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Palmarosa plant (Cymbopogon martinii) comes from East India and Turkey, in Indonesia 

palmarosa is often called palmarosa grass which belongs to the Poaceae family. 

Palmarosa produces essential oil known as palmarosa oil. This research was carried out 

in a greenhouse which is located at Rumah Atsiri Indonesia, Tawangmangu, 

Karanganyar, from July to November 2023. This research aims to obtain the interaction 

of water availability and arbuscular mycorrhiza towards growth and result of palmarosa 

essential oil, to obtain the best level of water availability on growth and the results of 

palmarosa essential oil, to get the best dose of arbuscular mycorrhiza on the growth and 

result of palmarosa essential oil. The research was carried out using a factorial pattern 

with Completely Randomized Design (CRD) consisting of 2 factors. The first factor is 

the administration of arbuscular mycorrhiza which consists of four levels, namely, 

without mycorrhiza (control), mycorrhiza 10 g polybag-1, mycorrhiza 20 g polybag-1 and 

mycorrhiza 30 g polybag-1. The second factor is water availability which consists of field 

capacity of 100%, 75%, 50% and 25%. Each treatment was repeated 5 times. Data were 

analyzed using analysis of variance if the F-count was greater than the F-table, followed 

by the DMRT test at the 5% level. The results showed that giving both treatments did not 

show significant results. The application of arbuscular mycorrhiza was very significant 

in the parameters of plant height and stem diameter. The field capacity treatment at 

various levels was very significant for the parameters of plant height, stem diameter, 

number of tillers and number of leaves. 
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1. INTRODUCTION

Essential oils are among the products of plantation 

commodities with high export value. They possess a high 

selling value due to their ability to produce fragrances 

containing volatile compounds. These volatile compounds in 

essential oils have been studied to provide various benefits 

such as antimicrobial, anti-inflammatory, and aromatherapy 

properties [1]. Essential oils mostly consist of terpenoids with 

isomers that include positional, geometric, spatial, and optical 

variations [2]. Essential oils are found in many aromatic plants 

and contribute significantly to the food, pharmaceutical, and 

cosmetic industries. The palmarosa plant is one of the sources 

of essential oils that has high potential in Indonesia, producing 

an essential oil known as palmarosa oil. 

The palmarosa plant (Cymbopogon martinii) originates 

from East India and Turkey; in Indonesia, it is often referred 

to as palmarosa grass and belongs to the Poaceae family. The 

essential oil produced by palmarosa is commonly used in 

aromatherapy due to its fragrance and also serves as an 

antioxidant and antimicrobial agent. Palmarosa is highly 

valued for its essential oils found in its leaves and 

inflorescences, with geraniol being the main constituent (75-

90%) of the oil [3]. 

The increase content in geraniol in palmarosa is a response 

to the formation of secondary metabolites. The level of plant 

tolerance to various abiotic environmental conditions 

influences the secondary metabolite content of palmarosa. 

Several factors in the maintenance of palmarosa plants can 

increase both production and the quality of the contained oil. 

According to research [4], the addition of manure fertilizer and 

lemongrass compost can increase the weight per clump by 

179.19% and the geraniol content by 81.04%. Manure contains 

many organic materials that can making them more fertile and 

increasing the diversity of soil microorganisms [5]. The 

fertilizers as providers of macro and micronutrients [6, 7], 

enhance the volume of plant roots [8], and increase the value 

of pH and organic materials of soil [9-11].  

The factors that influence the absorption of organic matter 

in the soil are moisture, temperature and soil aeration [12]. The 

growth response of palmarosa plants is also related to the 

nutrient absorption mechanism by plants, both macro and 

micronutrients which are generally given in the form of 

compounds [13]. Organic compounds and mineral nutrients 

are also important for plant growth and development [14] with 

one of the roles being played by Potassium ions (K+). The 
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provision of K+ ions can stimulate the photosynthesis process 

and produce more photosynthate, resulting in increased 

palmarosa production and yield. Gusmaini and Syakir [15] 

conducted research on the Cymbopogon family, specifically 

Cymbopogon nardus, and found that the application of 

Potassium at a rate of 30 kg/Ha could yield oil at 1.20-1.28%, 

oil content at 1.40-1.70%, and increase potassium nutrient 

uptake by 11.76%. 

