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Abstract

Centella asiatica (L.) Urb. is a widely known medicinal plant for dermatological and non-
dermatological diseases. The demand for C. asiatica extracts continues to increase but its availability is
markedly depleted due to exploitation and limited cultivation. This study was conducted to evaluate the
phosphate growth responses and variation of secondary metabolites production of C. asiatica cultivated at
different phosphate application rates in acid soil in Indonesia. The soil pH used in this study was 2.76.
Rates of phosphate application were 0 kg per plant as control plant, 20, 40, 60, 80 and 100 kg ha™,
respectively. Results showed that the plants applied with 40 kg ha™ phosphate resulted in the highest
number of leaves, petiole length, total leaf area, and number of tendrils and stolons which lead to the
higher biomass. C. asiatica produced various types of secondary metabolites, i.e asiaticoside,
madecassoside, asiatic acid, saponin, tannin, phenolic, flavonoid, triterpenoid, steroid, and glycoside. The
production of secondary metabolites was optimized by the application of 20 kg ha™' phosphate. It can be
concluded that the application low dosage of phosphate can enhance the growth and secondary
metabolites production of C. asiatica cultivated in acid soil.
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Introduction

Centella asiatica (L.) Urb. is a perennial herbaceous plant found in swampy areas of tropical and
subtropical countries. C. asiatica is a native plant in India, China, Nepal, Indonesia, Sri Lanka, Australia,
and Southern and Central Africa [1]. C. asiatica is commonly known as pegagan in Indonesia,
mandukparni or Indian pennywort or jalbrahmi in India, and gotu kola in China. C. asiatica has been
used as a treatment for thousands of years and continues to draw wide attention for the benefits in the
treatment of mild and chronic diseases [2].

Triterpenoid centellosides contents in C. asiatica i.e asiatic acid, asiaticoside, madecassic acid, and
madecassoside have been reported to have many benefits. C. asiatica is especially used for
dermatological and non-dermatological conditions. C. asitica healing small wounds, scratches, burns,
hypertrophic wounds, and eczema [3,4], smoothing and improving skin condition [5]. C. asitica is also
recommended for chronic venous insufficiency [6]; mental disability [7]; antinociceptive, antipyretic
antibacterial, antiviral, anti-inflammatory [8]; and for improving cognition, relieving anxiety and anti-
cancer agent [9].

The demand for C. asiatica extract is strongly grown due to its versatile medicinal properties.
However, the wild stock of C. asiatica has been markedly depleted due to large scale and unrestricted
exploitation with very limited cultivation [10]. Halimi [11] reported that C. asiatica can be grown in
lowland, midland, and highland in Indonesia. However, C. asiatica required sufficient nutrient
availability for obtaining high yield and maintaining the quality of its active principles [12].

Phosphorus (P) is one of the macronutrients required in large volumes by the plant. P involves many
plant processes which affecting plant growth and physiology. P fulfill a structural and regulatory function
in plant metabolism, energy transfer, the transformation of sugars and starches, and nutrient movement
[13]. The supply of phosphate should be adequate with the demand of plant [14]. The deficiency of
phosphate inhibits plant growth and reduces the quality and quantity of yield. Malhotra et al. [15]
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estimated that the deficiency of the P element in soil reduces 30 - 40 % of crop yields in the world. While
excessive application of phosphate will decrease the nutrient use efficiency and increase the risk of
nutrient losses from soil to water resources and the atmosphere which harmful for the environment
[16,17]. The previous study of reported that Deli Serdang accession of C. asiatica required 30.22 kg P,Os
ha™! for obtaining optimum growth [18]. However, the requirement of external phosphorus application is
depending on the P availability in soil solution. In acid soil, the P element is deficient because soluble
inorganic P is fixed by Iron (Fe) and aluminum (Al) [19,20]. Therefore, the addition of P in form of
phosphate fertilizer is necessary for acid soil. Thus, the present study was conducted concentrating the
phosphate application rate on growth responses and secondary metabolites production of C. asiatica
cultivated at acid soil in Indonesia.

