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CHAPTER- I 

INTRODUCTION 

Among the essential oil bearing plants, patchouli has prime 

importance in the perfumery industry. Patchouli is a tropical plant which is 

bdicvtd to be originated from Phillipines and Indonesia, but now, it is 
cultivated in different tropical and sub-tropical regions in the world. The 
lllljor producing countries are Indonesia, China, Brazil, Malayasia, India, 

Scychecles, West Indies, etc. Patchouli (Pogostemon cablin syn. P. 

pt11·houli) is a bushy nature herb belongs to family Lamiaceae, grown under 
llllli-shade condition of tropical plams. 

The commercial oil of patchouli is obtained by steam distillation of 

lbe shaded dried leaves and is one of the most important naturally occurring 

mernial oil used in the perfumery industry. Patchouli oil has notably strong 
flxllive properties and helps to prevent rapid evaporation of a perfume and 

tbeieby promotes tenacity. The oil is generally blended with other essential 

oils. like, with those of geranium or clove oil before use. It is used in wide 
IIDgC of toilet soap, scents, body lotions, pre shave and after shave lotions 
mid detergents. In very low concent�ions (2.20 ppm), the oil is extensively 
-.:! as a flavour ingredients in major food products, including alcoholic and 
....icoholic beverages, desserts, candy, baked products, gelatin, meat and 
lal products. Blended with sandalwood oil, it gives one of the finest attars, 
widely used in soap, cosmetics, tobacco and incense sticks (Sharan et al., 

995). Dry patchouli leaves ure used for scenting wardrobes. The leaves and 
ipical buds are a<!ded in bath for their anti-rheumatic action. ln Chinese 

llldicine, decoction of the leaves is used with other drugs 10 treat nausea, 

Wltiting. diarrhea, cold and headache (Leung, 1980) . 
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Total world production of patchouli oil is estimated to be around 1000 

IDmes per annum. Indonesia (Sumatra Island) alone accounts for more than 

IO per cent of annual world production and the bulk of the remammg 

.-mity comes from China (Robbins, 1983; and Tao, 1983). Currently, 

llldil is producing a very meager quantity of patchouli oil, and annually 

lmportmg about 20 tonnes of pure pmchouli oil and I 00 tonnes of fonnulated 

oils. There is a vast gap between dcnrnnd and supply which can be 

minimized by extension of area under patchouli cultivation in India. 

Patchouli cultivation was started in north-eastern region under forest 

;aruaion by CIMAP during 1962 (Anupkumar ct al., 1986). The warm and 

lunid climatic condition along with long duration rainfall seems to be 

oonducivc for luxurianL growth of putchouli in the region. Patchouli being a 

llllde loving plant can easily be cultivated BS an intercrop among fruits and 

pl1ntauon crops. At least 75 per cent land goes unused in coconut plantation 

••spacingof7.5 x 7.5 mas maximum roots activity remained in the area of 

plhn upto II radius of 2m and depth of 1.2m. ( Shceba and Nair, 2000). The 

Jisb value aromatic crop like patchouli cnn be accommodated in such away 

... they fully utilized distinct layers of soil and micro-climate without 

.. .,..iing with each other for light, nutrient and water. It is established fact 

patchouli is cultivated in warmer part of north-eastern region including 

without any nutrient inputs. Therefore, yield is comparatively low 

also caused depiction of fertility status of the cultivable soil. This 

.... lficauon and intcgrntion of land use system muy be effective m 

ning the ecological base of fanning in Nagai and condition . 
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Though, the crop was introduced in north-eastern region for 

..,..,·al cultivation as companion crop under forest plantation, where it 

lfflWing without any inputs. But now it is cultivated on agricultural land 

Patchouli is grown for good herbage and to get maximum herbal yield, 

requires both organic and inorganic manures. Sarwar et al. (1982) 
cd that application of a basnl dose of 25 kg N, 50 kg P

2
0, and 50 kg 

along with 100 kg N as top dressing in two split doses (first dose 

•oww ly afier harvest and the balance about two months later) resulted in 

lllliowm herb and 011 yield. Saha et al. (1992) found that use of 140 kg 

applied in four equal split doses increased the herb and oil yield 

pf..,tly in Arunachal Pradesh. Defoliation and leaf reddening have been 

N,td due to deficiency of NPK in patchouli (Vasanth kumar and Rao, 

In crop management, manurmg rs an important aspect which have 

impact on growth and yield of a crop. An integrated approach 

a,m� the use of organic manures and inorganic fertilizers as a source of 

nutrients to obtain high yield with quality produce is of prime 

.,...,.,e, besides maintaining soil health. Incorporation of organic 

,.. .. es into the soil increases the moisture holding capacity, humus content 

... Olher physical properties of soil. Therefore allows better root growth and 

plants and 

-.mer acts adverse effect of agro-chemicals ( Ghose, 1984). The direct 

of organic manures relates through the uptake of humid substance as 

decomposition products creating favorable growth and metabolism of 

as a result caused more yield in crops (Mathur and Guar, 1977; Singh 
o/., 1995 and Lalramthara et al., 2003). 



• intcrcrop in orchards in similar way. The nutritional requirement of the 

1111p and its impact on soil fertility has not been standardized so far in the 

also suitable for patchouli cultivation. Keeping in view of the existing 

lldmology gaps, the present work entitled ''Influence of organic manures 

application on growth, yield and quality of 

palclwu/1 Pellet) cv. Jobore under coconut 

.... t.tion" was carried out at Govt. Nursery, Department of Horticulture, 

Govt. ofNagaland, Dirnapur under (i to 9 years old coconut plantation with 

I. To study the effect of organic manures and levels of nitrogen on 

growth, yield and quality of patchouli. 

�. To study the effect of organic manures and levels of nitrogen on 

nutrient status of soil. 

3. To study the economics of patchouli cultivation with different 

treatment combinations. 

• 
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CHAPTER - 11 • 

REVIEW (JF LITERATURE 

l:1 EJ,"FECT OF ORGANIC AND INORGANIC NUTRITION ON 
GRO\VTH, YIELD AND QUALITY OF PATCHOULI 

2:1:1 Effect of organic and inorganic nutrition on growth and yield 

Patchouli is a soil exhausting crop and required liberal manuring. It 

responds well to both organic and inorganic manures. In a fertilizer trial on 

patchouli there was marked responses recorded to nitrogen and phosphorus 

but 110110 application of potassium. A response equation was formulated and 

used to calculate optimum fertilizer level: these were 107 kg N/ha, 38 kg 

Pz()yha and 4 kg K10lha for dry leaf of(2688 kg/ha) yield within 4 months. 

The oil content and quality were not effected by the fertilizer application 

(Adiwiganda et al., 1973). For soils of poor fertility, a basal dose of25 kg N, 

50 kg.P10$ and 50 kg. K20llrn was given in the form of urea, super 

phosphate and muriate of potash at the time of planting. Afler eight weeks, 

25 kg N have again to be applied in the form of urea. After each harvest, 50 

kg N has to be given in two split doses (the first dose immediDtely after 

harvest and the balance about two months later). In total, 150 kg Nlha is 

required to be given every year (Sarwar et al .. 1983). Foliar application of 

Utta solution (0.2%) was also reported tn induce better growth and higher 

leaf dry matter recovery. 

lrulappan and Ponnuswami (1982) carried out a nutritional trial on 

tchouli. They applied Nat 0, 60 and 120 kg/ha along with P10, at 0, 15, 

O kg/ha and K10 at 0, 30 and 60 kg/ha. Higher yield was recorded with 

application of 60 kg N, 30 kg P and 30 kg Klha . 

• 



Munsi and Mukherjee (1982) applied various doses of nitrogen in 

mentha, citronella and palmarosa and observed that all the doses of nitrogen 

increased yield of herb and oil content in all these three crops. They further 

reported that quality of oil enhanced by application of nitrogenous fertilizer 

than control. 

Bhardwaj et al. (1983) conducted a trial on various doses and split 

application of nitrogen in herb and oil yield in Mentha citrate. It was 

observed that application of 120 kg and 160 kg N/ha significantly increased 

herb and oil yield/ha, but application of 120 kg N/ha was found more 

economical than higher dose of nitrogen ( 160 kg/ha). 

Randhawa el al. (1984) studied on the effect of various levels of 

nitrogen in J.1entha cilrata and found that the herb yield was highest with 

application of nitrogen at 125 kg/ha, but levels of nitrogen (O, 50, 75, 100, 

125, 150, 175 and 200 kg/ha) had no effect on oil percentage. 

Deficiency of N, P and K caused leaf reddening and defoliation 

(Vasantha kumar and Rao, 1983). Analysis of healthy and affected 

(rtddened) leaves indicated that the sick plants were deficient of N, P and K. 

In such foliage, deficiency of zinc and manganese contents was also noticed. 

Funher. in affected plants, severe toxicity of iron and copper were noticed. 

They also reported that iron and zinc ratio was very high in affected leaves 

as compared to healthy leaves. Increasing levels of soil application of P20s 

(from O to 8 g/plant) was found to increase the growth of plant and green leaf 

yield (Rao and Vasantha Kumar, 1989). 

Munsi ( 1992) carried out a study on response of nitrogen and 

phosphorus on herb and essential oil yield in Japanese mint. He observed 

dial application of higher doses of nitrogen (I 00 kg/ha) increased herb and 

oil yield. 

0 
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Saha et al. ( 1992) found th Ell use of 140 and 160 kg Nlha in four 

equal split doses increased herb yield upto (62.87 t/ha) and oil yield 

significantly in trials carried out in Arunnchal Pradesh condition. 

The patchouli plant respond well to organic and inorganic 

nitrogenous fertilizers and application of FYM @ 11.25 t/ha together with 

228 kg each of ammonium sulphate and single super phosphate per hectare 

caused beuer yield after each harvest of leaves. Cow-dung manure and fish 

guano were also helped to increase the yield. Foliar application of urea 

solution seems to benefit growth as well as leaf production (Anon., 2002). 

Vinecta et al. (2000) carried out an experiment on Bacopa monnicsi 

IO find out of response of farmyard manure and nitrogen. Shoot length, 

number of shoots and leaves/m2, fresh and dry mauer accumulation were 

increased with increasing fertility levels. The highest values of dry matters 

accumulation was recorded with 75 kg N + 5 t FYM/ha. 

A trial on increasing doses of nitrogen was carried out by Golez et 

al. (2002) at Poland on production of herb of Ocimum basi/icum. They 

reported that yield of sweet basil was increased with application of increased 

level of nitrogen up to 1.8 g/plant. 

Singh and Rao (2005) carried out a study on nutritional trial and 

applied nitrogen at 0, 100, and 200 kg/ha in Tagctes minuta. They observed 

that application of nitrogen at 200 kg/ha significantly increased plant height. 

hsli weight, leaf/stem ratio, leaf+ !lower/stem ratio, herbage (biomass) 

yield, oil yield and oil content. They further observed that uptake of 

nitrogen, phosphorus and potassium content increased as compared to 

comrol. 
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Singh et al. (2005) carried out a uial on response of organic 

manures on growth and yield in long pepper and applied fannyard manure. 

vennicomposl, poultry manure, decomposed mushroom compost and wheat 

straw @ 5 and IO t/ha. Application of fannyard manure at IO t/ha 

significantly increased number of leaves, number of sprouts/plant and length 

and diameter of main branch. However, vennicompost at 10 t/ha resulted 

maximum leaf area and spike yield/plant followed by fannyard manure at 10 

""'· 
Singh and Karki (2005) conducted a trial on rose water and rose oil 

bearing variety Gruss-anTcplitz to substitute the chemical fertilizer by 

application of various manures and bio-fcrtilizer. Application of fertilizers 

(NPK SO: 40: 30 g/m2) delayed flowering, whereas early flower bud 

appearance and maximum flower production were noticed with FYM + 

VAM application treatment. 

Pandey el al. (2005b) reported that all the sources of organic 

manures (FYM, vennicompost, poultry manure) had significantly effect on 

herb yield in Ashwagandlw in comparison to control. Maximum plant \ 

height, number of branches, number of leaves and herbage yield was 

recorded with poultry manure ( 15 t/ha). 

Pandey et al. (2005a) conducted an experiment on integrated nutrient 

managemen1 in Gentelia astattca and result revealed that the number of 

leaves per meter row length increased significantly by NPK (100: 50: 50 

kwha) as compared to control. Among the different doses of fannyard 

manure (10 I/ha) noted significantly more number of leaves as compared to 

lht rest of the treatment. They further reported that herb yield (fresh and dry) 

of crop increased significantly due to application of 10 I/ha FYM as 

compared to 5 t/ha FYM. 

0 
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Integrated nutrient management study was carried out on Bacopa 

monniesi. Singh et al. (2005a) revealed that application of 75 kg N and 5 t 

of FYM/ha on Bacopa monntesi recorded maximum number of leaves, 

branches per plant, spreading and herbage yield (fresh and dry) compared to 

other treatment. 

Manjunatha et al. (2006J carried out an experiment to study the 

effect ofbio fertilizers on growth, yield and essential oil content in patchouli 

cv. Johore under Bangalore condition. The results revealed that 75% NP+ 

100% K + Azotobacter + Azospiri/lum + VAM recorded significantly 

superior values for plant height, number of leaves, number of branches, plant 

spread, leaf area, yield of essential oil followed by 50% NP + I 00% K + 

Azotobacter + PSB + VAM and SOo/o P + NK + PSB + V AM. 

2:1 :2 Effect of organic and inorganic n utritioo oo quality of patchouli 

Rao (2002) reported that fannyard manure al 15 t/ha increased total 

biomass yield by 10.7 per cent and essential oil yield by 10.3 per cent over 

control in palmarosa. He further observed that addition of higher dose of 

nitrogen ( 80 kg/ha ) enhanced the total biomass yield by 57 .6 per cent and 

iotal essential oil yield by 60.3 per cent. The quality of essential oil with I. 7 

ptr cent (E)- beta- ocimere, 2.5 per cent linalool, 73. l per cent geraniol, 

\S.8 per cent geranyl acetate and 2.0 per cent beta- caryophyllene was 

found to be good and was readily accepted in the market. 

Venugopal et al. (2005) carried out a trial on comparative 

perfonnance of patchouli under open and coconut shade condition. The 

result revealed significantly higher (fresh) yield under shade condition than 

open. Dry herbage yield was also recorded maximum in shade than open 

• 
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condition. They further reported that superior quality oil and high per cent 

oil recovery (1.65 per cent on dry weight basis) was registered in patchouli 
plants under shade condition when compared to open (0.87 per cent) 
condition. 

According to Sharma and Sharma (2003) 100 per cent oil was 
reverted within 3 hours in case of fresh leaf (80 - 87 per cent moisture) 

whereas, BO - 90 per cent oil in semi-dried leaf (30 - 40 per cent moisture) 
took about 5 - 6 hours for recovery, and more than 90 per cent oil was 
recovered within 9 hours of distillation in case of dried leaf (10 - 20%, 
moisture). Shade drying of leaf and storage upto 150 days seemed to be 

congenial condition for maximum recovery of oil. 

