Effect of nutrient Management on the yield of Oil and Oil content of 
Java Citronella under Inceptisol



ABSTRACT

Java citronella (Cymbopogon winterianus) is an aromatic perennial crop valued for its essential oil, and nutrient management is important for sustaining oil productivity under region-specific soil conditions. The present field experiment evaluated the effects of FYM, graded NPK levels and their combined application on oil content, oil recovery and oil yield of Java citronella under Inceptisol conditions. The experimental soil had moderate organic carbon, low available nitrogen and phosphorus, very high available potassium, and micronutrient concentrations above their critical levels. The study was conducted during the Kharif seasons of 2009–10 and 2010–11 in a randomised block design with thirteen treatments and three replications. Treatments included control, FYM at 5 and 10 t ha⁻¹, graded NPK levels, combinations of FYM with NPK, and 100 kg N supplied through FYM. Oil content and oil recovery were estimated after shade drying and hydro-steam distillation. Combined FYM + NPK treatments produced comparatively higher oil content than the sole application of FYM or NPK. The highest pooled oil content (1.14%) and oil recovery (0.70%) were recorded with 10 t FYM + 140:40:80 kg NPK ha⁻¹. The same treatment produced the highest pooled oil yield (184.42 kg ha⁻¹), exceeding FYM supplying 100 kg N, 140:40:80 kg NPK ha⁻¹ and 10 t FYM + 100:30:60 kg NPK ha⁻¹ by 108.62, 48.16 and 11.58%, respectively. The results indicate that combined use of FYM and NPK was beneficial for improving oil-related traits of Java citronella under the studied conditions.
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INTRODUCTION


In India, particularly in Maharashtra, dryland agriculture plays a major role in food-crop production. However, unreliable and erratic rainfall in the region introduces risk, uncertainty and instability in crop production, resulting in financial deterioration of the rural farming sector. Regarding soil and nutrient requirements for citronella cultivation, citronella grows best in well-drained sandy loam to loam soils that are rich in organic matter. For optimum growth and oil yield, the soil should contain more than 2–3% organic matter and maintain a pH of 5.5–7.0, ranging from slightly acidic to neutral. The crop requires consistently moist soil conditions throughout its growth period; however, waterlogging should be avoided because it can adversely affect root development and plant health.
The recommended soil nutrient status for successful cultivation includes medium to high levels of available nitrogen, 20–40 kg/ha of available phosphorus (P₂O₅), and 150–300 kg/ha of available potassium (K₂O).
For commercial production, an annual fertiliser application of 150–250 kg nitrogen (N), 40–60 kg phosphorus (P₂O₅), and 40–80 kg potassium (K₂O) per hectare is generally recommended. These nutrients should be applied in appropriate splits during the growing season to support vigorous vegetative growth and maximise essential oil production. Recent work on citronella has also evaluated integrated nutrient management as a means of improving crop growth parameters, underscoring the continuing relevance of nutrient-scheduling studies for this crop (Amirthavarshini & Anuja, 2024).
Dryland agriculture plays a vital role in sustaining agricultural production in many regions. Diversification of farming systems through the introduction of suitable commercial crops can improve farm income and enhance the sustainability of agricultural practices. However, the success of crop diversification largely depends on the adaptability of the crop to local agro-climatic conditions and its economic viability. While changes in cropping patterns have become an ecological necessity, the introduction of any new crop should ensure profitable returns to farmers in a given region.
