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CHAPTER- 1
INTRODUCTION

mong the essential oil bearing plants, patchouli has prime
‘WJ the perfumery industy. Paichouli is a tropical plant which i
0 be originated from Phillipines and Indonesia, but now, it is
d m different topical and sub-tropical regions in the watld. The
oducing countries are Indonesia, China, Brazil, Malayasia, India,
: West Indies, etc. Pawchouli (Pogostemon cablin syn. P
a a bushy nawre herb belongs o family Lamiaceae, grown under

e condition of wopical plants.

'-'_Ec!mmercia] oil of patchouli s obtained by steam distillation of
d dried leaves and is one of the most important naturally occurring
al ol used in the perlixnery industry. Patchouli oil has notably strong
joperties and helps © prevent rapid evaporation of a perfume and
Bromotes tenacity. The oil is generally blended with other essential
with those of geranium or clove oil before use, It i used in wide

Ioilet soap, scents, body lotions, pre shave and after shave lotions
gnts. In very Jow concentrajions (2.20 ppm), the oil is exiensively
lavour ingredients in major fod products, including alcoholic and
lic beverages, desserts, candy, baked products, gelatin, meat and
bcts. Blended with sandalwood oil, it gives one of the finest attars,
d m Soap, cosmetics, tobacco and incense sticks (Sharan e af,
patchouli leaves are used for scenting wardrobes. The leaves and
ta_r-e added in bath for their anti-rheumatic action. in Chinege
lecoction of the leaves is used with other drugs to treat nausea,

| arrhea, cold and headache (Leung, 1980).




il world production of patchouli oil is estimated to be around 1000
m. Indonesia (Sumatra [sland)} alone accounts for more than
it of annual world preduction and the bulk of the remaining
mes from China (Robbins, 1983; and Tao, 1983). Currently,
toducing a very meager quantity of patchouli oil, and annually
- ) tonnes of pure patchouli oil and 100 tonnes of formulated
_. i a vast gap berween demand and supply which can be

by extension of area under patchouli cultivation in India.
o

ehouli cuitivation was started in north-castern region under forest
'by CIMAP during 1962 (Anupkumar e al., 1986). The warm and
patic condition along with long duration rainfall seems to be
for luxuriant growth of prtchoull in the region. Patchouli being a
‘plant can easily be cultivaled as an intercrop among fiuits and
grops. At least 75 per cont Jand goes unused 01 coconut plantation
, £7.5 x 7.5 mas maximum roots activity remained in the area of
@radius of 2m and depth of 1.2m. { Sheeba and Nair, 2000}, The
\atomatic crop like patchouli cn be accommodated i such awuy
fuily utilized distinct layers of soil and micro-cliinate without
with each other fix light, nutrient and water. It is established fact
uli & cuitivated in Warmer part of north-eastern region including
i_'t'?‘;.nn any nutrient inputs. Thercfore, yield is comparatively low
used depiction of feriity status of the cultivable soil. Thisg
jon and inlegration of land use System may be effective in

18 the ecojogical base of fanning i Nagaiand condition.




p management, manuring 15 an important aspect which have
gt on growth and yield of a crop. An integrated approach
e of organic manures and inorganic fertilizers as a source of
€nts 0 obtain high yield with gquality produce & of prime
£ besides maintaining soil health. Incorporation of organic
jio the soil increases the moisture holding capacity, humus content
physical properties of soil. Therefore allows better root growth and
'-1‘:_;_-; in bBetter uptake ol nutrients by the crop plants and
5 adverse effect of agro-chemicals ( Ghose, 1984). The direct
tganic manures relates through the uptake of humid substance as
_' '__n products creating favorable prowth and metabolism of
@ result caused more yield in crops (Mathur and Guar, 1977; Singh
‘and Lalramthara & al., 2003,

ouli is grown for pood herbage and w0 et maximum herbal yield,
=|1 organic and inorganic manures. Sarwar e af. (1982)
_'.@plicatiun of a basal dose of 25 kg N, 50 kg P,Os and 50 kg
with 100 ky N zs top dressing In two split doses (first dose
h ; harvest and the balance about two months later) resulted in
'_"‘- and oil yield. Saha & al. (1992) found that use of 140 kg
i four equal split doses increased the herb and oil yield
f i Arunachal Pradesh. Defoliation and leaf reddening have been

8 o deficiency of NPK in patchouli (Vasanth kumar and Rao,

r

y the crop was inwwoduced in north-easten region fir
Seultivation as companion crop under forest plantation, Where it

‘without any inputs. Bul now it & cultivated on agncultural land




fop ;1 orchards ;1 similar way. The nutritional requirement of the
impact on seil fertility has not been standardized so far in the
PINO such work has been carried out under Nagaland conditions which
fir patchouli cultivation. Keeping m view of the existing
's, the present work entitled “Influence of organic manures

g

of mitrogen application on growth, yield and quality of
i (Pogostemon paichouli Pellet) cv. Johore under cocomut
i® was carried out @i Govt. Nursery, Department of Horticulture,
Napaland, Dimapur under 6 © 9 years old coconut plantation with

llowing objectives:

|
0 study the effect of organic manures and levels of nitrogen on

owth, yield and quality of patchouii.

p study the effict of orpanic mamures and levels of nitrogen on

nent status of soil.

} study the economics of patchouli cultivation with different

atment combinations.
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CHAPTER -1l

REVIEW OF LITERATURE

EFFECT OF ORGANIC AND INORGANIC NUTRITION ON
GROWTH, YIELD AND QUALITY OF PATCHQUL)

organic and inorganic nutrition on growth and vield

‘Patchouli i a soil exhausting crop and required liberal manuring. It
'T._,,.‘ :"I. to both organic and inorganic manures. In a fertilizer trial on
i there was marked responses recorded o nitrogen and phosphorus
‘@pplication of potassium. A response equation was formulated and
alculate optimum fertilizer level: these were 107 kg N/ha, 38 kg
and 4 kg K;O/ha for dry leaf of (2688 kg/ha) yield within 4 months.
‘content and quality were not officcted by the fertilizer application
da & al., 1973). For soils of poar fertility, a basal dose of 25 kg N,
" cand 50 kg K;O/ha was given in the form of urea, super
and muriate of potash at the time of planting, After eight weeks,
|1 e again o be applied in the fom of urea. After each harvest, 50
._ i o be given in two split doses (the first dose immediately after
' E""*'the balance about two months later). In total, 150 kg N/ha is
_;f be given every year (Sarwar e of ., 1983). Foliar application of
_ n (0.2%) was also reported v induce better growth and higher

ry matter recovery.

ulappan and Ponnuswami (1982) carried out a nutritional trial on
li. They applied Nat 0, 60 and 120 kg/ha along with P,O; at 0, 15,
Land K20 & 0, 30 and @0 kg/ha Higher yield was recorded with
on of 60 kg N, 30 kg P and 30 kg K/ha.




Munsi and Mukherjee (1982) applied various doses of nitrogen m
héntha, citronella and palmarosa and observed that all the doses of nitrogen
nereased yield of herb and oil content in all these three crops. They Further
gnorted that quality of oil enhanced by application of nitrogenous Fertilizer

conirol.

Bhardwaj er al. (1983) conducted a trial on various doses and split
plication of nitrogen in hertb and oil yield in Mamha citrate. It was
grved that application of 120 kg and 160 kg N/ha significantly increased
._ and oil yield/ha, but application of 120 kg N/ha was found more
nomical than higher dose of nitrogen {160 kg/ha).

Randhawa et al. (1984) studied on the effect of various levels of
fogen 0 Mentha citrata and found that the herb yield was highest with
g_atinn of nitrogen at 125 kgfha, but levels of nitrogen (0, 30, 75, 100,
150, 175 and 200 kp/ha) had no effect on oil percentage.

Deficiency of N, P and K caused leaf reddening and defoliation
kumar and Rao, 1983). Analysis of healthy and affected
ed) leaves indicated that the sick plants were deficient of N, P and K

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

er. n affecied plants, severe toxicity of iron and copper were noticed.
._"1'1 reported that iron and zinc ratio was very high b affected leaves
pared o healthy leaves. Increasing levels of soil application of PyQs
0"!:‘.- 8 g/plant) was found to increase the growth of plant and green leaf
[{Rac and Vasantha Kumar, 1989).

Munsi (1992} carried out a study on response of nitrogen and
jorus on herb and essential oil yield in Japanese mint. He observed

pplication of higher doses of nitrogen (100 kg/ha) increased herb and




Saha e qf (1992) found that we of 140 and 160 kg N/ha n four
l split doses increased herb yield upto (62.87 tha) and oil yield

gnificantly in trials carried out in Arunachal Pradesh condition.

The patchouli plant respond well ®© organic and inorganic
genous fertilizers and application of FYM @ 11.25 tha together with
_ kg each of ammonium sulphate and single super phosphate per hectare
used better yield after each harvest of leaves. Cow-dung manure and fish
@ne were also helped to increase the vield. Foliar application of urea

jution seems > benefit growth as well as leaf production (Anon., 2002).

‘Vineeta e al. (2000) carried owt an experiment on Bacopa monniesi
ifind ow of response of farmyard manure and nitrogen. Shoot length,
' of shoots and leaves/m™ fresh and dry matter accumulation were
preased with increasing fertility levels. The highest values of dry matters

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

A trigl on increasing doses of nitrogen was carried out by Golez &
0 02) & Poland on production of herb of Ocimum basilicum. They
8d thet vield of sweet basil was increased with application of increased
:.";tliimgen w » 1.8 g/plant.

1

_mg,h arl Rao (2003) carried out a study on nutritional trial and

| nitrogen at 0, 100, and 200 Ke/ha in Tagetes mimuta. They observed

jplication of mitrogen & 200 kg/ha significantly increased plant height,

,_ leaf/stem ratio, leaf + Hower/stem ratio, herbage (biomass)
-I_- yield and oil content. They further observed that uptake of

1, phosphorus and potassium content increased as compared W




Singh e al. (2005) carried out a trial on response of organic

res on growth and yield in long pepper and applied farmyard manure,

rmicompost, poultry manure, decomposed mushroom compost and wheat

@ 5 and 10 tha. Application of farmyard manure a 10 t/ha
Mificantly increased number of leaves, number of sprouts/plant and length
i diameter of main branch. Flowever, vermicompost a 10 t/ha resulted

Ximum leaf area and spike yield/plant followed by farmyard manure at 10

3
Singh and Karki (2005) conducted a trial on rose water and rose oil

ﬁffhg variety Gruss-anTcplitz w subsiitute the chemical fertilizer by
caunn of various manures and bio-fertilizer. Application of fertikzers

. 50: 40: 30 g;’rnz} delayed flowering, whercas early tlower bud
.- rance and maximum flower production were noticed with FYM +

M application treatment.

Pandey e al (2005b) reported that all the sources of organic
iires (FYM, vermicompost, poultry inanure) had significantly effect on
fi&-ld' n Ashwagandha in comparison © control Maximum plant
f‘ number of branches, number of leaves and herbage yield was

ect with poultry manure (15 t/ha),

‘Pandey e o/, (2005a) conducied an cxperiment on integrated nuirient
gement in Cenvella asiatica and result revealed that the number of
S per meter row length increased significantly by NPK (100: 50: 50
ﬁs compared 10 control. Among the different doses of farmyard

(10 Vha) noted significantly more number of leaves as compared to

of the reatment. They further reporied that herb yield {fresh and dry)

) increased significantly due to application of 10 vha FYM ag

et 0 5 Uha FYM.




