/m”
treatment Kg/m*

2018 2019 PM 2018 2019 PM 2018 2019 PM 2018 2019 PM
NE.NPK 1.57 1.49 1.53 611 619 615 051 049 0.50 312 303 307
NEMO 1.72 1.67 1.70 672 693 683 0.59 0.56 0.58 396 388 396
NE. 11.4 1.69 1.62 1.66 660 675 668 0.58 0.57 0.57 383 385 381
GLNPK 1.78 1.65 1.72 690 687 689 0.54 0.52 053 373 357 365
GL MO 1.90 1.77 1.84 739 737 738 0.62 0.61 0.61 358 450 450
GL HA 1.86 1.80 1.83 727 730 729 0.60 0.59 0.59 437 431 430
NPSe. NPK 1.80 1.68 1.74 703 700 702 0.55 0.54 0.55 387 378 386
NPSeMO 1.9 1.82 191 776 755 766 0.67 0.63 0.65 520 476 498
NPSellA 1.69 177 1.87 764 637 701 0.63 0.60 0.61 481 382 428
CILNPK 1.84 171 1.78 715 712 714 0.57 0.52 0.56 408 399 400
CIL MO 2.03 1.86 1.95 788 790 7,871 0.69 0.68 0.68 544 526 531
CILIIA 1.95 1.85 1.90 758 768 763 0.64 0.64 0.64 473 480 480
LSD 11% 0.02 - 4 0.02 4
NE NPK, Control (No elicitor). Results are pooled means of the two seasons (2018 and 2019).

All fertilizers were applied at 20 g/m” rate, nano-selenium Measurements

and chitosan were applied as foliar spray and Tween-20 (0.1 v/v)
was added to the solution as surfactant.

Extraction of Moringa leaves

Twenty grams of Moringa-dried leaves were extracted in
boiling water, filtered, and then volume was increased to 1L
(20 g/L).

Elicitors and fertilizers application

Irradiated and non-irradiated seeds were planted on
1 August 2018 and 2019 in a sandy soil. The plot size was
4 x 3 m? and the rows were 50 and 30 cm for intra and inter
spacing, respectively, to achieve 6.6 plant/m’, when seedlings
reached 4-week age, they were sprayed with micronutrient
solution containing (80zn, 50Cu, 65Fe, 75B, and 15Mo mgl™).
The plants were subjected to foliar spray with (CH) or (NSe)
elicitors three times at 60, 90, and 120 days. The control plants
were sprayed with water. However, fertilizers (NPK, MO, and
HA) were applied via fertigation plants harvested on 1 February
2019 and 2020.

Frontiers in Energy Research

Biomass production (BM)
Fresh and dry weights of leaves were determined per plot and
per m> for 2018 and 2019 seasons.

Bioactive secondary metabolite
production (BSM)
a. Artemisinin (%ART)

Artemisinin percentage in leaves were measured using HPLC
(Agilent, 1,200 series, United States) according to Acton and
Klayman (1985) and later modified by Charles et al. (1990).
Artemisinin yield g/m2 was determined as follows:

ARTg./m? = leaves dry weight g/m?x % ART.

b. Essential oil (EO)

The essential oil was extracted and determined related to
continuous extraction with acetone using the Soxhlet apparatus.
The obtained EO solution was evaporated under reduced
pressure, in a rotatory evaporator. The EOY, (g/m®) is

calculated as follows:

EOY (g/m®) = Leaves dry weight (g/m”) x% EO. (1)
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FIGURE 1

A: FLY and DLY as % over control. B: NE as % over control. C: NE yield.

Statistical analysis

The datasets were first tested for normality by the Anderson
and Darling normality tests using a statistical analysis system
(SAS, 2003). There were no significant differences between the
data of the two seasons. Therefore, the pooled mean values of two
seasons for all traits tested were subjected to statistical analysis of
variance. The significant means were compared using LSD at 1%
probability.