Ramchandra cl al. (2006) evaluated different varieties of patchouli at 
different spacing. They concluded that var. Johore showed better results and 
more oil content compared to Java (3.0°/o and 1.4% respectively). They 
l'ttOl'ded that maximum cumulative fresh herbage yield (7.89 t/ha) and dry 
herbage yield (3.15 t/ha) and essenuet oil (86.52 I/ha) with a spacing of 45 x 
45 cm. Patchouti alcohol was also more in var. Johore (47.2%) compared 10 
var. Java (32.500/o). 

Jessykutty (2005) advocated the application of organic manures at 4- 

S Vha along with 80:50:50 kg/ha, N, P and K for commercial production. 
However, nitrogen requires to be given in split doses. He further remarked 
lhll application of calcium and magnesium increase the oil content in 

patchouli. 

• 
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Omidbaigi et al. (2006) observed that nitrogen fertilizer ( I 50 kg 

1',/h.a) and plant density ( 14.3 plant/m2) had important role on enhancing the 

essential oil content and composition of Tanacetum parthenium. 

2:2 EFFECT OF ORGANIC AND INORGANIC NUTRITION ON 
SOIL NUTRIENT STATUS 

Application of organic manures helps in improving soil organic 

carbon which is crucial in sustaining of soil quality and agricultural 

productivity of land. Nutrient concentration and soil biological practices 

also enhanced by addition of organic matter. (Katya], 2000). The soil organic 

matter also contributes tremendously to cation exchange capacity that 

enables the soil to buffer nutrient concentration in soil solution, apart from 

helping storage of plant nutrients (such as N, P, S and micro-nutrients etc.) in 

soil (Sanyal, 2001). It also increases availability of nutrients from the soil 

llihich are already present in the soil but not available to the plants. 

Application of FYM in the soil provided additional nutrient to the plants as 

well as improved the physical and biological properties of the soil (Reddy 

and Swamy, 2000). 

Anwar et al. (2005) conducted a field trial to study the effect of 

organic manures and inorganic fertilizers on growth, herb and essential oil 

yield of basil crop. Various combination of farmyard manure and 

vennicompost as well as inorganic fertilizers (NPK) were employed. 

Application ofvcrmicompost at 5 I/ha and NPK at 50, 25, 25 kg/ha exhibited 

maximum plant growth, herb, dry matter, oil content and oil yield. Content 

of principal constituents of basil oil (methyl chavico{) and linalool were also 

higher under integrated nutrient management especially when vennicompost 

was applied in combination with NPK. It was also noticed that organic 

carbon, available N, and P were higher in post harvest soils than control. 

• 



Bhaskar el al. (2005) conducted a field trial to study lhe effect of 

various soil amendments viz., well decomposed compost @ 30 tfha, lime @ 

2 tlna, single super phosphate @ 600 kg/ha and gypsum @ 2 tfha with or 

without recommended dose ofNPK. The highest oil yield of25.5 kg/ha was 

recorded when gypsum and compost were applied together wilh 

recommended NPK dose followed by 23.08 kg/ha NPK + SSP which was at 

par with treatments of NPK + lime+ compost (22.61 kg/ha) and NPK + 

compost (20.6 kg/ha). It was also observed lhat saturation in tenns of 
calcium and potassium favours the growth and yield of paichouli. 

A field experiment was conducted to find out the response of organic 
ftrtilization (caule manure )@O, I, 2, 3 and 4 kg/m2 on Achillea millefolium. 

All !he doses of organic manure increased biomass and essential oil yield as 
compared to control. Level of carbon, potash, calcium and magnesium status 
of soi! was not influenced, whereas, available phosphorus increased up to 
ISO per cent by application of organic manure (Schaffer el al., 1993). 

Sanwal et al. (2007) studied the effect of different organic manures 
{FYM, Poultry manure, Pig manure, Rabbit manure, Bioplus and Neem 
cake) and 100 o/a NPK on residual fertility status of soil in turmeric under 
Megha!aya conditions. Highest organic carbon ( 1.89 %), organic matter 
(3.26 Vo), available nitrogen (326.2 kg/ha) were recorded with FYM 
application while maximum pH (5.8), available Pi<), (46.70 kg/ha) and 
exchangeable calcium (3.28 kg/ha) and magnesium (0.74 kg/ha) were 
D01iced with poultry manures. The pig manure caused maximum availability 

of potassium (243.8 kg/ha) in soil after harvest of the crop. Further, pig 
manure also enhanced residual fertility status of soil in comparison to other 

organic manures viz; rabbit manure and bio plus and full doses of chemical 

• 



fertilizers. Application of FYM, poultry manure and pig manure 

considerably reduced the soil acidity and significantly increased the 
accwnulation of organic matter. 

2:3 EFFECT OF ORGANIC AND INORGANIC NUTRITION ON 
ECONOMICS OF PATCHOULI 

Adopting of any cropping system by fanning community will 

ultimately be decided by its economic and advantages. The mono cropping 

of coconut generated employment opportunity of only around I SO man days 

per hectare per year, whereas, various cropping system could generate 
additional employment of 130-606 man days per hectare per year with a net 
return of Rs.50,000/- to Rs.1,00,000/- per hectare in coconut based farming 

(Sivarama, 2002). From along terrn fertilizer studies in coconut on Alfisols, 
it was observed that the fertilizer treatment lOOOg N - 437g P - J667g K per 

palm per year recorded significantly higher nut yield (136 nuts/palm) than 

the treatment SOOg N- 21 Sg P - 833g Kl palm/ year (I 04 nuts/ palm) and no 
l"ertiliz.er (58 nuts/ palm) (Reddy et al., 2002). 

Production from 2 hectares of land can support 2 distillation units of 
onequintal capacity (60 kg dry [eaf7batch) at a time. Running of two units of 

111111.ler size will be more economical as compared to large size one in 

laptci of labour utilization and distillation efficiency. He further remarked 

lhll this venture will provide employment generation of 1255, 1285, 1285 

IDCI 1275 man days in first, second, third and fourth year respectively. It was 
Ibo concluded that these units gave a net return of Rs.95,450/- Rs.2,34,120/­ 

IIICI Rs.1,58,J 20/- in first, second and third year respectively (Ahmed, 2002). 

• 
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CHAPTER- Ill 

MATERIALS AND METHODS 

The present investigation entitled ''Influence or organic manures 

11d levels of nitrogen epptication on growth, yield and quality of 

p11thouli (Pogm,·tcmo,, p(llc/iouli Pellet) cv. Johore under coconut 

plln1ation" was conducted at Govt. Nursery, Department of Honicutture, 

Govt. of Nagaland at 4111 mile Dimapur, Nagaland during the year 2005 and 

2006. The details of materiols used and procedure followed during 

mvestigation regarding various parameters and analysis are represented 

below. 

l:1 GENERAL 

l:1:1 Location 

Experimental site was located at 4•h mile between Dimapur and 

Chwnukedima under the District of Dimapur at an altitude of 210 meters 

lb:>ve m. s. L al 25° 45' 43" N latitude and 93° 53' 04" E longitude. 

l:1:2 Climale 

The experimental site has sub-tropical type of climate, 

predominantly humid, moderate to warm temperature with an average 

llinfall ranges between 2000 mm - 2500 mm occurring about 6 months from 

April to October. Though, few light showers are also observed in other 

months, however, remaining period from November to March is 

a,mparatively dry. The summer temperature ranges between 22°C to 35°C, 
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waile during winter it remains at an average between I 0°C to 22°C. The • 

relative humidity varies between 85 and 95 per cent during summer/rainy 

season while during winter it ranges between 50 and 60 per cent. The 

detailed weather condition during the period of experimentation has been 

presented as recorded at Meteorological Observatory Station located at 

District Soil Conservation Office, Dimapur, Govt. ofNagaland (Table I and 

fig. I). 

l:1:3 Soil 

The soil of research field was clmracterized as deep sandy loam and 

well drained with mild undulating topography. The soil fertility status of the 

experimental field was classified as medium in available nitrogen, high in 

potash and low in available phosphorus content. The result of the soil 

analysis are presented below: 

hra meter value Status Method employed 

pl! 5.40 Acidic Digital pH meter (Single 
electorate meter) 

Organic carbon 2.90 High Walkly & Black melhod. Rapid 
!%) Titration method (Piper 1966) 

A�ailable Nitrogen 315.50 Medium Micro- kjeldahle melhod 
{lglh,) ( Jones 1984) 

Available Phosphorus 19.32 Low Spectrophotometer Vanadao 
{lglh,) mo!ybdate yellow color method 

(Jackson 1969) 

Available Potash 298.70 High Flamephotometer (Chapman 
(lg/h,) and Pratt I 961 ). 



l:1:4 Composition of organic m1.11111re� 

Locally available FYM, pig manure and vennicompost which were 

used in the present investigation were actually intended by the authority of 

the University, SASRD, Medziphcma from a recognized dealer and analyzed 

the same for available Nitrogen, Phosphorous and Potash and data are given 

below: 

Source Nitrogen (0/o) Phosphorous {'lo) Potash(%) 

FYM 0.50 0.20 0.35 

Pig manure 1.00 0.50 0.60 

Vennicompost 3.00 1.00 1.50 

Nitrogen was estimated by Kjcldahle method (A.0.A.C .• 1970), 

Phosphorous by Jackson, ( 1969) and Potash by Flame Photometer 

(Champanand Pratt, 1961 ). 

3:2 EXPERIMENTAL DETAILS 

The experiment was laid out (fig. 2) with two main factors - organic 

manure (M) and chemical fertilizer (N) and with four sub-factors viz., 

organic manure (Mo - control), fannyard manure (M1. 20 t/ha), pig manure 

{Mi· IO t/ha). vennicompost (M1 • 5 t/ha) and nitrogen with four levels (No· 

control, N1- 60 kg/ha, N2 • 80 kg.Iha and NJ· JOO kg/ha). Full dose of organic 

eanures were applied 15 days before planting in respective plot as per 

mtment along with the basal dose of phosphorus and potash @ 50 kg/ ha 

ach. Nitrogen was applied in four split doses after each culling of the 

leaves. The coconut plantation were pre-bearlng stage hence the coconut 

plants were given NPK dose in two split application (first dose in the 

beginning of monsoon i.e., April and the second in the month of September) 

€ 400:200:800 g per tree per year along with 20 kg FYM . 

• 

• 

• 



l 

� 
• 
• • • 

' : • • • " • • • N • • • • - 
N , 

$ " • � iii • � • ,i � � � • 18 iii • ii ;:i • • - - • - • 
• 

' 5 
• 

" 
r 

} 
N • � • N • • • � " • • • :t • 

i - "' " • • • 0 • 0 0 • • < • N • • • • N • 
• ' - 

• • • • • - • • N 
• • • N • • • 
z 

� 
g 

•• 

i� 
• • • 0 0 • • " 

N 0 

- • N • : • N • • • " •, •  •  •  N  N  N  N  N  N  •  •  •  •  N  " N  N  
, 

"• •  N  
• ,. �  •• 

• c �  0  

i 
• 

' • 
• .�  0  

0  
,, �  • • • 

u 

15  •  •  

" 
N  

' ' 
"  g  

- 
•  "  •  - •  "  "  "  �  •  

N  N  

"  
N  

"  
N  N  N  N  N  N  

"  "  "  • N  N  

"  �- • 

•• �  
• �  
• 
• 's 

• 
- 0  

• 
0  

• 

• �  
%  

• • 

i �  p  • �  8 • • • • 0  

• 0  • w �  " • �  �  �  c 
>- �  • 0  

• 
w w �  �  �  s • e �  w • • �  8 8 , 

; 
0  �  • • • • 

�  �  • • 
, 

• 
u �  

w 
, o �  w , 

• 
u �  

w 
, e �  • i 

a z �  �  • • �  �  • �  • z �  
, 

w �  , , ., 

8 
0 w � , , 0 

, • , , 

• z c , 

• 
, , 

• 

• 

• 

• 



- 
E f - §. l � 

tl 1 . r : j_ "  �  
�\ 

,, ·1 ! 

:. � s 
� 

'i x 
� 

-, ,1 ,,,, e 

• 

", 
, 

r 

: �  
,  
..,  

€  

'\�" i  

'  
I 

•  �  •  
•  

�  
-,  :: � 

'o 

._ 

i 
1 

.. � 8' 

I 2 � ,,,, 
11 ", .. 

!t, § 
- 
! 

� � 8 s o�� 
- 

• 

• 

• 



• 

1 
- g g  E  -  
E  �  "  �  
;  �  I  •  

" !  g  c  -  
·- . • • 

. , i i  
«� " 

I 
" 

�- 
, 

" 
I ��- 0 

- � 
I '\," 

0  

!il �  �?, c 

• 

I 
... .,, 

� 
" 

·� 
e 

\ 
-c 

s 
, 

-e 

I " 
I 

• 

'li,a,,,�·� "' � 
I 

c 

..... �..,.,  �  •  
E  

,.._;-.{, 0 ·c 

!. 

I "''" '\, .. • 
• 

· /  �'b "'"" 
� 
0 

......... -b � 
I 

• �. ""' � 
I 'Ii,?"'·�. • 

.!! ,.;.,,,. s- 8' 
0 

e- - j 
'I,.,, 

:11 
. ...._ 

- �  ... 

'Ii,� � 

� 8 � 8 s 
0 'Ii,.,?�·� 

N N 
- - ?"" � 

" 



The treatments and their combinations were as follows: 

B. Chemical fertilizers 

A. Organic manures 

• 

Randomized Block Design 

2 

3 

2.25 m x 3.0 m. 

60 cm x 45 cm plant to plant. 

48 

N0 Control O kg/ha 

Ni Nitrogen 60 kg/ha 

Ni Nitrogen 80 kg.Iha 

N3 Nitrogen l 00 kg/ha 

M0 Control (0 t/ha) 

M1 F"YM (20 t/ha) 

M2 Pigmanure(!Ot/ha) 

M1 Vennicompost (5 t/ha) 

Experimental design 

Factors 

Number or replication 

Plot size 

Spacing 

Total number of plot 

Design or experiment 

Treatment details 



c. Trealment combinations: 16 • 

Total amount of nutrients (kglh,) imposed to different 

treatments combination through organic and inorganic sources: 

Treatment {Organic+ l11org11nic) P:;0� KzO 

Ti- MoNo 0 + 0 0 0 

Tr MoN1 0 + 60 0 0 

TrMoN2 0 + 80 0 0 

T4- MoNl 0 + 100 0 0 

T,- M1No 100 + 0 40 70 

T6- M1N1 100 + 60 40 70 

TrM1N2 100 + 80 40 70 

TrM1N1 l 00 + 100 40 70 

Tr M2No 100 + 0 50 60 

T10-M2N1 100 + 60 50 60 

T11-M2N2 100 + 80 50 60 

T12-M2N3 I 00 + I 00 50 60 

Tn- M1N0 150 + 0 50 75 

T14· M1N1 150 + 60 50 75 

Ti,- M1N2 150 + 80 50 75 

T16· M1N1 150 + 100 50 75 

• 



FIG. 2:  !'LAN AND LAYOUTOt'l"IIE EXl'EIUM.ENTAL PLOT 
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l:2:3 Land preparation 

The experimental field was thoroughly prepared by ploughing 3 

times breaking all the clods along with elimination of all weeds and stubbles. 