Integrated nutrient management study was carried out on Bacopa
priniest. Singh er al. (2005a) revealed that application of 75 kg Nand 51

‘FYM/ha on Bacopa monniesi recorded maximum number of leaves,

anches per plant, spreading and herbage yield (fresh and dry) compared ©

Manjunatha e al (2006) carried out an experiment to study the
» efbio fertilizers on growth, yield and essential oil content in patchouli
t Johore under Rangalore condition. The results revealed that 75% NP+

i K + dzotobacter + Azospirithm + VAM recorded significantly
Ipe ior values for plant height, number of leaves, number of branches, plant
read, leaf areq, yield of essential oil folowed by 50% NP + 100% K+
gtobacter + PSB + VAM and 5% P +NK +PSB + VAM

Effect of organic and inorganic nutrition on guality of patchouli

Rag (2002) reported that farmyard manure a 15 t/ha increased total
ass yield by 10.7 per cemt and essential oil yield by 10.3 per cent over

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

‘Venugopal @ o (2005) carried owt a trial on comparative

mance of patchouli under open and coconut shade condition. The




ndition. They further reported that superior quality oil and high per cent
recovery (1.65 per cent on dry weight basis) was registered in patchouli

#5 bnder shade condition when compared o open (0.87 per cent)

e,
ndition.

According © Sharma and Sharma (2003) 100 per cent oil was
sted within 3 hours in case of fresh leaf (80 - 87 per cent moisture)
feas, 80 - 90 per cent oil in semi-difed teaf (30 - 40 per cent moisture)
babout 5 - 6 hours for recovery, and more than 90 per cent ol ‘was
vered within 9 hours of distillation in case of dried leaf (10 - 2%
twre). Shade drying of leaf and storage upto 150 days seemed 1o be

enial condition for maximum recovery of oil.

Ramchandra & al. (2006) evaluated different varieties of patchouli at
ent spacing. They concluded that var. Johore showed better results and
0l content compared ®© Java (30%% and 14% respectively). They
G that maximum cumutative fresh herbage vield (7.89 vha) and dry
P yield (3.15 tha) and essential o} (86.52 V/ha) with a spacing of 45 x
iPatchouli alcohol ‘was also more in var. Johore (47.2%) compared to
ava (3250°/).

lessykuity (2005) advocated the application of organic manures & 4
along with B0:50:50 kg/ha, N, P and K for commercial production.
r, Titrogen requires © be given in split doses. He further remarked

pPlication of calcium end magnesium increase the oil content in

R




SO

Omidbaigi & ol (2006) observed that nitrogen fernilizer (150 kg
,. and plant density (14.3 planb‘mz) had imporant role on enhancing the

gntial oil content and composition of Tanacetum parthenium.

EFFECT OF ORGANIC AND INORGANIC NUTRITION ON

SOIL NUTRIENT STATUS

Application of organic manures helps I Improving seoil organic
ghen which is crucial I sustaining of soil quality and agricultural

uctivity of land. Nutrient concentration ard soil biological practices

g enhanced by addition of organic matter. (Katyal, 2000). The soil organic
tier also contributes tremendously 1© cation exchange capacity that
bles the soil 10 buffer nutrient concentration in scil solution, apart from

ping storage of plant nutrients (such as N, P, 8 and micro-nutrients elc.) in

Sanyal, 2001). It also increases availability of nutrients from the soil
h ae aleady present b the soil but not available o the plants,
ion of FYM in the soil provided additional nutrient 10 the plants as
| as improved the physical and biclogical properties of the soil (Reddy

::-_‘._-., Swamy, 2000).

Anwar e al. (2005) conducied a field trial © study the effiect of
manures and inorganic fertilizers on growth, herb and essential oil
: i"tf-' basil crop. Various combination of farmyard manure and
icomposi as well as inorganic fenilizers (NPK) were employed.
lication of vermicompost ai 5 vha and NPK a 50, 25, 25 kp/ha exhibited
m plant growth, herb, dry matter, oil content and oil yield. Content
_.ci_pal constituents of basil oil (methiy! chavicof) and linalool were also
I under integrated nutrient management especially When vermicompost
@pplied n combination with NPK. It was also noticed thal organic

N

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



Bhaskar & at (2005) conducted a field trial 1o study the effeet of
flous soil amendments viz,, well decomposed compost @ 30 vha, fime @
tha, single super phosphate @ 600 kg/ha and gypsum @ 2 a with or
ithout recommended dose of NPK. The highest oil yield 0f25.5 kg/ha was
orded when gypsum and compost were applied together with

ommended NP dose followed by 23.08 kg/ha NPK + SSP which was a
@ with treatments of NPK + fime+ compost (22,61 kg/ha) and NPK +
mpos; (206 kg/ha). It was also observed that samwation i terms of

leium and potassium favours the prowth and yield of patchouli.

A field experiment Was conducted to find our the response of organic
flization, (cattle manure }@0, 1, 2, 3 and 4 kg/m¥ on Achillea miile f olwm.
'he doses. of organic manure increased biomass and essential oil yield as
pared to control, Level of carbon, potash, caleium and magnesium status
.a= was not nfluenced, whereas, available phosphorus increased p w©

0 per cent by application of organic Manure (Schaffer e af, 1993).

Sanwal € al. (2007) studied the effect of different organic manures
YA Poultry manure, Pig manure, Rabbit manure, Bioplus and Neem
2 and 100 % NPK on residual fertiity status of soil in turmeric under
ghalaya conditions. Highest Organic carbon (1.89 %), organic matter
'.l %) available nitrogen (326.2 kg/ha) were recorded with FYM
fication while maximum pH (58), available P05 (4670 kg/ha) and
fangeable calcium (3.28 kg/ha) and magnesium (0.74 kg/ha) were
ced with Poulry manures. The pig manure caused maximum availability
|:7'::T'- assium (2438 kg/ha) in soil after harvest of the crop. Further, pig
:73-' also enhanced residual fertility status of soif in comparison t other

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




flizers. Application of FYM, poultry manue and pig manure
Siderably reduced the soil acidity and significantly increased the

umulation of organic matter.

EFFECT OF ORGANIC AND INORGANIC NUTRITION ON
ECONOMICS OF PATCHOULL

Adopting of any cropping system by farming community will
mately be decided by its economic and advantages. The mono cropping
coconut generated employment opportunity of only around 150 man days
per year, whereas, valious cropping system could generate
;i;una-l employment of 130-606 man days per hectare per year with 2 net
 of Rs.50.000/- 1o Rs.1,00,000/- pel hectare n coconut based farming
irama, 2002). From along term fertilizer studies in coconut on Alfisols,
38 observed that the fertilizer trentment 1000g N - 437g P - 1667g K per
" year recorded significantly higher nut yield (136 nuts/palm) than
gatment S00g N- 21 8g P - 833g K/ palm/ year (104 nuts/ palm) and ro
ger (58 nuts/ palm) (Reddy et al., 2002).

a-i’roducnnn fram 2 heciares of land can support 2 distillation units of
tal capacity (60 kg dry leaf/batch) at a time. Running of two units of
; ,s1ze will be more economical as compared © large size one in
Df labour utilization and distillation efficiency. He further remarked
s venture will provide employment generation of 1255, 1285, 1285
: ~'-_' an days in first, second, third and fourth year respectively. It was
luded thai these units gave a net return of Rs.95,450/- Rs.2,34,120/-
58,1 20/- in first, second and third year Tespectively (Ahmed, 2002).
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CHAPTER- 1II

MATERIALS AND METHODS

The present investigation entitled “Influence of organic manures

levels of nitrogen application on growth, yield and quality of
-b{llu_]i {(Pogoswemon  pagchouti Pellet) cv. Johore under coconut
plation” was conducted at Gowi. Nursery, Department of Horticulture,
L of Nagaland a 4" mile Dimapur, Nagaland during the year 2005 and
The details of materials used and procedure followed during

esligation regarding various paramelers and analysis are represented

GENERAL

Location

Experimental sitc was located a 4" mile between Dimapur and
mukedima under the District of Dimapur ai an altitude of 210 meters
gn s | a 25" 45" 43" N latitude and 93" 53' 04" E longitude,

- Climate

The experimental site has sub-tropical 1ype of climate,

sminantly humid, moderate to warm temperalure with an average
I ranges between 2000 mm - 2500 mm occurring about 6 months from

b0 October. Though, fiw light showers are also observed in other
however, remaining period from November to March s

aratively dry. The summer temperature ranges between 22°C o 35°C,




_ 13,

3 Soi

alysis are presented below:

Para meter Value Status
5.40 Acidic
gnic carbon 250 High
ilable Nitrogen  315.50 Medium

)
lable Phosphorus 1932 Low
)

able Potash
]

29870 High

bile during winter it remains a an average between 10°C 1o 22°C. The -
flative humidity varies between 85 and 95 per cent during summer/rainy
ason while during winter it ranges between 30 and 60 per cent. The
._iled weather condition during the period of experimentalion has been
esented as recorded al Meteorological Observatory Station located =
District Soil Conservation Office, Dimapur, Govt. of Nagaland (Table 1 and

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

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

il drained with mild undulating topography. The soll fertility status of the |
:

petimental field was classified & medium in available nitrogen, high in

Method employed

Digital pH meter (Single
electorate meter)

Walkly & Black method. Rapid
Titration method (Piper 1966)

Micro- kjeldahle method
{ Jones 1984)

Spectrophotometer Vanadao
molybdate yellow color method
(Jackson 1969)

Flamephotometer (Chapman
and Pratt 1961 ).



Compasition of erganic manures

Locally available FYM, pig manure and vermicompost which were
gsed n the present investigation were acwmally intended by the authority of
University, SASRD, Medziphemn from a recognized dealer and analyzed

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

Source Nitrogen {*/¢} Phospherous (%) Potash{%)
FYM 0.50 0.20 0.35
Pig manure 1.00 0.50 0.60
Vermicompost  3.00 1.00 1.50

Nilrogen was estimated by Kjeklahle method (A.0.AC. 1970),
josphorous by Jackson, (1969} and Potash by Flame Photometer
E.s-:ar' Pratt, 1961 )

EXPERIMENTAL DETAILS

The experiment was laid ow (fig. 2} with two main facters — organic
fire (M) and chemical fertilizer (N) and with four sub-factors viz.,
ic manure (Mp -~ contrel), farmyard manure (M;_ 20 t'ha), pig manure
10 t'ha). vermicompost (M; - 5 t/ha} and nitrogen with four levels (N
itrol, Ny~ 60 kg'ha, N - 80 kg/ha and Nj- 100 kg/ha). Full dose of organic
fIres were applied 15 days before planting in respective plot as per
iment along with the basal dose of phespherus and potash @ 50 kg/ ha
l. Nitrogen was applied in four split doses after each cutting of the
gs. The coconut plamtation were pre-bearing stage hence the cocomut
8 were given NPK dose m two split application (first dose in the
inning of monsoon i.e., April and the second in the month of September )
300:200:800 g per tree per year along with 20 kg FYM.
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:1  Design of expefiment -

Experimental design :  Randomized Block Design
Factors i

Number of rephcation %3

Plot size : 225 mx30m

Spacing : 60 an x 45 an plant w plant.
Total number of piot : 48

Treatment details

The treatments and their combmations were as follows:

A Organic manures

M, . Control (0 t/ha)

M, : FYM (20 t/ha)

M, Pigmanure(10t/ha)
M; @ Vermicompost (3 t/ha)

B. Chemical fertilizers

Ny @ Control Okg/ha
Nt @ Nitrogen 60 kg/ha
N; : Nitrogen 80 kg/ha
MN; ¢ Nirogen 100 kg/ha



C. Treatment combinations: 16 -

Total amount of nutrients (kg/ha) imposed to different

treatments combination through organic and inorganic sources:

Treatment  (Organic+ Inorganic) P30s K0
T MgNy - B e 0 0 0
To- MgNy - 0 + 60 0 0
Ty-MgN, - 0+ 80 0 0
Te MgN; - 0 + 100 0 0
Ts- MINg - 100 + 0 4 70
Te MIN} - 100 + 60 40 70
T+-MN; - 100 + 80 40 70
Tg-MN; - 00+ 100 40 [ |
To- MaNg - 100 H 0 30 60
Tip-MoN, - 100 + 60 50 60
Ty-MaN; - 100 + 80 30 60
Tp-M;N; - 100 + 100 50 60
Tis- MaN, - 150 + 0 S0 i
T~ M:N; - 150 + 60 50

Tis- MaN, - 150 | 50

Tie- MaN; - 150 + 100 50 75
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in: Randomised Block Design Spacing of planting: 60 an X 45 an
i replicalions : 3 Space between replication : 2m
d treatments : 16 Space between plots : 0.5 m
llividual plot size o 2.25mx3Im Area of the experimental plot : 108 m?