Java citronella (Cymbopogon winterianus), a member of the Poaceae (Gramineae) family native to Sri Lanka, was selected for the present study. It is a tall, perennial, tufted aromatic grass characterised by a shallow, fibrous root system. Being a tropical species, Java citronella is widely cultivated in countries such as Indonesia, Sri Lanka, China and India. In India, it is predominantly grown in the tea garden regions of Assam and is also cultivated commercially in states such as Uttar Pradesh, Maharashtra, Karnataka, Gujarat, Manipur, Meghalaya, Tamil Nadu, Nagaland, Uttarakhand, Andhra Pradesh and Tripura for essential oil extraction (Shiva et al., 2002).
Citronella oil has extensive industrial applications. It is widely used in the perfume industry and in the manufacture of soaps, cosmetics, detergents, incense sticks and insecticides. Citronellal, one of its major constituents, serves as an important aromatic compound and acts as a precursor for the synthesis of several valuable derivatives. The oil is also well known for its mosquito-repellent properties. In addition to oil production, the residual biomass of citronella grass can be utilised as a raw material for cellulose pulp and paper manufacturing, thereby adding value to the crop. Recent reviews of natural pesticides have also identified herbs and essential oils as candidate resources for cleaner pest-management strategies, which is consistent with agricultural and industrial interest in citronella oil (Sarkar et al., 2024).
Java citronella is known for its rapid growth and efficient nutrient utilisation. Studies have shown that the crop accumulates biomass and nutrients quickly, particularly after the first five months of planting, with maximum biomass production and nutrient uptake occurring around ten months after establishment (Prakasa Rao & Ganesha Rao, 1986). The concentrations of nitrogen, phosphorus and potassium in the plant remain relatively stable throughout the year, indicating a consistent nutrient demand during its growth cycle. Recent studies on Java citronella/Java grass indicate that essential-oil content, composition and production may respond to developmental stage, mineral nutrition and growth-regulator-based agronomic interventions (Afreen et al., 2023; da Costa et al., 2020; Kumar, 2020).
In medicinal and aromatic crops more broadly, balanced NPK supply, bio-organic fertilisation and integrated nutrient-management approaches have been reported to influence biomass production and essential-oil yield, although the magnitude and direction of response vary by crop, soil and production environment (Abdelbaky et al., 2023; Bolhassani et al., 2025; Vishvamitera et al., 2023).
Despite its economic importance and adaptability, information on nutrient-management practices for Java citronella under the agro-climatic conditions of the Vidarbha region is limited. As a perennial crop with a productive lifespan of four to five years, regular nutrient replenishment is essential to maintain plant vigour, productivity and economic returns. Therefore, considering the potential of Java citronella as an alternative commercial crop and the lack of region-specific nutrient-management recommendations, the present investigation was undertaken.
Although nutrient replenishment is recognised as essential for perennial citronella, the available literature does not adequately define how combined FYM and graded NPK fertilisation influence oil content, oil recovery and oil yield of Java citronella under the Inceptisol conditions of the Vidarbha region.
Objective
The objective of the present investigation was to evaluate the effects of FYM, graded NPK levels and their combined application on oil content, oil recovery and oil yield of Java citronella under Inceptisol.


