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ABSTRACT

The fertility status of the soil was moderate in organic carbon, low in available N and P and very high in available K while the soil micronutrient contents (Zn, Fe, Mn, Cu) were above the critical  level.  The  field  experiment  was  carried  out  during  kharif  2009-10  and  2010-11. Experiment comprised of thirteen treatments replicated thrice in randomized block design, involving control (no fertilizer/manure), 5 t FYM ha-1, 10 t FYM ha-1, 80:20:40 kg NPK ha-1,
100:30:60 kg NPK   ha-1, 140:40:80 kg NPK ha-1, 5 t FYM + 80:20:40 kg NPK ha-1, 5 t FYM +

100:30:60 kg NPK ha-1, 5 t FYM + 140:40:80 kg NPK ha-1, 10 t FYM + 80:20:40 kg NPK ha-1, 10 t FYM + 100:30:60 kg NPK ha-1, 10 t FYM + 140:40:80 kg NPK ha-1 and 100 kg N through FYM (based on FYM analysis).

The results from the experimentation indicated that, the oil content recorded with the combination treatments of FYM + NPK was comparatively higher than the alone application of FYM and NPK doses. Significantly higher oil content (1.14%) was recorded with 10 t FYM +
140:40:80 kg NPK ha-1 than all other treatments except 10 t FYM + 80:20:40 kg NPK ha-1 and 10 t

FYM + 100:30:60 kg NPK ha-1, which was found at par with 10 t FYM + 140:40:80 kg NPK ha-1. Further it was observed that the recovery of oil varied from 0.54 to 0.70 per cent and the highest oil recovery was also observed with 10 t FYM + 140:40:80 kg NPK ha-1. Oil yield was more in second year than first year in all the treatments except, in control treatment. Further, it is observed that, significantly highest oil yield (184.42 kg ha-1) of Java citronella was recorded with 10 t FYM
+ 140:40:80 kg NPK ha-1 which was 108.62, 48.16 and 11.58 per cent higher than the treatments

FYM to supply 100 kg N, 140:40:80 kg NPK ha-1  and 10 t FYM + 100:30:60 kg NPK ha-1, respectively.

From  the  results,  it  can  be  concluded  that  the  conjunctive  use  of  FYM  along  with chemical fertilizer (10 t FYM + 140:40:80 kg NPK ha-1) was found beneficial way of nutrient management to increase the oil content, oil recovery as well as oil yield of Java citronella.	Comment by A R: Italic 
Java citronella
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INTRODUCTION


In India and particularly in Maharashtra the dryland agriculture has prime role in food crop production. However, the undependable and erratic rainfall in the region introduces an element of risk, uncertainty and instability in crop production, which resulting into financial deterioration of rural farming sector. Farming community is in search of non-traditional cropping systems, suitable for dryland agriculture, indicating the diversification in agriculture, however, the selection of the crop for diversification should be based on their adaptability and economic returns. Changing the pattern of commercial crops has become an ecological need however, it is necessary that the introduction of new crops should be economically viable in a particular region.	Comment by A R: Soil condition on dryland agriculture / type of soil ?
N, P , K content on those type soil ?
Cymbopogon winterianus commonly known as Java citronella belongs to Graminae family and is originally from Sri Lanka was selected for the study. It is a tall perennial tufted aromatic grass with superficial fibrous roots. It is basically, a tropical plant mainly cultivated in Indonesia, Sri Lanka, China and India. In India, major producing area is the tea gardens in Assam and to a limited extent in states like U.P., Maharashtra, Karnataka, Gujarat, Manipur, Meghalaya, Tamil Nadu, Nagaland, Uttaranchal, A.P. and Tripura where it is commercially cultivated and distilled for its oil (Shiva et al., 2002).	Comment by A R: Italic
The oil is used mostly in perfumery, both directly and indirectly in soaps, soap flakes, cosmetics, detergents, agarbatties, insecticides, etc. are often perfumed exclusively with this oil. Small quantity of citronellal is used in perfumery as an aromatic chemical. However, the greatest importance of citronellal lies in its role as a starting material for further derivatives. It is good mosquito repellant. The leftover of the citronella grass has been recommended to be utilized as source of raw material for cellulose pulp and paper production by using sulphate, sulphite and cold caustic soda.
Java citronella accumulates the biomass and nutrients very rapidly only after five months of planting and the biomass production and nutrient uptake was found to be highest after ten months of plant growth. The concentrations of N, P and K did not fluctuate much throughout year (Prakasa Rao and Ganesha Rao, 1986).	Comment by A R: Previous research about application fertilizer / NPK on Java citronella  ?
At present no information is available on nutrient management of these grasses under agroclimatic  condition  of Vidarbha region.  Being  a perennial  crop periodic replenishment  of nutrients is essential to keep the plantation viable for 4-5 years. Therefore, keeping in view of above facts the present investigation was carried out.