FIG 2: PLAN AND LAYOQUT OF THE EXPERIMENTAL PLOT




32:3 Land preparation

The experimental field was thoroughly prepared by ploughing 3
fimes breaking all the clods along with efimination of all weeds and stubbles.
] & Plots were then made on flat fand with a size of 2.25 m x 3.0 m under
- & coconut plantation. The plots were prepared & the spacing of 3} cm apart
i 75 cm space “as provided i between the blocks. The requirement of
organic manure as per treatment was then applied in the plots and mixed
oughly with the soil before 3 weeks of planting. Full dose of phosphorus
potash and V" of nitrogen were applied in respective plots and mixed
th the soil one day before planting and plot were slightly raised from

ground level in ordel to avoid water accumulation.

24 Planting

For raising the planting materials, clttings were made in first week
¥ March 2005 with a length of 10 cm and cuttings were planted in polythene
gsin a size of 15 x 10 cm filled with FYM and soil and kept in shade net
house. Repular watering was dole with the help of watering can in absence
_irain. About eight weeks old established planting materials were planted

d used as experimental mateliais.

Af'ter care

The area of each plot was kepi clean by regular manual weeding.
fier each cutting, weeding and hoeing were done with application of
ilizer n respective plots as per the treatment followed by earthing up of
il Plants were irrigated regularly during the entire growing period in

nee of rain.




3:2:6 Plant protection measure

Though, the crop does not suffered due & the attack of disease and
ipests. However, in ceriain plots, termites were observed and © check the

lincidence chloropyriphos chemicals were applied.

OBSERVATION RECORDED

|
For recording various morphological growth parameter, four (4)

ipresentative plants were tagged a random m each plot. The growth
parameter of tagged plants were recorded at the time of harvesting (each leaf
'_i"ting) siarting, from 3 month after planting (MAP) 1ill the fifth cutting,

31  Growth parameters

3:3:1:2 Plant height

The average height of plant was based on the observation recorded
4 tagped plants with a metre scale a 3 months interval till the last
arvestng (fifth cutting) ie, up © August 2006. The height of plants was
I from ground level 1 the tip portion of the plant and the mean

Bliies were represented in terms of centimeters (cm).

:3:1:3 Number of leaves per plant
Fully opened leaves of patchouli plants of four tagged plants for
replication arx their mean values were estimated a 3, 6, 9, 12, and 15
after planting (MAP).
314 Number of branches

The number of branches were counted a ¢ach harvesting time on

gd planis in each replication and their mean values were recorded.




23:1:5 Plant canopy

The plant canopy has been recorded by multiplying the height and
idth of each tagged plants of each plot and the mean values were calculated

and represented m terms of square cm.

232  Yield attributes

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

Leaves of the tagged plants were cut from 25 an above the ground
gvel including the tender branches and weight was taken with the help of
¢eighing balance and an average was recorded in each treatment and the
fresh weight of leaves per plant was expressed in grams (g).

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

Average yield weight of fresh leaves per tagged plant were
tiplied with the total number of plants per plot and obtained the firesh

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

tlogram (kg) per plot.
%3:2:3 Projected yield of fresh leaves per hectare

The fresh leaves yield per hectare in respect of sach treatment in
th replication was calculated from the basis of plot yield recorded for each

gatment using the following formula.

Y = Ax 10000
5
Where, Y = Yield per hectare (MT)
A = Yield per plot (kg)
S = Plot area {mz}

The values were expressed in terms of metric tonnes per hectare.




3:2:4 Dy weight of leaves

The harvest was made in dry weather when the sun has drunk up
dew from the leaves. The top leaves of the plants were cut by sickles
ecting all yeliow or decayed Jeaves including tender stems. Selected parts
ge then dried under the shade (as the sun light would draw out the
\]_:.:-" Further, to ensure evenness in drying, the leaves were spread on
amboo rakes and floor with proper aeration. During this process, they were
gquently tun over © have the smooth drying of the whole mass. The
aterials foxr each treatment and tagged plants were dried separately and
fier drying weight was recorded per plant as well as per plot of each

gatment and express i gram.

13:2:5 Projected yield of dry leaves per hectare

Projected vield of the dry Jeaves per hectare in respect of each
eaument in each replication was calculated from the basis of plot yield (dry)
corded for each treatment by using the same formula adopted for fresh

eldha ard the recorded data were expressed in terms of tonnes per hectare

MT /ha).

:3:2:6  Oil content

The volatile ol was obtained by stem distillation method using
dified Clevenger’s Apparatus by using semi-dried at 25 per cent o 30 per
i moisture for 5 hours of distillation and presented in terms of percentage.
oftymous, 1976 and Sharma and Sharma, 2003},




13:2:7 G.C. Analysis of Oil

Quantitative and qualitative estimation of the oil sample was
tamied out by Gas Chromatographic Method on a Chemito Model 8510
iC equipped with PC based Data Processor, using a BP-20 GC analytical
glumn {(28m x 0.53 mm) with hydrogen as carrier gas. The column
gmperature was programmed from 86°C to 225°C@ 30 C min Injector and
i Detector (FID) temperature were maintained a 230°C each. Patchouli
i leohol, the major and active constituent of the patchouli oil was identified
| ith the help of standard authentic reference compound and confirmed by

C-MS.

:3:2:8  Oil yield per hectare

The percentage of oil recorded in each and every treatment were
ultiplied by dry weight of the leaves and is projected in terms of litre/ha.

3:3:2:9 Observation on coconut pliantation

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

und level and the average of it were presented i terms of centimeter

em).

13:2:10 Yield of coconut per plant

The number of firuits Trom entire plants from the experimental area
e counted and average of the number of fruits per plant was calculated as

eld per plant.




-. 33  Fertility status of experimental plants

Soil samples were collected trom respective plots after final harvest
i crop within the area of soil depth of 0-20cm. Collected soil samples were
it dried, ground and passed through 2 mm sieve and subjected w analysis of
pH (1:2) soil: INKCL mixture, organic carbon titrametically using wet
jdation method (WWalkley and Black 1934), available nitrogen using
aline KMnO; steam distillation (Subbiah and Asiza 1956), Bray- P using
ammoenium fluoride extraction by shaking 1g of soil m 20ml of 0.03NNH,F
025 NIICL tor 30 minutes and extractable in IN neutral NH,0AC i 132

s0il: extraction ratio after shaking for 30 minutes (Laynon and Heald, 1982).

334 Eeonomics

Effect of dilferent treatment combinations was worked ouwt
gecording to prevailing market prices of input and output cost of cultivation.
The cost of eultivation of patchouli leaf oil was calculated as per the cost
glements viz., land preparation, manuring, plant protection measures,
planting materials <ost, labour involved in variolls operations fram land
.mparation 10 harvesting and drying of leaves as prevalent raee st Govt
.l" rsery Farm.

Gross return : Gross return was calculated for cach treatment
pombination of different dose of mitrogen ind types of organic manures by
imuitiplying the value of economics produces and the prevailing market

iprices of cutput.

Net return: Net return for each treatment eombination of organic
manures and levels of nitrogen was estimated by subtracting the total cost of

caitivation from the gross return.




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

CBR = Total putpoul (Rs)
Total input (Rs)

. iS5 Statistical analysis

The data obtained during the period of investigation were analyzed
actorial randomized block design (Panse and Sukhatme 1978). The

gnificance of difference sources of variation were tested by error mean

gquare using Fisher Schedecurf — test of probability a 0.05 per cent




Experimental Findings



CHAPTER- IV

EXPERIMENTAL FINDINGS

In this chapter an attempt has been made to preseny the entire

during the experimentation, which have been derived after
fecting the data to statistical analysis and the interpretation. The data
ed with the help of tables and illustrations so as © make them clear

easily understandable.

EFFECT OF ORGANIC MANURES AND LEVELS OF
NITROGEN ON GROWTH, YIELD AN QUALITY

Growth characters
Height of plant {cm)

Data pertaining to the height of plants was influenced by various
Eeaiments and their combinations are presenterd in Table 2. From the perusal
fie data, it clearly indicates that various sources of organic manures were
@ to increase the height of plants a different stages of observation.
g the different sources of organic manures, vermicompost proved its
I. ority with regard to enhancement of growth of plant in all the stages of
esting, however significant impact was recorded only a first and third
gsting. Pig manure was found 10 be second bext source Of nulTition but
was significant only a first and third stage Similarly, FYM ajso

® significant increase in height of plant over control.

Application of nitrogen was found @ have much appreci@ble

¢ in increasing the height of the plant &t each stages of cutting with




]e‘l: Effect of organic manures and levels of nitrogen on beight of plants (cm)
' diff erent stages of cuttings.

reatment 1* i 3 4" 5
3 MAP)  (6MAP}  (SMAP) (IZMAP} (ISMAP)

ganic manurcs (VD)

Coniral (M) 69.09 64.95 50.30 44.50 32.66
FYM(M,) 74.42 67.54 59.00 48.16 37.66
Menure (M 1;) 7.3 66,89 59.01 53.83 40.25
mmicompost (M;) 79.60 10.16 $2.50 50.16 43.25

ot 5 % 2.84 N.S. 8.44 N.S. N.S.

Control (N;) 69.74 60.91 51.30 45.46 33.33
kg Nz (N;) 73.28 68,62 55.95 49.67 37.83
kgN/ha(N; ) 76.22 .18 59.15 53.50 3952

kg Nha (N:) 80.20 70.83 64.4] 57.04 Q.75

at 5% 2.84 N.S. 8.44 N.S. NS,
ikeraction (M x N)

62.83 6033 46.50 39.17 26.67
I 68.16 65.00 50.86 433 32.00
N 70.60 66.25 51.00 4583 35.67
74.76 68.25 52.83 49,67 36,33

70.66 58,58 5020 43.67 34.00
71.63 68.66 57.33 47.83 37.33
7516 70.25 60.33 48.17 38.67
80.23 72.66 68.16 53.00 40.67
7065 62.58 51.36 47.83 35.00
75.50 70.41 %.7% 51.33 39.67
77.40 67.00 60.60 55.67 41.33
81.83 67.58 67.33 60.50 45.00
74.83 6.16 57.16 51.17 37.67
7.5 70.41 58.86 56.17 0.3
81.73 7325 64.66 64.33 44.00
84.00 74.83 69.33 63.00 49,00
L 415% 56 N.S. 16.89 NS. NS.




ing level of nitrogen. The maximum height of plant (80.20 cm,
83cm, 64.4lem, 57.04 cm, and 42.75 cm.) a first, second, third, fourth

fifth cutting, respectively was recorded a the highest level of nitrogen @
kg/ha followed by 80 kg/ha, and 60 kg/ha and the control recorded
gt height of plant (69.74 cm, 68.91 cm, 51.30 cm, 45.46 an and 33.33
in various stages of cuttings. All doses of nitrogen were found © be
ificantly superior to control in increasing the height of plant & each

of leafl cuttings.

Among the different treatment combinations, T,y (MaN3) ie.,
frmicompost @ 5 t/ha + nitrogen 100 kg/ha has recorded maximum height
800 an at 3 MAP and 74.83 om at 6 MAP). Findings revealed that other
featment combinations were also found better © enhancing the height of the

. Minimurm height of plant was noticed in control plots at all stages of
iesting over to other treatment combinations. It was also recorded that,
gre was no significant efficts on height of the plant a second, fourth and

fth stages of cuttings within the Ireatment combinations

Jd:2 Number of leaves per plant

Application of organic manures, various doses of nitrogen and their
pbinations showed appreciable impact on enhancing the number of leaves

tplant & diff erent stages of harvesting (Table 3).