Materials and methods

Plant material and study area

C. asiatica used in this experiment was Samosir accession. This accession commonly found in field
and paddy field and characterized by kidney-shaped leaves and jagged edges. The study was conducted at
an open field in Salaon Toba, Ronggur Nihuta, North Sumatra, Indonesia (2°19'47.784"N,
99°2'40.092"E). The altitude was 1025 m above sea level. The average temperature was 18 °C (night) and
25 °C (day) and 80 % of relative humidity. The soil in study area contained 0.44 % N, 0.21 % P, and 0.08
% K. Soil pH was 2.76 and cation exchange capacity (CEC) of 14.86 me 100 g™’ (Table 1). According to
the rating suggested by Cottenie [21], the soil was extremely acidic with low cation exchange capacity
and very low C/N and very low availability of P and K.

Table 1 Soil characteristics of the study area.

Parameters Value
pH 2.76
N 0.44 %
Cation exchange capacity 14.86 me/100 g
P 0.21 %
K 0.08 %
C/N 6.21

Research procedures

The seedling of C. asiatica vegetatively propagated using rooted stolon with 3 leaves. The seedling
of C. asiatica was planted on 100 cm lengthx100 cm widthx25 cm height raised beds. Each raised bed
consisted of 4 plants with the same treatment. The distance of each bead was 100 cm and planting
distance within the bed was 40x40 cm’. The layout of research design followed a randomized block
design with 6 treatments and 3 replications. The different dosages of phosphate (P,Os) fertilizer were
applied during planting. Rates of phosphate application were 0 kg per plant as control plant, 20, 40, 60, 80
and 100 kg ha”, respectively. Basal fertilizers equivalent to 60 kg N ha" and 35.2 kg K,O ha™ were
applied along with phosphate. The addition of 60 kg ha™ N was applied at 20 and 40 days after planting.
All plants were well-watered during the study. The plants watered every afternoon to provide sufficient
water except for rainy days.

Data collection

The effects of phosphate application on plant morphology were observed biweekly from the 2™ until
12™ week after planting. The observed variable included the number of leaves, petiole length, leaf area,
number of primary tendrils, number of secondary tendrils, length of tendrils and number of stolons. The
observation of the leaf area was carried out using CI-202 Portable Laser Leaf Area Meter. The petiole
length was measured from the base to the tip of petiole using a ruler. The primary tendrils counted for
those appeared from the main plant, while secondary tendrils appeared from the primary tendrils. The
length of tendrils measured from the base to the tip of tendrils using a tape measure. Plant biomass was
measured during harvest at 12" week after planting. Harvested plants were separated into the shoot and
root then oven-dried at 50 °C for 72 h.
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The accumulation of centellosides, i.e asiaticoside, madecassoside, and asiatic acid contents in
above ground (leaves and petiole) and underground organs (roots and tendrils) were analyzed at harvest.
The centelloside was determined using CAMAG® TLC Scanner version 3, Switzerland. The wavelength
used for asiaticoside, madecassoside, and asiatic analysis were 276, 310 and 290 nm, respectively. The
qualitative phytochemicals, i.e alkaloid, saponin, tannin, phenolic, flavonoid, triterpenoid, steroid, and
glycoside were analyzed following Departemen Kesehatan Republik Indonesia [22].

Statistical analysis

Effects of phosphate application were tested by employing Microsoft Excel 2013. The data were
analyzed using the Analysis of Variants (ANOVA) followed by the Duncan’s Multiple Range Test
(DMRT) at p < 0.05.

Results and discussion

Plant growth

Soil nutrients availability are essential for improving the quality and quantity of plant. To evaluate
the effects of phosphate application on shoot growth, leaf-related variables were observed biweekly
during C. asiatica growing period. The number of leaves, petiole length, and total leaf area were
gradually increased until 12 WAP. The rate of leaf growth was increased with the age of plant. The
highest increment of leaf number and leaf area appeared from 10 to 12 WAP. Regarding phosphate
application, plants treated with lower phosphate (20 and 40 kg ha™) resulted in a higher number of leaves
and total leaf area (Table 2). Higher phosphate application rates decreased the number of leaves, petiole
length, and total leaf area.

