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Abstract—Echinacea purpurea is a North American herbal plant (Asteraceae) that is well-known worldwide as an alternative option to
prevent the outbreak of COVID-19. E.purpurea contains antioxidants, is anti-inflammatory, and is immunomodulatory. The various
potentials and benefits included in E.purpurea, can be developed by adding biochar and plant growth regulators. This study aimed to
determine the optimal potential of secondary metabolite content in treating biochar type and growth regulator concentration.
E.purpurea were prepared from the Experimental Field at Universitas Sebelas Maret, Jumantono, Karanganyar and were grown using
the Split-plot research design treated with type biochar (control, husk charcoal, wood charcoal) and concentration growth regulator (0
ml/l, 2 ml/l, 4 ml/l, 6 ml/l). The data obtained were analyzed by variance analysis followed by Duncan’s test at a 5% level and described.
The results showed that husk charcoal biochar gave the highest yield but was not significantly different from the wood charcoal biochar
or control: plant height (38.8 cm) and the number of flowers (8.22). The growth regulator at a concentration of 6 ml/L gave the highest
yield but was not significantly different from the concentration of 2-4 ml/L: plant height (39.8 cm), flowering time (11 WAP), number
of flowers (9), and root length (21.9 cm). The highest C-organic plant tissue content yield was 35.44% (with husk charcoal) and 35.55%
(with wood charcoal). It is shown that the provision of biochar and growth regulators can develop E. purpurea cultivation, especially
on growth and yield components.
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Echinacoside has shown potential for use in the treatment of
I. INTRODUCTION nerve conditions in nerve cells [5].

Cultivation of E. purpurea in Germany can produce 2-6
t/ha of dry roots, but in New Zealand, only 1.3-2.6 t/ha.
Meanwhile, in America, the production of dry roots of E.
purpurea reached 45.4 tonnes/ha. Cultivation of E. purpurea

Plant species have always been a source for the discovery
of medicinal needs. Dependence on medicinal plants may
have increased worldwide because it could be an alternative
option to prevent the COVID-19 pandemic. On the other 3 CC .
hand, the World Health Organization (WHO) explained that in Indonesia in the Pacet-Cipanas area at 3.5 BST prgduces an
medicinal plants can support and improve health and the average of 0.78 tons/ha of dry roots. Ungaran (altitude 600
immune system. E. purpurea, a plant from North America, is masl) only averages 0.32 tons/ha Of, dry roots. The tOtj‘ll
the most popular and is used worldwide to prevent outbreaks accumulatloq rate of Epurpurea blqmass cultivated - in
of common cold disease and other upper respiratory Ungaran (altitude 600 masl) was relatively lower, namely

infections. E. purpurea has phenolic compounds, namely 3514 g/plant, cornlpareg tl(1) théit grovlvln in Pa(iet-Cipanas
caffeic acid, chicory acid, and echinacoside [1]. Caffeic acid (altitude 1100 masl), which could reach 75.5 g/plant /6]. E.

can act as an antioxidant and anti-inflammatory molecule [2]. purpurea can Survive under various soil 'condlt'lons' and
Chicoric acid stimulates T-cell activation, accelerates wound stresses, such as saline, drought, and C{)ld, owing to its highly
healing, and reduces inflammation [3]. Chicoric acid d@vqloped ﬁbrous root SYys tem, vigorous growth, and
increases the production of interferons, immunoglobulins, and mgmﬁcgnt biomass [7]', The dlffqrenc§ mn chmate. between the
other chemicals essential for the immune system [4]. subtropics and the tropics, especially in Indonesia, will affect
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the growth and yield of E.purpurea. E.purpurea is
challenging to develop in Indonesia with the addition of
biochar and growth regulators. Growth regulators trigger
biochemical reactions because they contain nucleotide
(uridine  diphosphate ~ N-acetyl-d-glucosamine  (UDP-
GlcNAc), which acts to activate signals to form enzymes. The
enzymes produced are Phenylalanine Ammonia Lyase (FAL)
and Tyrosine Ammonia Lyase (TAL), which play a role in
increasing the activity of phenolic compounds [8]. Adding
biochar to soil increases yields in the presence of significant
cations and the availability of phosphorus, total N, and soil
cation exchange capacity (CEC) [9].