Among the various sources of organic manures, number of leaves
e observed 1o be highly influenced due to treatment of M; (vermicompost
15 tha). Vermicompost @ 5 t/ha had produced the maximum number of
_'=~ & all stages of leaf harvesting ie., 648.81, 514.91, 491.83 and 289.16
3 MAP, 6 MAP, 12 MAP and 15 MAP, respectively. The result was



t Effect of organic manurcs and levels of nitrogen on pumber of leaves per
plant at different stages of cuttings.

i 2™ 3 4"~ o
(3MAP)  (6MAP)  (9MAP)  (12MAP) (ISMLAP)
nic manure (M)

Emtrol(Mo) 49516 404.58 388.10 38958 20400
M) 562.25 462.08 412.77 413.75 22516
S\isire (M:) 603.68 503.54 430.04 444,41 256.25
Bhicompost (Ms) 648.81 514.91 414.00 49183 289.16
B, at 5% 2275 7.7 N.S. 20.11 N.S,

ragen (N) -

ol () 512.66 419.58 379.20 367.66 20625
REN /ha(N) ) 555,52 453,41 379.41 430.41 24258
oN/mha (N} 603.41 492.54 439.4] 446.91 253.58
kg Wha (Ny) 6383 { 519.54 44781 49458 272,16

0.5t 5% 2275 770 N.S. 2022 NS.

Iateraction M x ™N)

47516 343.33 32283 28833 175.00
471.25 360.00 381.33 36833 213.33
52475 15166 42983 421.66  207.66
509.50 466713 418.41 480.00 220.00
488.75 420.00 43983 348.33 205.00
558.75 436.66 291.25 441.66 212.00
58750  486.66 45625 40833 23833
614.00 505.00 463.75 156.66 24533
525.75 47333 381.91 390.00 206.66
S7341 49700  428.83 445.00 266.66
' 643.58 510.16 436.08 457.66 271.66
672.00 533.50 473.33 485.00 286,00
$61.00 441.66 37225 444.00 238.33
618.66 520.00 416.25 166.66 278.33
657.83 521.66 43550 500.00 296.66
757.75 576.33 435.75 556.66 34333
45.51 15.41 N.S. 40.22 N.S.




ignificantly better with vermicompost over other source of organic manures
control to increasing the number of leaves, except a third and fifih
esting stage.(Table- 3) Pig manure (@ 10 t‘ha was observed o be the
gecond best source of organic manure at most of the stages of harvesting and
en it recorded highest number of leaves (430.04) a 9 MAP. The FYM @
D vha was alse showed positive impact in Increasing the number of leaves

all stages of cutting compared to conirol.

Application of varicus doses of nitrogen showed significantly
fiperior impact in increasing the number of leaves with increasing level of
litrogen. The maximum number of leaves per plant was cbserved (638.3],
954, 44781, 494.58 and 272.16) during first, second, third, fourth and
th cuttings, respectively a the highest dose of nitrogen i.e., 100 kg Nrha
1d compared © lower doses in most of the harvesting stages except in third
fifih cutiings. The number of leaves were intluenced by increasing the
¥els of nitrogen significantly. The application of nitrogen (@ 80 kg Nha
peed higher number of leaves followed by 60 kg N/ha and lowest

mber of leaves was recorded with control.

The number of leaves due 1 application of vermieompost @ 5 t/ha
‘nirogen (@ 100 kg /ha recorded maximum « all stages of cuttings except
b third stage, where maximum number of leaves (473.33) was recorded
._ the treaiment of pig manure @ 10 tha + niwogen @ 100 Kg /ha
iNz). In general, maximum number of leaves per plant was observed a
i stage of harvesting (3 MAP} followed by second, fourth, and fifth
ings. However, significant effizct was observed at first, second and fourth

yol cuttings,




41:1:3 Number of branches per plant

Data presented m Table 4 showed that organic manures and levels
@ nirogen application singly or in combinations were found effictive in
gtering the number of branches per plant & different stages of observation

however, impact was not significant.

Vermicompost (M;) caused maximum number of branches a
second, fourth and fifth stages of harvesting whereas, pig manure caused
maxinum number of branches (522 and 38.27) a fust and third stage
espectively. FYM@ 20 t/ha also showed #ts effict I increasing the number

fbranches compared to control.

Different levels of nitrogen showed positive impact in increasing
¢ sumber of branches per plant with increasing level of nitrogen.
faximum numnber of branches were recorded by application of 100 kg/ha
_wed by 80 kp/ha and 60 kp/ha, whereas, less number of branches per

plant was observed t control @ differert stages of harvesting.

Among interaction, the maxitmum number of branches were
gemrded by ireatment combination of M;N; (vermicompost @ 5 tha +
ftogen (@ 100 kg/ha) during entire cropping period followed by M,Ns,
tich exhibited second best combination & first, second and fourth stages.

Milil:4  Plant canopy (em’)

There was a marked increase in the plant canopy due W various
Eatments and their treatment combinations and significantly influenced «

fferent stages of leaf cuttings (Table 5 ard fig, 3 aand b).




: Effect of organic manures and levels on nitrogen on pumber of branches
pef plant ot diff erent stages of cuttings,

atment * gl k fa ™ 58
G MAD)  (6MAP)  (9MAP)  (IMAP}  (SMAI

Orgatic manures (M)

Control V1) 41.06 4066 35.01 33.00 30.58
XM (M) 49.66 4450 3589 40.08 35.66
fihaniire (M:) 52.20 4916 18.27 46.66 42.08
fmicompost (M) 51.08 51.00 37.95 4883 44.41

L a1 5% NS, NS, NS NS NS,

Nitrogen ()

Coniral (No) 4585 43.66 34.47 37.91 3400
g Nha (N)) 48.12 4425 3649 41.25 36.83
g N/ (N) 4725 47.83 36.81 43.33 39.66
fkgN /ha (N} 5279 4958 3935 46,08 42.25

at % NS, N5, NS, N.S. MN.5.

peraction(M x N)

36.91 37.33 32.4] 30.00 24.66
39.16 39.66 33.71 32.00 29.00
39.58 42.00 3524 33.00 32.66
43.58 43.66 38,67 37.00 36.00
3083 41.00 3700 3366 3033
2175 13.66 37.4] 3900 34.33
4575 46.66 3583 40.66 38.00
5033 46,66 3333 47.00 40.00
49,91 46.66 35.41 44.00 39.00
51.16 14,60 37.50 47.00 40.66
32.66 52.00 4041 48.66 43.33
5508 53133 39.75 47.00 45.33
43.75 4966 33.08 44.00 4200
304! 49.00 3733 47.00 4333
SL.00 50.66 35.75 51.00 44.66
57.16 54.66 45.66 3.3 47.66

N.S. NS, NS, NS. NS




Bi-5: Effect of organic manures and levels of nitrogen on plant canopy {cm’) o
diff erent stages of cuttings.

._- .-| ent -!lt znd 3”1 4‘“1 sth
(3MAP)  (6MAP)  (9MAP) (I2MAP) (I5MAP)

Bnic manures (M)

i (Mg} 4775.25 2538.67 101041 FI5.83 1022.50
1 (M) 5161.03 2878.33 1253.58 851.66 1086.66
Manure (M) 530726 294992 148416  116.25  1567.75

RRiconpost (M;) 548641 310275 151733 1349.16 184125

5% 138.75 144.07 163.95 109.53  194.94

n (N)
ol (Nu) 4548 80 224375 989.00 691.67 303.75
g NAa (N ) 5163.92 2727.25 1153.92 976.25 1439.58
ke Nha (N3) 5476.39 3117.83 1293.67 1112.08 1471.67

Nha (N3) 5540.83 338083 182892 125292 180317

L ai 3% 138. 75 t44.07 163.95 109.53 194.94
wetion (M x N)

3997.04 1516.33 676.67 510.0C 653333
4715.89 2430.00 830.00 748.33 1016.67
5079.33 2851.00 1141.67 200.00 121000
5308.73 3357.33 1393.33 &05.00 1210.00
4884.08 2368.67 997.67 680.67 750.00
493525 285933 1192.67 733.33 866.67
5490.87 310000 1318.00 (40,00 1180.00
5333.92 318533 1506.00 246.67 1550.00
4744.83 247667 114900 770.00 848.33
542370 257333 1079.33 1103.33 1816.67
3548.06 3355.00 1550.00 1108.33 175333
3512.44 3394.67 2158.33 1483.33 1852.67
4569.27 2613.33 132.67 800.00 %63.33
S580.83 3046.33 1513.67 1320.00 205833
5787.31 3165.33 1165.00 1500.00 174333
6008.23 3586.00 2258.00 1776.67 260000

277.51 288.14 32750 219.65 389.89
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Among the different sources of organic manures, vermicompost

roved © be better source of manure 1 influence plant canopy a all stages
leaf cuttings followed by pig manure which was significantly superior to
and control a all stages of cultings except & second cutting, ‘where it
mained @ par with FYM. FYM also influence the increase of plant canopy

gnificantly better over control at all stages of cuttings.

The application of nitrogen@ 100 kg N/ha provided the highest
lant canopy development followed by 80 kg N/ha and 60 kg N/ha. The
iddle doses i.e., N, (80 kg N/ha) and Ny (60 kg Nha) also increased the

jant spread significantly to control,

It is apparent that the plant canopy development was increased
ificantly by combined application of various manures and levels of
gen. The highest plant canopy development was noticed with Tis
emmicompost(@ S t/ha + 100 kg N/ha) followed by Tis (vermicompost@ 3
+ 80 kg Wha) a first and fourth stage, whereas, & second and third
Ty(pig manure@ 10 vha + 100 kg N/ha) was found to be the second
. combination, but at fifth stage T,, (vermicompost@ 3 t/ha + 60 kg
) was found % be the second best as far as plant spread is concerned.
gst plant canopy was recorded with control at all stages of harvesting
jughout the period of investigation. Several treatment combinations also
ved significant influence on plant canopy development 1o control. In
al maximum plant canopy was noticed a first cutting followed by

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



412  Yield characters
11:2:1  Fresh weight of leaves per plant (g}

The data presented in Table 6 shows that different organic manures
gnd various levels of nitrogen and their treatment combinations had

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

5urganic manures, vermicompost proved © be better sowrce of manuring as
£ provided maximum fresh weight of leaves a all stages of harvesting and
highest yield (473.45 g 469.83 g, 271.67 g 217.12 g and 235.83g) was
tecorded. Morcover, significant impact was neoticed in first and second
tings only. FYM and pig manure also showed significant effect in
nereasing fresh yield of leaves as compared o control & first and second

¢ of observation, however, it remained ar pa with vermicompost.

There 'was considerable increase in yield of fresh leaves per plant
th increasing doses of nitrogen. Highest level of nitrogen ie., 100 kg N/ha
ded maximum yield of leaves per plant & all stages of harvesting
86.41g, 503.20g, 288.66g, 219.62g, and 231.08 g) followed by 80 kg N/ha
8 60 kg N/ha. The N3, N2 and N, remained a par with each other and

found significantly superior to control & first and second stage of harvesting,

Highest yield was recorded with treatment MiN3 (Vermicompost @
tha + 100 kg N/ha) a most of the stages of harvesting, however,
ificant impact was noticed only in first and second stage of harvesting.
gral other combinations were also found significanlly superior with
@id 1o increasing the fresh weight of Jeaves per plant during first and

id harvesting stage.



g6 : Effect of orpanic manures and levels of nitrogen oo fresh weight of leaves
per plant (g) a diff crent stages of cuttings.

i iy 3 4 5
LN (SMAP) ANA B [12M Ak [15MAF)
lrpanic manures (M)

il (Mo) 394.10 321.81 223.41 167.50 177.50
(M) 460.87 444.4 | 251.79 181.25 200.00
o Marure (M-) 443.83 453.06 24116 194,25 2i1.%0

micompost (M) 473.45 469.83 271.67 217.12 23583

).at5% 56.08 113.25 N.S. NS IN.S.

rogen. (N)

btrl (Ne) 381.33 332.08 211.91 162.91 185.83

gN/Ma{N|) 443.06 396.77 23416 178.00 196.91

Nmasz) 461.45 457.06 253.30 199.58 21150

kg N'ha (N;) 486 4] 503.20 288.66 219.62 231.08

D, 2t 5% 5608 113.25 N.S. N.S. N.S.

graction (M x N)

' 331.16 24375 185.66 136.66 163.33
379.66 27291 2100 158.33 171.66

417.91 325.83 235.00 175.00 181,66

347.66 444.75 261.00 200.00 193.33

43541 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

49375 533.91 295.16 20666 217.66

37083 360.00 196.66 180.00 195.00

454,50 447.91 227.00 173.66 136.66

47016 483.50 252.66 20666 219.33

470,83 520.83 288.33 216.66 235.00

387.91 374.58 237.66 178.33 200.00

482.50 478.75 263.66 208.33 225.00

490.00 512.66 27520 226.66 240.00

i 533.4] 513.353 310,16 25516 278.33
. ut 5% 12.15 226,51 NS. NS. NS




:2:2 Dry weight of leaves per plant (g)

It 5 evident from the data presented in Table 7 that, there was
gpreciable impact of various sources of organic manures and levels of
ogen fertilizers on increasing the recovery of dry weight of leaves per
¢ & different stages of harvesting. However, results wefe significant only

I t, second, and fouth stage of harvesting.