Results and discussion

Effect of different elicitors on plant
biomass and bioactive secondary
metabolites

Plant biomass production (BM)

The results presented in Table 1 and Figure 1 demonstrate
that the fresh and dry weights of leaves of the control
treatment were 5 and 0.62 kg/m’, respectively. There is a
significant increase in fresh and dry leaves’ yield in
response to the individual elicitors (E) and fertilizers (F).
the
positive synergistic relationship (fertilizers increased the

However, interaction between E and F showed a
effect of elicitors). The percentage increase in leaves’ dry
weight over the control is as follows:

CH NPK, CH MO, and CH HA were 16, 28, and 24%,
respectively. Moreover, NSe NPK, NP MO, and NP HA were 14,
25, and 22%, respectively, and GI NPK, GI MO, and GI HA were
12, 20, and 19%, respectively. In addition, EO NPK, EO MO, and
EO HA were 0, 11, and 8%, respectively. The current results agree
with those of other researchers (Caradonia et al, 2019;
KarimzadehAsl and Hatami, 2019) who found that the elicitor
application improves biomass production. They also agree with
the results obtained by some workers (Ahamed and Ahamed,
2018), (Ahamed and El-Sayed, 2018) who found an increase in
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TABLE 2 ART % and artemisinin yield and their pooled means (PM) in
response to CH, NSe, and Gl elicitors under chitosan (CH) under
(NPK), Moringa (MO and humic acid (HA) fertilizers.

Application  Artemisinin % Artemisinin yield
treatment g/m’

2018 2019 PM 2018 2019 PM
NE.NPK 0.13 0.11 0.12 7943 6809 7376
NE.MO 0.17 0.15 0.16 11424 10395  109.95
NE. HA 0.16 0.14 0.15 10560 9450 100.05
GI .NPK 0.14 0.12 013 9660 8244  89.52
GIL. MO 0.19 0.17 0.18 14041 12529 13271
GI. HA 0.18 0.16 017 13086 11620  123.83
NPSe. NPK 0.16 0.14 0.15 11248 98.00 105.24
NPSe MO 0.20 0.18 019 15520 13590 14555
NPSe HA 0.19 0.17 0.18 14516 12529 13522
CH NPK 0.18 0.16 0.17 12870 11392 12131
CH MO 021 0.19 020 16548  147.06 15627
CH HA 020 0.18 0.19 14780 13698 14239
LSD 1% — — 0.005  — — 1.85

NE NPK, Control (No elicitor). Results are pooled means of the two seasons (2018 and
2019.

the biomass production of cress and dandelion plants in response
to different elicitors (gamma radiation, nano-iron, and nano-
zinc).

Bioactive secondary metabolites (BSMs)

Essential oil: EO %

1. Essential oil percentage

The results presented in Table 1 and Figure 1 show that the
essential oil of the control treatment is 0.50%. Essential oil

frontiersin.org
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A: Total terpene NE constituents % over control, B: ART % constituents % over control, C: ARTY % over control.
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TABLE 3 Artemisia essential oil content, mono terpene (MT), and sesquiterpene (ST) in response to gamma irradiation (Gl) nano-selenium oxide (NP),
chitosan (CH) integrated with (NPK), Moringa (MO) and humic acid fertilizers.