C. asiatica formed primary tendrils and secondary tendrils and stolons. Stolons were formed from 4
WAP and gradually increased and reach the peak at 12 WAP. A similar pattern is found in primary
tendrils. Meanwhile, the secondary tendrils started to appear at 6 WAP and rapidly grew until 12 WAP.
The number of secondary tendrils became higher than the primary tendrils from 10 WAP. The application
of 40 kg ha™' phosphate resulted in the highest number of primary and secondary tendrils and the number
of stolons compared to other treatments (Table 3). The longest tendril was also formed by those plants
treated with 40 kg ha™ phosphate from 4 until 10 WAT that remain similar to under treatments at 12 WAP
(Figure 1).

The growth improvement of C. asiatica by phosphate application was previously reported in Deli
Serdang (Indonesia) accession planted in lowland area [18] and accession number 347492 (India) [23].
The growth of Deli Serdang accession and Indian accession were optimized by the application of 30.22
kg P,Os ha! and 170 mg KH,PO, I'!. Similar results were also obtained in C. asiatica cultivated in
hydroponic and verticulture systems [24]. The plant growth is highly sensitive to P availability.
Inappropriate dosage of phosphorous fertilization unable to enhance the growth of C. asiatica in acid soil
due to high concentration of Fe, Al, and Mn [25]. Sufficient availability of phosphorus elements enhances
the photosynthetic rate and cell divisions which improves shoot and root growth and development [26].
Meanwhile, the excessive application of phosphate reduces the ability of plant to take up required
micronutrients [27]. In addition, excessive P accumulation in leaf mesophyll cells causes necrotic
symptoms due to reduction of Rubisco activation and inhibition of photosynthesis [28]. Thus, the
application of 60 kg until 100 kg ha™' phosphate decreased the plant growth.
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Figure 1 The length of tendril of C. asiatica from 4 to 14 weeks after planting (WAP) as affected by
phosphate application.

Table 2 The number of leaves, petiole length, and total leaf area from 2 to 14 weeks after planting (WAP)
as affected by phosphate application in C. asiatica.

Phosphate Age (WAP)
Application
(kg ha™) 2 4 6 8 10 12

Number of leaves

0 4.67+0.33 10.67+1.76 25.00+5.68 46.67+1.66 65.33+2.18 110.67+21.49
20 4.33+0.33 14.33£3.17 25.67+6.35 53.67+£6.98 82.33+15.62 183.00+76.33
40 5.00+0.00 10.67+0.66 30.00+2.64 54.00+1.00 80.33+13.09 181.00+46.45
60 4.00+0.00 11.67+1.66 23.33+4.37 59.67+6.17 81.00+7.02 119.67+16.37
80 4.67+0.33 10.67+2.18 31.33+5.81 57.33+£12.87 80.00+14.5 154.33+35.43
100 4.67+0.33 7.33+0.66 22.33£2.60 51.33+£2.33 69.67+3.52 144.33+22.37

Petiole length (cm)

0 3.50+0.28 5.83+0.16 7.00+0.28 7.65+0.15 8.40+0.30
20 4.00+0.76 5.33+0.83 6.37+0.81 7.20+0.76 7.87+0.85
40 3.67+0.16 6.67+0.44 7.60+£0.37 8.77+0.18 9.77+0.64
60 3.33+0.33 5.17+0.72 6.83+0.44 7.37+0.27 7.80+0.20
80 3.33+0.16 5.17+£0.33 6.43+0.47 6.90+0.55 8.27+1.21

100 3.67+0.33 5.67+0.60 7.07+0.23 7.90+0.26 8.67+0.33
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Phosphate Age (WAP)
Application
(kg ha™) 2 4 6 8 10 12

Total leaf area (cm”)

0 4.86+0.56 36.87£9.49  185.38+46.59  479.40+55.29  708.89+72.72  1409.52+150.17

20 4.74£1.20  50.76x£17.38 168.07+£32.77 496.37+22.14 804.97+108.73 2356.78+1044.92
40 5.25+0.65 33.18+£3.28  204.72+40.02  514.80+30.18  808.34+80.84  2339.03+428.01
60 4.21+0.52 34.23+6.96  138.33+26.02 553.41+£54.27  814.40+69.88  1516.15+148.60
80 3.69+0.26 31.61£8.35  176.38+13.59 468.57+118.48 742.40+151.31 1944.57+460.68
100 4.86+0.56 23.20+4.20  153.78+£35.74  505.17£69.00  750.29+87.67 1683.57+27.57

Data are means of three replications + standard error (SE)

Table 3 The effect of phosphate application on the number of tendrils and stolons of C. asiatica.