Maximum dry weight of leaves per plant was recorded with the
plication of vermicompost (140.58 g 120.66 g 5933 g 522 g and
1580) o wvarious intervals of cuttings fran the experimental field,
gwever, it remained statistically non significant with FYM during first and
scond cutting and with pig manure at first cutting, whereas, data recorded at
Rlourth cutting was higher i all the treatment combinations. FYM and pig
anre were found © be better for higher dry weight recovery than control,

second and fourth harvesting stage of leaves.

Application of nitrogen has resulted favourable impact on recovery

idry matter of leaves with increasing levels of nitrogen. The maximum dry
gight of leaves per plant was recorded by application of 100 kg N/ha a all
€8 of harvesting. Though, impact was found sigmificantly superior 1o
er doses of nitrogen and control at first, second and fourth stage of leaf
flings. Simnilarly, 80 kg N/ha also caused 10 increase the dry weight of
ves d second and fourth stage, while it remained at par with higher and
wer doses of nitrogen at first harvesting. The lower dose of nitrogen (60
N/ha) also recorded 1 increase in the yield of dry weight of leaves in

mparison 10 <ontrol.




A ‘ -%: Effect of organic manures and levels of niffogen oo dry weight of leaves
' per plant (g} at Jiff erent stages of cuttings.

Eatment 5 ol ¥ 4* 5"
(3MAP)  (6MAl)  (YMAP)  (I2MAP)  (15MAP)
nic manures (M)
Ird (Mq) 123.37 79.06 5250 42.25 37.70
M M) 135.47 120.18 56.50 46,25 44,50
Manure (M) 125,27 112.41 52,37 49.08 46.75
micompost (M) 140.58 120.66 59,33 52,20 5,58
5% 16.39 427 N.S. 1.61 NS,
gen (N}
ol (No} 110,85 §5.18 46.41 41.91 38.08
ik NEs (N)) 124,37 104.91 52,00 4625 43.58
@N/Ma (Nz) 139.52 15,45 57.66 4945 48,20
g Nha (N3) 149,95 126,77 64.62 52,50 49.66
), 41 5% 16.39 427 N.S. 1.61 N.S.
rittion (M x N)
By 100.83 4833 40.66 35,00 27.33
118.75 65.83 47.33 39,33 39.33
132.25 £9.16 58.00 45.00 39.16
[41.66 112.91 64,00 49,66 46.00
111,91 104.4 1 47.33 4033 36.33
132.50 122.41 55.00 48.00 42.33
146.66 125,00 58.00 4966 50,66
15083 128,91 65.66 48.33 48,66
115.00 96.33 45.83 45.00 42,66
109.58 113.91 4833 4800 45.33
130.41 t15.41 54,66 50.33 50.33
146.08 124,00 60,66 53.00 48.66
115.66 91.66 51.83 47.33 46.00
136.66 117.50 57.33 49,66 48.33
148.75 132.25 60.00 5283 5266
161.25 141.25 6%.16 59.00 55.3
5% 3278 8 % NS 322 N.S.




The combination of M3N;(vermicompost@5 t/ha + nitrogen 100
i’.r.-: showed superiority in recovery of dry leaves per plant & most stages
harvesting but significant effect was notieed only a first, second and
fourth stage over control. Treatment combinations like M;N,, M;N; MN;,
BE., were found betier with regard 1o higher recovery of dry weight of leaves
| plant (Table 7).

k23  Fresh weight of leaves per plot (k)

Application of organic manures, nitrogen amd their combination
'iﬁcantl}' influenced the fresh weight of the leaves per plot. The data
¥e been recorded a all the 5 stages of cuttings = three months interval and
Spresented in Table 8 The favourable response to these treatment sources

a5 maintained upto last harvesting stage (fifth cutting).

The maximum fresh weight {25 kg/plot & 3 MAP) was obtained
i vermicompost(@ 5 t/ha, whereas, minimum with control (8.58 kg/plot a
_. MAP). Further, vermicompost application showed its superiority over
ollir source of organic manures a most of the harvesting stages except first
:'ng where it remained statistically & par With FYM and pig manure. Pig
manure was found to be second best with regard % increasing fresh weight
e Jeaves per plot & most stages of harvesting but remained statistically
ipar with fam yard manure. Individual effeet of nitrogen showed positive
fipct on increasing the fresh yield of leaves per plot with increasing level
itrogen. The application of 100 kg Nba Was found significantly superior
all stages of harvesting over all the treatments of nitrogen and control. The
ddle dose (80 kg N/ha) was also found significantly effective in enhancing
I_ Yield over control However, fresh yield of leaves per plot remained @

with lower and higher doses of nitrogen.




ile-8: Effcet of organic manures and levels of nitrogen on fresh weight of leaves
per plot {Kg) at dillcrent stages of cuflings.

atment 1" s 3 4" 5"
(AMAP)  (6MAP)  (IMAP)  (1ZMAP)  (15MAP)

ic manurcs (M)

il (Mo) 15.53 12.44 12.06 10.33 8.58

M (M) 19.70 14.43 13,16 11.40 9,47

Manure (My) 21.86 16.07 14.55 12.58 i0.50

Bllicompost (M) 25,46 19.51 17.63 15.46 13,22

8% 6.38 3.46 2.23 2.6 300

liragen: (N)

ol (Ny) 14.92 12,20 11.25 9.66 7.91

gNha(N)) 22.68 14.12 12.76 11.15 935

Nha (N) 2226 16,93 15,60 13.25 11.16

kg N'ha (N3) 23.00 19,20 17.79 15.70 13.35

at 5% 628 3.46 223 2.67 3.00
tuction (M x N)

| 10,97 8.56 2,63 7.48 6.40

14.48 10.40 .80 1.77 7.59

15,92 15.68 14.42 12,14 9.59

18.29 15.13 15.40 12.92 10.75

18.14 12.30 1092 9.16 7.34

21.30 13.98 12,30 11.09 9.11

24.32 14.97 13.80 1167 950

26.9% 16.49 15.6) 13.67 1155

19.09 13.36 11.86 10.G0 7.86

2037 1536 13.80 11.55 9.56

22.18 16.26 15,33 13.41 1137

27.41 19.32 17.22 15.36 13.20

15.12 [4.60 13.5% 11.99 10.05

22.66 16,76 15.13 13.20 1L15

25.04 20.83 18.86 15.79 3.9

29.18 2586 72.95 20,46 12.91

t $% 12.76 6,92 4,47 5.34 6,01




The various combinations of manures and nitrogen were found
sperior o control w all stages of harvesting. The maximum yield of fresh
S per plot was recorded with MiN; (29.18 ko) followed by M,N3
.41 kg), M N; (26.98 kg) M;N; (25.04 kg) etc.

1:2:4  Dry weight of leaves per piot (kg)

The data presented n Table 9 showed that there Was a good impact
different treatments and their combinations in recovery of dry weight of
Wes per plot in patchouli crop. &k s observed from the daa that
icompost had significant influence in increasing the dry weight of
S & different stages of leaf cutiings (5.53 kg, 4.67 kg, 4.09 kg, 3.31 kg
1298 kg), respectively, and significantly better than pig manure and
v Mmimum dry weight of leaves per plot (3.74 kg, 2.78 kg, 2.36 kg and
| kg), was noticed with control at various stages of cuttings. Pig manure
fouw significantly superior in comparison 1© FYM in enhancing the dry
ight of the leaves. Application of FYM also proved statistically better than
I © influence the dry weight of leaves of patchouli per plot & all

e of observation.,

Dry weight of leaves per plot had been significantly increased by
@plication of various levels of nirogen. The Maximum dry weight per plot

ﬁcuﬂed by application of 100 kg N/ha, (5.53 kg) followed by BO kg
i (5.19 kg) and 60 kg N/ha (4.7] kg) and minimum with control. The
e doses were also found significantly superior over control 1 enhance

jdry weight of leaves per plot.

As in the case of fresh weight of leaves per plot, the dry yield of
&€ Were ajso found 1o be highest at ditferent stages (6.52, 6.28, 5.29, 470




9: Effect of organic manures and levels of nitrogen oo dry weight of Jeaves

per plot (Kg) at different stages of cuttings.

matment 1” o 3 4° 50
(AMAP)  (6MAP)  (YMAP) (IZMAP) (I15MAL")
Ranic manures (M)
ol (M) 3.7 2.97 278 236 1.9]
MM, 487 3.4] 297 2.58 1.96
: (My) 523 3.82 339 2.78 235
Bitirmpost (Ms) 5.53 4.67 4.09 3.3] 298
1. at 5% 0.04 .29 a1 0.18 0.17
gen (N)
mal (N 192 293 2.56 2.02 1.75
i Nihur (N ) 4.71 3.36 2.87 244 197
b Nt () 5.19 4.01 3.64 296 2.45
kg Nt () 553 4.58 414 3.60 303
L at 3% 0.04 0.29 0.11 0.18 0.17
metion (M x N)
; 290 220 1.98 1.70 1.39
3.60 260 2.20 202 170
406 3.45 3.33 2.6 217
440 3.64 3.60 3.06 2.39
3.90 299 2.35 2.02 1,61
4.92 124 272 2.47 1.6]
523 362 326 2.68 .14
542 3.88 360 3.14 2.45
463 307 279 2.16 1.84
4.97 3.74 317 246 2.02
556 3.83 3.5 296 2.50
5.78 4.59 407 3.52 3.07
427 3.38 3,13 20 217
536 3.85 3.49 282 2.55
552 5.16 447 3,52 3.00
692 628 529 4.70 4.18
0.08 .59 0.23 0,36 0.35

7




84.18 kg/plot,) respectively by application of M;N, (vermicompost@ 5
+ 100 kg N/ha) and closely followed by MyN; (pig mamre @10 t/ha +
U kg N/ha) and M;N; (vermicompost@ 5 t/ha + 80 kg N/ha) and lowest
8 1 control. Various other treatment combinations were also found

iificantly effective in increasing the dey weight of leaves per plot.

8
11:2:5 Projected yield of fresh weight of leaves per hectare (MT)

The data obtained with regard to projected yield of fresh weight of
55 & presented in Table !0 and fig.4 (a) and (b).The maximum fresh
) of leaf was recorded with venmicompost ie., 6298 and 68.7% t/ha in
5 ard 2006, respectively. Pig manure was found © be the second best
siree of manure n enhancing the projected fresh yield of patchouli leaf
owed by FYM. However, they remained & par with each other and

pificantly superior fo contro! during first year of observation.

Among the individual effect of various levels of nitrogen, 100 kg
i caused maximum fresh yield of leaves per hectare followed by 80 kg
i 60 kg N/ha in both year during cropping. However, significant impact
frogen application # all levels was noticed only during 2005 while in
pnd year significant impact was observed in the application of 100 kg
and control only.