II. MATERIAL AND METHOD

A. Materials

Samples of E.purpurea came from the Experimental Field
of Sebelas Maret University, Surakarta, Jumantono,
Karanganyar (£ 300 meters above mean sea level with
7°37'829”S, 110°56'901”W). Samples were grown using the
Split-plot Design, which was treated with 3 types of biochar
(control, husk charcoal, and wood charcoal) and 4 levels of
growth regulator (with a trademark “Hormax") concentration
(OmI/L, 2ml/L, 4ml/L, and 6ml/L) in 3 repetitions. Hormax
contains IAA/Auxin (108.56 ppm), Cytokinin (Kinetin
98.34 ppm and Zeatin 107.81 ppm), ABA (89.35 ppm), IBA
(83.72 ppm) Gibberellin/GA3 (118 .40 ppm), Ethylene (168
ppm), Traumalin Acid (212 ppm) and Humic Acid (354
ppm).

The samples were all parts of the E.purpurea plant,
including stems, leaves, roots, and flowers. Samples were
taken when entering the generative or flowering phase and
then dried until the water content was less than 10%. Data
analysis was conducted using the Duncan Multiple Range
Test (DMRT) SPSS 24.0 and Excel, presented in tables and
diagrams.

The materials used are E.purpurea seeds from B2P2TOOT
Karanganyar (Indonesia), a type of biochar (husk charcoal and
wood charcoal), fertilizer (leaf compost fertilizer), and plant
growth regulators (with a trademark "Hormax"). The
materials used in the laboratory analysis were E.purpurea
extract, HSO4, KoCr,07 2 N, and 5.000 ppm C solution. The
tools used are 65% net, sprayer, and meter. Laboratory
analysis equipment used is an analytical balance, water bath,
micropipette, test tube rack, centrifuge, incubator, and visible
spectrophotometer.

B. Procedure

1) Biomass (gram): All plant parts were weighed on an
analytical balance as wet weight. All plant parts were oven
to 60 °C for 24 hours and then weighed as a dry weight. The
harvest index is carried out after harvesting at the time when
the plant has been dried until its moisture content is reduced
from 10% [10]. Measurements of root weight and weight of
herbaceous dry (upper part) are carried out to determine the
harvest index [11]. The percentage was calculated with the
following formulation:

Upper dry weigth (herb)

Harvest Index= Total dry woigth 1)

2) Plant Tissue C-organic Content(%) (Walkley and
Black): The Walkley — Black (WB) method is a laboratory

analysis method commonly used to calculate organic carbon
[12]. The sample was ground to a fine powder. The sample
that has become powder is weighed as much as 0.05-0.1
grams and then put into a bottle, 5 ml of K,Cr,O7 2 N and 7
ml H>SOs, then mixed until homogeneous for 30 minutes.
Preparation of 250 ppm C standard solution was added with 5
ml of 5000 ppm C standard solution, 5 ml of H,SO4, and 7 ml
of 2 N KyCr,O; solution, mixed and shaken until
homogeneous. The standard solution that has been made is left
overnight. After being stored for 24 hours, the samples were
measured using a spectrophotometer at 651 nm. The
recommended absorbance value for laboratory analysis is 635.0
nm for a spectrophotometer used at visible wavelengths.
Photometric measurements aim to validate the stability and
linear level of photometric value measurements [13].

. ppm curve x 100
C-organic Content =——— 2
& sample (mg) x fk ( )

where fk is the water content correction factor.

III. RESULT AND DISCUSSION

Biomass plants are related to accumulating photosynthetic
products and water content in plant organs. Accumulation of
biomass during vegetative growth and part of harvested
biomass determines the yield of biomass [14]. Some studies
conducted by [15] explained that growth reflects the increase
in protoplasm, size, and the total number of plant cells. This
biomass production results in weight gain which can also be
followed by an increase in plant size so that crop yields also
increase.

