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Abstract. Macronutrient levels are critical to support the sustainability and
consistency of crop production of palmarosa. This study aims to determine
the soil macronutrient content and the phosphorus uptake of palmarosa that
cultivated with arbuscular mycorrhiza fungi (AMF) and calcite at various
dosages. Experiment through a completely randomized design using AMF
and calcite, each with four levels: AMF (0, 5, 15, and 25 g plant™') and calcite
(0, 2.5, 5, 7.5 tons ha''). The results showed that the soil condition before
AMF and calcite treatment was marginally suitable for palmarosa due to low
available P content (7 ppm). The application of calcite increased soil calcium
content by 114% directly proportional to the level of soil pH (7.3-7.6) which
was positively correlated with the increase in calcite dosages. Dosages of
AMF 25 g plant! and calcite 2.5 tons ha’! suggested to be applied in
Tawangmangu, Central Java, to improve soil suitability for palmarosa
growing conditions. This application efficiently increases soil macronutrient
content, particularly in enhancing the levels of soil P2Os by 281%, available
P by 57%, and P uptake in palmarosa by 82%.

1 Introduction

Palmarosa (Cympogon martinii) is an aromatic grass plant with the character of aromatic
essential oils such as roses [1]. Palmarosa essential oil has a high value in the cosmetics and
fragrance industry [2] and also acts as an antimicrobial and antioxidant in the pharmaceutical
industry [3]. Indonesia is one of the top four contributors in meeting the demand for 60 - 70
tons of palmarosa essential oil globally [4]. The environmental carrying capacity for
palmarosa cultivation is important to ensure sustainability and consistency of production.
Highlands with Andosol-type soils are rich in potential organic matter for palmarosa
cultivation [5].

Macronutrient levels in the form of nitrogen (N), phosphorus (P), and potassium (K) are
important in palmarosa cultivation because, in one periode harvest, palmarosa can convert N
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(8.24 — 18.00 kg ha!), P (7.37 — 13.46 kg ha!), and K (5.23-12.70 kg ha™!) into biomass [6].
Specifically, the biosynthesis of volatile compounds in the form of geraniol, geranyl acetate,
linalool, geranial, and B-caryophyllene [7] contained in palmarosa essential oil is highly
dependent on the adequacy of P nutrients [8]. Element P is the main substrate for secondary
metabolic processes, especially the biosynthesis of the terpenoid pathway [9-10]. The
sustainability of palmarosa cultivation requires environmentally friendly and economical
inputs to achieve production consistency. Environmentally friendly inputs include arbuscular
mycorrhizal fungi (AMF) and calcite using calcite.

Arbuscular mycorrhizal fungi play a role in increasing nutrient uptake in plants even
though soil fertility conditions are lacking, and deficient P availability [11]. The AMF
inoculation on palmarosa can be an alternative to increase the yield of essential oils and
geraniol content [12]. The interaction of AMF with plant roots can increase plant capacity to
absorb nutrients and water, drought resistance, as a biological control, and protect plants from
exposure to heavy metals [13-14].

Liming using calcite can increase soil fertility and potentially increase essential oils.
Alkaline soil can inhibit plant growth and development. Plant response as adaptation in
alkaline conditions by increasing antioxidant enzyme activity to reduce excessive oxidative
damage [15]. Alkaline stress through 200 g pot™! liming has been proven to raise the content
of superoxide dismutase (SOD) by 1.02% along with drought stress [16]. The calcite content
of 1.157 mg L' can increase the geraniol content by 89% [17].

The status of soil chemical fertility in palmarosa cultivation land such as in the
Tawangmangu highlands is the basis for the development of fertilization technology in
palmarosa cultivation because information is still limited. The discussion on AMF and calcite
in Andosol is still limited. This study aims to explain the effectiveness of arbuscular
mycorrhiza and calcite on macronutrient content and phosphorus uptake in palmarosa
cultivation.