MATERIAL AND METHODS

Study site and Treatment features


The field study was conducted during Kharif seasons of 2009-10 and 2010-11 at Nagarjun Medicinal Plants Garden, Dr. PDKV, Akola (latitude of 220 41’ N and longitude of 770 02’ E with an altitude 307.41 meters). The climate of experimental site is semi-arid and subtropical with extreme conditions having hot and dry summer and cold winter, where maximum temperature goes up to 42.60C during summer and minimum as low as 10.30C during winter. The annual average rainfall of area is 764.7 mm. The soil of the experimental field was medium black, Smectitic, clay loam in texture and classified as Typic Haplustept which comes under the soil order Inceptisol. The initial soil analysis indicated that, the soil was calcareous in nature and moderately alkaline in reaction. In case of physical properties the soil was low in hydraulic conductivity and available water capacity. The fertility status of the soil was moderate in organic carbon, low in available nitrogen  and  available  phosphorus  and  very  high  in  available  potassium  while  the  soil micronutrient contents (Zn, Fe, Mn, Cu) were above the critical level. The experiment was laid out with randomized block design having three replication comprising of 13 treatments, viz Control (no fertilizer/manure), 5 t FYM ha-1, 10 t FYM ha-1, 80:20:40 kg NPK ha-1, 100:30:60 kg NPK ha-1, 140:40:80 kg NPK ha-1, 5 t FYM + 80:20:40 kg NPK ha-1, 5 t FYM + 100:30:60 kg NPK ha-1,	Comment by A R: Where you got Java citronella seed ? 
Local producen ?	Comment by A R: How long those treatment will applied ?	Comment by A R: What kind of manure ?
From chicken, sheep, cow ?
5 t FYM + 140:40:80 kg NPK ha-1, 10 t FYM + 80:20:40 kg NPK ha-1, 10 t FYM + 100:30:60 kg

NPK ha-1, 10 t FYM + 140:40:80 kg NPK ha-1  and 100 kg N through FYM (based on FYM analysis). Treatment wise FYM was added on dry weight basis before planting of Java citronella during 2009-10 contain 0.67% N, 0.22% P and 0.49% K and in the month of April 2010 contain
0.64% N, 0.20% P and 0.51% K after 3rd  cutting as per treatments. Treatment wise Nitrogen,

Phosphorus and Potassium doses were applied in both the years (2009-10 and 2010-11). Nitrogen was applied through urea in three split doses as per treatment after each cutting. Full dose of Phosphorus and Potassium was applied as a basal dose at the time of planting through single super phosphate and muriate of potash as per the treatments.
Sowing and Harvesting

The study started on 7th  July 2009, when Java citronella ‘Bio-13’ plantlets were planted (rooted slips @ 16666 slips ha-1). A spacing of 90 x 60 cm was maintained between each planting. The plantlets were irrigated soon after transplantation and thereafter as and when needed during the experiment. Java citronella was harvested by cutting the leaf blade at its base, i.e., approximately 10-12 cm above the ground. During the two seasons of the study, the crop was harvested 6 times.