In addition to those factors, water availability for plants also 

plays a significant role in the growth and essential oil content 

of palmarosa plants. When plants experience water stress, 

either due to drought or excess water, they can produce higher 

levels of secondary metabolites as a defensive response. Water 

availability is the primary factor for plant growth, and it must 

align with the plant's needs. The soil's ability to store water 

optimally is termed field capacity, which is the capacity to 

hold water after applying water until it reaches the saturation 

point. The value of field capacity varies significantly 

depending on the soil type [16].  

It is necessary to control this stress condition to prevent the 

plant from dying, one way being the addition of mycorrhizal 

biological agents. Plants supplemented with mycorrhizae have 

high tolerance to both biotic and abiotic stress conditions, 

including water stress [17]. Maintaining water at a specific 

level and introducing arbuscular mycorrhiza can increase the 

number of plant leaves [18]. The limited research discussing 

efforts to enhance the quality of palmarosa essential oil in 

Indonesia warrants attention within the essential oil industry 

sector. Cultivation methods involving water availability and 

the application of arbuscular mycorrhiza in andosol soil have 

not been put into practice. Hence, it is necessary to conduct 

research to determine palmarosa's response to varying water 

availability and the administration of arbuscular mycorrhiza. 

 

 

2. MATERIALS AND METHODS 

 

This research was conducted from July to November 2023 

at Rumah Atsiri Indonesia, located on Watusambang Street in 

Watusambang, Plumbon, Tawangmangu District, 

Karanganyar Regency, Central Java, Indonesia. The research 

followed a factorial pattern in a Completely Randomized 

Design (CRD) consisting of 2 factors. The first factor was the 

administration of arbuscular mycorrhiza, which had four 

levels: without mycorrhiza (control), mycorrhiza 10 g 

polybag-1, mycorrhiza 20 g polybag-1, and mycorrhiza 30 g 

polybag-1. The types of arbuscular mycorrhizal fungi included 

are Glomus claroideum, Glomus fasisculatum, Glomus 

moseae, Glomus etunicatum, Acaulospora rogusa, and 

Acaulospora tuberculata. The second factor was water 

availability, with field capacity levels of 100%, 75%, 50%, and 

25%. The calculation of water volume for irrigation is based 

on the field capacity of the soil used.  

The soil in polybags measuring 45 × 45 cm has a weight of 

15 kg and a field capacity of 3 liters. Each treatment was 

replicated 5 times. The planting material used was palmarosa 

seeds (C. martini) obtained from Rumah Atsiri Indonesia. 

Palmarosa seedlings are grown for 2 months until the plants 

reach the same height, approximately 15-20 cm. The planting 

medium used is andosol soil obtained from Rumah Atsiri 

Indonesia, which has been loosened. Arbuscular mycorrhiza 

was applied during transplanting, one week before the water 

availability treatment. Palmarosa is planted in polybags 

measuring 45 × 45 cm with a planting distance between 

polybags of 50 × 50 cm. The maintenance given to these plants 

includes watering every 6 days with a volume corresponding 

to the treatment level, weed management, and pest control if 

present on the plants.  

Data collection involved observation, measurement, and 

documentation. The observation parameters included plant 

height, stem diameter, number of tillers, and number of leaves, 

measured using a tape measure, digital caliper, and counting 

in one clump, respectively. The data analysis method used was 

Analysis of Variance (ANOVA) with the F-test at a 5% 

significance level. If a significant difference was found, 

Duncan's Multiple Range Test (DMRT) at the 5% level was 

conducted. To carry out this study, a Completely Randomized 

Design (CRD) was employed and organized in a factorial 

design comprising 2 treatment factors. Each treatment was 

replicated five times, resulting in 16 treatment combinations 

per replication. Normality of residuals and homogeneity were 

verified with Kolmogorov-Smirnov’s and Levene’s tests, and 

normality was achieved, when necessary, by transforming 

growth variables (Log10). All data has been analyzed and 

obtained normal and homogeneous results. 

 

 

3. RESULTS AND DISCUSSION 

 

Before carrying out further tests, the data was analyzed for 

normality and homogeneity which are presented as follows 

(Table 1). 