2 Material and Methods

2.1 Time and place of experiment

The experiment lasted from June to November 2023, in Tawangmangu, Central Java, located
at 7°39'13" - 7°39'18"S and 111°06' - 111°06' 16" E, specific on 0.3 ha of palmarosa
cultivation land with an altitude of 750 meters above sea level. The test site was in a tropical
climate, with a daily temperature of 30.3°C and an air humidity of 57.5%, according to the
optimum growth and synthesis range of essential oils (temperature 17 - 30°C and humidity
44.5 - 76.5%) [18], the average of maximum light intensity recorded around 54,100 lux
following the optimum conditions [19]. The analysis was carried out at the Laboratory of
Soil Chemistry and Fertility, Faculty of Agriculture, Sebelas Maret University, Surakarta.

2.2 Experiment material and tools

Soil samples for analysis were obtained from 6 points on the cultivated land, while calcite
and AMF were applied to palmarosa using a two-factor completely randomized design
experiment, AMF dosages (0, 5, 15, and 25 g plant!) and calcite dosages (0, 2.5, 5, and 7.5
tons ha'), So that 16 combinations of treatments were repeated three times each with plant
spacing 45 x 45 cm. Planting media, andosol soil mixed with manure fertilizer in a ratio of
4:1, each polybag weighs 15 kg.

Observation parameters include macronutrient levels of soil before and after treatment
with parameters measurement method: total N (Kjeldahl), total P and Ca
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(spectrophotometry), C-Organic (titration), total K (flamephotometry), Available P (Olsen),
and P uptake (H,SO4 wet ashing). Evaluation of macronutrient status based on the weight of
the value of each parameter according to the growing conditions of palmarosa (Table 1). The
palmarosa P uptake with various dosages of AMF and calcite was analyzed descriptively.

Table 1. Palmarosa plant growing requirements [20-21]

Land Suitability Classes

Criteria 31 0 33 N

Temperature (T)

gél)ly average temperature 2225 1622 i =136
25-36 <16

Water availability (wa)

Humidity (%) 60-80 - - <50

>100

Nutrient retention (nr)

CEC (cmol+t/kg) > 16 <16 - -

BS (%) >50 35-50 <35 -

Actual soil pH (H20) 5.5-6.5 4.5-5.5 <45 -
6.5-8.5 >8.5 -

Organic-C (%) >1.2 <12 - -

Nutrient availability (na)

Total-N (%) 0.21-0.50 0.10-0.20 <0.10 -

P20s (mg/100 g) 21-40 15-20 <15 -

K>0 (mg/100 g) <10 10-20 21-40 -

Remarks: CEC (Cation Exchangeable Capacity), BS (Base Saturation), S1: Highly suitable, S2:
Moderately suitable, S3: Marginally suitable, N: Currently unsuitable

3 Result
3.1 Soil Macronutrient Content

3.1.1 Initial soil analysis (before AMF and CaCO3 treatment)

The soil as a medium for planting palmarosa is andosol which comes from the volcanic area
of Tawangmangu, Central Java, with a blackish-brown character and rich in organic matter.
Initial soil analysis before calcite application showed content: total N and K very high, P,Os
and C-organic moderate, Available P, exchangeable Al, and CEC very low, pH neutral, field
capacity 63.18%, clay textured. Based on these results, soil fertility can be stated in the
medium category (Table 2).

Table 2. Results of soil analysis before AMF and calcite treatment

Parameter Unit Result Category
Total N % 1.09 Very high
P20s mg 100 g! 14.66 Moderate
Available P Ppm 7 Low
Total K me 100 g’! 73.8 Very high
C-Organic % 2.26 Moderate
CEC cmol (+) kg! 2.31 Very low
Actual soil pH (H20) - 6.7 Neutral
Field capacity % 63.18 -
Exchangeable Al me 100 g’! 0.2 -
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3.1.2  Final soil analysis (after AMF and CaCQOs treatment)

Application of calcite with dosages 0, 2.5, 5, and 7.5 tons ha™! increases soil pH according to
successive dosage increases of 6.7, 7.3, 7.4, and 7.6 (Table 3). This is related to an increase
in soil Ca content of 6.7, 14.4, 14.5, and 19.1 me 100 g, with a very high correlation
coefficient (+ = 0.99). The application of calcite increases actual soil pH, available P, Ca®*,
and degrades exchangeable Al in the soil. Application of calcite very soluble in water, it will
release OH ™ ions to increase the saturation of alkaline ions, but it is limited according to the
percentage of soil buffer (humus) [22].