MATERIAL AND METHODS

Study site and treatment features
Citronella (Cymbopogon winterianus) is propagated primarily through vegetative slips because the plant rarely produces viable seeds. Healthy, disease-free clumps from a well-established plantation are selected and divided into slips containing 2–3 tillers with attached roots. The field should be prepared to a fine tilth and enriched with 10–15 tonnes of farmyard manure (FYM) or compost per hectare. Slips are planted at a spacing of 60 cm × 60 cm or 90 cm × 60 cm, depending on soil fertility and rainfall conditions. Planting is usually carried out at the onset of the monsoon to ensure adequate soil moisture for establishment. Irrigation should be provided during dry periods, and weeds should be controlled regularly during the initial growth stage. Under proper management, the crop becomes ready for the first harvest within 4–6 months after planting, with subsequent harvests taken every 2–3 months depending on growth conditions.
The field study was conducted during the Kharif seasons of 2009-10 and 2010-11 at the Nagarjun Medicinal Plants Garden, Dr. PDKV, Akola (22° 41’ N latitude and 77° 02’ E longitude, at an altitude of 307.41 m). The experimental site is located in a semi-arid subtropical region, where the climate is characterised by pronounced seasonal variation and relatively extreme weather conditions. Summers are typically hot and dry, with maximum temperatures reaching up to 42.6°C, whereas winters are comparatively cold, with minimum temperatures declining to 10.3°C. The mean annual rainfall of the area is 764.7 mm, most of which is received during the monsoon season. The soil of the experimental field was medium black, smectitic and clay loam in texture. Taxonomically, it was classified as Typic Haplustept, belonging to the soil order Inceptisol. The initial physico-chemical analysis of the soil indicated that it was calcareous in nature and moderately alkaline in reaction. With respect to physical properties, the soil exhibited low hydraulic conductivity and limited available water capacity. The fertility status revealed a moderate organic carbon content, low available nitrogen and phosphorus contents, and very high available potassium content. The available micronutrient concentrations of zinc, iron, manganese and copper were above their respective critical limits, indicating adequate micronutrient availability for crop growth. The field experiment was laid out in a randomised block design with three replications and comprised 13 treatments, including an absolute control without fertiliser or manure application. The nutrient-management treatments consisted of varying levels of farmyard manure (FYM), inorganic fertilisers and their combinations. In general, FYM or compost at 10–15 t ha⁻¹ is recommended for application before planting and should be thoroughly incorporated into the soil during land preparation. In soils deficient in organic matter, the annual application of 5–10 t FYM ha⁻¹ after harvest may contribute to the maintenance of soil fertility and the improvement of soil organic matter status. The 12 nutrient-management treatments, in addition to the control, included the application of 5 t FYM ha⁻¹, 10 t FYM ha⁻¹, 80:20:40 kg NPK ha⁻¹, 100:30:60 kg NPK ha⁻¹ and 140:40:80 kg NPK ha⁻¹. Further treatments comprised the integration of 5 t FYM ha⁻¹ with each of the three NPK levels, and 10 t FYM ha⁻¹ with each of the three NPK levels. An additional treatment was included in which 100 kg N ha⁻¹ was supplied entirely through FYM, calculated on the basis of its nutrient content. This treatment structure enabled the assessment of sole organic nutrient application, sole inorganic fertilisation and integrated nutrient-management approaches under the prevailing soil and climatic conditions.
Before planting, FYM was incorporated into the soil on a dry-weight basis according to the treatment schedule. The FYM used during 2009–10 contained 0.67% nitrogen, 0.22% phosphorus and 0.49% potassium. In April 2010, following the third harvest, the FYM applied contained 0.64% nitrogen, 0.20% phosphorus and 0.51% potassium. Recommended doses of nitrogen, phosphorus and potassium were applied in both years of the experiment (2009–10 and 2010–11) as per the treatment requirements. Nitrogen was supplied through urea and applied in three split doses after each harvest. Phosphorus and potassium were applied as basal fertilisers at the time of planting through single superphosphate and muriate of potash, respectively.
The field experiment was initiated on 7 July 2009 with the planting of rooted slips of Java citronella cultivar ‘Bio-13’. The slips were planted at a spacing of 90 cm × 60 cm, accommodating approximately 16,666 plants per hectare. The crop was irrigated immediately after transplanting and subsequently whenever required. Harvesting was done by cutting the leaf blades about 10–12 cm above the ground surface. Over the two-year experimental period, six harvests were taken from the crop.
Oil content, oil recovery and oil yield

After partial drying of the grass in the shade for 8–12 h, the oil was extracted using a hydro-steam distillation unit (laboratory model), and oil recovery was recorded. Oil yield was calculated by multiplying the herbage yield by the percentage oil recovery. Oil content in citronella grass was estimated using Clevenger’s apparatus (Anonymous, 2007).
Statistical analysis

The standard method of analysis, known as analysis of variance, was applied for statistical analysis. The critical difference (C.D.) was worked out at the 5% level of significance for treatment comparison wherever the F-test was significant. Pooled analysis of two years’ data was carried out as per the procedure described by Gomez and Gomez (1984).




RESULTS AND DISCUSSION Oil content
The average oil content was estimated using Clevenger apparatus, and the data obtained are presented in Table 1.

Effect of organic manure (FYM):


The oil content in Java citronella was significantly influenced by nutrient-management treatments comprising the sole application of FYM. The application of FYM at 5 and 10 t ha-1 significantly increased oil content compared with the control. A similar result was reported by Pareek et al. (1983). Furthermore, oil content increased with each higher dose of FYM, and the significantly highest oil content was observed with the higher FYM dose equivalent to 100 kg N ha-1 (T13). The results are in agreement with the findings of Maheshwari et al. (1991a). However, no significant difference among the different FYM doses was observed in the study.