Phosphate Application Age (WAP)
(kg ha) 4 6 8 10 12
Number of primary tendrils
0 2.33+0.88 5.33+0.88 8.33+0.33 11.67+0.88 13.00+1.00
20 1.00+0.00 4.00+0.57 8.00+1.00 12.00+0.57 13.00+0.57
40 1.00+0.57 5.67+0.66 10.3340.88 13.00£0.57 13.67+0.66
60 1.33+0.88 5.33+1.45 9.00+1.00 11.00+1.00 13.00=+.057
80 1.67+0.33 5.33+0.33 8.67+0.66 11.00+0.57 11.33+0.33
100 1.67+£1.20 5.33+0.88 9.33+0.33 12.00+0.57 13.67+0.33
Number of secondary tendrils

0 0.00+0.00 1.33+0.33 7.00+1.00 17.33+£0.33 42.33+3.17
20 0.00+0.00 1.67+0.33 6.33+1.20 14.00+1.15 32.33+5.54
40 0.33+0.33 4.00+2.08 10.00+1.15 18.33£2.02 41.00+4.50
60 0.00+0.00 2.33+1.33 9.33+1.76 18.33+2.90 37.33+3.48
80 1.33+0.88 4.33£1.76 11.33£3.52 18.67+4.17 40.67+5.23

100 0.00+0.00 2.67£1.20 10.33+2.02 18.67+3.17 44.334+4.17
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Phosphate Application Age (WAP)
(kg ha) 4 6 8 10 12
Number of stolons

0 0.67+0.33 3.67+0.88 11.33+1.85 26.67+3.66 44.00+3.60
20 0.67+.066 4.00+1.52 13.00+2.08 26.33+6.38 45.00+12.09
40 1.33+0.33 7.00£1.15 16.33+1.66 34.00+6.24 48.33+5.60
60 1.00+0.57 5.33£1.20 14.33£0.33 26.00+5.00 40.00+6.11
80 2.00+0.57 8.33+0.88 17.33+3.52 30.67+4.66 45.3346.11
100 1.67+0.88 7.00+1.52 14.67+3.52 29.00+3.00 42.334+4.91

Data are means of three replications + standard error (SE)

Dry weight biomass

The different rates of phosphate fertilizer application affected plant biomass as indicated by the dry
weight of underground and above ground organs (Figure 2). Plants applied with 40 kg ha" phosphate
obtained the highest dry weight of both under and above ground organs as compared to other treatments.
The result showed that the accumulation of plant biomass was higher in underground organs than above
ground organs. Phosphorus elements affecting from the cellular to whole plant level of plants’ growth. P
supply increases photosynthetic rates, thus enhancing carbon acquisition and further growth. P element
enlarges leaf area and slow down the degradation of chlorophyll, phloem loading, and translocation as
well as the synthesis of large molecular weight substances within plant organs [29]. In addition,
phosphorus plays a vital role in the metabolism of sugars, energy storage and transfer, cell division, and
enlargement and transfer of genetic information. In the present study, the application of 40 kg ha™
phosphate increased the biomass of C. asiatica. The enhancement of plant biomass due to P application
had been reported in many other crops. The enhancement of leaf biomass was reported in Salvia
officinalis L. [30], Lantana camara [31], and Gossypium hirsutum [29]. Regarding root growth, the
application P significantly increased the allocation of biomass to roots in L. albus and L. micranthus by
37 and 33 %, respectively [32].
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Figure 2 Above ground and underground organs’ dry weight of C. asiatica affected by phosphate
application.