Table 3. Results of soil analysis after AMF and calcite treatment at various dosages

dcozl:;; Total N P20s Total K1 Ca Available  C-Organic H
(ton -ty (%) (mg 100 g*) P (ppm) (%)
0 0.62 70 432 6.7 14 3.6 6.7
2.5 0.55 56 26.0 14.4 11 12.2 7.3
5 0.25 73 314 14.5 15 7.5 7.4
7.5 0.51 51 35.0 19.1 10 6.8 7.6

3.2 Palmarosa P Uptake

Application of calcite at 2.5 tons ha! increased palmarosa P uptake by 17.5% compared to
control. The level of P uptake in palmarosa with calcite dosages of 5 and 7.5 tons ha'! less
than 2.5 tons ha! calcite treatment. Palmarosa with AMF innoculation has the level of P
uptake higher than without AMF, the treatment of AMF 15 g plant™! with calcite 7.5 tons ha®
"increasing P uptake by 75%. Application of AMF 5 g plant™! without calcite and application
of calcite 2.5 tons ha™! with AMF 25 g plant! increase up to 71,4% and 68,4% respectively

(Table 4).
Table 4. P uptake in palmarosa (kg ha™!) at various dosages of AMF and calcite
Calcite dosages AMF dosages (g plant™)
(ton ha') 0 5 15 25 Average
0 13.13 23.15 16.25 14.91 16.86
2.5 17.28 19.67 17.08 23.92 19.49
5 16.35 15.60 12.35 21.23 16.38
7.5 16.11 17.13 23.39 13.70 17.58
Average 15.72 18.88 17.26 18.44
4 Discussion

4.1 Soil Macronutrient Content

4.1.1  Initial soil analysis (before AMF and CaCOj3 treatment)

Andosol as a clay texture experimental medium has a small soil pore size [23] So that the
consistency depends on the moisture content, the moisture content is higher than the capacity
of the field, then the soil will have an adhesive and plastic consistency [24]. This is due to
the high levels of clay, humus, and moderate C-Organic [25]. Soil fertility based on Andosol
macronutrient content at the palmarosa cultivation site is categorized as medium, the levels
of N, K, and C-Organic are relatively high, but the total P content and the availability of P
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element for plants are low (14.6 mg 100 g!' and 7 ppm) For the cultivation of palmarosa (15
-40 mg 100 gh).

The availability of P is high in soils with a neutral pH (6.0-7.0), but the availability of P
is also affected by soil type. Soils with a high percentage of klei can absorb P in high soils as
well [26]. Soil conditions in palmarosa cultivation land with high levels of N, K, and C-
Organic (S1), while total P is moderate and the availability P is low level (S3) need to be
improved to meet the requirements for growing palmarosa (Table 1). Macronutrient are
needed in large enough quantities, generally given in the form of compounds [27] that is
important for plant growth and development [28].

4.1.2  Final soil analysis (after AMF and CaCQs treatment)

Although the application of calcite in the planting medium at various dosages did not show
much difference, it can be stated that the dosages of calcite 2.5 and 5 tons ha™! meet the
requirements for growing palmarosa (Table 1). The levels of total N and C-organic in the
category are highly suitable (S1), the levels of P,Os, available P, and the soil pH are
moderately suitable (S2), as well as the total K levels are marginally suitable (S3).
Application of calcite in various dosages did not affect total N (0.25-0.62%), available P (10-
15 ppm), total K (26-43 me 100 g'), and C-Organic (3.6-12.6%). A decrease in nutrient levels
in the soil can occur because it is absorbed by plants and may also be lost due to washing or
oxidation.

The application of calcite does not significantly increase the total N soil. Element N has
a very mobile property of undergoing leaching, so can decrease drastically, all forms of N in
the soil will be converted into biomass or oxidized to NO3 [29]. The nutrient status of N, P,
and K due to the application of the same basic fertilizer increases macronutrient levels that
are not much different. Manure as a basic fertilizer in palmarosa cultivation contains organic
matter that can improve soil fertility and health [30]. Organic basic fertilizers become a
provider of macro and micronutrients [31-32] especially N supply that present a role in plant
primary metabolism associated with photosynthesis [33-36].