TABLEI

EFFECT OF BIOCHAR TYPE AND GROWTH REGULATOR CONCENTRATION ON
AVERAGE BIOMASS E.PURPUREA

Weight
Treatment Wet Dry Harvest Index
B1HI 121.62a 27.74a 0.864a
B1H2 151.66ab 38.70a 0.875a
B1H3 212.04bc 47.49ab 0.882a
B1H4 189.10abc 46.06ab 0.872a
B2HI1 142.29ab 35.94a 0.85%a
B2H2 212.34bc 52.78ab 0.892a
B2H3 206.02bc 52.80ab 0.898a
B2H4 232.20c 60.93b 0.898a
B3HI 187.21abc 39.45a 0.852a
B3H2 205.43bc 41.87a 0.861a
B3H3 182.66abc 52.80bc 0.904a
B3H4 210.89bc 52.92ab 0.897a

**Note: Means followed by different letters in the same column are
significant in DMRT at the 5% level. BIHI: control + growth regulator
Oml/L, BIH2: control + growth regulator 2ml/L, BIH3: control + growth
regulator 4ml/l, BIHI : control + growth regulator 6ml/L, B2H1: husk
charcoal + growth regulator Oml/L, B2H2: husk charcoal + growth regulator
2ml/L, B2H3: husk charcoal + growth regulator 4ml/L, B2H4: husk charcoal
+ growth regulator 6ml/L, B3H1: wood charcoal + growth regulator Oml/L,
B3H2: wood charcoal + growth regulator 2ml/L,B3H3: wood charcoal +
growth regulator 4ml/L,B3H4: wood charcoal + growth regulator 6ml/L

Table 1 explains that the combination treatment of husk
charcoal biochar with a concentration of 6ml /L growing
regulating agents produces the highest biomass parameters
such as wet weight, dry weight, and harvest index compared
to other treatment combinations. This is related to each other
because the higher the yield of wet and dry weights will
increase the index of crop yields from plants. Wet weight also



reflects the nutritional status of plants because the wet weight
depends on the total number of cells, size of cells, or quality
of the plant constituent cells. This depends on the availability
of hormones and the amount of accumulation of organic
compounds from photosynthetic results, is a reflection of the
ability of plants to absorb hormones from the growth regulator
content [16]. Growth regulators can optimize plant yields by
modifying growth development to stressful conditions in the
plant life cycle [17]. In addition, the plant growth regulator
growing regulatory substance will be absorbed by the plant to
accelerate the protoplasmic flow of cells and activate
metabolism. The results of the studies [18] explained that the
provision of growing regulatory substances can increase the
permeability of the cell wall, which will increase the
absorption of nutrients and enhance photosynthesis. Increased
photosynthesis will increase crop yields.

Adding husk charcoal biochar results in optimal treatment
in increasing E.purpurea biomass. An increase in yield
corresponds to the amount of charcoal added to the soil since
charcoal increases porosity, which is beneficial for the
development of root openings and helps plants to grow well
[19]. Biochar not only increases crop yields but works as a
soil enhancer [20]. The situation around the E.purpurea plant
that becomes more porous greatly facilitates the absorption of
available nutrients and inorganic nutrients that affect the
process of crop harvesting. Biochar can replace peat moss
media and increase 80 % of the growth and yield of
ornamental, aromatic, and medicinal plants [21].

TABLEII
EFFECT OF BIOCHAR TYPE AND GROWTH REGULATOR CONCENTRATION ON
AVERAGE BIOMASS E.PURPUREA

Plant Flowering Number Root
Biochar Height Time of Length

(cm) (WAP) Flowers (cm)
No Biochar 35.54a 12.72b 7.28a 19.02a
Husk 38.80b 11.81a 8.22a 19.56a
Charcoal
Wood 37.18ab 11.67a 8.00a 20.81a
Charcoal