The Plots were then made on flat land with a size of 2.25 m x 3.0 m under 

the coconut plantation. The plots were prepared at the spacing of 30 cm apart 

and 75 cm space was provided in between the blocks. The requirement of 

organic manure as per treaunent was then applied in the plots and mixed 

thoroughly with the soil before 3 weeks of planting. Full dose of phosphorus 

and potash and 1//' of nitrogen were applied in respective plots and mixed 

with the soil one day before planting and plot were slightly raised from 

ground level in order to avoid water accumulation. 

3:2:4 Planting 

For raising the planting materials, cuttings were made in first week 

of March 2005 with a length of IO cm and cuuings were planted in polythene 

bag.sin a size of 15 x 10 cm filled with FYM and soil and kept in shade net 

house. Regular watering was done with the help of watering can in absence 

of rain. About eight weeks old established planting materials were planted 

and used as experimental materials. 

3:2:5 After care 

The area of each plot was kepi clean by regular manual weeding. 

After each cutting, weeding and hoeing were done with application of 

fatilizer in respective plots as per the treatment followed by earthing up of 

soil. Plants were irrigated regularly during the entire growing period in 

absence of rain. 

• 



J:2:6 Plant protection measure 

• 

• 

Though, the crop does not suffered due to the attack of disease and 

pests. However, in cenain plots, tennites were observed and to check the 

incidence chloropyriphos chemicals were applied. 

3:3 OBSERVATION RECORDED 

For recording various morphological growth parameter, four (4) 

representative plants were tagged at random in each plot. The growth 

parameter of tagged plants were recorded at the time of harvesting (each leaf 

cuning) starting from 3 month after planting (MAP) till the fifth cutting. 

3:3:1 Growth parameters 

3:3:1:2 Plant height 

The average height of plant was based on the observation recorded 

in 4 tagged plants with a metre scale at 3 months interval till the last 

harvesting (fifth cutting) i.e., up to August 2006. The height of plants was 

recorded from ground level to the tip portion of the plant and the mean 

velues were represented in terms of centimeters (cm). 

3:3:1:3 Number of leaves per plant 

Fully opened leaves of patchouli plants of four tagged plants for 

each replication and their mean values were estimated at 3, 6, 9, 12, and 15 

months after planting (MAP). 

3:3: I :4 Number of branches 

The number of branches were counted at each harvesting time on 

tagged plants in each replication and their mean values were recorded. 



J:l:1:5 Plant canopy 

The plam canopy has been recorded by multiplying the height and 

"width of each tagged plants of each plot and the mean values were calculated 

and represented in terms of square cm. 

3:3:2 Yield attributes 

3:3:2:1 Fresh weight or leaves per plant 

Leaves of the tagged plants were cut from 25 cm above the ground 

level including the tender branches and weight was taken with the help of 

weighing balance and an average was recorded in each treatment and the 

fresh weight of leaves per plant v-as expressed in grams (g). 

l:3:2:2 Fresh yield of leaves per plot 

Average yield weight of fresh leaves per tagged plant were 

multiplied with the total number of plants per plot and obtained the fresh 

weight of leaves per plot and mean values were expressed in terrns of 

kilogram (kg) per plot. 

3:3:2:3 Projected yield of fresh leaves per hectare 

The fresh leaves yield per hectare in respect of each treatment in 

uch replication was calculated from the basis of plot yield recorded for each 

trtatment using the following fonnula. 

y = A x  10000 
s 

Where, y = Yield per hectare (MT) 

A - Yield per plot (kg) 

s = Plot area (m1) 

The values were expressed in tenns of metric tonnes per hectare. 
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3:3:2:4 Dry weight of leaves 

The harvest was made in dry weather when the sun has drunk up 

the dew from the leaves. The top leaves of the plants were cut by sickles 

Kjecting all yellow or decayed leaves including tender stems. Selected parts 

were then dried under the shade (as the sun light would draw out the 

perfume). Further, to ensure evenness in drying, the leaves were spread on 

bamboo rakes and floor with proper aeration. During this process, they were 

frequently tum over to have the smooth drying of the whole mass. The 

materials for each treatment and tagged plants were dried separately and 

after drying weight was recorded per plant as well as per plot of each 

treatment and express in gram. 

3:]:2:5 Projected yield of dry leaves per hectare 

Projected yield of the dry leaves per hectare m respect of each 

ll'Catrnent in each replication was calculated from the basis of plot yield (dry) 

recorded for each treatment by using the same formula adopted for fresh 

yield/ha and the recorded data were expressed in terms of tonnes per hectare 

(MTlh,). 

3:3:2:6 Oil content 

The volatile oil was obtained by stem distillation method usmg 

modified C!evenger's Apparatus by using semi-dried at 25 per cent to 30 per 

cent moisture for 5 hours of distillation and presented in terms of percentage. 

(Anonymous, 1976 and Sharma and Sharma, 2003) . 

• 
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3:3:2:7 G.C. Analysis of Oil 

Quan1itative and qualitative estimation of the oil sample was 

carried out by Gas Chromatographic Method on a Chemito Model 8510 

GC equipped with PC based Data Processor, using a BP-20 GC analytical 

column (28m x 0.53 mm) with hydrogen as carrier gas. The column 

temperature was programmed from 80°C to 225°C@ 30 C min Injector and 

Detector (FID) temperature were maintained at 230°C each. Patchouli 

alcohol, the major and active constituent of the patchouli oil was identified 

with the help of standard authentic reference compound and confinned by 

GC-MS. 

3:3:2:8 Oil yield per hectare 

The percentage of oil recorded in each and every treatment were 

multiplied by dry weight of the leaves and is projected in tenns of litre/ha. 

J:J:2:9 Observation on coconut pl:mtation 

The girth of plant was taken at the height of one meter from the 

ground level and the average of it were presented in tenns of centimeter 

(cm). 

3:3:2:10 Yield of coconut per plant 

The number of fruits from entire plants from the experimental area 

were counted and average of the number of fruits per plant was calculated as 

yield per plant. 

• 



3:3:3 Fertility status of cxpcrimcnial plants 

Soil samples were collected from respective plots after final harvest 

of crop within the area of soil depth of 0-20cm. Collected soil samples were 

air dried, ground and passed through 2 mm sieve and subjected to analysis of 

pH (1:2) soil: INKCL mixture. organic carbon titrametically using wet 

oxidation method (\Valklcy and Black 1934), available nitrogen using 

alkaline KMnO� steam distillation (Subbiah and Asiza,1956), Bray- P using 

ammonium fluoride extraction by shaking I g of soil in 20ml of 0.03NNH4F 

in o.25 Nl·ICL for 30 minutes and extractable in IN neutral NH�OAC in I :2 

soil: extraction ratio afier shaking for 30 minutes (Laynon and Heald, 1982). 

3:3:4 Economics 

Effect of different treatment combinations was worked out 

according to prevailing market prices of input and output cost of cultivation. 

The cost of cultivation of patchouli leaf oil was calculated as per the cost 

elements viz., land preparation, manuring. plant protection measures, 

planting materials cost, labour involved in various operations from land 

preparation to harvesting and drying of leaves as prevalent rate at Govt. 

Nursery Fann. 

Gross return : Gross return was calculated for each treatment 

combination of different dose of nitrogen rind types of organic manures by 

multiplying the value of economics produces and the prevailing market 

prices of output. 

Net return: Net return for each treatment combination of organic 

manures and levels of nitrogen was estimated by subtracting the total cost of 

cultivation from the gross return. 



Cost benefit ratio: Cost benefit ratio was calculated by the formula, 

C B  R  =  Tolal output (Rs) 
Total input (Rs) 

Statistical analysis 

The data obtained during the period of investigation were analyzed 

by factorial randomized block design (Panse and Sukhatme 1978). The 

tigllificance of difference sources of variation were tested by error mean 

tqUare using Fisher Schedecurf - test of probability at 0.05 per cent. 

• 
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CHAPTER- IV 

EXPERIMENTAL FJNDlNGS 

ln this chapter an attempt has been made to present the entire 

&dings during the experimen1ation, which have been derived after 

subjecting the data to statistical analysis and the interpretation. The data 

,cscnted with the help of tables and illustrations so as 10 make them clear 

.id easily understandable. 

4:1 EFFECT OF ORGANIC J\1ANURES AND LEVELS OF 
NITROGEN ON GRO\VTH, YIELD AND QUALITY 

f:1:1 Growth characlers 

4:1:1:I Height of plant (cm} 

Data pertaining to the height of plants was influenced by various 

rutments and their ccmblncuons arc presented in Table 2. From rhe perusal 

1hhe data, it clearly indicates that various sources of organic manures were 

hind to increase the height of plants at different stages of observation. 

Among the different sources of organic manures, vennicompost proved its 

-.,eriority with regard to enhancement of growth of plant in all the stages of 

.... esting, however significant impact was recorded only at first and third 

..,.,.esting. Pig manure was found to be second best source of nutrition but 

mpitt was significant only at first and third stage. Similarly, FYM also 

aused significant increase in height of plant over control. 

Application of nitrogen was found to have much appreciable 

iii*:t in increasing the height of the plant at each stages of curring with 

• 

• 

• 



Tdlk-2: Effect of organic manures anti le,·eb of nitrogen on height or plants (cm) al 
different 1tages of cuttings. 

Tmtment 
, .. ,. , .. 

• •• s• 

(J MAP) (6MAP) (9MAP) (12MAP) (ISMAP) 

Orp�ic manures (M) 

Cllllrol (�1o) 69.09 64.95 50.30 44.50 32.66 

FYM(M1) 74.42 67.54 59.00 48.16 )7.66 

fit;Manun:(1-.h) 76 34 66 89 59.01 SJ.SJ 40.25 

\'crmicompost (M3) 79.60 70 16 62.50 59.16 43.25 

2.8-1 N.S. 8.4-1 N.S. N.S. 

'ilro&�n (N) 

Cml!Ol {No) 69.74 60.91 51.30 45.46 33.33 

111.:& N1ba (Nd 73.28 68 62 55.95 49.67 37.83 

ltgNlna(N2) 76.22 69 18 59.15 53.50 39.92 

l«lkg Nlha (N3) 80.20 70.83 64.41 57.04 42 75 

2.8-1 N.S. 8.44 N.S. N.S. 

_,.rtion (M x N) 
...,. 62.83 60.33 46.50 39.17 26.67 

68 16 65 00 50.86 43.33 32.00 

70.60 66 25 51.00 45.83 35.67 

74.76 68.25 52.83 49.67 36.33 

70.66 58.58 50.20 43.67 34.00 

71.63 68.66 57.33 47.83 37.33 

75.16 70.25 60.33 48.17 38.67 

80.23 72.66 68.16 53.00 40.67 

70.65 62.58 51.36 47.83 35.00 

75.50 70.41 56 76 SI .33 39.67 

77.40 67.00 60.60 SS 67 41.33 

81.83 67.58 67.33 60 so 45.00 

74.83 62 16 57.16 51.17 37.67 

77 83 70.41 58.86 56 17 42 33 

81.73 73.25 64.66 64 33 44.00 

84.00 74.83 69.33 65.00 49.00 

•t5Y. 5. 68 N.S. 16.89 N.S. N.S. 

• 



,:1:1:2 Number of leaves per plan! 

Application of organic manures, various doses of nitrogen and their 

tombinations showed appreciable impact on enhancing the number of leaves 

per plant at different stages of harvesting (Table 3). 

• 

• 

Among the different treatment combinations, T1, (M1N1) i.e., 

mm.icompost @ 5 t/ha + nitrogen I 00 kg/ha has recorded maximum height 

(84.00 cm at 3 MAP and 74.83 cm at 6 MAP). Findings revealed that other 

llealment combinations were also found better to enhancing the height of the 

plant Minimum height of plant was noticed in control plots at all stages of 

harvesting over to other treatment combinations. It was also recorded that, 

lhtre was no significant effects on height of the plant at second, fourth and 

fifth stages of cuuings within the treatment combinations 

level of nitrogen. The maximum height of plant (80.20 cm, 

70.SJcm, 64.4lcm, 57.04 cm, and 42.75 cm.) at first, second, third, fourth 

md fifth cutting, respectively was recorded at the highest level of nitrogen @ 

!00 kg.Iha followed by 80 kg/ha, and 60 kg/ha and the control recorded 

lol>,est height of plant (69.74 cm, 60.91 cm, Sl.30 cm, 45.46 cm and 33.33 

an.) in various stages of cuttings. All doses of nitrogen were found to be 

ugnificamly superior to control in increasing the height of plant at each 

Among the various sources of organic manures, number of leaves 

"ere observed to be highly influenced due to treatment of M3 (vermicompost 

@ 5 t/ha). Vermicompost @ 5 t/ha had produced the maximum number of 

eaves al all stages of leaf harvesting i.e., 648.81, 514.91, 491.83 and 289.16 

113 MAP, 6 MAP, 12 MAP and 15 MAP, respectively. The resuh was 



• 

Effect of organic manures and levels of ni1rogeo on number of leaves per 
plant at diffcrcnl stages of cuttings. 

t'' , .. ,• , .. 
s" 

()MAP) (6MAI') (9MAP) (121\IAP) (ISl'ttAt') 

Orpnic manure (M) 

ClUml(Mo) 495.16 404.58 388.10 389.58 204.00 

562 25 462.08 412.77 413.75 225.16 

603.68 503.54 430.04 444.41 256.25 

Vemucompost (M1) 648 8! 514.91 414.00 491.83 289.16 

22.75 7. 70 N.S. 20.11 N.S. 

512.66 419.58 379.20 367.66 206.25 

•1.iN/ha(N1) 555.52 453.41 379 41 430.41 242.58 

llkgNAia CNi) 603.41 492.54 439.41 446.91 253.58 

MO kg Nlha (N1) 638.3 l 519.54 447.81 494.58 in 16 

22.75 7.70 N.S. 20.22 N.S. 

-.cfioo {M i: N) 

... 475.16 343.33 322.83 288.33 175.00 

471.25 360 00 381.JJ 368.33 213.33 

524.75 45 l.66 429.83 421.66 207.66 

509.50 466 33 418.41 480.00 220.00 

488.75 420.00 439.83 348.33 205.00 

558.75 436.66 291.25 441.66 212.00 

587.50 486 66 456.25 408.33 238.33 

614.00 505.00 463.75 456.66 245.33 

525.15 473.33 381.91 390.00 206.66 

573.4 l 497.00 428.83 445.00 266.66 
• 

643.58 510.16 436.08 451.66 271.66 

672.00 533.50 473.33 485.00 280.00 

561.00 441.66 372.25 444.00 238.33 

618.66 520.00 416.25 466.66 278.33 

657.8) 521 66 4)5.50 500.00 296.66 

151.15 576 33 435.75 556.66 )4).33 

45.51 I 5.41 N.S. 40.22 N.S. 



significantly better with vennicompost over other source of organic manures 

ll'Jd control to increasing the number of leaves, except at third and fifth 

harvesting stage.(Table· 3) Pig manure @ 10 t/ha was observed to be the 

second best source of organic manure at most of the stages of harvesting and 

even it recorded highest number of leaves ( 430.04) at 9 MAP. The FYM @ 

!O t/ha was also showed positive impact in increasing the number of leaves 

at all stages of cutting compared to control. 