Effect of NPK fertiliser:


The application of graded NPK doses also significantly increased oil content compared with the control, and the significantly highest oil content was recorded with the application of NPK @ 140:40:80 kg ha-1 (T6); however, it was at par with treatments T4 (80:20:40 kg NPK ha-1) and T5 (100:30:60 kg NPK ha-1) in both years.


The increase in oil content might be due to the beneficial effect of nitrogen, as reported by several workers (Anonymous, 1989g; Chinnamma et al., 1988; Singh et al., 1996; Vitkare et al., 1990).


Combined effect:


The data (Table 1) revealed that oil content improved with the combined application of FYM + graded NPK doses. Furthermore, the content increased successively with each combination of FYM doses with graded NPK doses, and significantly higher oil content was recorded with the combination treatment of 10 t FYM + 140:40:80 kg NPK ha-1 (T12). However, this treatment was at par with T11, T10 and T9. The oil content recorded with FYM + NPK combination treatments was comparatively higher than that recorded with the sole application of FYM or NPK doses.
From the two-year pooled analysis, it was observed that, among the FYM treatments, T13 (100 kg N through FYM) recorded the significantly maximum value of oil content (1.03%); however, it was at par with treatments T2 (5 t FYM ha-1) and T3 (10 t FYM ha-1). Among the graded NPK fertiliser treatments, T6 (140:40:80 kg NPK ha-1) recorded a higher value of oil content (1.03%), but it was at par with treatments T4 (80:20:40 kg NPK ha-1) and T5 (100:30:60 kg NPK ha-1). The combined application of FYM with graded NPK doses @ 10 t FYM + 140:40:80 kg NPK ha-1 (T12) recorded higher oil content (1.14%) than all other treatments, except T10 (10 t FYM + 80:20:40 kg NPK ha-1) and T11 (10 t FYM + 100:30:60 kg NPK ha-1), which were at par with T12.

The application of FYM along with graded NPK doses might have supplied balanced nutrition to the Java citronella crop, resulting in better synthesis of oil in the plants and ultimately increasing oil content. These results are supported by Kharya et al. (1991) and Sundaravadivel et al. (2000).

Oil recovery


After partial drying of the grass in the shade for 8–12 h, the oil was extracted using a hydro-steam distillation unit (laboratory model), and oil recovery was recorded. Essential oil is the final commercial product in the cultivation of any aromatic plant. Therefore, it is necessary to study oil recovery in Java citronella. The data generated regarding oil recovery are presented in Table 2.


Effect of organic manure (FYM):


Oil recovery was significantly influenced by the application of FYM doses compared with the control (T1). Significantly higher recovery was obtained from herbage supplied with the higher FYM dose equivalent to 100 kg N ha-1 (T13). However, the differences in recovery percentage among the FYM doses were statistically non-significant. Increased oil recovery was reported with the application of FYM @ 10 t ha-1 (Pareek et al., 1983) and FYM @ 15 t ha-1 (Maheshwari et al., 1991a) compared with the control.

Effect of NPK fertiliser:

The application of graded NPK-dose treatments also influenced oil recovery, and the treatment NPK @ 140:40:80 kg ha-1 (T6) recorded significantly higher oil recovery compared with the control (T1); however, it was at par with treatments T4 (80:20:40 kg NPK ha-1) and T5 (100:30:60 kg NPK ha-1) in both years under study.
Combined effect:

Among the FYM + NPK combination treatments, T12 (FYM @ 10 t + NPK @ 140:40:80 kg ha-1) recorded the maximum oil recovery, which was significantly superior to combination treatments T7 and T8. Treatments T9, T10 and T11 were statistically at par. Furthermore, T12 was significantly superior to the treatments comprising the sole application of FYM or graded NPK doses.