Among the interaction, vermicompost with higher levels of nitrogen

i was found i be the best treatment combination for increasing the
__'i fresh leaves (81.54 and 91.98 t/ha during the year 2005 and 2006,
getively followed by M,Ns, (pig manure @ 10 tha + 100 kg N/ha),
I8 (vermicompost @ 5 t/ha + 80 kg N/hay and MNs (FYM @ 20 t/ha +

#g N/ba) during both the year of investigation. Several other




pambinations of organic manures and nitropen were also found superior i

ghancing the projected fresh yield of leaves in comparison o controf (7.545
1),

i1:2:6 Projected vield of dry leaves per hectare (MT)

The influence of organic manures and nitrogen application and
figir combinations have been recorded in Table 10 and fig. 4 {a) and (b). As
g the fresh weight of leaves, vermicompost also caused maximum
poduction of dry leaves during the both years of investigation (15.09 and
32 MT., respectively) followed by pig manure and FYM and minimum
i noticed with control during both year of investigation, But significant

pact was noticed only between vermicompost and control.

Projected dry weight yield of leaves was found highest & the
imum level of nitrogen application i.e., 100 kg N/ha (i14.98 and 15.80
during 2005 and 2006, respectively) and impact was significantly
perior o control. Though N, and N, also caused betier dry yield of leaves

remained statistically @ por with control,

The perusal of data in Table 10 reveals that the dry weight of the
W88 was also recorded maximum with M;N; (18.95 and 21.0 t/ha during
fyear 2005 and 2006 respectively, folowed by MsN,, (vermicompost @ 5
+ 30 kg N/ha). M;N; (pig manure@ 10 tha + 100 kg N/ha), MzN, (pig
ure@10 t/a + 80 kg N/bha} and MyN3(FYM @20 tha + 100 kg N/ha).
lowest ory yield of leaves per hectare was recorded with MgN, ie.,
frol (7.55 and 7.54 t/ha during 2005 and 2006, respectively).




bic-10: Effect of organic manures and Jevels of nitrogen o projected yiewl of
leaves per hectare (MT).

reatment

2005

Organic manures (M) Fresh Dry Fresh Dry
fomrd (Mo 40.18 .95 45.90 10.44
FYM (M) 54.96 12.30 50.42 11.18
BManure (M) 56.82 13.41 55.75 12.63
emicompost (M) 62.98 15.09 68.76 15.32
o T 2.14 416 22.41. 417
Rilrogen (N)
Lantrdl (o) 41.61 10. 16 2.7 941
jpNa(N;) 50.3% 11.16 49.29 10.94
2 Niha (o) 57.40 13.64 59.29 13.43
kg Nt () 65.57 14.98 69.55 15.8
pLlat 5% 214 4.16 2241 4.17
i' leraction (M x N)
(M 78.94 7.55 33.36 7.54
N 3785 9.20 38.78 873
. 46.82 11.14 5357 12.14
4711 11.90 57.89 13.%
45.09 10.21 40.63 8.87
5227 12.10 48.16 10.58
58.10 13.10 52.41 13.00
64,39 13.79 60,50 13.27
4837 11.55 44,40 10.09
52.94 12.90 51,72 11.34
56.73 13.91 59.42 13.30
69.23 15.30 67.83 15.80
44.03 11.34 52.79 11.15
58,41 13.66 58.5 ] 13.13
o 67.96 16.43 71.77 16.29
h 81.54 18.95 91.98 21.00
4t 5% 128 8.32 44.83 835

"
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Quality attributes

1:3:1 Oil content {°/4)

The data pertaining %o oil content of dried leaves, which has been
juenced by diff'erent sources of organic manures and level of nitrogen
ple [1). As far = oil content was concerned, vermicompost also
lence maximum recovery of oil percentage in dry leaves during different
g5 of harvesting (2.60 to 2.63%). Though FYM responded as the second
I dose for oil content (2.61%) during the first cutting of leaves, while 1l

ngined ar par with pig manure during the second cutting of leaves. Lowest

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

Among the various doses of nitrogen, the Ny (100 kg/ha) and N
kg/ha) doses of nitrogen produced maximum oil percentage and were
fificantly superior to lower dose of nitrogen N, (60 kg N/ha) and N,
patzol) during first and second cuttings. Among the interaction, maximum
lfe.cuvery was recorded with MsNy (2.7%0) combination followed by M5N;
B63%). Lowest oil perceniage was noticed i control « all stages of

Reervations,

1113:2  Projected oil yield per heetare (litre)

% 8 evident from the Table 12 and fig. 5 (a) and (b) that various
fges of organic manures and levels of nitrogen caused appreciable impact
production of oil yield per hectare. The application of vermicompost @ 5
caused significantly maximum production of oil during beth the year
§ and 2006 (380.03 Vha and 39270 ltha, respectively), followed bty pig
e and FYM. The pig manure and FYM were also found significantly

gtior 1o control and a par with each other.



Me1l: Effect of organic manufes and levels of pitrogen on off (%) and aicohol

cootent (27) at diff erent stages of cultings.

Oil content (%)

Alcahol content (%o)

mtment 1™ - ¥ ™ " z

jiic manures (M) (3MAP)  (6MAP)  (9MAP)  (3MAP}  (SMAP)  (SMAP)

ol { Ma) 2.56 2.52 252 45.56 4590 45.94

M (M) 2.6] 259 258 45.69 16.24 46,17

Mansre (M) 2.59 259 259 45.51 4610 46.16

Emicompost (Mg) 263 260 260 45.63 4626 46.18

L & P 0.01 0.01 0.01 NS. 017 0.16
ogen (N)

firol (No) 2.58 255 2.56 45.50 4578 46.00

bk Nha (N 2.57 258 258 15,07 46.11 46.18

g Nita (Nz) 262 259 257 45.62 4635 46,05

g X/ha (N3) 262 2.59 2.58 4556 4625 4623

D, at 5% 0.01 0.01 0.0) NS. 0.17 0.16

¢tion (VM x N)

2.53 250 246 45.66 45.40 35.50

256 253 253 4556 45.73 1623

2.60 253 2.46 4553 46.16 4570

256 256 2.53 45.50 46.33 46.33

2,60 260 256 45.60 46.10 46.23

260 260 260 45.66 46.30 46.03

263 260 - 256 45.66 46.30 46.23

263 260 250 45.80 1626 46.20

260 260 260 4536 45,76 46.13

2.53 260 260 45.63 46.10 2623

2.63 260 2.56 45.78 1613 2610

260 2.56 260 4530 46.40 46.20

260 2.53 263 4540 4586 16.13

260 260 250 45.93 2633 1623

2.63 263 260 45.53 1683 46.16

2,70 266 2,60 45.66 46.03 46.20

w1 5% 0.03 0.02 003 N.S, 0.35 0.32




ible-12:  Fffect of organic manures and levels of nitrogen on projected ofl yicld
per hectare (Litre).

reatment 2005 2006
rganic manures (M)
it (M) 254 88 268.(2
M 313.85 283.55
gmanure (M) 34225 31451
micompost (M) 380.03 392.70
0. at 5% 53.16. 1315
fragen (N)
rd (Ng) 259.30 239.08
kg N tha (N} 306,36 27927
gN ha(N;) 3438.06 341.95
IfkgN ha(N3) 177.29 398.48
Ll a2 3% 5316 4345
fer action (M x N)
Mg 192.68 198.46
238.94 22287
284.17 309,85
303.75 340.89
260.45 220.23
J08.75 26992
334.34 305.45
351.86 338.60
294,81 253.04
39,28 289.43
354.53 33693
390,38 378.65
28928 284.60
348.46 334 .86
41%.20 415.536
463.17 53578
0, at5%. 105.32 87.30
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Application of various doses of nitrogen led to increase projected
lyield per hectare in comparison to 100 kg N/ha (377.29Vha and 398.48
.-dJring 2005 and 2006, respectively, followed by 80 kg N/ha and 60 kg
ha. N, and N, also had significant impact on increasing oil yield during the
2005 and 2006 except N, as it remained & par with control during the
ar 2006.

As m the case of oil percentage, the projected yield of patchouli oil
§3.17 and 535.78 t/ha) was also recorded highest by MiN; (vermicompost
5 tha + 100 kg N/ha) combination during both the years. Several other
mbinations were also exhibited significant impact in increasing the oil

fld per hectare in comparison o control.
i:3:3 Patchouli alcohsl content (Yo)

It &5 apparent from the Table |1 that various organic manures and
gls of nitrogen have also influenced positively mn increasing the alcohol
ntage in patchouli oil. The maximum alcohol percentage was obtained
meatment with vermicompost @ 5 tha {(45.63 - 46.18%%) followed by

and pig manure. The minimum alcohol content was recorded m

-
1]
irol,

Application of various doses of nitrogen also caused o increase
Bhel percentage in patchouli oil. The maximum alcohol percentage was
ded in the treatment of 80 kg N/ha fram the first and second cuttings,
e it was highest when applied with 100 kg N/ha during third stage of
1g. Several combinations like M;N; M,N; M;N; etc, also exhibited

ifive trend of influence with regard t© alcohol percentage in patchouli oil.



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

21 Status of major nutrients in the soil after harvest

Supply level of available nutrients (N, P and K) have been
ignificantly effected by different sources of Organic manures, inorganic- N
and their interactions (Table 13 and fig. 6a and b). The available nitrogen
fills improved substantially from 155.66 kg/ha with My o 214.66 kg/ha
ih M, (vermicompost 5 vha) which was sipnificantly superior to M, (FYM
b tha and at par with M (Pig manure 10 t/ha). Among diff erent leVels of
motganic nitrogen, 100 kg/ha has given the highest availability of nitrogen
207.53 kg/ha). The middle (80 kg N/ha) and lower (60 kg N/ha) doses of
gpplied nitrogen were also found to improved available nitrogen i the soil
ignificantly w© control. In general, response of organic manurzs M, — M,
55.&6- 214.66 kg/ha) was better than inorganic nitrogen N, — Ny {156.66
207 kg/ha) with regard to nitrogen availability.

Among the interaction M;N; was found more effactive in
proving available nitrogen (239.66 kg/ha) followed by M:N; (231.66
ig/ha) and M;N; (229.33 kg/ha). However, these interaction remained at par
i each other but they were found significantly superior to most of the
gombinations and control (142.33 kg/ha),

Phosphorus availability in the experimental soil was not influenced

listically by orpanic manures, inorganic nitrogen and their interaction.
pwever, application of vermicompost has resulted maximum avaitability of

phosphorus in the experimental plot afier harvest (17.58 kg/ha) followed by
g manure (16.83 kg/ha) and FYM (16.75 kg/ha).




Maximum availability of phosphorous was recorded with highest

el of nitrogen (N3) i.e. 17.50 kg/ha followed by Ne and N, and lowest in
ol (15.66 kg/ha).

With regard 1o interaction effect on availability of phosphorous, the
est amount was noticed with M;N; (19 kg/ha and lowest was with MyN,

., kg/ha).

The application of organic manures, mtrogen and their
binations had favourable effect i suslaining the availability of
Olassium in the soil after harvest of patchouli (Table 13 and figure 6z and
Maximum availability of potassium (177.41 kg/ha) was recorded with
icompost (M;) and closely followed by pig manure (177.0 kg/ha). Both
significantly found better in enhancing the available potassium in
parison o FYM (M) and lowest available potassium was recorded &
rol (143.58 kg/ha).

As like available nitrogen in soil, available potassium in soil has
significantly increased by application of various levels of nitrogen.
imum availability of potassum (188 kg/ha) was recorded at highest
of nitrogen (100 kg/ha) which was significantly superior to middle and
& doses of nitrogen application. Though N, (80 kg/ha) and N, (60 kg/ha)
ined & par with each other but their effect was stadstically better o
| with regard to the enhancing the availability of potassium in the soil,
rg the interaction, MiN;, MpN;, MaN, M;N,, etc., were also led 1o
¥ more availability of potassium (203.33 — 198.33 kg/ha) i the soil after
est, which were far belter than individual as well as combined
lication of organic manures and nitrogen. Minimum available potassium

kp/ha) was observed with MyN,.