 

Table 1. Result of normality and homogeneity test to all 

growth variables at 28 days after planting (DAP) 

 
Variables Normality Testa Homogeneity Testb 

Plant heightc Sig. 0.940 Sig. 0.088 

Stem Diameter Sig. 0.196 Sig. 0.122 

No. of tillersc Sig. 0.056 Sig. 0.069 

No. of leavesc Sig. 0.379 Sig. 0.075 
Note: aKolmogorov-Smirnov’s test significance level is > 0.05; bLevene’s 

test significance level is > 0.05; cData were analyzed under log 

transformation to retain the hypothesis. 

 

Based on Table 1, the results of the normality test and 

homogeneity test using the SPSS application obtained 

significant Kolmogrov-Smirnov's with significance values > 

0.05 for plant height, stem diameter, number of tillers and 

number of leaves. Thus, the results of the data in the table are 

normally distributed. In the homogeneity test, it was found that 

the significance values > 0.05 for all observed variables, this 

shows that the data is homogeneous and further test can be 

carried out. 

The addition of mycorrhiza and watering at different levels 

can result in different growths for palmarosa. Excessive water 

levels can cause plants to rot, while insufficient water can lead 

to wilting and hindered growth. The presence of mycorrhiza in 

symbiosis with plant roots plays a crucial role in plant growth, 

including enhancing nutrient uptake. 

Based on Table 2, the observation parameters of palmarosa 

growth at 28 days after planting (DAP), including plant height, 

stem diameter, number of tillers, and number of leaves, in the 

treatments involving mycorrhiza and different levels of water 

availability, showed significant results. Each treatment had a 

significant effect on the parameters of plant height and stem 

diameter at the 1% level. Mycorrhiza treatment did not 

significantly affect the parameters of the number of tillers and 

number of leaves, but water availability had a significant effect 
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on all parameters at the 1% level. This is different from the 

findings of the study [19], which applied arbuscular 

mycorrhiza to Foeniculum vulgare L. plants and were able to 

produce the highest number of leaves compared to other 

treatments, totalling 188.19 leaves. Based on the analysis 

results, it is evident that the interaction between mycorrhizal 

treatments and water availability does not significantly affect 

all parameters. 

Table 2. Results of analysis of variance of palmarosa growth variables at 28 days after planting (DAP) 

Treatment Plant Height Stem Diameter Number of Tillers Number of Leaves 

Mycorrhiza ** ** ns ns 

Water Availability ** ** ** ** 

Interaction ns ns ns ns 
Note: **: significant at 1% level. ns: non-significant. 

Figure 1. Graph of average palmarosa plant height at 28 

DAP 

Figure 2. Palmarosa plants with treatment of (a) control (b) 

20 g polybag-1 mycorrhiza 

Figure 3. Graph of average stem diameter (mm) at 28 DAP 

Figure 4. Palmarosa plants with water availability treatment 

of (a) 100% field capacity (b) 25% field capacity 

Figure 5. Graph of the average number of palmarosa tillers at 

28 DAP 

Figure 6. Graph of the number of palmarosa leaves at 28 

DAP 
Note: M0: 0 gram of arbuscular mycorrhiza. M1: 10 grams of arbuscular 
mycorrhiza. M2: 20 grams of arbuscular mycorrhiza. M3: 30 grams of 

arbuscular mycorrhiza. W1: 100% field capacity. W2: 75% field capacity. 
W3: 50% field capacity. W4: 25% field capacity. 
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Table 3. Effect of mycorrhizal levels on plant height and stem diameter of palmarosa (C. martinii) at 28 days after planting 

(DAP) 

Treatment (g polybag-1) Plant Height (cm) Stem Diameter (mm) 

0 Mycorrhiza 67.48ab 4.12a 

10 Mycorrhiza 68.49a 3.94ab 

20 Mycorrhiza 51.42c 3.56bc 

30 Mycorrhiza 57.10bc 3.29c 

Note: Numbers in columns followed by the same letter indicate that they are not significantly different at the Duncan's Multiple Range Test at the 5% level. 