From the pooled data (Table 2), it was observed that, among the FYM treatments, T13 (100 kg N through FYM) recorded maximum oil recovery (0.63%) compared with the control (T1) and FYM @ 5 t ha-1 (T2); however, it was at par with FYM @ 10 t ha-1 (T3). The graded NPK-dose treatment T6 (140:40:80 kg NPK ha-1) recorded higher oil recovery (0.63%), which was statistically superior to treatments T4 (80:20:40 kg NPK ha-1), T5 (100:30:60 kg NPK ha-1) and T1 (control). Among the combined application treatments of FYM with NPK doses, higher oil recovery (0.70%) was observed in the combination treatment T12 (FYM @ 10 t + NPK @ 140:40:80 kg ha-1) compared with all other treatments except T11 (10 t FYM + 100:30:60 kg NPK ha-1).



The two-year experimentation results revealed that oil recovery ranged from 0.54 to 0.70 per cent. Furthermore, the best treatment in respect of the highest oil recovery was T12 (10 t FYM + 140:40:80 kg NPK ha-1); however, it was at par with T11 (10 t FYM + 100:30:60 kg NPK ha-1). The results are confirmed by the findings of Sundaravadivel et al. (2000), who also reported that the combined application of organic manure (FYM) and inorganic fertilisers (urea) to supply nitrogen in equal proportions @ 100 kg ha-1 produced maximum oil recovery of palmarosa grown on Vertisol under rainfed conditions.



Oil yield

The data regarding the total oil yield of Java citronella as influenced by nutrient management are presented in Table 2.

Effect of organic manure (FYM):


The application of different doses of FYM indicated that the application of FYM to meet 100 kg N, on the basis of FYM analysis (T13), recorded significantly higher oil yield than all other FYM treatments, namely T2 (FYM @ 5 t ha-1), T3 (FYM @ 10 t ha-1) and T1 (control), during both years. Similar results were reported by Pareek et al. (1983) and Maheshwari et al. (1991a).

Effect of NPK fertiliser:


Among the graded NPK fertiliser treatments, T6 (140:40:80 kg NPK ha-1) recorded significantly higher oil yield than the remaining NPK fertiliser treatments, namely T4 (80:20:40 kg NPK ha-1), T5 (100:30:60 kg NPK ha-1) and T1 (control), during both years. The improvement in oil yield might be ascribed to the combined effect of a more effective number of tillers, plant height and oil recovery of the crop with NPK fertiliser, which ultimately resulted in increased oil yield. The results are in line with the findings reported by Chandra (1972), Maheshwari et al. (1981), Prakasa Rao et al. (1985), Chinnamma et al. (1988) and Anonymous (1991b).




Combined effect:
Role of nitrogen (N), phosphorus (P), potassium (K), and organic manure in enhancing citronella oil yield
The quantity and quality of citronella oil produced by Cymbopogon winterianus are strongly influenced by the availability of essential nutrients and organic matter in the soil. Proper nutrient management promotes vigorous plant growth, higher biomass production and increased essential-oil synthesis.
Nitrogen (N): Nitrogen is the primary nutrient responsible for vegetative growth. It promotes the development of leaves and tillers, increases chlorophyll content and enhances photosynthetic activity. Since citronella oil is stored mainly in the leaves, adequate nitrogen nutrition leads to greater leaf biomass and consequently higher oil yield. However, excessive nitrogen may encourage lush vegetative growth at the expense of oil concentration, making balanced application essential.
Phosphorus (P): Phosphorus supports root development, energy transfer and overall plant vigour. A well-developed root system improves water and nutrient uptake, helping the plant maintain steady growth and recover quickly after harvesting. Phosphorus also contributes to efficient metabolic processes involved in essential-oil biosynthesis, indirectly supporting oil production.
Potassium (K): Potassium plays a critical role in enzyme activation, photosynthesis, water regulation and carbohydrate transport. It improves the synthesis, accumulation and translocation of essential-oil constituents within the plant. Adequate potassium nutrition enhances both oil yield and oil quality while increasing the plant's tolerance to drought, pests and diseases. Among the macronutrients, potassium is often considered particularly important for maximising essential-oil production.
Organic manure: Farmyard manure (FYM), compost or other organic amendments improve soil structure, water-holding capacity, aeration and microbial activity. Organic matter supplies nutrients gradually throughout the growing season and increases nutrient-use efficiency. It also enhances root growth and supports beneficial soil microorganisms that contribute to nutrient cycling. Regular application of organic manure results in healthier plants, greater biomass production and sustained increases in citronella oil yield over time.
Integrated nutrient management for higher oil yield:
The highest oil yields are generally achieved when organic manure is combined with balanced NPK fertilisation. Organic manure improves soil health and nutrient availability, while nitrogen, phosphorus and potassium directly support growth and essential-oil synthesis. This integrated approach promotes sustainable production, higher biomass and improved oil recovery from citronella crops.
On perusal of the oil-yield data for combination treatments of graded doses of NPK + FYM, it was found that 10 t FYM + 140:40:80 kg NPK ha-1 (T12) recorded significantly higher oil yield than the other combination treatments (T7, T8, T9, T10 and T11), NPK fertiliser treatments (T4, T5 and T6), FYM treatments (T2, T3 and T13) and control (T1).