Calcite is a type of lime that could enhance the value of pH and organic materials of soil
[37-38]; beside that calcite has low ability to increase available P content, in calcareous soils
P-available is low [39]. The 7.5 tons ha! calcite dosage had lower available P levels than the
0, 2.5, and 5 tons ha™! dosages. This is because of the binding of P by Ca in the soil, the pH
that is getting higher due to the high lime content will also result in the availability of P
decreasing by the fixation of Ca contained in calcite so that it will form Ca(POj4), [40].

The application of calcite increases the content of C-organic, which generally comes
from the application of organic matter into the soil undergoes further degradation and is soon
converted into CO, [41]. The application of calcite causes the soil atmosphere to become
oxidative so that there is a release of CO, causing the carbon content in the soil to be high
but immediately drop and evaporate through the soil pores, application 7.5 tons ha’! calcite
indicated that pH 7.5 to 7.6 resulted in low P,Os, available P, and C-organic [42].

4.2 Palmarosa P Uptake

The uptake of P in palmarosa at various dosages of calcite did not increase significantly.
Calcite application also not significant in increasing the P and N uptake of maize [43]. That
is in line with plants cannot meet the needs of N if there is insuficient P [44]. The efficiency
of phosphate uptake in available forms is less than optimal in alkaline soils. The phosphorus
efficiency is not more than 30% due to fixation in the form of Ca(POy); in alkaline and
calcareous soils [15]. In the other hand, application of AMF on palmarosa showed higher P
uptake compared to the treatment without AMF. The increase in P uptake with AMF 5 g
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plant™ at various dosages of calcite reached 20%. Planting media with a calcite 2.5 tons ha™,
which is the ideal dosages for enhance the macronutrient content of palmarosa cultivation
land, along with the application of AMF 25 g plant™! effectively increased P uptake by 82%
than control and give the highest P uptake about 38% compared to the treatment of calcite
2.5 tons ha™! without AMF also 21.6% and 40% higher than calcite 2.5 tons ha™! with AMF 5
and 15 g plant™ respectively.

The efficiency of phosphorus uptake in plants that are symbiotic with AMF allows AMF
hyphae to expand root tissue, AMF can secrete compounds that help dissolve unavailable P
into available to plants [45]. The availability of plant nutrients is highly dependent on the
condition of the rhizosphere such as soil are moisture, temperature and soil aeration [46].
Sufficient amount of the nutrient content could enhance the volume of plant roots for better
nutrient uptake ability [47].

The use of AMF in palnting media without calcite shows that the dosage of AMF 5 g
plant™! already can increase the P uptake but AMF at dosages 15 and 25 g plant™! shows lower
result. This also occurs on panting media with calcite 7.5 tons ha™! which P uptake optimum
with application of AMF 15 g plant!. Based on this study, the dosage of AMF directly
proportional to the infectivity of AMF in palmarosa roots (» = 0,806). The excessive dosages
of AMF can result in nutrient imbalances, beside the high content of Ca due to calcite
application could form Ca-P binding, the interaction of soil microbes with plant roots also
affects the availability of macronutrients in the rhizosphere [48].

4.3 Recommendation For Land Management

The application of AMF and calcite improved soil macronutrient content and P uptake in
palmarosa. Soil suitability are needed to support the growth of plants [49]. The application
of AMF in soil conditions with high organic matter, total N, and K levels, moderate P,Os,
and low on P availability can optimize plant P uptake [50]. Improving the macronutrient
content using calcite can increase pH and soil porosity, good porosity of soil could
improving soil structure and ability in maintaining groundwater, and enhanced nutrient
absorption. Based on this result, AMF and calcite are recommended to be applied in
Tawangmangu in palmarosa cultivation.

5 Conclusion

Soil condition before AMF and calcite treatment has P,Os levels and P availability that
marginally suitable for palmarosa cultivation. The application of calcite positively correlated
with Ca and soil pH levels. The 2.5 tons ha! calcite efficiently increased soil macronutrient
content at available P by 57% and P,Os levels by 114% that suitable for palmarosa
cultivation. Combination of AMF 25 g plant™! with calcite 2.5 tons ha™! successfully increased
palmarosa P uptake about 82%, therefore this treatment is suggested for palmarosa
cultivation in Tawangmangu, Central Java.
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