Applicmion of various doses of nitrogen showed significantly 

superior impact in increasing the number of leaves with increasing level of 

nitrogen. The maximum number of leaves per plant was observed (638.31, 

519.54, 447.81, 494.58 and 272.16) during first, second, third, fourth and 

fifth cuttings, respectively at the highest dose of nitrogen i.e., l 00 kg N/ha 

and compared to lower doses in most of the harvesting stages except in third 

and fifth cuttings. The number of leaves were influenced by increasing the 

levels of nitrogen significnntly. The application of nitrogen @ 80 kg Nlha 

produced higher number of leaves followed by 60 kg N/ha and lowest 

number of leaves was recorded with control. 

The number of leaves due to application of vennieompost @ 5 t/ha 

+ nitrogen @ I 00 kg /ha recorded maximum at all stages of cuttings except 

!be third stage, where maximum number of leaves (473.33) was recorded 

with the treatment of pig manure @ t O t/ha + nitrogen @ I 00 Kg fha 

IM1N1)- In general, maximum number of leaves per plant was observed at 

lim stage of harvesting (3 MAP) followed by second, fourth, and fifth 

cuning.s. However, significant effect was observed at first, second and fourth 



t:l: I :3 Number of branches per plant 

Data presented in Table 4 showed that organic manures and levels 

of nitrogen application singly or in combinations were found effective in 

altering the number of branches per plant at differen1 stages of observation 

however, impact was not significant. 

Vermicompost (MJ) caused maximum number of branches at 

second, fourth and fifth stages of harvesting whereas, pig manure caused 

maximum number of branches (52.2 and 38.27) at first and third stage 

respectively. FYM@ 20 t/ha also showed its effect in increasing the number 

efbranches compared to control. 

Different levels of nitrogen showed positive impact in increasing 

the number of branches per plant with increasing level of nitrogen. 

Maximum number of branches were recorded by application of I 00 kg/ha 

followed by 80 kglha and 60 kg/ha, whereas, Jess number of branches per 

plant was observed in control at different stages of harvesting. 

Among interaction, the maximum number of branches were 

eccrded by treatment combination of M3N3 (vermicompost @ 5 t/ha + 

mtrogen @ I 00 kg/ha) during entire cropping period followed by M2N1, 

,.-hich exhibited second best combination at first, second and fourth stages. 

Plant canopy (cml) 

There was a marked increase m the plant canopy due IO various 

lltalments and their treatment cornbinanons and significantly influenced at 

different stages of leaf cuttings (Table 5 and fig. 3 a and b). 

• 

• 



Tablf-l : E:ff«t or organic manures and levels on ni1rogen on oumbu or branthl'S 
per plan I al diffuenl siagts of cuuings. 

Trutment ,. ,. ,. ,• , .. 

(J MAI') ( 6MAI') (9MAI') (llMAP) (15MAI') 

Orpnic manuru (M) 

ComJOI {Mo) 41 06 40.66 35.01 33.00 30.58 

49.66 44.50 35.89 40.08 35.66 

52.20 49.16 38.27 46.66 42.08 

\amicompost (M1) 51.08 51.00 37.95 48.83 44.41 

N.S. N.S. N.S. N.S N.S. 

)iluogto (N) 

Control (No) 45.85 43.66 )4.47 37.91 34.00 

iOkJ N/ha CN1) 48.12 44.25 36.49 41.25 36.83 

47.25 47.83 36.81 43.33 39.66 

lOOkgN/ha(N1) 52.79 49.58 39.35 46.08 42.25 

C.0.11 S�. N.S. N.S. N.S. NS. N.S. 

�dion(M i N) 

.... 36.91 37.33 32.41 30 00 24.66 

...,, 39.16 39.66 33.71 32.00 29.00 
...,, 

39.58 42.00 35.24 33.00 32.66 
...,, 

48.58 43.66 38.67 37.00 36.00 

M,N, 50.83 41.00 37.00 33.66 30.33 

51.75 43 66 37.41 39.00 34.33 

45.75 46.66 35.83 40.66 38.00 

50.33 '6.66 33.33 47.00 40.00 

49.91 46.66 35.41 44.00 39.00 

51.16 44.66 37.50 47.00 40.66 

52.66 52.00 40.41 48.66 43.33 

55.08 53.33 39.75 47.00 45.33 

45.75 4966 33.08 44.00 4200 

5041 49.00 37.33 47 00 43.33 

51.()0 50 66 35.75 51.00 44.66 

57.16 54.66 45.66 53 33 47.66 

N.S. N.S. N.S. N.S. N.S 

• 



• 

Effect of organic manures anti jevcts of nitrogen on planl canopy (cm2) ,11 
• 

difTcn-nt slag es of cullings. 

,. 
2 3 4 s' 

(3MAP) (61\lAP) (9MAP) (12MAP) (15MAP) 

Orpaic manures (M) 

r-1 (Mo) 4775.25 2538 67 101041 715.83 1022.50 

Jr\! (M1) 5161.03 2878.33 1253 58 851.66 1086 66 

1'1Manwc(M1) 5307.26 2949.92 1484.16 11!6.25 1567.75 

5486.41 )l02.75 1517 33 1349. 16 1841.25 

1311.75 1,U.07 163.95 109.53 194.94 

4548 80 2243.75 989.00 691.67 803.75 

5163.92 2727.25 l I 53.92 976 25 1439.58 

5476.39 3117.83 1293.67 1112.08 1471.67 

5540.83 3380.8] 1828.92 1252.92 1803.17 

1311. 75 144.07 163.95 109.53 194.94 

3997.04 1516.33 676.67 510.00 653.33 

4715.89 2430.00 830.00 748.33 1016.67 

5079,J) 2851.00 1141.67 800.00 121000 

5308.73 3357 33 1393.33 805 00 1210.00 

4884.08 2368.67 997.67 686.67 750.00 

4935.25 2859.33 1192.67 733.33 866.67 

5490.87 310000 1318.00 [040 00 1180 00 

5333.92 318533 1506.00 946.67 I 550.00 

4744.83 2476 67 1149.00 770.00 848.33 

5423.70 2573.33 1079.33 l 103.33 1816.67 

5548.06 3355.00 I 550.00 1108.33 1753.33 

5512.44 3394.67 2158.33 1483.33 1852.67 

4569.27 2613.33 1132.67 800.00 %3.33 

5580.83 3046.33 I 513.67 1320.00 2058.33 

5787.31 3165.33 1165.00 I 500.00 I 743.33 

6008.23 3586.00 2258.00 1776.67 2600.00 

277.Sl 288.14 327.90 219.0S 89.89 
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Among the different sources of organic manures, vermicompost 

proved to be bener source of manure to influence plant canopy at all stages 

of leaf cuttings followed by pig manure which was significantly superior to 

FYM and control at all stages of cuttings except at second cutting, where ii 

remained at par with FYM. FYM also influence the increase of plant canopy 

significantly bcncr over control at all stages of cuttings. 

The application of nitrogen@ 100 kg N/ha provided the highest 

plant canopy development followed by 80 kg N/ha and 60 kg N/ha. The 

middle doses t.e., N2 (80 kg N/ha) and N1 (60 kg Nfli.a) also increased the 

plant spread significantly to control. 

It is apparent that the plant canopy development was increased 

significantly by combined application of various manures and levels of 

nitrogen. The highest plant canopy development was noticed with T16 

(vemiicompost@ 5 t/ha + 100 kg N/ha) followed by Tu (vennicompost@ 5 

uha + 80 kg N/ha) at first and fourth stage, whereas, at second and third 

11age T12(pig manure@ 10 t/ha + 100 kg N/ha) was found to be the second 

best combination, but at fiflh stage T1� (vennicompost@ 5 t/ha + 60 kg 

Nina) was found to be the second best as far as plant spread is concerned. 

Lowest plant canopy was recorded with control at all stages of harvesting 

lhroughout the period of investigation. Severn! treatment combinations also 

lhowed significant influence on plant canopy development to control. In 

aa,eral maximum plant canopy was noticed at first cutting followed by 

arond cutting and comparatively lower in third, fourth and fifth cuttings. 

• 

• 



There was considerable increase in yield of fresh leaves per plant 

with increasing doses of nitrogen. Highest level of nitrogen i.e., I 00 kg N/h11 

recorded maximum yield of leaves per plant at all stages of harvesting 

(�S6.4lg, 503.20g, 288.66g, 219.62g, and 231.08 g) followed by 80 kg N/h11 

Ind 60 kg Nfha. The N3, N1 and N, remained at par with each other and 

found significantly superior to control at first and second stage of harvesting. 

4:1:2:1 Fresh weight of leaves per plant (g) 

• 

• 

• 

Yield characters 

Highest yield was recorded with treatment M1N3 (Vermicompost @ 

S I/h a  + 100 kg N/ha) at mosl of the stages of harvesting, however, 

i&nificant impact was noticed only in first and second stage of harvesting. 

St<.cral other combinations were also found significantly superior with 

regard to increasing the fresh weight of leaves per plant during first and 

acond harvesting stage . 

4: I :2 

The data presented in Table 6 shows that different organic manures 

and various levels of nitrogen and their treatment combinations had 

mcreascd the yield of patchouli leaves per plant. Among the various sources 

of organic manures, vcnnicompost proved to be better source of manuring as 

11 provided maximum fresh weight of leaves at all stages of harvesting and 

the highest yield (473.45 g, 469.83 g, 271.67 g, 217.12 g and 235.83g) was 

recorded. Moreover, significant impact was noticed in first and second 

cuttings only. FYM and pig manure also showed significant effect in 

mcreasing fresh yield of leaves as compared to control at first and second 

Slage of observation, however, it remained at par with vennicompost. 



• 

• 

Effcd of organic manures and lcnl, of nitrogen on fresh weight of lca,·es 

per plant (g) al different stages of cuttings. 

,. 2� 3" •• s• 
()\IA Pf ('\IAP) ,,.,.,.. .. 111.'{AI"} llS'>tAPf 

Orpnic maourH (M) 

Clmlml (Mo) 394.10 321.81 223.41 167.50 177.50 

460.87 444.4 l 251.79 181.25 200.00 

443.8) 453 06 241.16 194.25 211  50 

Vfflllicompost (M1) 473.45 469.8) 271.67 217.12 235.83 

C.D.115% 56.08 113.25 N.S. N. S. N.S. 

Nilrvgcn (N) 

Caitrol (No) 381.33 332.08 211.91 162.91 185.83 

tokgN/ha(N1) 443.06 396.77 234.16 178J)O 196.91 

llkgN/ha(Ni) 461.45 457.06 253.30 199.58 211.50 

IIXlig N/ha (N,) 486 41 503.20 288.66 219.62 231.08 

56.08 113.25 N.S. N.S. N.S. 

Mraction (M :l N) 

""' 
331.16 24).75 186 66 136.66 163.33 

379.66 272.91 211.00 158.33 171.66 

417.91 325 83 235.00 l 75.00 181.66 

447.66 444.75 261.00 200.00 193.33 

435.4 l 350.00 226.66 156.66 185.00 

455 58 387 50 235.00 171.66 194 33 

458. 75 506.25 250.33 190 00 205.00 

493.75 533.91 295.16 20666 217.66 

370.83 360 00 196 66 180 00 195.00 

454.50 447.91 227.00 173.66 \36.66 

479.16 483 50 252.66 20666 219.33 

470 83 520.83 288.33 216.66 235.00 

387.9! 374.58 237.66 178.33 200.00 

482.50 478.75 26).66 208 33 225.00 

490.00 512 66 275.20 226.66 240.00 

533.41 513.33 310.16 255.16 278.33 

112.15 226.51 N.S. N.S. N.S 



,:1:2:2 Dry weight or leaves per pl:1111 (g) 

It is evident from the data presented m Table 7 that, there was 

awreciable impact of various sources of organic manures and levels of 

eaogen fertilizers on increasing the recovery of dry weight of leaves per 

plant at different stages of harvesting. However, results were significant only 

•first, second, and fourth stage of harvesting. 

Maximum dry weight of leaves per plant was recorded with the 

iwlication of vennicompost (140.58 g, 120.66 g, 59.33 g, 52.2 g, and 

50.58g) at various intervals of cuttings from the experimental field. 

Bawever, it remained statistically non significant with FYM during first and 

,econd cutting and with pig manure at first cutting, whereas, data recorded at 

founh cutting was higher in all the treatment combinations. FYM and pig 

manure were found to be better for higher dry weight recovery than control, 

• second and fourth harvesting stage ofleaves. 

• 

Application of nitrogen has resulted favourable impact on recovery 

ot dry matter of leaves with increasing levels of nitrogen. The maximum dry 

�ight of leaves per plant was recorded by application of I 00 kg N/ha at all 

srages of harvesting. Though, impact was found significantly superior to 

lov.er doses of nitrogen and control at first, second and founh stage of leaf 

cuttings. Similarly, 80 kg N/ha also caused to increase the dry weight of 

leaves at second and fourth stage, while 11 remained at par with higher and 

Jo,,,,er doses of nitrogen at first harvesting. The lower dose of nitrogen (60 

kg Nlha) also recorded to increase in the yield of dry weight of leaves in 

a:mparison to control. 



-7: Effect or organic manures und levels of nitrogen on dry weight of lcncs 

per planl (i:.) �, dlffcrcnl �t�gc� ufcu11ing,. 

, .. ,. 3" , .• , .• 

(JMAI') (6J\IAI') (9MAP) (12MAP) (ISMAP) 

lpnit manures (M) 

Cmlrol (Mo) 123.37 79.06 52.50 42.25 37.70 

135.47 120.18 56.SO 46.25 44.50 

125.27 112.41 52.)7 49.08 46.75 

140.58 120.66 59.33 52.20 50 58 

tD.115% 16.)9 4.27 N.S. 1.61 N.S. 

kegtn (N) 

udlOI (No) ! 10.85 85.18 46.41 41.91 38.08 

124.37 104 91 52.00 46.25 43.58 

aqNnm CNil 139 52 115.45 57.66 49.45 48 20 

IIOkg Nlhn (NJ) 149.95 126.77 64.62 52.50 49.66 

16.39 4.27 N.S. 1.61 NS. 

100.83 48.33 40.66 35.00 27.33 

118.75 65.83 47.33 39.33 39.)3 

132.25 89.16 58.00 45.00 )9.16 

[41.66 112.91 64.00 49.66 46.00 

lll .9!  I  04.4 l 47.33 40.)3 36.3) 

132.50 122.41 55.00 48.00 42.33 

146.66 !25.00 58.00 49.66 50.66 

150.83 128.91 65.66 48.33 48.66 

l 15.00 96.33 45.83 45.00 42.66 

109.58 113.91 48.33 48.00 45.33 

IJ0.41 115.41 54.66 50.33 50.)) 