Plant Flowering Number Root
g:g:ig:or Height Time of Length

(cm) (WAP) Flowers (cm)
0ml/L 32.49a 12.89b 5.69a 19.30a
2ml/L 39.25b 11.92ab 8.29b 18.30a
4 ml/L 37.18b 12.11ab 8.11b 19.70a
6 ml/L 39.77b 11.33a 9.15b 21.88b

**Note: Numbers with different notations represent significant differences
at 5% DMRT

Table 2 explains that the treatment that showed the
significant value and the highest average yield on plant height
for the husk charcoal biochar treatment produced significantly
different values from the treatment without biochar of 38.80
cm. Some studies by [22] explained that phosphorus elements
will increase when entering the flowering process because
energy is needed in large quantities and functions as a
constituent of enzymes and ATP for energy translocation. The
growth regulator concentration of 6 ml/L was 39.77 cm,
which was not significantly different from the 2-4 ml/L
concentration. This is by research from [23] that explained
that the division and elongation of apical meristem cells
driven by auxin will promote plant height growth. Auxin can
affect plant growth and development through the cell
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membrane osmosis process, which allows water and organic
and inorganic molecules to enter the cells [25].

Plant growth regulators can increase stress tolerance
through properties such as phytohormones and hydrogen
cyanide synthesis, cell wall degrading enzymes, antagonist
activity, deaminase enzymes [24]. Biochar increases the
potential influence of bacteria that produce phytohormones,
siderophores, hydrogen cyanide, and ACC deaminase and can
dissolve phosphate through stimulation of the root system.
Biochar and plant growth regulators can increase soil acid
phosphomonoesters activity. Exogenous use of auxins and
cytokinin in appropriate concentrations increases the dry
matter yield of plants (increases potassium and calcium
content but does not change the concentration of phosphorus
in plants) and increases their stability by stimulating
rhizosphere regeneration processes. Auxin and cytokinin can
reduce the occurrence of disease by decreasing the vitamin C
content and increasing the phenolic compound content [25].

E.purpurea plants are included in short-day plants with a
critical period that requires less than 12 hours per day for
generative growth and more than 14 hours for vegetative
growth [26]. Table 2 explained that wood charcoal gave the
fastest flowering time but was not significantly different from
husk charcoal which was 11.67 WAP. Growth regulator
administration with a concentration of 6 ml/L produced high
values and significantly differed from the concentration level
of 2-4 ml/L of 11.33 WAP.

The treatment that showed the highest average number of
flowers in the husk charcoal biochar treatment was 8.22 fruit,
similar to the wood charcoal treatment and the control.
Growth regulator administration with a concentration of 6
ml/L amounted to 9.15 flowers, identical to 2-4 ml/L
concentrations. Protein is a building block for plants and
increases the percentage of flower formation [27]. Wood
charcoal gave the highest root length but was not significantly
different from husk charcoal without biochar, which was
20.81 cm. Growth regulator administration with a
concentration of 6 ml/L produced the highest root length value
and significantly differed from the concentration level of 0-4
ml/L of 21.88 cm. Cells in the roots can convert IBA into [AA
because IBA is the precursor of IAA.

The accumulation of IBA as a source of auxin can trigger
adventitious root production and root formation [28]. The
treatment that showed the highest average root volume was
the husk charcoal biochar treatment of 22.36 ml, which was
similar to the wood charcoal treatment and the control. Auxin
and cytokines can regulate the formation of pro cambium,
stem cell homeostasis, and phloem development [29]Growth
regulator administration at a concentration of 6 ml/L was
23.70 ml, which was not significantly different from a
concentration of 2-4 ml/L. [30] stated that physiological
processes driven by plant auxin assimilation will provide
good chrysanthemum root growth.
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Carbon is an essential organic substance as a constituent of
plant dry matter [31]. Figure 1 indicated that the husk biochar
treatment had the greatest value, with a 2 ml/L ZPT
concentration of 35.84%, followed by the wood charcoal
biochar treatment, with a 4 ml/L ZPT concentration of
35.55%. The lowest results were found without biochar with
a ZPT concentration of 0 ml/L of 32.56%. The increase in C-
Organic in plant tissue can be due to the carbon content stored
in biochar. The contribution of organic carbon in biochar is
caused by a decomposition process that releases carbon (C),
which increases organic-C levels in the soil. The ash content
composition of rice husk charcoal was 22.88%, and wood
charcoal was 6.91%. The bound carbon content and ash
content describe the content of biochar, which consists of
chemical elements of carbohydrate salts, sulfates, phosphates,
silicates, potassium, calcium, and magnesium [32]. The
content of these extractive substances will affect the carbon
content in biochar and is a determinant of the quality of
biochar as a soil improvement agent [33].