Table 4. Effect of water availability level on plant height, stem diameter, number of tillers, and number of leaves of palmarosa 

(C. martinii) at 28 DAP 

Treatment (%) Plant Height (cm) Stem Diameter (mm) Number of Tillers Number of Leaves 

100 FC 83.46a 4.53a 60.45a 221.40a 

75 FC 63.74b 3.81b 58.60ab 203.20ab 

50 FC 55.15b 3.56b 51.05bc 180.00bc 

25 FC 42.14c 3.01c 43.80c 151.60c 

Note: Numbers in columns followed by the same letter indicate that they are not significantly different at the Duncan's Multiple Range Test at the 5% level. 

Based on Table 3, the data were analyzed using the Duncan 

Multiple Range Test (DMRT) at the 5% level. It shows that 

mycorrhizal treatment has a significant effect on plant height 

and stem diameter (Figure 1). Based on the treatment of 10 g 

polybag-1 mycorrhiza, it increased plant height to 68.49 cm, 

but this value was not significantly different from the control 

treatment or without giving mycorrhiza. Mycorrhiza treatment 

increased plant height and stem diameter, although not 

significantly. However, excessive mycorrhizal application is 

also not economically efficient and can hinder plant growth. 

The research results indicate that applying mycorrhiza at 10 g 

polybag-1 resulted in taller plants and larger stem diameters 

compared to applying 20 g and 30 g polybag-1. This is 

consistent with the study [20], which found that excessively 

high doses of mycorrhiza inhibit plant growth, including plant 

height, stem diameter, and wet weight. Mycorrhiza aids in the 

absorption of P ions beyond the reach of plant roots and 

converts P into primary or secondary P ions with the help of 

the phosphatase enzyme. According to study [21], mycorrhiza 

enhances P nutrient uptake in plant height, stem diameter, and 

flower formation time, and increases P nutrient uptake in 

upland rice plant leaf tissue by an average of 0.26%. The 

treatment of mycorrhiza at 20 g polybag-1 was not significantly 

different from mycorrhiza at 30 g polybag-1; both levels 

resulted in a lower average plant height compared to not using 

mycorrhiza and using mycorrhiza at 10 g polybag-1 (Figure 2). 

The mycorrhizal treatment affected the stem diameter of 

palmarosa plants. The treatment without mycorrhiza was not 

significantly different from the treatment with mycorrhiza in 

10 g polybag-1, with average stem diameters of 4.12 mm and 

3.94 mm, respectively. However, both levels produce a 

relatively large average stem diameter. The dose mycorrhiza 

of 10 g polybag-1 was significantly different from 30 g 

polybag-1. The additional dose of mycorrhiza 30 g polybag-1 

could reduce the stem diameter by 3.29 mm. This is because 

the dose of mycorrhiza is too high. During the dry season, high 

spore densities and lower root colonization will occur [22]. 

High colonization of many spores provided will indicate 

competition for the space where symbiosis occurs [23] so that 

there may be a decline at the end of the observation. Based on 

Figure 3, it can be seen that increasing the level of mycorrhiza 

application does not necessarily increase plant growth in terms 

of stem diameter. However, providing mycorrhiza at the 10 g 

polybag-1 and 20 g polybag-1 levels has been proven to increase 

plant growth under low water availability (25% field capacity). 

Arbuscular mycorrhiza can help maintain plant growth under 

less-than-optimal environmental conditions by expanding the 

area of water and nutrient absorption. According to study [24], 

mycorrhiza is useful for improving soil structure by increasing 

organic matter and the soil's ability to maintain groundwater. 

Begum et al. [25] confirmed that arbuscular mycorrhizal fungi 

have extensive hyphae that can enhance water and mineral 

absorption in plants under abiotic stress conditions. This aligns 

with the results of a study by Putra et al. [26] on dwarf napier 

grass plants (Pennisetum purpureum cv. Mott) or purple 

elephant grass, where the application of arbuscular 

mycorrhizal fungi improved and enhanced the growth of dwarf 

napier grass plants in abiotic stress environments. The role of 

arbuscular mycorrhiza is to optimize nutrient and water 

absorption, leading to greater plant height and stem diameter 

compared to plants without mycorrhiza. The benefits of 

providing mycorrhiza are the same as adding organic fertilizer 

to plants, according to research by Rahayu et al. [27], similar 

to providing organic fertilizer, in soybean plants it increases 

the growth of local soybean plants, including plant height, 

number of leaves, and leaf area. 