146 08 124.00 60.66 5).00 48.66 

l 15.66 91.66 51.83 47.)) 46.00 

136.66 117.50 57.33 49.66 48.)3 

148.75 132.25 60.00 52.8) 52.66 

161.25 141.25 68.16 59.00 SS.33 

32.78 II. 55 N.S. 3.22 N.S. 

• 



• 

The combination ofM3N3(vcnnicompost@5 t/ha + nitrogen 100 

lg/ha) showed superiority in recovery of dry leaves per plant at most stages 

of harvesting but significant effect was noticed only at first, second and 

lourth stage over control. Treatment combinations like M1N1, M1N1, M1N1, 

ee., were found better with regard to higher recovery of dry weight of leaves 

per plant (Table 7). 

• 

,:J:2:3 Fresh weight of leaves per plot (kg) 

Application of organic manures, nitrogen and their combination 

lignificantly influenced the fresh weight of the leaves per plot. The data 

have been recorded at all the S stages of cuuings at three months interval and 

IS presented in Table 8. The favourable response to these treaunent sources 

11.u maintained upto last harvesting stage (fifth cutting). 

The maximum fresh weight (25 kg/plot at 3 MAP) was obtained 

with vennicompost@ 5 t/ha, whereas, minimum with control (8.58 kg,'plot a 

!5 MAP). Further, vennicompos1 application showed its superiority over 

other source of organic manures at most of the harvesting stages except first 

rutting where it remained statistically at par with FYM and pig manure. Pig 

eanure was found to be second best with regard to increasing fresh weight 

ofthe leaves per plot at most stages of harvesting but remained statistically 

II par with farm yard manure. Individual effect of nitrogen showed positive 

mipact on increasing the fresh yield of leaves per plot with increasing level 

afnitrogen. The application of 100 kg Nlha was found significantly superior 

• al! stages of harvesting over all the treatments of nitrogen and control. The 

middle dose (80 kg N/ha) was nlso found significantly effective in enhancing 
the yield over control. However, fresh yield of leaves per plot remained at 

par with lower and higher doses of nitrogen. 



• 

• 

Effccl of organic maoura and levels of nitn,gen on fresh wdght of luvn 

per plot (Kg) 11 different st1gtt of cullingJ. 

,. ,� ,. 
••• 

, .. 

(JMAI') (6MAI') (9MAI') (12MAI') (ISMAP) 

Orpnit manum (M) 

c.ro1 (Mo) 15.53 12.44 12.06 l0.33 11.58 

fYM (ML) 19.70 14.43 13.16 l 1.40 9.47 

,.Manure (M1) 21.86 !6.07 14.55 12.58 10.50 

25.46 l 9.51 17.63 15.46 LJ.22 

6.3!1 J.46 2.2) 2.6 J.00 

14.92 12.20 I l.25 9.66 7.91 

mqN/ha(N,) 22.68 14.12 12.76 1 1.15 9.35 

l'q N/ha (N1) 22.26 16.93 15.60 13.25 I 1.16 

IOkg N/ha (NJ) 23.00 19.20 17.79 15.70 13.35 

tD.11 s•1o 6J8 3.46 2.23 2.67 J.00 

_...,c,ion (M x N) 

'"" 
10.97 8.56 8.63 7.48 6.40 

14.48 10.40 9.80 1.77 7.59 

15.92 15.68 14.42 12.14 9.59 

18.29 I 5.13 15.40 12.92 10 75 

18.14 12.30 10.92 9.16 7.34 
21.30 13.98 12.30 ] l.09 9. l l 

24.32 1-1.97 JJ.80 ! 1.67 9.90 

26.91i 16.49 15.61 13.67 l l. SS 

19.09 13.36 11.86 10.00 7.86 

20.37 15.36 13.80 11 55 9.56 

22.18 16.26 I S.33 13.41 l 1.3 7 

27.41 19.32 17.22 15.36 13.20 

15.12 14.60 J 3.59 11.99 JO.OS 

22.66 16.76 1 5.13 13.20 I l.1 5 

25.04 20.83 18.86 15.79 13 79 

29.18 25.86 22.95 20.86 17.91 

12.76 6.92 4.47 SJ< 6.01 

0 



The various combinations of manures and nitrogen were found ,. 

Rlplmor to control at all stages of harvesting. The maximum yield of fresh 

leaves per plot was recorded with MJNJ (29.18 kg) followed by M
2
N1 

127.4! kg), M1 N3 (26.98 kg) M3N2 (25.04 kg) etc. 

4:1:2:4 Ory weigh I of leaves per plol (kg) 

The data presented in Table 9 showed that there was a good impact 

of different treatments and their combinations in recovery of dry weight of 

leaves per plot in patchouli crop. It is observed from the data that 

mmicompost had significant influence in increasing the dry weight of 

leaves at different stages of leaf cuttings (S.53 kg, 4.67 kg, 4.09 kg, 3.31 kg 

Ind 2.98 kg), respectively, and significantly better than pig manure and 

FYM. Minimum dry weight of leaves per plot (3. 74 kg, 2. 78 kg, 2.36 kg and 

1.91 kg), was noticed with control at various stages of cuttings. Pig manure 

ns found significantly superior in comparison to FYM in enhancing the dry 

Wight of the leaves. Application of FYM also proved statistically better than 

«lllrOI to influence the dry weight of leaves of patchouli per plot at all 

Ory weight of leaves per plot had been significantly increased by 

lpplication of various levels of nitrogen. The maximum dry weight per plot 

recorded by application of 100 kg N/ha, (S.53 kg) followed by 80 kg 

(S.19 kg) and 60 l::g N/ha (4.71 kg) and minimum with control. The 

le doses were also found significantly superior over control to enhance 

dry weight of leaves per plot. 

As in the case of fresh weight of leaves per plot, the dry yield of 

were also found to be highest at different stages (6.52, 6.28, 5.29, 4.70 



• 

• 

Effect of orgirnic manures and levels of nitrogen on dry weight of lea,·� 
per plot (Kg) al tlifrcrcnt stages of cuttings. 

, .. ,� J" 
, .. , .. 

(JMAP) (6MAP) {9MAP) (12MAP) {ISMAI') 

l 74 2.97 2.78 2.36 l.91 

4.87 3.41 2.97 2.58 1.96 

5.23 3.82 3.39 2.78 2.35 

5.53 4 67 4.09 3.31 2.98 

0.04 0.29 0.11 0.111 0.17 

3.92 2.93 2.56 2.02 1.75 

4.71 J.36 2.87 2.44 1.97 

5.19 4 01 3.64 2.96 2.45 

'53 4.58 4.14 360 3.03 

0.04 0.29 0.11 0.18 0.17 

290 2 20 1.98 1.70 1.39 
3.60 2.60 2 20 2.02 1.70 
4.06 3.45 3 33 2.69 2. l 7 

440 J.64 3.60 J.06 2.39 
).90 299 2 JS 2 02 I 61 
4.92 3.24 2.72 2 47 l.61 

5.23 3.62 3.26 2.68 2.14 

5.42 3.88 3.60 3.14 2.45 

4.63 3.17 2.79 2.16 !.84 

4.97 3.74 3.17 2.46 2.02 

5.56 3.83 3.51 2.96 2.50 
5.18 4.59 4.07 3.52 3.07 
4 27 J JK 3.13 2 22 2.17 

5.36 3.85 3.49 2 "  2.55 

5.52 ' 16 4.47 3.52 J.00 
6.92 6.28 5.29 4.70 4.18 

0.08 0.59 0.23 036 03S 

Cl> 



Ill 4.18 kg/plot,) respectively by application of M3N3 (vennicompost@ 5 

b + 100 kg N/ha) and closely followed by M2N3 (pig manure @10 t/ha + 

100 kg N/ha) and M1N2 (vennicompost@ 5 t/ha + 80 kg Nlha) and lowest 

m in control. Various other treatment combinations were also found 

ignificantly effective in increasing the dry weight ofleaves per plot. 

Projected yield of fresh weight of leaves per hectare (MT) 

The data obtained with regard to projected yield of fresh weight of 

Jer,·es is presented in Table 10 and fig.4 (a) and (b).The maximum fresh 

}rid of leaf was recorded with vennicornpost l.e .• 62.98 and 68. 76 t/ha in 

2C05 and 2006, respectively. Pig manure was found to be the second best 

1IUlU of manure in enhancing the projected fresh yield of patchouti leaf 

tillowed by FYM. However, they remained at par with each other and 

ltllificantly superior to control during first year of observation. 

Among the individual effect of various levels of nitrogen, 100 kg 

Mia caused maximum fresh yield of leaves per hectare followed by 80 kg 

Ii and 60 kg Nlha in both year during cropping. However, significant impact 

tfnitrogen application at all levels was noticed only during 2005 while in 

year significant impact was observed in the application of 100 kg 

Among the interaction, vennicompost with higher levels of nitrogen 

1) was found to be the best treatment combination for increasing the 

of fresh leaves (81.54 and 91.98 t/ha during the year 2005 and 2006, 

ively followed by M2NJ, (pig manure @ 10 t/ha + 100 kg Nlha), 

. (vennicompost @ 5 tlha + 80 kg Nlha) and M1N3 (FYM @ 20 t/ha + 

kg Nlha) during both the year of investigation. Several other 

• 

• 



ambinations of organic manures and nitrogen were also found superior in 

mhancing the projected fresh yield of leaves in comparison to control (7 .545 

Projected yield of dry leaves per hectare (!\.1T) 

The influence of organic manures and nitrogen application and 

!heir combinations have been recorded in Table IO and fig. 4 (a) and (b). As 

like the fresh weight of leaves, vermicompost also caused maximum 

!l(Kluction of dry leaves during the both years of ievesngetlon (15.09 and 

lSJ2 MT., respectively) followed by µig manure and FYM and minimum 

ll1S noticed with control during both year of investigation. But significant 

mpact was noticed only between vermicompost and control. 

Projected dry weight yield of leaves was found highest at the 

mximum level of nitrogen application i.c., 100 kg N/ha (14.98 and 15.80 

di& during 2005 and 2006. respectively] and impact was significantly 

,iperior to control. Though N2 ond N1 also caused better dry yield of leaves 

IM they remained statistically at par with control. 

The perusal of data in Table 10 reveals that the dry weight of the 

b.�es was also recorded maximum with MlNJ (18.95 and 21.0 t/ha during 

Ille year 2005 and 2006 respectively, followed by M1N?, (vennicompost @ 5 

tba + 80 kg N/ha). M2N1 (pig manure@ 10 t/ha + 100 kg N/ha), M
2
N

2 
(pig 

m.w-e@IO t/ha + 80 kg N/ha) and M1N1(FYM @20 t/ha + JOO kg N/ha). 

The lowest dry yield of leaves per hectare was recorded with MoNo i.e., 

Cllltro] (7 .55 and 7 .54 t/ha during 2005 and 2006, respectively). 

• 

• 
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bblt-10: Effect of organic manurt'li and levels of nitrogen on projected yield of 
leaves per hectare (MT). 

Tmtment 2005 ,006 

Orpnic manures (M) Fruh ,,., t"rnh ,,., 

Cmtrol (MG) 40 l8 9.95 45.90 10.44 

fYM (M,) 54.96 12.30 50.42 1 1.18 

Pi&Manure (Mi) 56.82 l 3.41 55.75 12.63 

Vfflllicompost (M,) 62.98 I 5.09 68.76 15.32 

C.0, II 5-Jo 2.14 4.16 22.41. 4.17 

!iimigin (N) 

(anro[ (ND) 41.61 l0. l6 42.71 9.4 l 

ltgNlha(N1) 50 36 1 1.16 49.29 I0.94 

IHg Niba (N2) 57.40 13.64 59.29 13.43 

ltOkg Nlha (Ni) 65.57 14.98 69.55 15.8 

CD.11 s-;. 2.14 4.16 22.41 4.17 

-,.c,ion (M i: N) 

..... 28.94 1.55 33.36 7.54 

37.85 9.20 38.78 8.73 

46.82 1 1 . 1 4  53.57 12 14 

4 7 .11 1 l  90 57.89 13 36 

45.09 10.2 l 40.63 8.87 

52.27 12.10 48.16 10.58 

58.10 13.10 52.41 12.00 

64.39 13.79 60 50 13.27 

48.37 I l .55 44.4-0 10 09 

52.94 12 90 51.72 1 l .34 

56.73 1).91 59.42 13.30 

69.23 JS.JO 67.83 15.80 

44.03 11.34 52.79 I 1.15 

58.41 13.66 58.5 l 13.13 

67.96 16.43 71.77 16.29 

81.54 18.95 91.98 21.00 

4.28 8.32 44.83 835 

• 
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tl:J Quality attributes 

4:1:3:1 Oil content (0/o) 

The data penaining to oil content of dried leaves, which has been 

mfluenced by different sources of organic manures and level of nitrogen 

!Table l J). As far as oil content was concerned, vermiccmpost also 

mfluence maximum recovery of oil percentage in dry leaves during different 

1ttges of harvesting (2.60 to 2.63%). Though FYM responded as the second 

brsl dose for oil content (2.61%) during the first cutting of leaves, while it 

mnained at par with pig manure during the second cutting of leaves. Lowest 

ail content was recorded (2.52 to 2.56%) in control. 

Among the various doces of nitrogen, the N3 (100 kg/ha) and N2 

(80 kg/ha) doses of nitrogen produced maximum oil percentage and were 

significantly superior to lower dose of nitrogen N1 (60 kg N/ha) and No 

[control) during first and second cuttings. Among the interaction, maximum 

oil recovery was recorded with M3N3 (2.7o/o} combination followed by M1N2 

oil percentage was noticed in control at all stages of 

Projected oil yield per hcclure (litre) 

It is evident from the Table 12 and fig. 5 (a) and (b) that various 

DJrtes or organic manures and levels or nitrogen caused appreciable impact 

• production of oil yield per hectare. The application or vermicompost @ 5 

"'8 caused significantly maximum production of oil during both the year 

2005 and 2006 (380.03 I/ha 11nd 392.70 1/hu, respectively}, followed by pig 

Nnure and FYM. The pig manure and FYM were also found significantly 

"or to control and a! par with each other. 

• 

• 



• 

• 

II: Effect or orpnic manures 11.od lc,·elll or nitrogen on oil (%) and alcohol 
«1111nt (•/.) al diffntnl stages or cuniop.. 