Pooled analysis data indicate that, among the FYM treatments, T13 (100 kg N through FYM) recorded significantly higher oil yield by 38.82, 14.49 and 193.59 per cent compared with 5 t FYM ha-1 (T2), 10 t FYM ha-1 (T3) and control (T1), respectively. Treatment T6 (140:40:80 kg NPK ha-1) also recorded significant increases in oil yield of 21.81 and 12.05 per cent over treatments T4 and T5, respectively. Similarly, among the combined application treatments, FYM @ 10 t + NPK @ 140:40:80 kg ha-1 (T12) recorded significantly higher oil yield than other combination treatments (T7 to T11), NPK fertiliser treatments (T4 to T6), FYM treatments (T2, T3 and T13) and control (T1). The oil yield (184.42 kg ha-1) with FYM @ 10 t + NPK @ 140:40:80 kg ha-1 (T12) was 108.62, 48.16 and 11.58 per cent higher than the treatments T13, T6 and T11, respectively.

From the two-year field experimentation, it was observed that oil yield was higher in the second year than in the first year in all treatments except the control. Furthermore, the significantly highest oil yield of Java citronella was recorded with T12 (10 t FYM + 140:40:80 kg NPK ha-1). The increase in oil yield might be due to the combined application of FYM with NPK, which resulted in balanced crop nutrition and might have been reflected in the production of higher herbage yield with higher oil content and, ultimately, oil yield. Similar observations have also been made by Khan and Narayana (1972), Kharya et al. (1991), Maheshwari et al. (1993), Sukhmal Chand et al. (1996) and Singh et al. (2011).

Conclusions
The two-year field experiment showed that nutrient management influenced oil content, oil recovery and oil yield of Java citronella grown under Inceptisol. The combined application of FYM with graded NPK doses performed better than the sole application of FYM or NPK for the principal oil-related parameters. Among the treatments, 10 t FYM + 140:40:80 kg NPK ha⁻¹ recorded the highest pooled oil content (1.14%), oil recovery (0.70%) and oil yield (184.42 kg ha⁻¹). Its oil yield was 108.62, 48.16 and 11.58% higher than FYM supplying 100 kg N, 140:40:80 kg NPK ha⁻¹ and 10 t FYM + 100:30:60 kg NPK ha⁻¹, respectively. The response suggests that integrating organic manure with mineral fertilisation can support balanced crop nutrition and improve oil productivity. Under the conditions of the present study, 10 t FYM combined with 140:40:80 kg NPK ha⁻¹ may be considered a beneficial nutrient-management option for Java citronella.
Limitation
The study was conducted at one location under Inceptisol conditions during two Kharif seasons; therefore, the findings should be interpreted within this soil and agro-climatic context. The work assessed oil content, recovery and yield responses to FYM and NPK combinations, but did not evaluate long-term soil biological changes, oil-quality composition or economic returns. Multi-location and longer-term validation would strengthen recommendation development.