EO content Application treatment
NE NE NE GI GI GI NPSe NPSe NPSe CH CH CH
NPK MO HA NPK MO HA NPK MO HA NPK MO HA
1-Camphor 39.95 40.48 41.95 41.15 43.55 42.55 41.55 43.95 43.35 42.35 44.74 44.14
2-Artemisia 17.71 19.13 18.60 18.24 19.30 18.86 18.42 19.48 19.22 18.77 19.85 19.53
ketone
3-Camphene 4.71 5.09 4.95 4.85 5.13 5.02 4.90 5.18 5.11 4.99 5.28 5.20
4-1,8-Cineole 7.26 7.84 7.62 7.48 7.91 7.73 7.55 7.99 7.88 7.70 8.13 8.02
5-Trans- 2.06 2.22 2.11 2.12 2.25 2.19 2.14 2.77 2.24 2.18 2.31 2.28
pinocarveol
6-Spathulenol 4.10 443 4.31 422 4.47 4.37 4.26 4.51 4.45 4.35 4.59 4.53
7-B- 4.19 5.53 4.40 4.32 4.57 4.46 4.36 4.61 4.55 4.44 4.69 4.63
Caryophyllene
8-B-Farnesene, 4.03 3.26 3.17 3.11 3.29 322 3.14 3.32 3.28 3.20 3.38 3.34
Total 83.00 87.98 (6) 87.16(5) 8549 (3) 90.47(9) 88.40 86.32(4) 9,131 (10) 90.08 (9) 87.98 (6) 92.97 91.71
(0) @ (12) (10)
LSD1% level 0.17

1-5: Mono terpenes (MT), 6-8: sesquiterpene. (ST). NE NPK, control (No elicitor). Results are pooled means of the two seasons (2018 and 2019). Values between parentheses are

percentage over control.

percentage increased significantly in response to individual
elicitor or fertilizer application. The interaction between the
elicitors and fertilizers achieved a significant synergistic
relationship. The percentage increase in essential oil over the
control is as follows:

CH NPK, CH MO, and CH HA were 13, 36, and 28%,
respectively. Moreover, NSe NPK, NP MO, and NP HA were 9,
30, and 23%, respectively, and GI NPK, GI MO, and GI HA were
5, 21, and 18%, respectively. In addition, NE NPK, EO NE, and
NE HA were 0, 15, and 14%, respectively.
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2. Essential oil yield:

The results shown in Table 1 and Figure 1 show that the
control treatment (EO and NPK) was (307 g/m?) individual
elicitors (GI, CH, and NP) and those individual fertilizers
(NPK, MO, and HA) achieved a significant increase in oil
yield over the control. However, a synergistic positive
relationship was observed between elicitors and fertilizers. The
percentage increase in essential oil yield over the control is as
follows: EQY, g/m?

frontiersin.org


https://www.frontiersin.org/journals/energy-research
https://www.frontiersin.org
https://doi.org/10.3389/fenrg.2022.996253

Sayed and Ahmed

2

€10

o

]

¢ |l ll 'l

’ W

. -1l 5el
&£ O F & O Ot O oW
SIS EPFGEES D
FEEFo Cggd

Appliction treatment
FIGURE 3

Total terpenoid content of essential oil (pooled mean for
(2018 and 2019 seasons) as % of over control (NE NPK) under
application treatment.

CH NPK, CHMO, and CH HA were 30, 73, and 56%,
respectively. Moreover, NSe NPK, NP MO, and NP HA were
26, 62, and 40%, respectively. In addition, GI NPK, GI MO,
and GI HA were 19, 47, and 31%, respectively, and NE NPK,
NE MO, and NE HA were 0, 29, and 24%, respectively.

The obtained results agree with those of Namdeo
(Stankovi¢ et al., 2015) who found that elicitation induces
or enhances the synthesis of the secondary metabolites
(essential oil) by plants. They also agree with those
obtained by other authors (Ahamed and Ahamed, 2018;
Ahamed and El-Sayed, 2018) who found a significant
synergistic increase in cress plant essential oil percentage in
response to low doses of gamma radiation (15, 20, and 30 Gy)
and iron nanoparticles (20 Gy + NFe 30 ppb).

Artemisinin
1. Artemisinin percentage

The results shown in Table 2 and Figure 2 demonstrate
that the artemisinin percentage of the control (NE and NPK)
treatment is (0.12%). The artemisinin percentage significantly
increased over the control in response to individual elicitors or
fertilizers’ application. However, a significant synergistic
relationship was observed between elicitors and fertilizers.
The percentage increase in artemisinin over the control is as
follows:

CH NPK, CH MO, and CH HA were 42, 67, and 58%,
respectively, and NSe NPK, NSe MO, and NSe HA were 25%
58%, and 50%, respectively. Moreover, GI NPK, GI MO, and GI
HA were 8, 50, and 42%, respectively. In addition, NE NPK, NE
MO, and NE HA were 0, 33, and 25%, respectively.