The accumulation of secondary metabolites in above ground and underground organs

Phosphate application significantly affected the production of centelloside secondary metabolite of
C. asiatica i.e asiaticoside, madecassoside, and asiatic acid (Figure 3). Madecassoside was the most
produced metabolite, followed by asiatic acid and asiaticoside. The relationship between phosphate
application rates with the concentration of centelloside in leaves and roots as indicated by R* value of
polynomial regression were varied from R* = 0.2152 until R* = 0.9986. The production of centelloside
was higher in above ground organs than underground organs except for asiatic acid with the application
of 80 kg and 100 kg ha™ phosphate. Results showed that the highest asiaticoside, madecassoside, and
asiatic acid contents in aboveground organs were produced under the application of 20 kg ha™ phosphate
of 1.08, 2.24 and 1.25 %, respectively. The concentration of asiaticoside content in roots was decreased
with the addition of phosphate from 0.98 % in control until 0.63 % under 100 kg ha” phosphate
application. However, the pattern of madecassoside and asiatic acid under different phosphate
applications remained unclear. The application of 60 kg ha” phosphate reduced madecassoside and asiatic
acid but the higher application rate increased the production of these metabolites. The distribution of
centalloside predominated in above ground organs was and less in underground organs. The present
results agree with those of Aziz et al. [33] showing that asiaticoside and madecassoside content in leaves
of C. asiatica higher than in roots. The constituent of centelloside affected by the availability of
phosphorus elements. Kochan ez al. [34] stated that phosphorus and phosphates are involved in the
regulation of many biochemical and physiological processes in plants, including the constituent of nucleic
acid and membranes, energy sources, transcriptional factors, or signaling molecules. Mumtazah et al. [35]
stated that P content in plants greatly influences the formation of centelloside which is synthesized by the
mevalonic acid pathway. The role of P in producing centellosides in C. asiatica including the formation
of enzymes as precursor compounds and the formation of isoprene units [35,36].

The triterpenoid centellosides, i.e asiaticoside, madecassoside, and asiatic acid are responsible for
most of the pharmacological activities [37]. Asiatic acid (C;0H305) isolated from C. asiatica enhance
intelligence and improve cognitive function [38,39]. Madecassoside (C43H730,0) induces gene expression
changes [40]. Asiaticoside (C43H73019) widely used for anti-inflammatory [41]; wound-healing agent by
promoting fibroblast proliferation and collagen synthesis [42], neuroprotective activity [43] and induces
cell proliferation and collagen synthesis collagen biosynthesis improvement [44]. The enhancement of
centelloside content through phosphate application will contribute positively influence pharmaceutical
needs supply.
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Figure 3 The effect of phosphate application on centelloside accumulation, i.e A) Asiaticoside, B)
Madecassoside and C) Asiatic acid in C. asiatica. The different letters within bars indicated the
significant different of each treatment based on the Duncan’s Multiple Range Test (DMRT) at p < 0.05.

A systematic review on the chemical constituents of C. asiatica reported the diverse and complex
chemical constituents, including terpenes, phenolic compounds, polyacetylenes group, alkaloids,
carbohydrates, vitamin, mineral, and amino acid [37]. This study revealed that the above ground and
underground organs of C. asiatica Samosir accession contained saponin, tannin, phenolic, flavonoid,
triterpenoid, steroid, and glycoside but did not contain alkaloid (Table 4). The results showed that the
type of phytochemical produced by C. asiatica were not affected by the application rates of phosphate.
The type of phytochemicals under control condition was identical with those plant treated with up to 100
kg ha' P,Os The variation of chemical constituents of C. asiatica depending on the geographical
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distribution [40]. The quantity of each phytochemical identified in this study might be different as
affected by phosphate application. However, it was not analyzed in the present study. A previous study by
Yin et al. [45] showed that lower phosphate concentrations were favorable for the content of flavonoid
and glycyrrhizic acid of G. uralensis. Furthermore, Chea et al. [46] stated that the low application rate of
P increases plants secondary metabolites such as anthocyanin, proline, flavonoids, and amino acids for
preventing the cellular structures from oxidative damage. The production of phytochemicals in C. asiatica
not only beneficial for plant defense but also for the pharmaceutical, agriculture, cosmetic, and other
sectors for their health-promoting properties and treatment of diseases.

Table 4 The effect of phosphate application on the availability of phytochemicals in C. asiatica.