	Table 1. Oil content of Java citronella as influenced by different
treatments of nutrient management

	
Treatments
	Average Oil content (%)*

	
	2009-10
	2010-11
	Pooled
mean

	

T1 – Control
	

0.90
	

0.93
	

0.92

	Organic manure doses (t ha-1)

	T2 - 5 t FYM ha- 1
	0.98
	1.00
	0.99

	T3 - 10 t FYM ha-1
	1.00
	1.00
	1.00

	NPK fertilizer doses (kg ha-1)

	T4 - 80:20:40 kg NPK ha-1
	0.99
	1.00
	0.99

	T5 - 100:30:60 kg NPK ha-1
	0.99
	1.00
	0.99

	T6 - 140:40:80 kg NPK ha-1
	1.03
	1.04
	1.03

	Combined doses (O. M. + NPK fertilizer)

	T7 - 5 t FYM + 80:20:40 kg NPK ha-1
	1.02
	1.03
	1.02

	T8 - 5 t FYM + 100:30:60 kg NPK ha-1
	1.06
	1.06
	1.06

	T9 - 5 t FYM + 140:40:80 kg NPK ha-1
	1.09
	1.10
	1.10

	T10 -10 t FYM + 80:20:40 kg NPK ha-1
	1.11
	1.12
	1.11

	T11 -10 t FYM + 100:30:60 kg NPK ha-1
	1.12
	1.13
	1.12

	T12 -10 t FYM + 140:40:80 kg NPK ha-1
	1.13
	1.15
	1.14

	Organic manure dose equivalent to 100 kg N ha-1

	T13 -100 kg N through FYM (based on FYM

analysis)
	
1.03
	
1.04
	
1.03

	SE (m) ±
	0.018
	0.015
	0.010

	CD at 5 %
	0.052
	0.043
	0.030



* Average oil content of three cuttings of each year

	Table 2. Oil recovery and oil yield of Java citronella as influenced by different treatments of nutrient management

	
Treatments
	Average Oil recovery (%)*
	Total Oil yield (kg ha-1)**

	
	2009-10
	2010-11
	Pooled mean
	2009-10
	2010-11
	Pooled mean

	

T1 – Control
	

0.54
	

0.56
	

0.55
	

31.57
	

28.64
	

30.11

	Organic manure doses (t ha-1)

	T2 - 5 t FYM ha- 1
	0.59
	0.60
	0.60
	54.89
	72.48
	63.68

	T3 - 10 t FYM ha-1
	0.61
	0.61
	0.61
	66.61
	87.80
	77.21

	NPK fertilizer doses (kg ha-1)

	T4 - 80:20:40 kg NPK ha-1
	0.58
	0.60
	0.59
	96.74
	107.62
	102.18

	T5 - 100:30:60 kg NPK ha-1
	0.60
	0.61
	0.60
	107.06
	115.10
	111.08

	T6 - 140:40:80 kg NPK ha-1
	0.63
	0.63
	0.63
	124.04
	124.91
	124.47

	Combined doses (O. M. + NPK fertilizer)

	T7 - 5 t FYM + 80:20:40 kg NPK ha-1
	0.61
	0.62
	0.62
	115.49
	128.83
	122.16

	T8 - 5 t FYM + 100:30:60 kg NPK ha-1
	0.64
	0.65
	0.64
	132.48
	139.98
	136.23

	T9 - 5 t FYM + 140:40:80 kg NPK ha-1
	0.66
	0.67
	0.66
	150.70
	150.91
	150.80

	T10 -10 t FYM + 80:20:40 kg NPK ha-1
	0.67
	0.68
	0.67
	145.15
	164.07
	154.61

	T11 -10 t FYM + 100:30:60 kg NPK ha-1
	0.68
	0.68
	0.68
	160.57
	169.99
	165.28

	T12 -10 t FYM + 140:40:80 kg NPK ha-1
	0.70
	0.70
	0.70
	179.23
	189.61
	184.42

	Organic manure dose equivalent to 100 kg N ha-1

	T13 -100 kg N through FYM (based on FYM analysis)
	0.62
	0.63
	0.63
	75.33
	101.48
	88.40

	SE (m) ±
	0.01
	0.01
	0.01
	2.04
	1.72
	1.14

	CD at 5 %
	0.03
	0.03
	0.02
	5.94
	5.02
	3.32



* Average oil recovery of three cuttings of each year                                                                               ** Total oil yield of three cuttings of each year
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