Oil content, Oil recovery and Oil yield

After partial drying of grass in shade for 8-12 hrs, the oil was extracted by using hydro- steam distillation unit (Lab model) and recorded the recovery of oil. The oil yield was calculated by multiplying the herbage yield with the per cent oil recovery. The oil content in citronella grass was estimated by using Clevenger’s apparatus (Anonymous, 2007).
Statistical analysis

Standard  method  of  analysis  known  as  ‘Analysis  of  Variance’  was  applied  for  the




statistical analysis. The critical difference (C.D.) was worked out at 5% level of significance for



the treatment comparison wherever the ‘F’ test recorded significant. Pooled analysis of two years

data was carried out as per procedure described by Gomez and Gomez (1984).


RESULTS AND DISCUSSION Oil content
The average oil content was estimated by Clevenger apparatus and the data obtained is presented in table 1.

Effect of organic manure (FYM):


The oil content in Java citronella was significantly influenced by the nutrient management treatments comprised of alone application of FYM. The application of FYM doses at 5 and 10 t ha-1  significantly increased the content as compared to control. Similar result was reported by Pareek et al. (1983). Further, it is noticed that the oil content was found to increase with every higher dose of FYM and significantly highest oil content was observed with higher dose of FYM 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 doses of FYM was noticed under the study.

Effect of NPK fertilizer:


The application of NPK graded doses also significantly increased the oil content as compared to control and significantly highest oil content was recorded with the application of NPK
@ 140:40:80 kg ha-1 (T6), however, it was found at par with treatment T4 (80:20:40 kg NPK ha-1)

and T5 (100:30:60 kg NPK ha-1) in both the years. This might be due to the fact that nitrogen is an essential constituent of protein and chlorophyll in many compounds in plant metabolism such as nucleotides, phosphotodies, alcohol and aldehyde enzymes, etc.	Comment by A R: Supported by references ?

Increased in oil content might be due to beneficial effect of nitrogen reported by several workers (Chinnamma et al., 1988, Anonymous, 1989g, Vitkare et al., 1990 and Singh et al.,
2008a).


Combined effect:


The  data  (table  1)  revealed  that  the  oil  content  was  improved  with  the  combined application of FYM + NPK graded doses. Further it is observed that the content was successively increased with each combination of FYM doses with NPK graded 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 the combination treatments of FYM + NPK was comparatively higher than the oil content recorded with the alone application of FYM and NPK doses.
From the two years pooled analysis data, it is noticed that amongst the application of FYM treatments, T13  i.e. 100 kg N through FYM recorded significantly maximum value of oil content (1.03%), however, it was found at par with treatment T2  (5 t FYM ha-1) and T3  (10 t FYM ha-1). Among the graded doses of NPK fertilizer treatments, the treatment, T6 (140:40:80 kg NPK ha-1) recorded higher value of oil content (1.03%) but it was found at par with treatments T4 (80:20:40 kg NPK ha-1) and T5 (100:30:60 kg NPK ha-1). Whereas, combined application of FYM with NPK graded doses @ 10 t FYM + 140:40:80 kg NPK ha-1 (T12) recorded the higher oil content (1.14%) than all other treatments except treatments T10 (10 t FYM + 80:20:40 kg NPK ha-1) and T11 (10 t FYM + 100:30:60 kg NPK ha-1), which was found at par with this treatment (T12).

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

Oil recovery


After partial drying of grass in shade for 8-12 hours, the oil was extracted by hydro-steam distillation unit (Laboratory model) and the oil recovery was recorded. Essential oil is the final and commercial product in cultivation of any aromatic plant. It is therefore, necessary that recovery of oil of Java citronella be studied. The data generated regarding the oil recovery is presented in table
2.