O
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: Effect of organic manures and levels of nitrogen on nitrogen, phosphorus,
potassicm, pi and organic carbon of the soil after harvest.

tment N i 4 K pl  orgsnic carbon
{Kg/ha)  (Kg/ha)  (Kg/ha) (%)
Siic manures (M)
il (M) 155.66 16.00 143.58 530 269
M (M) 173.41 16.58 149.83 5.40 3.03
Watinire (M) 209.66 16.83 177.00 540 2.96
o mpost (M) 214.66 17.58 177.41 5.40 290
L8t 5% 852 N.S. 14.11 N.S. 020
ugen (N)

il (N} 156.66 15.66 125.50 5.40 2.81
RN (N 190.33 16.75 167.58 540 290
g Nt (N3) 198.83 17.08 166.58 540 2.91
kg Nba (N5) 207.58 17.50 188.16 540 2.95
Lt 5% 852 N.S. 14.11 N.S, N.S.
ghaction (V1 x N)

' 142.33 15.00 119.00 530 2.63
151.33 16.00 132.66 530 270
161.00 16.00 154.66 5.40 2.70
168.00 17.00 168.00 540 2.73
151.00 16.00 130.00 540 2.90
170.00 16.66 169.33 5.40 .01
179.33 17.01 2066 5.40 306
193.33 16.66 179.33 540 3.06
166.00 15.66 124,66 5.40 293
220.00 17.00 183.33 540 296
223.33 17.33 198.00 5.40 296
22933 17.33 202.00 5.40 3,00
167.33 16.00 128.00 5.40 2.30
220.00 17.33 185.00 5.40 2.83
2 1.66 18.00 193.00 5.40 2.93
239.66 19.00 203.33 5.40 3.03
17.05 N.S. 28.23 N.S. 0.40




Effect on soil pH and organic carbon

Application of various organic manures and levels of nitrogen did

iglter the pHl of the experimental field. However, pH 5.4 was noticed m
§l of the treatments and their combinations and lowest was recorded with

jrel and MN, plots (5.3).

Application of organic manures had appreciable impact n
iining the organic carbon alone @ well as with mitrogen. The net
:asz in organic carbon was much higher with organic manures Mg - M;
§9-3.02 %9 over inorganic fertilizer Ny— Ny (2,81 — 2.95 %). All sources
prganic manures were significantly found to enhance the availability of
ganic carbon I soit after harvest of crop. Though meaximum carbon
ient was noticed with M; (FYM), but it remained at par with M, and M;,
jganic nitrogen application did not alter the organic carbon content of the
i significantly after the experimentation. ldowever, k¥ was found o

jRrease the organic carbon with increasing level of nitrogen.

Among the treatment combinations, FYM with nitrogen @ both
dkg/ha and 80 kg/ha showed highest content of organic carbon (3.06) mn
Wesoil afier harvest followed by MsN;, MiNy, M;Ns, MsN; and MaNy (3.03
296 %) and lowest with MgNy (2.63 %) (Table -13).

ECONOMICS OF PATCHOULI CULTIVATION AS
INTERCROP IN COCONUT PLANTATION

3:1 Economics of patchouli cultivation

Itis visible from the data presented in ‘Table 14 (a) and (b) that
tofithe treatment combinations have favourable impact on enhancing

pnomic feturn of patchouli. Though treatment combination with




e 14 {(a): Cost of inputs and saie pfice of produce.

Items Cost {Rs.)
Ploughing 3 ttmes by Tractof @ Rs.[1200/ha. 3.600.00
Manaoring-FYM, 20¢/ha@ Rs.50{/-ton 10,00¢.00
Cost of Fertilizers:
i) 60 Kg Nha = 130 Kg Ureald Rs 8/ per kg 1,040.00
(i) B Kg N/ha 174 Kg Urea(is Rs B/ per kg 1,392.00
(i) 100 Kg Nha = 218 Kg Urea@Rs. &/per kg 1,744.00
{iv) S0 Kg P,0Osha = 3125 Kg S5P. @Rs. &- par kg 2,500.00
v) 30 Kg K0/ha G0 Kg MOP @ Rz W/- per kg 400.00
{v) Pig manure 10 Vha. @ Rs. 500/on 5,000.00
(v} Vemicompost = Stha{@Rs 12,000/ ton 60,000.00
Plant pfotection measufes:
Chloropyriphos chemicals applicd
b check fungal allack and Maluthion
to check termites, red ants elc. 280.00
Cost of seedlings fof one hectafe - 30,000 nos(@ Rs 5- 1.50,000.00
Cost of labour @ Rs.80/- pel head per day:
Particuiars Mandays Cost (Rs.)
. Fillingof30,000 poly bags

@ Rs.100 pef 1000 nos. 315 nos. 300000
2  Bed preparation &5 nos, 2000.00
i Application of mamres & Fertilizers 10 nos. 200.00
4. Lay oul of piots (48) of 3 m x 225 m A pos, 320000
5.  DBasal dressing 15 nos. 1200.00
&  Planting of seediings 25 nos. 2000.00
7. Staking and taggimgs of piants 25 nos. 200000
8  Top dressing R nos. 64000
5 Application of PP chemicals 6.5 nos. 320.00
10. Weeding, hoeing & earthing up fir

4 tmes A x 4 80 nos. 6400.00
11. Cost of irigation/watering during dry period 15 pos. 1200.00
12, Harvesting 60 nos. 480000
13. Drying and packing etc. A nes. 180C. 00

Total 367 man days Rs 29,360.00

Sale plice of pfoduce {dry}-@ Rs 22/- por Ke




M (b) :

Economics of patchouli cultivatier at treatment combination of
organic manures and nitrogen [ertilizer.

atment

: Dry Cost of Gross Net return Cost
thination yield cultivation refurn { Rs./ha) benefit ratio.
{t/lm) {IRs.) ( Rs.)
) 15.09 1,83,240/- 3,31,980¢- 1,48,740/- 1: 1.80
My, 17.93 1,84, 280;- 3,94,460/- 2,00.180/- Je 213
2328 L.84,632/- 5.12.160/- 3.27 528/ I 2
25.26 1,54,984/- 3,553,720/ 3,70,736¢- 1: 3.00
No 1908 193240/- 4397601 226,520/ 13, 207
22.68 1,94,280/. 4.98.960/- 3,04,600¢- ); 2,56
2 2510 194,632/, 5,52, 200/- 3,57 .568/- l: 283
3 27.06 194,984/ - 595320/ 4,00,336/- 1: 3.05
1Ny 21.64 1.88,240/. 4,76.080/. 2.87,840/. 1: 2,52
24.24 1,89 280/. 5,331,280/ 3.44.,000/. 1. 2.8
27.21 1.89,632/- 5.98.620/- 4,08.988/- I: 3.16
31,10 1.89,984/- 6.84,200/- 4.94 216/- 1: 3.60
22.49 2,43,240/- 4,94.780/ - 2,51,5404- l: 2.03
26.79 2.44,280/- 5.89.380/- 3.45.1007 - I: 2.4]
3272 2,44 632/ 719,840/, 4,75,208/- 1: 294
39.95 2,44 984/ 8,78.500/. 633,916/ 1: 3.58




micompost @ 5 t/ha and highest level of nitrogen i.e., 100 kg N/ma
gused the maximum cost of production (Rs.2,44,984.00) in comparison ©
treatment combinations, but it also gave maximum gross and net retumn
fcause of the inctease biomass vield of paichouli, The maximum gross
i (Rs.8,78.900.00) was recorded with MiN; followed by M;N; M:N;,
Nz, M|Ny eic., and net return (Rs.6,33,916.00) was also recorded highest
the treatment combination of MiNi. The treatment combination MiN;
found second best with regard o gross return Rs 6,84,200) and net
gum (Rs5.4,94,216) with highest cost benefit ratic of 1:3.60 folowed by
N, (1: 3.5R), MgNg, (1:3.16), M\N, (1:3.05) etc. Treaiment combinations
Wilh piz manure and FYM a lower doses were also found better in
| Bsing the net rewm and cost benefit ratie in comparison to centrol.
est net rewrn (Rs. 1,48, 740/-) with cost benefit ratio of 1:1.80 was
Wticed ‘with control. Among the organic manures, M, produced maximum
ireturn of Rs.2,87 840 with CBR of 1:2.52 followed by M; and M, and
ps in MoNp, with regard 1 influence of varicus doses of nitregen on

88 and net return as well as CBR, it was found 1o increase with increasing

§eis of mirogen apphcation.

Effect of intefcfopping with puatchouli on pfoductivity of
coeonut

In general, the vigor of the palm of plantation ar¢a was enhanced
e with the productivity due 1o intercropping of paichouli and also due 1w
furing of individual coconut trees. The average increase in girth size of
ot plants was recorded from 7676 ¢m 10 93.8] cm a the end of
Btimentation after intercropping with patchouli. The productivity of fruits
pam was also increased from 18 nuts per palm (2812 nuts/ha) 10 65 nuts
palm (8125 nuts/ha).







CHAPTER-V

DISCUSSION

Restoring soil fertifity with inorpanic fertilizers and maintaining
b productivity has been though successful but continued decline in soil
ftility especially on Alfisois/Utisols of tropical/sub-tropical region is a
amon feawre (Lal, 1993). Organic manures and inorganic fertilizers are
b major sources of plant nutrients, if used judiciously that promises 1o
prove the biomass of green leaves and oil yield in addition © improving o
fizosphere of bath intercrop as well a8 main crop Mutritionally and
trobiclogically which also led i sustaining the soil fertility. The
Bperimental approach t the present study was therefore, intended 1o

|

uate the effect of organic manures and levels of nitrogen on growth,
gld and quality, changes in soil fertility and cost benefit ratio of patchouli
Johore. Result thus obtained in this regard which have been presented
g previcus chapters are discussed as under, i the light of available
flerature and evidence,

EFFECT ON GROWTH, YIELD AND QUALITY OF
PATCHOULI

Growth characteristics

Among vanious sowrces of ofpanic manures, application of
fermicompost @ 5 tha was found more effective in enhancing the growth
prameters viz,, height of plant, number of leaves and piant canopy
iﬁcantiy ot different stages of leaf cutting. This is because of higher
tent of all the major nutrients (NPK) with compared to pig manure and

L [pcorporation of vermicompost into the soil increased the moisture

O




i capacity and other physical properties of soil which led 10 better root
il 2nd development of better plant canopy due o better nutrient
hility and uptake of nutrients. Anwar @ al. (2005) also recorded
I'um plant growth by application of vermicompost @ 5 tvha i Basil
B chavisol), whereas, Singh e al. (2005) reported maximum leaf area
B pepper by application of vermicompost a 10 tha, The favourable
i growth parameters by application of vermicompost has been
fved by Singh (2006) i onion and Khate (2006) in cucumber under
"_'I‘-- d condition. Pig manure also found effecive increasing the plant
5, cumber of leaves per plant and plant canopy a most of the harvesting
g8 it comparjson o FYM and control In the present experimentation,
eased in the vigor of the plant by application of pig manure @ 10 tha

e to its beneficial effect as #t increased the organic matter and humus
j of the soil, water holding capacity of soil and enhances activity of
finutrients into available farm in Mmore amoudt n comparison  FYM.
fefore, growth of plant was better with pig mamure than FYM

|
| The beneficial impact of FYM application @ 20 tha has been
gided i increasing the growth atiributes of patchouli to control. The
Rifible impact of FYM was also reported in aromatic and spices crops by
s workers like Vineeta & af. (2005) n Bacopa monnies:; Singh & al,
) n long pepper; Singh and Karki (2005) in rose; Pandey er af (2003
Ashwagandha; Pandey er al. (2005 a) n Cintella asiarica.