Oil cootn1 (•/.) Alcohol coo1en1 ("/•) 

,. ,• ,. ,. ,. ,• 

(JMAP) (6MAP) (9MAP) (JMAP) (6MAP) (9MAP) 

2.56 2.52 2.52 45.56 45.90 45.94 

2.61 2.59 2.58 45.69 46.24 46 17 

2.59 2.59 2.59 45.51 46.10 46.16 

2.63 2.60 2.60 45.63 46.26 46.18 

II S"-' 0.01 0.01 0.01 N.S. 0.17 0.16 

2.58 2 IS 2.56 45.50 45.78 46.00 

2.57 2.58 2.58 45.07 46.11 46.18 

2.62 2.59 2.51 45.62 46.35 46.0.S 

2.62 2.59 2.58 45.56 46.25 46.2] 

0.01 0.01 0.01 N.� 0.11 0.16 

-,.ttion (M s N) 

.... 2.SJ 2.50 2.46 45.66 45.40 45.SO 

2.56 2.53 2.53 45.56 45.73 46.23 
2.60 2.53 2.46 45.53 46.16 45.70 

2.56 2.56 2.SJ 45.50 46.33 46.3] 

2.60 2.60 2.56 45.60 46.10 46.2) 

2.60 2.60 2.60 45.66 46.]0 46.03 

2.63 2.60 2.56 45.66 46.30 46.23 

2.63 2.60 2.60 45.80 46.26 46.20 
2.60 2.60 2.60 45.]6 45.76 46.13 

2.53 2.60 2.60 45.63 46.IO 46.23 
2.63 2.60 2.56 45.78 46.13 46.10 
2.60 2.56 2.60 45.30 46.40 46.20 
2.60 2.53 2.63 45.40 45.86 46.13 
2.60 2.60 2.60 45.93 46.33 46.23 
2.63 2.63 2.60 45.53 46.83 46.16 
2.70 2.66 2.60 45.66 46.03 46.20 

0.03 0.02 0.03 NS. 005 002 



Treatment 

Orpok manures (M) 
Ctmlml (Mo) 

fYM(M1) 

'1manure(M1) 

Vcrmicompos1 (MJ) 

la-ogen (N) 

Clmtrol (No) 

&igNlha(N1) 

NtgNlha(Ni) 

JG.lkgNlha(N3) 

CD. 11 5"• 

liatrution (M i: N) 

""' 

115%. 

2005 

254.88 

313.85 

342.25 

380.03 

53.16. 

259 30 

306 36 

348.06 
377.29 

53.16 

192.68 

238.94 

284. I 7 

303.75 
260.45 

308.75 
334.34 

351.86 

294.81 

329 28 

354 53 

390 38 
289.28 

348 46 

419.20 
463. l 7 

106.32 

\'ur 

2006 

268 02 

283.55 

314.51 

392.70 

43.15 

239.08 

279.27 

341.95 

398.48 

43.15 

198.46 
222.87 

309.85 

340.89 
220.23 

269.92 

305.45 
338.60 

253.04 

289.43 
336.93 
378 65 

284.60 

334.86 

415.56 
535.78 

87.JO 

• 

• 

fJble-12: Effect or organic manures and levels of nitrogen on projected oil yield 
per hectare (Litre). 
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• 

Application of various doses of nitrogen led to increase projected 

ai!yield per hectare in comparison to 100 kg N/ha (377.291/ha and 398.48 

Mia) during 2005 and 2006, respectively, followed by 80 kg N/ha and 60 kg 

N.'ha. N1 and Ni also had significant impact on increasing oil yield during the 

,ur 2005 and 2006 except N1 as it remained at par with control during the 

As in the case of oil percentage, the projected yield of patchouli oil 

1463.! 7 and 535. 78 t/ha) was also recorded highest by M3N3 (vennicompost 

@ 5 tlha + I 00 kg N/ha) combination during both the years. Several other 

combinations were also exhibited significant impact in increasing the oil 

yield per hectare in comparison to control. 

Patchouli alcohol content (o/o) 

It is apparent from the Table 1 1  that various organic manures and 

ecels of nitrogen have also influenced positively in increasing the alcohol 

percentage in patchouli oil. The maximum alcohol percentage was obtained 

� treatment with vennicompost @ 5 Uha (45.63 - 46.180/o) followed by 

FYM and pig manure. The minimum alcohol content was recorded in 

Application of various doses of nitrogen also caused to increase 

llcohol percentage in patchouli oil. The maximum alcohol percentage was 

ltCOl"ded in the treatment of 80 kg N/ha from the first and second cuttings, 

while it was highest when applied with I 00 kg N/ha during third stage of 

aiting. Several combinations like M3N1, M2N1, M3N2, etc., also exhibited 

pitive trend of influence with regard to alcohol percentage in patchouli oil. 

• 



4:2:1 Status of major nutrients in the soil after harvest 

• 

Phosphorus availability in the experimental soil was not influenced 

1tatistically by organic manures, inorganic nitrogen and their interaction. 

However, application ofvennicompost hns resulted maximum availability of 

phosphorus in the experimental plot ofter harvest (17.58 kg/ha) followed by 

�g manure (16.83 kg/ha) and FYM ( 16. 75 kg/ha) . 

• 

• 

EFFECT OF ORGANIC MANURES AND LEVELS OF 
NITROGEN ON FERTILITY STATUS OF SOIL 

4:2 

Among the interaction M1N1 was found more effective in 

ltllproving available nitrogen (239.66 kg/ho) followed by M1N2 
(231.66 

kgrna) and M1N1 (229.33 kg/ha). However, these interaction remained 31 par 

with each other but they were found significantly superior to most of the 

combinations and control ( l 42.33 kg/ha). 

Supply level or available nutrients (N, P and K) have been 

significantly effected by different sources of organic manures, inorganic- N 

and their interactions (Table 13 and fig. 6a and b). The available nitrogen 

!!atuS improved substantially from 155.66 kg/ha with Mo to 214.66 kg/ha 

11-ith M1 (vennicompost S t/ha) which was significantly superior to M
1 

(FYM 

:o t/ha and at par with M2 (Pig manure IO tlha). Among different levels of 

morganic nitrogen, 100 kg/ha hns given the highest availability of nitrogen 

{207.58 kg/ha). The middle (80 kg N/ha) and lower (60 kg N/ha) doses of 

applied nitrogen were also found to improved available nitrogen in the soil 

11gnificantly to control. In general, response of organic manures Mo - M1 

(155.66- 214.66 kg/ho) was better thnn inorganic nitrogen No - N
3 

(156.66 

- 207 kg/ha) with regard to nitrogen availability. 



Maximum availability of phosphorous was recorded with highest 

level of nitrogen (N1) i.e. I 7.50 kg/ha followed by N2 and N1 and lowest in 
cootrol (15.66 kg/ha). 

With regard to interaction effect on availability of phosphorous, the 

highest amount was noticed with M1N1 ( 19 kg/ha and lowest was with MoNo 

(15 kg/ha). 

The application of organic manures, nitrogen and their 

rombinations had favourable effect in sustaining the availability of 

potassium in the soil after harvest of patchouli (Table 13 and figure 6a and 

b). Maximum availability of potassium (177.4 l kg/ha) was recorded with 

eermiccmposr (M1) and closely followed by pig manure (177.0 kglha). Both 

were significantly found better in enhancing the available potassium in 

comparison to FYM (M1) and lowest available potassium was recorded in 

As like available nitrogen in soil, available potassium in soil has 
bctn significantly increased by application of various levels of nitrogen. 

Maximum availability of potassium (188 kg/ha) was recorded at highest 

be! of nitrogen (100 kg/ha) which was significantly superior to middle and 

lower doses of nitrogen application. Though N2 (80 kg/ha) and N1 (60 kg/ha) 

mnained at par with each other but their effect was statistically better to 
cmtrol with regard to the enhancing the availability of potassium in the soil. 

Among the interaction, M3N3, M2N1, M2N2, M3N2, etc., were also led to 

lake more availability of potassium (203.33 - 198.33 kg/ha) in the soil after 

m'lest, which were far better than individual as well as combined 

l!JP[ication of organic manures and nitrogen. Minimum available potassium 
119 kg/ha) was observed with M0N0 • 

• 

• 

• 
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Effect of organic manures and levels of nitrogen 011 nitrogen, pbespberus, 
potassium. pll and organic carbon of the soil after barvesl. 

N I' K pll org11.nk carbon 

{Kg/ha) {Kg/ha) (Kg/ha) (%) 

K: manures (J\1) 

I 55.66 16.00 143.58 5.30 2.69 

17J.41 16.58 149.83 5.40 3.03 

209.66 16.83 177.00 5.40 2.96 

mpost (M1) 214.66 17 58 177 41 5.40 2.90 

8.52 N.S. 14.11 N.S. 0.20 

156.66 15.66 125.50 5.40 2.81 

190.33 16.75 167.58 5.40 290 

198.83 17.08 166.58 5.40 2.91 

207.58 17.50 !88.16 5.40 2.95 

8.52 N.S. 14.lt N.S. N.S. 

tlion (M s N) 

142.33 15.00 119.00 5.30 2.63 

151.33 16.00 132.66 5.30 2.70 

161.00 16.00 154.66 5.40 2.70 

16�.00 17.00 168.00 5.40 2.73 

151.00 16 00 130.00 5.40 2.90 

170.00 16.66 169.33 5.40 3.01 

179.33 17.0! 20.66 5.40 3.1)6 

193.33 16.66 179.33 5.40 3.06 

166.00 15.66 124.66 5.40 2.93 

220.00 17.00 183.33 5.40 2.96 

223.33 17.33 198 00 5.40 2.96 

229.33 17.33 202.00 5 40 3.00 

167 33 16.00 128.00 S.40 2.80 

220.00 17.33 185.00 5.40 2.83 

23 l.66 ! 8.00 193.00 5 40 2.93 

239.66 19.00 203.33 S.40 3.03 

17.05 N.S. 28.23 N.S. 0.40 

• 

• 

• 



Effect on soil pl-I and organic carbon 

Application of various urganic manures and levels of nitrogen did 

alter the pl-I of the experimental field. However, pl-I 5.4 was noticed in 

of the treatments and their combinations and lowest was recorded with 

trol and M0N0 plots (5.3). 

Application of organic manures had appreciable impact in 

nining the organic carbon alone as well es with nitrogen. The ner 

ase in organic carbon was much higher with organic manures Mo - M, 

a.69-3.02 o/o) over inorganic fertilizer No- N1 (2.81 - 2.95 %). All sources 

,organic manures were significantly found to enhance the availability of 

rganic carbon in soil after harvest of crop. Though maximum carbon 

esent was noticed with M1 (FYM), but it remained at par with M2 and M3. 

iorganic nitrogen application did 1101 alter the organic carbon content of the 

llil significantly after the experimentation. However, it was found to 

ilcrease the organic carbon with increasing level of nitrogen. 

Among the treatment combinations, FYM with nitrogen @ both 

IOO kg,'ha and 80 kg/ha showed highest content of organic carbon (J.06) in 

lk$0il after harvest followed by M3N3, M1N1, M1NJ, M1N1 and M2N1 (3.03 

2.96 %) and lowest with M.>No (2.63 %) (Table -13). 

ECONOMICS OF PATCIIOUL.1 CULTIVATION AS 

INTERCROP IN COCONUT PLANTATION 

Economics or patchouli cultivation 

his visible from the data presented in Table 14 (a) and (b) that 

IOStofthe treatment combinations have favourable impact on enhancing 

economic return ofpatchouli. Though treatment combination with 
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14 (a): Cost or lnpull and sale price or pruduce. 

Items 

Ploughing 3 times by Tr:actor@ Rs.1200/ha. 

Manuring-FYM, 201/ha@ Rs.S00/-100 

Cost or Fertiliters: 

(i) 60 Kg Nlha • I 30 Kg Ure.,@ Rs. 8/ per kt,: 

(ii) 80 Kg Nlha • 174 Kg Urea@ Rs. 81 per kg 

(iii) 100 Kg N/ha • 218 Kg Urea@Rs. 8/pcr kg 

(iv) 50 Kg PiOsfha • 312.5 Kg S S.P. @Rs. 81· per kg 

(,) 50 Kg KiOlh.a • 90 Kg MOI'@ Rs. 10/- per kg 

(vi) Pig manure • 10 t/ha.@ Rs. 500/ton 

(,) Vermicompost • 5 t/ha @ Rs. 12,000/ ton 

Plant protection meuurn: 
Chloropynpho� chemicals applil"<i 
Lo check fungal attack and Mnhlhion 
to check termites. red ants etc. 

Cost of seedlings for one hectare - 30,000 nos@ Rs. 5/- 

Sale price or producr (dry)-@ Rs. 221- per Kg. 

Cosl (Rs.) 
J,600.00 

10,000.00 

1,040.00 

1,392.00 
l.744.00 

2.500.00 

900.00 

5,000.00 

60,000.00 

280.00 

] ,50,000.00 

• 
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Cruit of labour@ Rs.SOI- per head per day: 

Particulars Mandays Cost (Rs.) 

I. FillingofJ0,000 poly bags 
@ Rs.100 per 1000 nos. 37.5 nos. 3000.00 

2. Bed preparation 25 nos. 2000.00 

). Apphcation of manures & Fertilizers 10 nos. 800.00 

4 Lay out of plots (48) of3 m. x 2.25 m 40 nos. 3200.00 

,. Basal dressing IS nos. 1200.00 

6. Planting of seedlings 25 nos. 2000.00 

1. Staking and taggings of plants 25 nos. 2000.00 
,. Top dressing 8 nos. 64000 

9. Application of PfP chemicals 6.S nos. 320.00 

10. Weeding, hoeing & eanhing up for 
4 times 20 x 4 80 nos. 6400 00 

II. Cost of irrigation/watering during dry period 15 nos. 1200.00 

12. Harvesting 60 nos. 4800.00 

IJ. Drying and packing CIC. 20 nos 1800 00 

Total 367 man days lb. 29,360.00 
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14 (b) : Economics of patchouli cultivation 
•• treatment combination or 

organic manures and nitrogen fertilizer. 

""' 
Cose or Grou Net rclurn Con 

in1tlon yield cul1iv11tion return ( R1Jh11) benefit ratio. 
(t/ha) ( lb.) ( It..) 

MoN, 15.09 l ,83,240/- 3,31,9801- 1,48,7401- 1, 1.80 

""'' 
17.93 ] ,84,2801- 3,94,460/- 2,00.180/- l: 2.13 

MoN, 23.28 l.84,632/- 5,12.160/- 3.27,52&/- I: 2.77 

MoN, 25.26 ] ,84.9841- S,55,720/- 3,70,736/- 1: J.00 

M1No 19.08 1,9),240/- 4,)9,7601- 2.26,5201- I: 2.17 

\l1N1 22.68 1,94,2801- 4.98.9601- 3.04.6001- I: 2 56 

\l1Nl 25.10 l ,94,632/- 5,52,200/- 3,S7 .56RI- l: 2.83 

M1NJ 27.06 1,94,9841- S.95,320/- 4.00.336/- 1: 3.05 

\liNo 21.64 I ,88,240/- 4,76.0801- 2.87,840/- I: 2.52 

M2N1 24.24 I ,89,280/· S,JJ,280/· 3,44.000/- l: 2.81 

"'"' 
27.21 1.89,632/- 5.98.620/- 4,08.988/- l: 3.16 

M1N1 3 I. IO 1.89,984/- 6.84,200/- 4,94,216/- I: J.60 

MiNo 22.49 2,4),2401- 4,94.780/- 2,51,540/- I: 2.03 

M1N1 26.79 2.44,280/- 5.89,380/- 3.45.100/- I: 2.41 

"'"' 
32.n 2,44,632/- 7,19,840/- 4, 75,208/- \: 2.94 

''"' 
39.95 2,44,984/- 8,78,900/- 6,JJ,916/- 1: J.58 
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@ 5 t/ha and highest level of nitrogen i.e., 100 kg N/ha 

omed the maximum cost of production (Rs.2,44,984.00) in comparison to 

lher treatment combinations, but it also gave maximum gross and net return 

� of the increase biomass yield of patchouli. The maximum gross 

lll.lrTl (Rs.8,78,900.00) was recorded with M3N3 followed by MJN1, M2N3, 

W:N1, M1N3 etc., and net return (Rs.6,33,916.00) was also recorded highest 

Wiiii the treatment combinmicn of M3NJ. The treatment combination M2NJ 

ns found second best with regard to gross return Rs. 6,84,200) and net 

RtW"11 (Rs.4,94,216) with highest cost benefit ratio of l:3.60 followed by 

lliNi, (\: 3.58), M2N2, (I :3.16), M 1Nl ( l :3.05) etc. Treatment combinations 

lnh pig manure and FYM at lower doses were also found better in 

ineasing the net return and cost benefit ratio in comparison to control. 