According to the results of the DMRT test, it is clear that 

the treatment involving water availability has a significant 

impact on the observed variables. These variables include 

plant height, stem diameter, number of tillers, and number of 

leaves. This indicates that varying levels of water availability 

can greatly influence the growth characteristics. The water 

availability treatment at 100% field capacity (FC) level is 

significantly different from the 50% treatment, where at 100% 

water availability the average plant height is relatively high, 

namely 83.46 cm and decreases at 25% water availability with 

a value of 55.15 cm (Figure 4). Water is an important factor in 

plant growth. According to Riyadi and Siswanti [28], water 

has an important role in cell enlargement and elongation, 

regulating cell turgor pressure, and is an active component of 

meristem tissue in carrying out physiological processes in 

plants. Table 4 also indicates that the water availability 

treatment at the 50% FC level is significantly different from 

the treatment at 25% FC; both levels produce the lowest 

average plant height compared to the other treatment levels. 

Severe drought stress (25% field capacity) has a considerable 

impact on plant height because, as noted by Barickman et al. 

[29], stress treatments can hinder plant growth and 

development, disrupt metabolic processes, and lead to 

impaired cell division and elongation compared to plants with 
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adequate water treatment. Insufficient water availability can 

also result in moisture stress. According to Fadiji et al. [30], 

low watering reduces cell water potential, leading to stomatal 

closure that affects cell growth and elongation. Numerous 

plants, such as corn, rice, wheat, and barley, have been 

extensively studied, revealing that drought stress conditions 

can impede plant growth and disrupt flowering during the 

reproductive stage, ultimately causing yield losses. 

Based on Table 4, the stem diameter shows that the 100% 

water availability treatment gives the largest average stem 

diameter and is significantly different from the water 

availability levels of 50 and 25%. This is consistent with the 

research by Nawaz et al. [31], which found that providing no 

stress water to plants resulted in maize plants with more 

optimal growth compared to stress water treatments. Plants 

with no stress water had taller plants, larger stem diameters, 

greater leaf area, longer roots, and higher plant fresh biomass. 

Each level gives an average stem diameter of 4.53; 3.81; 3.56 

and 3.01 mm. 100% water availability increased palmarosa 

stem diameter by 4.53 mm and decreased when 25% water was 

given to 3.01 mm. These results showed that the need for water 

is an important limiting factor in plant growth. According to 

Arsa et al. [32], water is very helpful in increasing the volume 

of the stem because water circulates the results of 

photosynthesis and acts as a solvent for cell nuclei in the 

process of growth and development of the stem. Analysis 

conducted by Balducci et al. [33] also shows that low soil 

moisture can significantly reduce plant stem girth. Drought 

can limit plant growth by inhibiting meristematic tissue cell 

division, cell expansion in elongation areas, and driving 

complex changes in palisade tissue and sponge tissue during 

adaptation. Drought causes an imbalance in plant water status 

in the short term which increases the duration of stem 

contraction and reduces the duration of stem expansion and 

reduces growth during the growing season. 

Table 4 also shows that the 100% FC water availability 

treatment is significantly different from the 25% FC water 

availability treatment in terms of the number of tillers variable. 

The highest average number of tillers was observed with the 

100% FC water availability treatment, reaching 60.45 saplings 

per clump. Based on Figure 5, the number of tillers shows that 

the 10 grams of arbuscular mycorrhiza and 100% field 

capacity treatment gives the largest average, amounting to 

64.4 tillers per clump at 28 DAP. The number of tillers per 

plant is the most important characteristic, followed by plant 

height and number of leaves. The greater the number of tillers, 

the more leaves the plant will have, leading to better yields for 

essential oil-producing plants. Increasing number of leaves 

also increase leaf area and produce more photosynthesis, 

which is crucial for the nutrient uptake, thus improving the 

overall quality and quantity of the yield. According to 

Nandapure et al. [34], the increase in the number of tillers is 

due to the availability of better and more balanced nutrients 

resulting in higher uptake of nutrients by plants and ultimately 

producing a greater number of tillers. However, the 50% FC 

treatment was not significantly different from the 25% FC 

treatment, both yielding a low average number of tillers, 

specifically 51.04 and 43.80 tillers per clump, respectively. 

According to Dwicaksono [35], reducing the number of tillers 

is an attempt by plants on dry land to use water efficiently. 