Availability
Phytochemical ~ o kgha' 20kgha’ 40kgha’' 60kgha’ 80kgha' 100 kgha’
P,05 P,05 P,05 P,05 P,05 P,0s

Alkaloid - - - - - -
Saponin + + + + + +
Tannin + + + + + +
Phenolic + + + + + +
Flavonoid + + + + + +
Triterpenoid + + + + + +
Steroid + + + + + +
Glycoside + + + + + +

+ indicated available; — indicated not available

Conclusions

The application phosphate enhanced the growth and secondary metabolites production especially
asiaticoside, madecassoside and asiatic acid in C. asiatica. The application of 40 kg ha™ phosphate
optimized the growth of above ground and underground organs indicated by leaf-related variables,
tendrils, and stolons as well as plant biomass. C. asiatica produced centelloside secondary metabolites
namely madecassoside, asiatic acid and asiaticoside, and others phytochemicals including saponin, tannin,
phenolic, flavonoid, triterpenoid, steroid, and glycoside. The addition of external phosphate did not
change the variation of secondary metabolites but the application of 20 kg ha™ increased the production
secondary metabolites of quantitatively. Thus, the application of phosphate at low dosage (not more than
40 kg ha™) is suggested of C. asiatica cultivation in acid soil.

Acknowledgements

We deeply appreciate anonymous reviewers and editors of this journal for their comments and
suggestions. This research was funded by the Ministry of Research, Technology and Higher Education,
Indonesia through the research grant No. 11/AMD/E1/KP.PTNBH/2020.



Trends Sci. 2022; 19(18): 5820 10 of 12

References

[1] Devkota and P Jha. Variation in growth of Centella asiatica along different soil composition. Bot.
Res. Int. 2009; 21, 55-60.

[2] KJ Gohil, JA Patel and AK Gajjar. Pharmacological review on Centella asiatica: A potential herbal
cure-all. Indian J. Pharm. Sci. 2010; 72, 546-56.

[3] W Bylka, P Znajdek-Awizen, E Studzinska-Sroka, A Danczak-Pazdrowska and M Brzezinska.
Centella asiatica in dermatology: An overview. Phyther. Res. 2014; 28, 1117-24.

[4] A Shedoeva, D Leavesley, Z Upton Z and C Fan. Wound healing and the use of medicinal plants.
Evidence-based Complement Altern. Med. 2019, 2019, 2684108.

[5] NF Venesia, E Fachrial and IN Lister. Effectiveness test of Centella asiatica extract on
improvement of collagen and hydration in female white rat (Rattus Norwegicus Wistar). Tech. Sci.
Am. Sci. Res. J. Eng. 2020; 65, 98-107.

[6] NIJ Chong and Z Aziz. A systematic review of the efficacy of Centella asiatica for improvement of
the signs and symptoms of chronic venous insufficiency. Evidence-based Complement Altern. Med.
2013; 3, 627182.

[71 D Rana, A Bhatt, B Lal, O Parkash, A Kumar and SK Uniyal. Use of medicinal plants for treating
different ailments by the indigenous people of Churah subdivision of district Chamba, Himachal
Pradesh, India. Environ. Dev. Sustain. 2021; 23, 1162-241.

[8] M Arifullah. A review on Malaysian plants used for screening of antimicrobial activity. Annu. Res.
Rev. Biol. 2014; 4, 2088-132.

[9] B Sun, L Wu, Y Wu, C Zhang, L Qin, M Hayashi, M Kudo, M Gao and T Liu. Therapeutic potential
of Centella asiatica and its triterpenes: A review. Front Pharmacol. 2020; 11, 568032.

[10] TB Naidu, SN Rao, NS Mani, YSYVJ Mohan and S Pola. Conservation of an endangered medicinal
plant Centella asiatica through plant tissue culture. Drug Invent. Today 2010; 2, 17-21.

[11] ES Halimi. Identification of agronomic traits of Centella asiatica (L.) Urban. naturally grown at
regions with different altitudes. Jurnal Natur Indonesia 2012; 13, 232-6.

[12] A Devkota and Jha PK. Effect of integrated manuring on growth and yield of Centella asiatica (L.)
Urb. Trop. Ecol. 2013; 54, 89-95.

[13] R Thuynsma, A Kleinert, ] Kossmann, AJ Valentine and PN Hills. The effects of limiting phosphate
on photosynthesis and growth of Lotus japonicus. South African J. Bot. 2016; 104, 244-8.

[14] SN Siddiqui, S Umar, A Husen and M Igbal. Effect of phosphorus on plant growth and nutrient
accumulation in a high and a low zinc-accumulating chickpea genotypes. Ann. Phytomed. 2015; 4,
102-5.