(h.lest net return (Rs. l ,48, 740/-) with cost benefit ratio of I: I.SO was 

lltlCed with control. Among the organic manures, M2 produced maximum 

SI return of Rs.2,87,840 with Cl3R of 1 :2.52 followed by Ml and M1 and 

Plo'"t in MoNo, with regard to influence of various doses of nitrogen on 

and net return as well as CBR, it was found to increase with increasing 

els of nitrogen applicntion. 

Effect or intcrcropping with p:1lchouli on productivity or 
coconut 

Jn general, the vigor of the palm of plantation area was enhanced 

with the productivity due to intcrcropping of patchouli and also due to 

uring of individual coconut trees. The average increase in girth size of 

ut plants was recorded from 76.76 cm to 93.Bl cm at the end of 

imentation after intercropping with patchouli. The productivity of fruits 

palm was also increased from 18 nuts per palm (2812 nuts/ha) to 65 nuts 

palm (8125 nuts/ha). 

• 
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Discussion 
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CHAPTER-V 

DISCUSSION 

• 

Restoring soil fertility with inorganic fertilizers and maintaining 

�! productivity has been though successful but continued decline in soil 

fertility especially on Alfisols/Utisols of tropical/sub-tropical region is a 

a:,mmon feature (Lal, 1993). Organic manures and inorganic fertilizers are 

rwo major sources of plant nutrients, if used judiciously that promises to 

eprove the biomass of green leaves and oil yield in addition to improving to 

Jhizosphere of both intercrop as well as main crop nutritionally and 

llicrobiologically which also led rn sustaining the soil fertility. The 

experimental approach to the present study was therefore, intended to 

evaluate the effect of organic manures and levels of nitrogen on growth, 

)ield and quality, changes in soil fertility and cost benefit ratio ofpatchouli 

.v. Johore. Result lhus obtained in this regard which have been presented in 

fie previous chapters are discussed as under, in the light of available 
blerature and evidence. 

t.l EFJo"ECT ON GRO\VTH, YI.ELD AND QUALITY OF 
PATCHOULI 

Growth characterlsncs 

Among various sources of organic manures, application of 

rnmicompost @ 5 t/ha was found more effective in enhancing the growth 
parameters viz., height of plant, number of leaves and plant canopy 
ignificant!y at different stages of leaf cutting. This is because of higher 
mtent of all the major nutrients (NPK) with compared to pig manure and 

FYM. Incorporation of vennicompost into the soil increased the moisture 
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capacity and other physical properties of soil which Jed to better root 

and development of better plant canopy due to better nutrient 

ility and uptake of eutr'cms. Anwar et al. (2005) also recorded 

um plant growth by application of vennicompost @ 5 t/ha in Basil 

1 chaviso/), whereas, Singh el al. (2005) reported maximum leaf area 

long pepper by application of vennicompost at l O tlha. The favourable 

on growth parameters by application of vennicompost has been 

ed by Singh (2006) in onion and Khate (2006) in cucumber under 

d condition. Pig manure also found effective in increasing the plant 

number of leaves per plant and plant canopy at most of the harvesting 

in comparison to FYM and control. In the present experimentation, 
eesed in the vigor of the plant by application of pig manure @ 10 t/ha 

due to its beneficial effect as it increased the organic matter and humus 

I of the soil, w�ter holding capacity of soil and enhances activity of 

nutrients into available fonn in more amount in comparison to FYM. 
fore, growth of plant was better with pig manure than FYM. 

The beneficial impact of FYM application @ 20 t/ha has been 

ed in increasing the growth attributes of patchouli to control. The 

ble impact of FYM was also reported in aromatic and spices crops by 

workers like Vineeta et al. (2005) in Bacopa monntesr; Singh et al. 

) in long pepper; Singh and Karki (2005) in rose; Pandey et al. (2005 
in Ashwagandha; Pandey et al. (2005 a) in Cintella asiatica. 

in general, application of various doses of nitrogen increased the 

growth significantly over control except the number of branches. 
"mum plant height, number of leaves and plant canopy was recorded 

100 kg Nlha, which was significantly superior at most stages of 

esting over lower doses. It seems that higher dose was able to enhanced 

• 
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vegetative growth because of more availability of nitrogen. Nitrogen 

a constituent of protein, amino acid, nucleic acid, etc. helps in 

· g the size and vigor of leaves, which caused more vegetative 

at 100 kg/ha during the present investigation followed by 80 kg N/ha 

60 kg N/ha). The increase vigor of plant following the application of 

le nitrogen may have also attributed to favourable effect on increased 

cblorophyll production with greater foliar area for higher photosynthesis, 

more number of leaves along with the increase in size and height of 

thus has better growth in terrns of height of plant, number of leaves 

spread of plant. The present finding is in close confonnity with the work 

Adiwiganda el al. (1973) who observed better plant growth in patchou\i 

ipplication of 107 kg N/ha. Whereas, Servan et a/.(1983) advocated the 

"cation of 150 kg N/ha per year in patchouli. Saha et al. (1992) found 

growth with application of 160 kg N/ha in Arunachal Pradesh in 

uli, whereas, better result was obtained with 60 kg N/ha application by 

pan and Ponnuswami (1982) in patchouli under Bangalore condition. 

ourable impact with nitrogen application has also been reported by the 

"ous workers in other aromatic crops viz., Bhardwaj et al. (1983) in 

tha, Rao (200 I) in palmarosa, Munsi etal. ( 1982) in mentha, citronella 

pa!marosa. Singh and Rao (2005) in Tagetes minuta , 

In general, interaction effect of organic manures and nitrogen were 

bJlld better than the individuals. The highest amount i.e. 100 kg N/ha 

iwtication in association with organic manures resulted in better plant 

,owth. However, vennicompost with 100 kg N/ha caused maximum plant 

,owth in tenns of number of leaves, plant height and plant canopy at 

ifferent stages of observations followed by M1Nl (vermicompost @ S t/ha + 

IOkg N/ha), M2NJ (pig manure@ 10 t/ha + 100 kg N/ha) and M1N1 (FYM 

@20 t/ha + I 00 kg N/ha) in most of the growth characters . 

• 
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This is probably due to favourable effect of organic manures along 

with nitrogen application which has provided more availability of nutrients 

III the soil as well as further translocation to the plant parts resulted better 

growth of plant in terms of nwnber of leaves, height of plant and further 

plant spread. Similar observation was made by Anwar et al. (2005) who 

obtained maximum plant growth of basil by application of vermicompost 

and nitrogen and Pandey et al. (2005) in Ashwagandha by vennicompost 

along with NPK. Whereas, Vineeta et a/.(2005) observed a favourable 

impact of nitrogen and FYM in Bacopa monniesi and Pandey et al. (2005) 

obtained better plant growth of Centelfa asiatica with application of IO t/ha 

FYM along with NPK (50:50:50) which is close eonfonnity with the present 

evesogeuon. Several other workers have also found beneficial effect of 

organic manures and nitrogen application in increasing the growth of various 

aromatic crops (Baskar et ol., 2005, Manjuntha et al., 2006, Jessykutty, 

2005). 

5:1:2 Yield anrtbutes 

• 

The result of present experimentation showed beneficial effect of 

organic manures and levels of nitrogen application on fresh and dry leaves 

yeld of patchouli. Application of vennicompost @ 5 t/ha produced 

ftllXimum yield per plant, per plot and per hectare, however, it remained al 

por with pig manure and FYM with regard to increasing the dry weight of 

levee per hectare. The projected yield of fresh leaves per hectare was found 

to increased by application of vermicompost over pig manure, FYM and 

control by 14.S per cem, 20 per cent and 34.6 percent, respectively. 

The increase in yield by the application ofvermicompost might be 

mociated with liberation of nutrients in more amount which caused better 

growth and yield in comparison to pig manure and FYM. Results of present 



iwestigation are also in close conformity with the findings of earlier 

workers, who also reponed that vennicompost had beneficial effect in 

enhancing the yield of different aromatic crops by application of increased 

evels of soil fertillry (Anwar er al. 2005, Singh et al., 2005 and Pandey er 

ti., 2005 a). 

Application of pig manure and FYM also significantly increased 

1be biomass yield of patchouli per plot at different stages of harvesting to 

romrol. Beneficial effect of FYM in increasing the productivity of aromatic 

lld spices crops had been reported by Schaffer et al. (1993) in Achi/lea 

1illefolium. Rao (2001) in palmarosa, Vinceta el al. (2000) in Bacopa 
JIQnniesi, Singh and Karki (2005) in rose water, Pandey et al. (2005a) in 
renrella asiatica. 

The present finding is in agreement with several workers who 

recorded favourable effect of organic manures in promoting the yield of the 

crops, Nowak et al. (1985) obtained with better yield with organic manures 
II crops like garlic, tunneric, raddish and carrot. Lalramthara el al (2001) 
had observed that application of FYM@ 25 t/ha and pig manure@ 15 tlha 

lltl"e most effective dose for enhancing growth, yield and quality of ginger 

mder foot hill conditions of Nagaland. Whereas, the pig manure was found 

ll be better source of manuring in comparison to FYM and poultry manure 
hler Nagaland conditions. (Chingkhong, 1994). Favourable effect of 
organic manures viz; FYM, vermicompost and poultry manures have been 
epcrted by Pandey et al., (2005) in Ashwagandha. 

Different levels of inorganic nitrogen application exhibited 
ippreciablc impact in increasing the fresh as well as dry weight of leaves per 
i'Wlt, per plot and per hectare. However, the effect was only significant at 
fust and second cutting with regard to both fresh and dry weight of leaves 
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per plant basis. In general, application of nitrogen at 100 kg.Iha was found 

lgnificantly better in enhancing the biomass yield (fresh and dry) of 

pau:houli per plot as well as per hectare at different stage of harvesting. 

Adequate amount of nitrogen plays an important role in chlorophyll 

l)'llthesis and chlorophyll plays biological role in harvesting the solar energy 

rid photosynthetic compound in energy transfonnation which lead to 

optimum growth of the plant. Present result is in close ccnfcrrnity with the 

findings of Adiwigandha et al. (1973) and Munsi, 1992 who also observed 

iK:reased in yield of fresh and dry weight ofpatchouli by application of JOO 

kg N/ha, whereas Sarwar et al. ( 1983) advocated application of 150 kg N/ha 
rvery year for good yield of patchouli. Several other workers also reported 

&vourable impact of nitrogen llpplication@ JOO- 260 kg/ha in production 

of biomass of different arcmntlc crops viz., memha citrate (Bhardwaj et al., 

1983), Cenrella asiatica (Pandey et al., 2005a) and Tagetes mimua (Singh 
md Rao, 2005). 

Application of 80 kg and 60 kg N/ho were also found to increase 

dk: fresh and dry weight ofpatchouli leaves per plot to control. Though, rate 

ofincrcase was better in 80 kg N/ha but remained at par with the lower dose 
of nitrogen at most stages of observations. There was significant difference 

between these two doses with regard to the projected yield of fresh leaves 
per hectare only during 2005. The middle doses had significant influenced 

on dry leaves production per plot to control and they also vary to each other. 

ltulappan and Ponnuswami ( 1982) also observed higher herbage yield of 

patchouli by application of 60 kg N/hn which is in credence with the present 

findings. 

Combined application of vcnnieompost (M3) along with N1 level of 

mtrogen produced the highest level of biomass, suggesting the improved 
18f(lnomic efficiency of both the organic manures and inorganic nitrogen. 
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Likewise combination of M3N2, M1Nl and M1 NJ gave better yield than other 

treatments and their combinations. The biomass yield per plot in both fresh 

and dry were significantly influenced at all stages of harvestings. These 

observations suggested that slow nutrients release behaviour of all three 

eanures has direr! co-relation with the yield improvement. Favourable 

impact of organic manures and nitrogen fertilization has been reported in 

enhancing the biomass yield in several aromatic crops. Application of 

vtrmicompost @ 5 t/ha and NPK at 50:25:25 kg/ha executed maximum 

herbage and dry matter in basil crop in comparison to FYM. Similar results 

have been observed by Anwar er al. (2000). Whereas, Vineeta et al. (2000) 

and Singh et al. (2005a) observed the highest values of herbage yield (fresh 

and dry) accumulation at 75 Kg + 5 t FYM/ha in Bacopa monniesi. 

kssykutty (2005) advocated the application of FYM at 5 t/ha along with 

&0·50:50 kg/ha ofNPK for commercial production of patchouli. 

Quality attributes 

As like the yield attributes, oil recovery from dry leaves of 

as alcohol content was highest with the application of 

fflmicompost along with the projected yield of patchouli oil per hectare. 

Vmnicompost impact was found significantly superior to pig manure and 

with regard to oil and alcohol content at most stages of harvesting. Pig 

ure and FYM were also significantly influenced in increasing the oil and 

hol content than control. The projected oil yield per hectare was also 

ased during both the years of experimentation by application of pig 

ure and FYM than control but the impact was not significant. Rao 

001) reported that FYM at 50 t/ha increased the essential oil yield by 

103% over control in Palmarosa. Similarly, Schaffer et al. (1993) also 

rted favourable impact of organic manures (cattle manure) application in 

asing the essential oil yield as compared to control in Achillea 
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wllifolium, Lalramthara el al. (200 I) observed that both FYM and pig 

eenure were found significantly effective in increasing the volatile oil 

percentage in ginger under Nagaland conditions. 

• 
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Application of various levels of nitrogen showed the favourable 

effect on increasing the oil and alcohol content as well as projected yield of 

'I per hectare with increasing level of nitrogen. Munsi (1982) observed that 

application of higher dose of nitrogen i.e. 100 kg/ha increase the oil yield of 

Japanese mint than lower doses of nitrogen which is in close confonnity with 

1he present findings, whereas, Randhawa et al. ( 1984) remarked that levels 

of nitrogen had no effect on oil percentage in Menlha citrate. Bhardwaj et al. 

(1983) also obtained the increased oil yield in Mentha citrata by application 

of 120 kg/ha, while Singh and Rao, (2005) found highest oil yield in Tagetes 

.iinuta by application of 200 kg N/ha. 