Optimizing the distribution of assimilation into a small 

number of tillers aims to reduce the number of tillers to reduce 

evaporation. Based on low levels of water, such as 50% and 

25% FC, led to drought stress conditions in plants. According 

to Ahmad et al. [36], drought stress significantly impacts yield 

and yield-related traits, including tiller number, grain 

production, and straw production. Drought stress can reduce 

water potential in the soil, affecting plant cells' ability to 

absorb nutrients. Generally, plants decrease phosphorus (P) 

uptake under water deficit conditions. Drought can hinder P 

absorption by limiting P distribution to the roots and affecting 

other water-related factors in plants under drought stress, 

resulting in suboptimal growth compared to plants receiving 

adequate water. Additionally, according to Herawati [18], the 

water treatment level did not significantly affect the number of 

tillers. 

Table 4 shows that the water availability treatment at the 

100% FC level is significantly different from the treatments at 

and 50% FC in terms of the number of leaves variable. The 

highest average number of leaves was observed at the 100% 

FC level, specifically 221.40 leaves per cluster. Based on 

Figure 6, the number of leaves shows that the 0 grams of 

arbuscular mycorrhiza and 100% field capacity treatment 

gives the largest average, amounting to 255.8 leaves per 

cluster at 28 DAP. This had an effect because the plant's water 

needs were met optimally, thereby increasing the number of 

leaves, according to Azzahro et al. [37], when the need for 

photosynthesis is fulfilled, the amount of photosynthesis 

produced also increase. Part of the photosynthate produced 

will be distributed to determine the number of leaves. The 

higher the number of leaves, the higher the photosynthesis 

process, the higher the photosynthate produced. The number 

of leaves indicates the nitrogen content in the plant, N supply 

increases chlorophyll content, total protein, sugar content, 

protein, fat, auxin formation stimulant to soften the cell walls, 

improve plant's ability in absorbing water, and metabolites 

associated with photosynthesis [38-41]. On the other hand, the 

50% and 25% FC treatments did not show significant 

differences between them. The 25% FC level resulted in a 

relatively low average number of leaves compared to other 

levels of 151.60 leaves per hill. According to Evlin et al. [42], 

for plants, water is needed for the processes of photosynthesis 

and transpiration (evaporation of water from the surface of 

plant leaves), transporting and dissolving nutrients from the 

soil, water being the main element of plants. Therefore, if 

water intake is insufficient, plant growth will be adversely 

affected because the rate of water absorption cannot keep up 

with the speed of water evaporation from the plant. This 

imbalance results in disrupted physiological processes, 

leading to stunted and abnormal growth. Plants deprived of 

adequate water from the beginning of their growth phase will 

experience inhibited development and exhibit abnormal 

growth patterns. The rate of transpiration tends to increase as 

the volume of water provided to the plant is elevated. This 

relationship highlights that with higher watering volumes, 

plants experience a more significant loss of water through the 

process of transpiration, leading to a higher overall rate. 

According to Riyadi and Siswanti [28], an increase in 

transpiration rate leads to a higher rate of photosynthesis in 

plants because the opening and closing of stomata are 

controlled by turgor pressure from guard cells, and CO2 

diffusion occurs more effectively compared to plants under 

drought stress. If the stomata are closed, CO2 fixation 

decreases, and the gas exchange process is hindered. 

Consequently, plants cannot carry out photosynthesis 

optimally to produce energy sources for generating new leaf 

shoots. 
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4. CONCLUSIONS

The treatment involving water availability and the 

application of arbuscular mycorrhiza significantly affected the 

vegetative growth of palmarosa (C. martinii). Specifically, a 

water availability of 100% field capacity (FC) showed a 

notable impact on plant height, stem diameter, number of 

tillers, and number of leaves, leading to higher growth 

compared to other treatments. The use of arbuscular 

mycorrhiza, at a dose of 10 g per polybag, notably increased 

plant height. Furthermore, the 100% field capacity water 

treatment was the most effective, producing the highest values 

for plant height, number of tillers, number of leaves, and stem 

diameter. Interestingly, this treatment showed an equally 

response from the 75% field capacity treatment in terms of 

these growth parameters such as number of tillers and number 

of leaves, suggesting that using 75% field capacity can be a 

water-saving alternative without compromising plant growth 

significantly. 
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