[15] H Malhotra, Vandana, S Sharma and R Pandey R. Phosphorus nutrition: Plant growth in response
to deficiency and excess. In: M Hasanuzzaman, M Fujita, H Oku, K Nahar and B Hawrylak-Nowak
(Eds.). Plant nutrients and abiotic stress tolerance. Springer, Singapore, 2018.

[16] K Kartika, B Lakitan, N Sanjaya, A Wijaya, S Kadir, A Kurnianingsih, LI Widuri, E Siaga and M
Meihana. Internal versus edge row comparison in Jajar legowo 4:1 rice planting pattern at different
frequency of fertilizer applications. AGRIVITA J. Agr. Sci. 2018; 40, 222-32.

[17] Q Zhu, M Ozores-Hampton, Y Li, K Morgan, G Liu and RS Mylavarapu. Effect of phosphorus rates
on growth, yield, and postharvest quality of tomato in a calcareous soil. HortScience 2017; 52,
1406-12.

[18] NS Vinolina, M Nainggolan and R Siregar. Production enhancement technology of Pegagan
(Centella asiatica). AGRIVITA J. Agr. Sci. 2018; 40, 304-12.

[19] HY Ch’Ng, OH Ahmed and NMA Majid. Improving phosphorus availability in an acid soil using
organic amendments produced from agroindustrial wastes. Sci. World. J. 2014; 2014, 506356.

[20] K Kartika, JI Sakagami, B Lakitan, S Yabuta, I Akagi, LI Widuri, E Siaga, H Iwanaga and
Nurrahma. Rice husk biochar effects on improving soil properties and root development in rice
(Oryza glaberrima Steud.) exposed to drought stress during early reproductive stage. AIMS Agr.
Food. 2021, 6, 737-51.

[21] A Cottenie. Soil and plant testing as a basis of fertilizer recommendations. Food and
Agriculture Organization of the United Nations, Rome, 1980.



Trends Sci. 2022; 19(18): 5820 11 of 12

[22] Departemen Kesehatan Republik Indonesia. Materia medika Indonesia jilid VI. Departemen
Kesehatan Republik Indonesia, Jakarta, Indonesia, 1995.

[23] ML Krishnan, A Roy and N Bharadvaja. Influence of different macro and micro nutrients on the
shoot multiplication of Centella asiatica. J. Plant Biochem. Physio. 2018; 6, 1000213.

[24] NAN Azman, NANN Malek, NSM Noor and MA Javed. Improving the growth of Centella asiatica
using surfactant modified natural zeolite loaded with NPK nutrients. Asian. J. Agr. Biol. 2018; 6, 55-
65.

[25] SA Aziz, M Ghulamahdi and A Afrida. The effect of phosphorous fertilization on Indian
pennyworth (Centella asiatica L. Urban) in high altitude. Jurnal Hortikultura Indonesia 2012; 2, 1-
5.

[26] MI Chaudhary, JJ Adu-Gyamfi, H Sancoka, NT Nguyen, R Suwa, S Kanai, HA El-Shemy, DA
Lightfoot and K Fujita. The effect of phosphorus deficiency on nutrient uptake, nitrogen fixation and
photosynthetic rate in mashbean, mungbean and soybean. Acta Physiol. Plant. 2008; 30, 537-44.

[27] MA Prodhan, PM Finnegan, H Lambers. How does evolution in phosphorus-impoverished
landscapes impact plant nitrogen and sulfur assimilation? Trends Plant Sci. 2020; 24, 69-82.

[28] D Takagi, A Miyagi, Y Tazoe, M Suganami, M Kawai-Yamada, A Ueda, Y Suzuki, K Noguchi, N
Hirotsu and A Makino. Phosphorus toxicity disrupts Rubisco activation and reactive oxygen species
defence systems by phytic acid accumulation in leaves. Plant Cell Environ. 2020; 43, 2033-53.

[29] JH Li, YY Wang, NN Li, RH Zhao, A Khan, J] Wang and HH Luo. Cotton leaf photosynthetic
characteristics, biomass production, and their correlation analysis under different irrigation and
phosphorus application. Photosynthetica 2019; 57, 1066-75.

[30] M Nell, M Vétsch, H Vierheilig, S Steinkellner, K Zitterl-Eglseer, C Franz C and J Novak. Effect
of phosphorus uptake on growth and secondary metabolites of garden sage (Salvia officinalis L.). J.
Sci. Food Agr. 2009; 89, 1090-6.