IV. CONCLUSION

This study concludes that adding biochar and the
concentration of growth regulators can affect the response of
plants, such as the result of growth and physiological
processes. The husk charcoal biochar gave the highest yield.
Still, it was not significantly different in the wood charcoal
biochar treatment or without biochar (control) in the observed
variables, namely plant height (38.8 cm) and the number of
flowers (8.22). The growth regulator at a concentration of 6
ml/L gave the highest yield but was not significantly different
from the concentration of 2-4 ml/L on the observed variables,
namely plant height (39.8 cm), flowering time (11 WAP),
number of flowers (9) and root length (21.9 cm). The highest
C-organic plant tissue content yield was 35.44% (with husk
charcoal) and 35.55% (with wood charcoal). Meanwhile, the
addition of biochar in both husk charcoal and wood can
increase the response of the final production and the content
of secondary metabolites (flavonoids) from E.purpurea. This
indicates that the treatment is optimal in supporting the final
productivity and flavonoid content in the growth of
E.purpurea in lowland land.

ACKNOWLEDGMENTS

We are sincerely grateful to the Research and Development
Center for Medicinal Plant and Traditional Medicines
(B2P2TOOT) Tawangmangu which has supported this

965

research through E.purpurea seed, and laboratory analysis
facilities.

REFERENCES

F. Ahmadi, A. Samadi, E. Sepehr, A. Rahimi, and S. Shabala,
“Increasing medicinal and phytochemical compounds of coneflower
(Echinacea purpurea L.) as affected by NO;/NH," ratio and perlite
particle size in hydroponics,” Scientific Reports, vol. 11, no. 15202,
pp. 1-11,2022, doi:10.1038/s41598-021-94589-4.

J. Coelho et al., Echinacea purpurea (L.) Moench: Chemical
Characterization and Bioactivity of Its Extracts and Fractions,”
Pharmaceuticals 2020 111, vol. 13, no. 125, pp. 1-16, 2021,
doi:10.3390/ph13060125.

B. Mei et al., “Changes of phenolic acids and antioxidant activities in
diploid and tetraploid Echinacea purpurea at different growth stages,”
Revista Brasileira de Farmacognosia, vol. 30, no. 4, pp. 510-518,
Aug. 2020, doi: 10.1007/543450-020-00069-7.

M. Geszke Moritz, G. Nowak, M. Moritz, “Pharmacological
Properties and Safe Use of 12 Medicinal Plant Species and Their
Bioactive Compounds Affecting the Immune System,” Applied
Science, vol. 13, no. 11, May 2023, doi: 10.3390/app13116477.

M. Marrelli et al., “Echinacea purpurea (L.) Moench: Biological and
Pharmacological Properties. A Review,” Plants, vol. 11, no. 9, May
2022, doi: 10.3390/plants11091244.

T. K. Bhoi, N. Trivedi, H. Kumar, A. K. Tanwar, and M. K. Dhillon,
“Biochemical defense in maize against Chilo partellus (Swinhoe)
through activation of enzymatic and nonenzymatic antioxidants,”
Indian Journal of Experimental Biology, vol. 59, no. 1 pp. 54-63,
2020. doi : 10.56042/ijeb.v59i01.44652.

C. Sun, X. Shen, Y. Zhang, T. Song, L. Xiu, J. Xiao, “Molecular
Defensive Mechanism of Echinacea purpurea (L.) Moench against
PAH Contaminations,” International Journal of Molecular Sciences,
vol. 24, no. 13, July 2023. doi : 10.3390/ijms241311020.