Effect of organic manure (FYM):


The oil recovery was significantly influenced with the application of FYM doses as compared to control (T1). Significantly higher recovery was obtained from the herbage supplied with  higher  FYM  dose  equivalent  to  100  kg  N  ha-1   (T13).  However,  the  recovery  per  cent differences among the FYM doses were statistically non-significant. Increased in 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) as compared to control.

Effect of NPK fertilizer:

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

Among the combination treatment of FYM + NPK, the treatment T12 (FYM @ 10 t + NPK

@ 140:40:80 kg ha-1) recorded the maximum recovery of oil, which was significantly superior over the combination treatments (T7 and T8). The treatment T9, T10 and T11 were statistically at par. Further, it is noticed that the treatment (T12) was significantly superior over the treatments comprising of alone application of FYM or NPK graded doses.
From  the  pooled  data  (table  2)  it  is  noticed  that,  amongst  the  FYM  treatments,  the treatment T13 i.e. 100 kg N through FYM recorded maximum recovery of oil (0.63%) as compared to control (T1) and FYM @ 5 t ha-1 (T2), however, it was found at par with FYM @ 10 t ha-1 (T3). The NPK graded dose treatment T6 (140:40:80 kg NPK ha-1) recorded higher oil recovery (0.63%) which was statistically superior over treatments T4 (80:20:40 kg NPK ha-1), T5 (100:30:60 kg NPK ha-1) and T1  (control). Whereas, among the combined application treatments of FYM with NPK doses, the higher oil recovery (0.70%) was noticed in the combination treatment, T12 (FYM @ 10 t
+ NPK @ 140:40:80 kg  ha-1) as compared to all other treatments except treatment T11 (10 t FYM

+ 100:30:60 kg NPK ha-1).


Two years result of experimentation revealed that, the recovery of oil was in the range of

0.54 to 0.70 per cent. Further, it is observed that, the best treatment in respect of highest oil recovery was T12  i.e. 10 t FYM + 140:40:80 kg NPK ha-1, however, it was found at par with treatment T11 (10 t FYM + 100:30:60 kg NPK ha-1). The results are confirmed with the findings of Sundaravadivel et al. (2000) who also reported that the combined application of organic manure (FYM) and inorganic fertilizers (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 the nutrient management is presented in table 2.

Effect of organic manure (FYM):


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

Effect of NPK fertilizer:


Among the graded doses of NPK fertilizer treatments, the treatment T6 (140:40:80 kg NPK ha-1) recorded significantly highest oil yield over rest of NPK fertilizer treatments T4 (80:20:40 kg NPK  ha-1)  and  T5   (100:30:60  kg  NPK  ha-1)  and  T1   (control)  during  both  the  years.  The improvement in oil yield might be ascribed due to the combined effect of more effective number of tillers,  plant  height  and  oil  recovery  of  the  crop  with  NPK  fertilizer,  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:	Comment by A R: You may explain more specific what the role of each macro essential (NPK) and manure to increase oil yield ?

Is there any previous research ?


On the perusal of data on oil yield with combination treatments of graded doses of NPK + FYM, it was found that, the treatment of 10 t FYM + 140:40:80 kg NPK ha-1  (T12) recorded the significantly highest oil yield than other combination treatments (T7, T8, T9, T10  and T11), NPK fertilizer treatments (T4, T5 and T6), FYM treatments (T2, T3 and T13) and control (T1).

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

From the two years field experimentation, it is noticed that, the oil yield was more in second year than first year in all the treatments except, in control treatment. Further, it is observed that, significantly highest oil yield of Java citronella was recorded with the treatment T12 i.e. 10 t FYM + 140:40:80 kg NPK ha-1. The increase in oil yield might be due to combined application of FYM  with  NPK  resulted  in  balanced  nutrition  of  the  crop  which  might  have  reflected  in 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).


CONCLUSION

From the results, it can be concluded that the conjunctive use of FYM along with chemical fertilizer (10 t FYM + 140:40:80 kg NPK ha-1) was found beneficial way of nutrient management to increase the oil content, oil recovery as well as oil yield of Java citronella.

	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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