Among the interactions MlNJ (vcrmicompost + 100 kg N/ha) 

showed highest concentration of oil in leaves and alcohol content in oil as 

well as projected oil yield per hectare followed by M3N2 and M1N3 and 

minimum was recorded in control. In integrated nutrient management system 

\.ianjunatha et al. (2006) recorded significantly superior oil yield of 

patchouli in cv. Joh ore by application of 75% NP + I OOo/o K + Azotobacter + 

Uospirilum + V AM under Bangalore condition. Ramchandra et al. (2006) 

tvaluated different varieties of patchouli revealed that Joh ore variety resulted 

more oil content compared to Java and they further remarked that patchouli 

alcohol was more in variety Johore. It seems that oil content and patchouli 

alcohol varies with the varieties of patchouli. However, it is also influenced 

b')' proper managemen1 of the crop. \Vhcreas, Omidbaigi et al. (2006) 

«>Served that nitrogen fertilization along with the plant density (14.3 

�ant/m2) had an important role in enhancing the oil content and composition 

flTanace111m parthenium. Baskar et al. (2005) observed the highest oil yield 
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of patchouh when field was given with compost @ 30 t/ha along with the 

gypsum together with recommended doses of NPK. The yield and quality of 

oil also influenced under the condition in which patchouli is cultivated i.e. 

open and shade. It is observed that superior quality of oil and higher 

percentage of oil re-cover) had been reported under shade condition (Vinccta 

£1 al., 2005). \\lhereas Shanna and Shanna (2005) observed that shade 

drying of leaves and keeping the dry leaves upto 150 days seemed ro be 

congenial condition for maximum recovery of oil. 

5:2 NUTRIENT STATUS INTI-IE SOIL. AFTER HARVEST 

Sustainability of a cropping system besides being evaluated on the 

basis of response, a serious consideration is to be given to soil health. Jt is 

evident from the data analysis that supply level of available NPK. organic 

carbon and pH of the soil has appreciably affected by different sources of 

�ic manure anci inorganic nitrogen and their interactions after harvest of 

aop in the soil. Among organic manures, application of vennicompost 

caused the maximum content of these major nutrients (NPK). It was 

significantly superior to other sources of organic manures and control with 

rtgard to available nitrogen in soil. Ml and M2 were found equally effective 

nenhancing the available potassium in soil and their impact were significant 

to FYM and control. Though t.'13 caused maximum available phosphorous 

klllowed by M2 and M1 but impact was not significant. 

The application of organic manures did not altered the pH of the 

!Oil of the experimental plots as all lreauuents exhibited sustainable effect 

with regard to this parameters of soil except control where decreased of soil 

,H level was noticed. These organic m:mures produced many hydroxyl 

wganic acid as decomposition product, which are very helpful in sustaining 

mil pH. 
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Organic carbon stock of soil acts as a source of nutrients for 

microbial population which regulates the availability of different nutrients 

lltrough microbial transformation. The organic carbon was much higher with 

organic manures over inorganic fertilizer due to supply of carbon rich 

manures. In these studies, it is more interesting to observe the improvement 

II organic carbon status with inorganic nitrogen fertilization supporting the 

biotic principal of carbon sequestration through improved biomass 

1f00uction. 

Nutrient concentration and soil biological practices can be 

tnhanced by addition of organic matter besides improving soil organic 

wbon, which is essential in sustaining soil quality (Katayl, 2000). FYM was 

found much effective m increasing the organic carbon of the soil and was 

significantly superior to control and remained statistically at par with pig 
manure and vermicompost. Whereas, Scheffer el al. (1993) observed that 

cattle manure did nm influence the level of carbon, potash, calcium, 
magnesium, status of soil, whereas, available phosphorus in the soil was 
ecreased upto 150 per cent. Anwar er al. {2005) reported that various 
combinations of FYM and vermicompost were found to increased organic 
carbon, availability of nitrogen and phosphorus in post harvest soil than 
cootrol. 

The NPK and organic carbon content of the soil was found to be 
screased with increasing levels of nitrogen. Though, maximum level of soil 
trti!ity was noticed with I 00 kg N/ha but it remained statistical!y at par 
with lower dose with regard to potash and organic carbon content, while 

tlere was significantly increased of nitrogen content with increasing level of 

ilrogen application. All doses of nitrogen caused significant increased of 

litrogen, potassium and organic carbon ofthe soil. 
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Further effectiveness of organic manures and inorganic N in supply 

tfN, P and K was improved through their combined application which was 

Kner than their individual effects. Maximum accumulation of these 

�utrients (N, P and K) were also recorded with vermicompost in combination 

llith lOO kg N/ha, however, it was at par with M3N2, M2NJ and M2N2 

Whereas, the FYM along with 100 kg /ha as well as with BO kg /ha of 

nitrogen caused maximum presence of organic carbon in the soil after 

harvest of the crop followed by M3N3 and M2N3 interactions. It seems, that 

the crop required high amount of manuring in order to sustain the fertility 

level of the soil as there was more depletion of these major nutrients, due to 

uptake by the crop, as in the beginning of the experimentation, there was 

high content of these major nutrients especially nitrogen and potash. 

Present finding is in close conformity with the findings of Sanwal 

et al.,(2007) who recorded highest organic carbon, organic matter and 

l\ailable nitrogen with FYM applicarlon, while maximum availability of 

potassium with nig manure in soil afier harvest of turmeric under Meghalaya 

condition. They further remarked that application of FYM, poultry manure 

and pig manure considerably reduced the soil acidity and increased the 

accumulation of organic matter. Favourable effect of organic manures in 

unprcvmg soil organic carbon, orgamc matter, which constitutes 

trtmendously to cation exchange capacity that enables the soil to buffer 

nutrients concentration in soil solution (viz; N, P, S and micronutrients) has 

been described by Sanyal, (2001). 

5:3 ECONOMICS OF PATCHOULI CULTIVATION AS 

INTERCROP WITH COCONUT PLANTATION 

S:3: I Economics of patchouli cultivation 

The utility of nutritional response is dictated by economics of 

returns from produce in ultimate term. The economic analysis of the data 

• 
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the present investigation in coconut cum patchouli plantation indicates 

encouraging results. 

The net return was invariably higher with combined application of 

ic manures and inorganic ,utrogen. The combined application of M3 

"th NJ produced highest net return followed by M2N1, M1N2, M2N2 and 

1N1. Though pig manure caused lesser yield as well as net return m 

parison to vennicompost treatment combination, but the cost of 

tivation in case of pig manure was lesser than vcnnicompost as welt as 

too. Therefore. cost benefit ratio was highest with pig manure (a) 10 

along with nitrogen-JOO kg/ha combination. It shows that pig manure 

y also be considered a better source of manuring for patchouli cum 

coconut combination. 

The difference of besr treatment M1N1 versus control was still 

ider and more prominent, which signified that, the importance of 

inegration of two divergent nutrient sources are vital, in order to harness the 

11utua! benefit from each other. Sivaraman et al. (2002) made a similar 

observation that adopting of any cropping system by a farming community 

y;ilJ ultimately be decided by its economic advantage. while mono-cropping 

of coconut generates employment opportunities of only around 150 man 

days per hectare with a net income of Rs.10,400/- per hectare per year, 

whereas, various cropping systems generate the additional employment of 

130 - 606 man days per hectare per year with a net return of Rs. 50.000/- to 

1,00,000/-per hectare in coconut based mixed fanning. 

The studies revealed that the integrated use of manures and 

110rganic fertilizer. provide an additional employment opportunity (367 man 

4ays) and net return (Rs.1,48,740 - Rs.6,33,916) with coconut based 

houli intercropping. Ahmed (2002) also reported employment generation 
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of 1255, 1285. 1285 and 1275 man days in first. second and third year along 
with a net return of Rs.95,450/-, Rs.2,38.120/- and Rs.1,58, 120/- respectively 
from 2 hectares area of patchouli. Earlier studies under similar agro system, 
\tunsi and Mukherjee (1982) observed favourable impact of ferulrzer 
application on the performance of crops like mentha. citronella and 
palmarosa as subsidiary crops in inter spaces of perennial plantation. 

5:3:2 Effect on Coconut plantation 

A synergistic effect of rhizosphere changes in imercrop influenced 
lhe performance of main crop was as evident from increase in size of the 
coconut from 75.2lcm to 93.81 cm with simultaneously increase in yield 
from 18 nuts per palm (2812 nuts/ha) to 52 nuts per palm (8125 nuts/ha) 
The observation supplement the fact that monoculture of coconut is less 
sustainable in terms of yield of main crop, besides. 11n additional yield 
obtained through raising intercrop with patchouli. Long term fertilizer 
espouse studies in coconut (Reddy ct al.. 2002) on Alfisols showed that 
fertilizer treatment IOOOg N 437g P - l66g K per palm per year recorded 
,ignificantly higher nut yield (136 nuts/palm) than treatment with SOOg N 

!18g I' 833g K per palm per year (104 nuts/palm) and no fertilizer 
1pplication (58 nuts/palm) . 

• 
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CHAPTER-VI 

SUMMARY ,\ND CONCLUSION 

Coconut-based fanning system is the tradition or tropical and sub­ 

lrOpical regions. But using patchouli (Pogostemon cablin (Blanco) as an 

mtercrop under coconut plantation is of comparatively recent adoption and 

no information is absolu1ely available on possibility of improving the quality 

of patchouli through beuer nutriem supply. Hence, present investigation 

entitled ''erfecl of organic manures, levels of nitrogen and their 

combinations on patchouli w11s c11rricd out wi1hin the inter-space of 

coconut plantation" during the year 2005 and 2006. The salient findings 

Dbtained from the present investigation are summarized below: 

Among various sources of organic manures, application of 

vermicompost @ 5 t/ha was found more effective in enhancing growth 

parameters viz.; height of plant, number of leaves and plant canopy 

significantly at different stages of leaf cutting. 

Maximum plant height, number of leaves and plant canopy was 

recorded with l 00 kg N/ha which was significantly superior at most stages of 

harvesting over lower doses. The highest amount of nitrogen ( I 00 kg/ha) 

application in association with organic manures resulted in better plant 

&rOwth. 

Application of vennicompost @ 5 t/ha produced maximum 

�omass yield per plant, plo1 and per hectare, however. it remained at par 

with pig manure and FYM with regard to increasing the dry weight of leaves 

per hectare. 

• 



Application of nitrogen @ 100 kg Nina was found significantly 

better in enhancing the biomass yield both fresh and dry ofpatchouli per plot 

as well as per hectare. 

Combined application of M3 along with N3 level of nitrogen 

produced highest level of biomass. Likewise, combination of M3N2, M2NJ 

and M 1N3 gave better yield than other treatments and their combinations. 

Oil recovery from dry leaves of patchouli as well as alcohol 

content was highest with M1 along with projected yield of patchouli oil per 

hectare and was significantly superior to M1 and M,. The quality attributes 

were found to be increased with increasing level of nitrogen. 

As like biomass yield of patchouli, highest concentration of oil in 

leaves and alcohol content in oil as well as projected oil yield per hectare 

was recorded with M3N3 followed by M1N2 and M2N1• 

Supply level of available nutrients (N, P and K) and organic carbon 

have been significantly effected by different sources of organic manures, 

inorganic N and their .rueracuons. Vennicompost caused the maximum 

content of these major nutrients (NPK). It was significantly superior to other 

sources of organic manures with regard to available nitrogen in soil. 

With regard to potassium corucnr of soll, M3 (vermicompost) nnd 

M2 (pig manure) were fouud equally effective and they were statistically 

superior to M1 (FYM) and Mo(control). 

Available nitrogen in soil was found to increase with increasing 

levels of nitrogen significantly. Highest !eve! of nitrogen caused maximum 

conccmrauon of potassium in soil followed by N2 and N1• Though N2 and 

• 

• 
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N
1 

remained at par but significantly superior to control (No) with regard to • 

enhancing available potassium in soil. 

Among the interactions, highest level of nitrogen (N3) along with 

vermicompost (M3) and pig manure (M2) caused better accumulation of 

these nutrients, however they remained at par with each other. 

Among organic manures, the highest organic carbon content in soil 

was observed with M1 application followed by M2 and M3. They remained at 

par with each other and significantly superior to control. Maximum organic 

carbon was observed with M1 (FYM) along with N3 and N2 followed by 

MJNJ and M2NJ which were significantly superior to several other 

combinations. 

The application of organic manures, inorganic nitrogen and their 

combination did not altered the pH of soil as well as available phosphorous 

in soil of experimental plots significantly. Similarly inorganic nitrogen also 

did not influence the organic carbon in soil stotistically. 

TI1e net return was invoriably higher with combined application of 

organic manures and inorganic nitrogen. The interaction M3N3 produced 

highest net return followed by M2Nl, M3N2, M2N2 and M1N3. 

The cost of cultivation in case of pig manure was lesser than 

vermicompost as well as FYM. Whereas, cost benefit ratio was highest with 

pig manure @ IO t/ha along with nitrogen I 00 kg/ha. 

The intercrop influenced the perfonnance of main crop was as 

evident by increase in size ofpahn with simultaneously increase in yield per 

palm as well as projected yield of nuts/ha from coconut-cum- patchouli 

cultivation. 
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CONCLUSION 

Based on the experimental findings, it is concluded that combined 

application of vcrmicompost @ 5 t/ha along with I 00 kg N/ha may be 

considered as better source of manuring in terms of optimum plant growth, 

biomass yield and oil quality ofpatchouli followed by pig manure@ 10 t/ha 

with I 00 kg N/ha. 

Supply level of available nutrients (NPK) and organic carbon in the 

soil after harvest has been favourably affected by combined applicotion of 

organic manures and highest level of nitrogen. 

This studies revealed that the integrated use of manures and 

inorganic fertilizer provided additional employment opportunity and the 

income with coconut based patchouli intercropping. 

These data base also suggest that raising patchouli as an intercrop 

also sustain the additional nutrient requirement of intercrop in biomass 

production besides any potential depletion in soil fertility. The studies also 

offer a possibility of exploiting the residual effect of mineralized nutrients 

into the soil solution so that the fertilizer inputs can be further reduced, the 

research on which such similar crops are currently in progress. 
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Plate 1 : E1tperlmental site at Initial stage of plantation. 

Plate 2 : General view of experimental site at haNesting stage. 
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Plate 3 : Comparative view of a>ntrol (M
0
NJ and pig manure 

with nitrogen@ 80 kg/ha (M
1
N

2
)experimental plots. 

Plate 4 :  Treatment combination of farm yard manure and 
nitrogen@ 60 kg/ha (M,N,) plot. 

• 

• 



Plate 5 : Effect of fann yard manure and nitrogen 
@ 80 kg/ha (M,N2) plot. 

Plate 6 : Effect of vermicomposl and nitrogen 
@ 100 kg/ha (�N3) plot. 
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Plate 7 : Recording of plant canopy. 

Plate 8 : Recording of observations of harvested samples. 
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Plate 9 : Samph3s under the pnx:ess of shed drying. 
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Plate 1 O : Ory samples of patchoutl ready 

fot oil extraction 
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