A. Ladhari, A. Zarrelli, M. C. Di Meo, M. Ghannem, and M. Ben
Mimoun, “Physiological mechanisms and adaptation strategies of
Lactuca sativa L. in response to Olea europaea L. and Ficus carica L.
allelochemicals,” South African J. Bot., vol. 147, 2022,
doi:10.1016/j.sajb.2022.01.002.

A. Akbarzadeh, A. Shahnazari, M. Ziatabar Ahmadi, M. Akbarzadeh,
“Partial root zone drying increases peppermint essential oil yield and
water productivity,” Agricultural Water Management, vol. 263, 2022
doi:10.1016/j.agwat.2022.107459.

J. Chen, N. Engbersen, L. Stefan, B. Schmid, C. Schob, “Diversity
increases yield but reduces harvest index in crop mixtures,” Nature
Plants, vol. 7, pp. 893-898, 2021.

C. Zhao, Y. Yue, J. Wu, J. Scullion, “Panicle removal delays plant
senescence and enhances vegetative growth improving biomass
production in switchgrass,” Biomass and Bioenergy, vol. 174, 2023
doi:10.1016/j.biombioe.2023.106809.

A. Mustapha, N. Abdu, E. Y. Oyinlola, and A. A. Nuhu, “Evaluating
Different Methods of Organic Carbon Estimation on Nigerian
Savannah Soils,” J. Soil Science and Plant Nutrition, vol. 23, no. 1, pp.
790-800, 2023, doi: 10.1007/S42729-022-01082-6.

Y. Prihhapso et al., “Panduan Kalibrasi Spektrofotometer Uv-Vis,”
Direktorat Standar Nasional Satuan Ukuran Termoelektrik dan Kimia,
2020.

M. El Mazlouzi, C. Morel, T. Robert, B. Yan, “Phosphorus uptake and
partitioning in two durum wheat cultivars with contrasting biomass
allocation as affected by different P supply during grain filling,” Plant
and Soil, vol. 449, pp. 179-192, Apr. 2020, doi: 10.1007/s11104-020-

(1]

[12]

04444-0.
[15] B. Desta and G. Amare, “Paclobutrazol as a plant growth regulator,”
Chem. Biol. Technol. Agric., vol. 8, no. 1, Dec. 2021,

doi:10.1186/S40538-020-00199-Z.

A. Soltanbeigi, H. Maral, “Agronomic yield and essential oil
properties of purple coneflower (Echinacea purpurea) With different
nutrient,” Chilean Journal of Agricultural and Animal Sciences, vol.
189, Dec. 2022, doi: 10.1016/j.indcrop.2022.115782.

W. Xu, Y. Cheng, Y. Guo, W. Yao, “Effects of geographical location
and environmental factors on metabolite content and immune activity
of Echinacea purpurea in China based on metabolomics,” Industrial
Crops and products, vol. 189 38, no. 2 pp. 179-192, Apr. 2022,
doi:10.29393/chjaa38-16ayah20016.

A. B. Aneseyee and T. Wolde, “Effect of Biochar and Inorganic
Fertilizer on the Soil Properties and Growth and Yield of Onion

[17]

[18]



[21]

[22]

(23]

[24]

(Allium cepa) in Tropical Ethiopia,” Sci. World J., vol. 2021, 2021,
doi: 10.1155/2021/5582697.

N. Sarwar, N. Abbas, O. Farooq et al., “Biochar integrated nutrient
application improves crop productivity, sustainability and profitability
of maize—wheat cropping system,” Sustainability, vol 15, no. 3. 2023,
doi: 10.3390/su15032232.

N. Elsheery, M. Helaly, P. Ahmad, M. Zivcak, M. Brestic, “5-
Aminolevulinic acid (ALA) reduces arsenic toxicity stress in wheat
(Triticum aestivum L.),” Journal of Plant Growth Regulation, 2022,
doi: 10.1007/500344-022-10791-2.