2. Artemisinin yield

The results shown in Table 2 and Figure 2 demonstrate
that the artemisinin yield of the control (NE and NPK)
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treatment is 73.76 g/m2. It was significantly enhanced

under individual elicitors or fertilizers’ application.
However, the interaction between elicitors and fertilizers
showed a synergistic relationship. The percentage increase
in artemisinin yield over the control is as follows:

CH NPK, CH MO, and CH HA were 64, 112, and 93%,
respectively. NSe NPK, NP MO, and NP HA were 43, 97, and
83%, respectively. Moreover, GI NPK, GI MO, and GI HA
were 21, 80, and 68%, respectively, and NE NPK, NE MO, and
NE HA were 0, 49, and 36%, respectively. Several researchers
supported our results (Yadav and Sarkar, 2019; Mejdoub-
Trabelsi et al., 2020). They declared that the application of
elicitors in vitro and in vivo improves the bioactive secondary

metabolite production and quality.

Effect of different elicitors on main
constituents

The main constituents of essential oil are presented in Table 3
and Figures 2, 3.

The results show the presence of 5-monoterpenes
(camphor > Artemisia ketone > camphene >1.8- cineole >
trans 5-pinocarveol) and 3 sesquiterpene (B-caryophyllene >
spathulenol > B-farnesene). The total terpenoid content
increased significantly over the control in response to
elicitors and/or fertilizers application is as follows:

CH NPK, CH MO, and CH HA were 6, 12, and 10%,
respectively. Furthermore, NSe NPK, NSe MO, and NSe HA
were 4% 10%, and 9%, respectively. In addition, GI NPK, GI
MO, and GI HA were 3, 9, and 7%, respectively, and NE NPK,
NE MO, and NE HA were 0, 6, and 5%, respectively. The
overall results manifest strong evidence that CH > NP > GI
integrated with MO > HA > NPK could be considered a
reliable technological strategy to improve the plant biomass
and bioactive secondary metabolite (e.g., EO and ART) BM,
production, and quality of Artemisia plant. This is due to the
high production of BSMs (bio-microbicides and insecticides)
as perceived by other investigators (Stankovi¢ et al., 2015).
This is attributed to the following aspects: 1) elicitations
enhance the bioactive secondary metabolite production that
overcomes biotic and/or abiotic stresses (Valletta et al., 2016),
2) the presence of secondary metabolites (e.g., EO and ART)
(El-Mohamedy and Mohamed, 2018; Trinh et al., 2018), 3)
chitosan improves the tolerance of plants to biotic and abiotic
2019), 4)

selenium reduces the environmental stress and is an eco-

stresses (KarimzadehAsl and Hatami, nano-
friendly alternative to chemical elicitors (Zhu et al., 2008;
Usman et al.,, 2020), 5) Moringa suppressed plant diseases and
induced significant resistance against pathogen growth and
disease development (El-Mohamedy and Mohamed, 2018)
and Moringa is considered to be an organic fertilizer and

bio-pesticide (Yaseen and TAKACSNEHAJOS, 2020).
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Conclusion

The results show strong evidence for the potent of CH >
NSe > GI coupled with MO > HA > NPK as reliable eco-friendly
elicitors to enhance the synthesis of bioactive secondary
metabolites which achieve biological control and crop
protection. This will lead to a significant increase in
artemisinin and essential oil from the Artemisia plant without
using insecticides and/or microbicides. Chitosan is proven to be
the best elicitor when compared with nano-selenium or gamma
radiation. However, Moringa (organic fertilizer) was the best
fertilizer compared with humic acid (organic fertilizer) or NPK
(chemical fertilizer). The best treatment that achieved the highest
value for all the tested parameters is (Chitosan + Moringa).
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