[31] HJ Kim and X Li. Effects of phosphorus on shoot and root growth, partitioning, and phosphorus
utilization efficiency in Lantana. HortScience 2016; 51, 1001-9.

[32] A Abdolzadeh, X Wang, EJ Veneklaas and Lambers H. Effects of phosphorus supply on growth,
phosphate concentration and cluster-root formation in three Lupinus species. Ann. Bot. 2010; 105,
365-74.

[33] ZA Aziz, MR Davey, JB Power, P Anthony, RM Smith and KC Lowe. Production of asiaticoside
and madecassoside in Centella asiatica in vitro and in vivo. Biol. Plant. 2007; 51, 34-42.

[34] E Kochan, P Szymczyk, Kuzma, G Szymanska. Nitrogen and phosphorus as the factors affecting
ginsenoside production in hairy root cultures of Panax quinquefolium cultivated in shake flasks and
nutrient sprinkle bioreactor. Acta Physiol. Plant. 2016; 38, 1-13.

[35] HM Mumtazah, Supriyono, Y Widyastuti and A Yunus. The diversity of leaves and asiaticoside
content on three accessions of Centella asiatica with the addition of chicken manure fertilizer.
Biodiversitas J. Biol. Divers. 2020; 21, 1035-40.

[36] R Thimmappa, K Geisler, T Louveau, P O’Maille and A Osbourn. Triterpene biosynthesis in plants.
Annu. Rev. Plant. Biol. 2014; 65, 225-57.

[37] NJ Chong and Z Aziz. A systematic review of the efficacy of Centella asiatica for improvement of
the signs and symptoms of chronic venous insufficiency. Evid. based Compl. Alternative Med. 2013;
3,627182.

[38] J Wattanathorn, L Mator, S Muchimapura, T Tongun, O Pasuriwong, N Piyawatkul, K Yimtae, B
Sripanidkulchai and J Singkhoraard. Positive modulation of cognition and mood in the healthy
elderly volunteer following the administration of Centella asiatica. J. Ethnopharmacol. 2008; 116,
325-32.

[39] MN Nasir, M Habsah, I Zamzuri, G Rammes, J] Hasnan and J Abdullah. Effects of asiatic acid on
passive and active avoidance task in male Spraque-Dawley rats. J. Ethnopharmacol. 2011; 134, 203-
9.

[40] DC Roy, SK Barman and MM Shaik. Current Updates on Centella asiatica: Phytochemistry,
pharmacology and traditional uses. Med. Plant Res. 2013; 3, 70-7.

[41] L Jing, W Haitao, W Qiong, Z Fu, Z Nan and Z Xuezheng. Anti inflammatory effect of asiaticoside
on human umbilical vein endothelial cells induced by ox-LDL. Cytotechnology 2018; 70, 855-64.



Trends Sci. 2022; 19(18): 5820 12 of 12

[42] J Wan, X Gong, R Jiang, Z Zhang and L Zhang. Antipyretic and anti-inflammatory effects of
asiaticoside in lipopolysaccharide-treated rat through up-regulation of heme oxygenase-1. Phytother.
Res. 2013; 27, 1136-42.

[43] FY Qi, L Yang, Z Tian, MG Zhao, SB Liu and JZ An. Neuroprotective effects of Asiaticoside.
Neural. Regen. Res. 2014;9, 1275-82.

[44] L Yuliati, E Mardliyati, K Bramono and HJ Freisleben. Asiaticoside induces cell proliferation and
collagen synthesis in human dermal fibroblasts. Universa. Med. 2015; 34, 96-103.

[45] S Yin, Y Zhang, W Gao, J] Wang, S Man and H Liu. Effects of nitrogen source and phosphate
concentration on biomass and metabolites accumulation in adventitious root culture of Glycyrrhiza
uralensis Fisch. Acta Physiol. Plant. 2014; 36, 915-21.

[46] L Chea, B Pfeiffer, D Schneider, R Daniel, E Pawelzik and M Naumann. Morphological and
metabolite responses of potatoes under various phosphorus levels and their amelioration by plant
growth-promoting Rhizobacteria. Int. J. Mol. Sci. 2021; 22, 5162.