F F. S. Hasti et al., “Identification of Phytochemical Extract of a
Combination of Young Coconut Water, Ginger and Turmeric,”
Indones. J. Chem. Res., vol. 9, no. 3, pp. 208-214, Jan. 2022,
doi:10.30598//ijcr.2022.9-1lo.

F. Crista, I. Radulov, F. Imbrea, D. Manea, “The Study of the impact
of complex foliar fertilization on the yield and quality of sunflower
seeds (Helianhtus annuus L.) by principal component analysis,”
Agronomy, vol. 13, no. 8,2023, doi : 10.3390/agronomy13082074.

J. Ran et al., “The developmental mechanism of the root system of
cultivated terrestrial watercress,”Plants, vol. 12, no. 8, 2023,
doi:10.3390/agronomy13082074.

D. Egamberdieva, B. Alaylar, J. Alimov, Z. Jabbarov, S. B. Kimura,
“Combined effects of biochar and plant growth promoting bacteria
pseudomonas putida TSAUL on plant growth, nutrient uptake of
wheat, and soil enzyme activities,” Turkish Journal of Agriculture and
Forestry, vol. 47, no. 3,2023, doi : 10.55730/1300-011X.3092.

J. Sosnowski, M. Truba, V. Vasileva. “The Impact Of Auxin And
Cytokinin On The Growth And Development Of Selected Crops,”
Agriculture, vol. 13, no. 3, 2023, doi : 10.3390/agriculture13030724.
A. Cahyaningsih, N. Etikawati, A. Yunus, “Morphological characters
variation of Indonesian accession Echinacea purpurea in response to
gamma-ray irradiation,” Biodiversitas, vol. 23, no. 10 pp: 5351-5359,

966

[27]

[29]

[30]

[31]

[32]

[33]

2022 doi: 10.13057/biodiv/d231045.

S. Dhaliwal, V. Sharma, A. Shukla, M. kaur, V. Verma, A. Hossain,
“Biofortification of oil quality, yield, and nutrient uptake in Indian
mustard (Brassica juncea L.) by foliar application of boron and
nitrogen,” Frontiers in Plant Science, 2022
doi:10.3389/1pls.2022.976391.

A. Yachya, Y. S. Wulan Manuhara, A. N. Kristanti, and Y. S. W.
Manuhara, “Impact of IBA and ethephon combination on root biomass
production of javanese ginseng (Talinum paniculatum Gaertn) cuttings
under aeroponic system,” Systematic Review in Pharmacy, vol. 11, no.
7, pp. 507-514, 2020.

C. Hong, J. Kim, J. Lee, S. Yoo, “Gibberellin signaling promotes the
secondary growth of storage roots in panax ginseng,” International
Journal of Moleculer Science, vol. 22, no. 16, 2021.

S. Kalve, G. Zinta, S. Proietti, V. Scariot, S. De Pascale, and R.
Paradiso, “Flowering mechanisms and environmental stimuli for
flower transition: Bases for production scheduling in greenhouse
floriculture,” Plants, vol. 11, no. 3, 2022 doi:10.3390/plants11030432.
C. Fossum, K. Estera-Molina, M. Yuan, D. J Herman M. K Firestone,
“Belowground allocation and dynamics of recently fixed plant carbon
in a California annual grassland” Soil Biology and Biochemistry, vol.
165, 2022 doi:10.1016/j.s0ilbio.2021.108519.

G. Griffin, L. Ward, S. Madapusi, K.V Shah, R. Parthasarathy, “A
study of chemical pre-treatment and pyrolysis operating conditions to
enhance biochar production from rice straw,” Journal of Analytical
and Applied Pyrolysis, vol. 163, 2022
doi:10.1016/j.jaap.2022.105455.

F. Qin, C. Zhang, G. Zeng, D. Huang, “Lignocellulosic biomass
carbonization for biochar production and characterization of biochar
reactivity,” Renewable and Sustainable energy Reviews, vol. 157,
2022 doi: 10.1016/j.rser.2021.112056.