I general, application of various doses of nitrogen increased the
i growth significantly over control except the bumber of branches.
gmum plant height, number of leaves and plant canopy was recorded
B 00 kg N/ha, which was significantly superior a most stages of
festing over lower doses. It seems that higher dose was able to enhanced




egetative growth because of more availability of nitrogen. Nitrogen
; gonstituent of pmtein, amino acid, nucleic acid, ete. helps n
i g the size and vigor of leaves, which caused more vegetative
lba 100 kg/ha during the present investigation followed by 80 kg N/ha
kg N/ha) The increase vigor of plant following the application of
mic ntvogen may have also attributed ®© favoursble effect on increased

rophyll production with greater foliar area for higher photosynihesis,
j.!'. more number of leaves along with the increase in size and height of
§thus has betler growth n terms of height of plant, number of leaves
gpread of plant. The present finding 15 n close conformity with the work
fidiwiganda & ar (1973) who observed betier plant growth in patchouli
fapplication of 107 kg N/ha ‘Whereas, Servan & al.(1283) advocaied the
gication of 150 kg N/ha per year in patchouli. Saha & ol (1992) found
| growth with application of 160 kg N/ha in Arunachal Pradesh in
Bhouii, whereas, better result was obtained with 60 kg N/ha application by
Bppan and Ponnuswami (1982} in paichouli under Bangalore condition.
urab]e impact with nitrogen application has also been reported by the
s workers in other aromatic crops viz, Bhardwa] e ol (1983) in
Rac (2001) in palmarosa, Munsi eral. (1982} n mentha, citronella
i palmarosa. Singh and Rao (2003) in Tagetes minuta .

In general, interaction effect of orgamc manures and nitrogen were
id better than the individuals. The highest amount ie 100 kg N/ha
plication in association with organic manures resulted in better plant
owth. However, vermicompost with 100 kg N/ha caused maximum plant
pwth m terms of number of leaves, plant height and plant canopy at
Herenl stages of observations foliowed by M;N, (vermicompost @ 5 t/ha +
kg N/ha), MyN; (pig manure(@ 10 vha + 100 kg N/ha) and M\N; (FYM
0 t'he + 100 kg N/ha) in most of the growth characters.




This is probably due w favourable effect of organic manures along

wth nitrogen application which has provided more availability of nutrients
the soil as well as further translocation to the plant parts resulted better
igrowth of plant in terms of number of leaves, height of plant and further
plant spread, Similar observation was made by Anwar e al. (2005) who
ghizined maximum plant growth of basil by application of vermicompost
and nitrogen and Pandey & a4l (2005) m Ashwagandha by venmicompost
glong with NPK. Whereas, Vineeta e& af(2005) observed a favourable
mpact of nitrogen and FYM in Bacopa monniesi and Pandey e «l. (2005)
gbtained better plant growth of Cenrelfa asiatica with application of 10 t/ha
FYM along with NPK (50:50:50) which is close eonformity with the present
investigation. Several other workers have alo found beneficial effect of
ganic manures and nitrogen application in increasing the growth of various
gromatic crops (Baskar e af, 2005, Manjuntha e al, 2006, Jessykutty,
2005).

Yieid attributes

The result of present experimentation showed beneficial effiect of
ftganic manures and levels of nitrogen application on fresh and dry leaves
yield of patchouli. Application of vermicompost @ 5 tha produced
maximum yield per plant, per plot and per hectare, however, it remained «
por with pig manure and FYM with regard o increasing the dry weight of
ieaves per hectare. The projected yield of fresh leaves per hectare was found
0 increased by application of vermicompost over pig manure, F'YM and
gontrol by 14.5 per cent, 20 per cent and 34.6 percent, respectively.

The increase n yield by the application of vermicompost might be

gsociated with liberation of nutrients m more amount which caused better

growth and yield in comparison © pig manure and FYM. Results of present




lvestigation are also i close conformity with the findings of earlier

orkers, who also reported that vermicompost had beneficial effect in
mhancing the yield of different aromatic crops by application of increased
vels of soil fertility (Anwar e al. 2003, Singh e al, 2005 and Pandey e
, 2005 a).

Application of pig manure and FYM alse significantly increased
e biomass yleld of patchouli per plot a diffierent stages of harvesting to
onirol. Beneficial effect of FYM in increasing the productivity of aromatic
ind spices crops had been reported by Schaffer e aof (1993) i Achillea
ilefolium. Rao {2001) in palmarosa, Vineeta e al (2000) in Bacopa
Ronniesi, Singh and Karki (2005) in rose water, Pandey e al. (2005a) in

gentella asiatica.

The present finding s in apreeMent with several workers who
fcorded favourable effect of organic manures in promoting the yield of the
fops, Nowak e al. (1985) obtained with better yield with Organic manures
i crops like garlic, turmeric, raddish and carrot. Lalramthara & . (2001)
"j observed thal applicailon of FYM@ 25 tha and pig manure(@ 15 tha
Were most effective dose for enhancing growth, yield and quality of ginger
inder fool hill conditions of Nagaland. Whereas, the pig manure was found
be better source of manuring in comparison © FYM and poultry manure
fider Nagaland conditions. (Chingkhong, 1994). Favourable effect of
iganic manures viz, FYM, vermicoMpost and poultry manures have been
Eported by Pandey et al., (2005) it Ashwagandha.

Different levels of inorganic nitrogen application exhibited
Rpreciable impact in increasing the fresh as well as dry weight of leaves per
glant, per plot and per hectare, However, the effact was only significant at
and second cutting with regard o both fresh and dry weight of ieaves



r plant basis. In general, application of nitrogen at 100 kg/ha was found
gignificantly better m enhancing the biomass yield (fresh and dry} of
patchouli per plot ss well as per hectare at diffirent stage of harvesting,
dequate amount of nitrogen plays @ important role in chlorophyli
iynthesis and chlmophyll plays biological role in harvesting the solar energy
ind photosynthetic compound in energy transformation which lead
gptimum growth of the plant. Present result is in close conformity with the
ndings of Adiwigandha e o/ (1973} and Mungi, 1992 who also observed
mereased n yield of fresh and dry weight of patchouli by application of 100
kg N/ha, whereas Sarwar e al. (1983) advocated application of 150 kg N/ha
ety year for good yield of patchouli. Several other workers also reported
¥ourable impact of nitrogen application@ 100~ 260 kg/ha in production
biomass of diff'erent aromatic crops viz., mentha citrate (Bhardwaj e al.,
983}, Centella asiatica (Pandey a al, 2005a) and Tagetes minta (Singh
ind Rao, 2005).

Application of 80 kg and 60 kg N/ha were also fond 1 increase
i fresh and dry weight of patchouli leaves per plot 1 control, Though, rate
fincrease was better in 80 kg N/ha but remained & par with the lower dose
hitrogen of most stages of observations. There was significant difference
iween these two doses with regard to the projected yield of fresh leaves
1 hectare only during 2005. The middle doses had significant influenced
hdry leaves production per plot to control and they also vary to each other.
lappan and Ponnuswami (1982) also observed higher herbage vield of
Richouli by application of 60 kg N/ha which is in credence with the present
flindings.

Combined application of vermieompost (Msy along with N; level of
rogen produced the highest level of biomass, suggesting the improved
igronomic efficiency of both the organic manures and inorganic nitrogen.




Likewise combination of M;3N, M,nN; and M N; gave better yield than other
featments and their combinations. The biomass yield par plot in both fresh
ad dry were significantly influenced a all stages of harvestings. These
gbservations suggested that slow nutrients release behaviour of all three
manures has dirert co-relation with the yield improvement. Favourable
mpact of organic manures and nitrogen fertilization has been reported n
enhancing the biomass vield in several aromatic crops. Application of
yermicompost @ 5 tha and NPK a 50:25:25 kg/ha executed maximum
erbage and dry matter in basil crop in comparison © FYM. Similar results
have been observed by Aowar e of. (2000). Whereas, Vineeta e al. (2000)
and Singh er al (2003a) observed the highest values of herbage yield (fresh
id dry) accumulation at 75 Kg + 53 t FYMha in Bawopa monniesi.
lessykutty (2005) advocated the application of FYM a S5 tha along with
80:50:50 kg/ha of NPK far commercial production of patchouli.

%1:3  Quality attributes

As like the yield attributes, oil recovery from dry leaves of
michouli as well as alcohol content was highest with the application of
ermicompost along with the projected yield of patchouli oil per hectare.
t:nicnmpost impact was found significantly superior © pig manure and
M with regard W oil and alcohel content & most stages of harvesting. Pig
manure and FYM were also significantly influenced in increasing the oil and
ficohol content than control. The projected oil yield per hectare Was also
reased during both the years of experimentation by application of pig
pinure and FYM than control but the impact was not significant. Rao
0001) reported that FYM at 50 tha increased the essential oil yield by
03% over control n Palmarosa. Similarly, Schaffer ¢ o (1993} also
ported favourable impact of organic manures (cattle manure) application n

Mreasing the essential oil yield as compared © control mn Achillea




meflif ofium, ILalramthara & af. (2001) observed that bath FYM and pig
manure were found significantly effective in increasing the volatile oil

percentage in ginger under Nagaland conditions,

Application of varicous levels of nitrogen showed the favourable

gifect on increasing the oil and alcohel content as well as projected yield of
il per hectare with increasing level of nitrogen. Munsi (1982) observed that
Bpplication of higher dose of nitrogen i.e. 100 kg/ha increase the oil yield of
dapanese mint than lower doses of nitregen which is in close conformity with
the present findings, whereas, Randhawa & al (1984) remarked that levels
I nitrogen had no effect on oil percentage in Mentha citrate. Bhardwaj ef of.
1983) also obtained the increased oil yield in Memha citrata by application
f 120 kg/ha, while Singh and Rao, (2005) found highest oil yield in Tagetes
imita by application of 200 kg N/ha.

Among the interactions M;N; (vermicompost + 100 kg N/ha)
gowed highest concentration of oil in leaves and alcehol content in oil as
well a5 projected oil yield per hectare followed by M;N, and M;N; and
finimun was recorded in control In integrated nutrient management system
Manjunatha e ol (2006) recorded significantly superior oil yield of
pilchouli in cv. Johore by application of 75% NP + [00°% K + Azotobacter +
dospirilun: + VAM under Bangalore condition. Ramchandra e al. (2006)
aluated different varieties of patchouli revealed that Johore variety resulted
mae oil content compared o Java and they further remarked that patchouli
ficohol was more in variety Johore. It seems that oil content and patchouli
ficohol varies with the varieties of patchouli. However, it 5 also influenced
j proper management of the crop. Whereas, Omidbaigi a . (2000)
gbserved that nitrogen fertilization along with the plant density (14.3
ant/m? had an important role n enhancing the oil content and composition

T anacetum parthenium. Baskar er al. (2005) observed the highest oil yield




o patchouli when field was given with compost (@ 30 vha along with the
pypsum together with recommended doses of NPK. The yield and quality of
il also influenced under the condition m which patchouli is cultivated ie.
open and shade. It is observed that superior quality of oil and higher
percentage of oil recovery had been reported under shade condition (Vinceta
al, 2005). VWhereas Sharma and Sharma (2005) observed that shade
irving of leaves and keeping the dry leaves upto 150 days seemed o be

pongenial condition for maximum recovery of oil.

NUTRIENT STATUS INTHE SOIL AFTER HARVEST

Sustainability of a cropping system besides being evaluated on the
basis of response, a serious consideration & o be given 1o soil health. It is

pident from the data analysis that supply level of available NPK, organic
garbon and pH of the soil has appreciably affected by different sources of

Fﬂgard o available nitrogen m soil. M; and M, were found equaily effactive
nenhancing the available potassium m soil and their impact were significant
FYM and control. Though M; caused maximum available phosphorous
pllowed by M, and M, but impact was not significant.

The application of organic manures did not altered the pH of the

0l of the experimental plots as all treatments exhibited sustainable eftiect
h regard to this parameters of soil except control where decreased of soil

il level was noticed These organic manures produced many hydroxyl

iganic acid as decomposition product, which are very helpful in sustaining




Organic carbon stock of soil acts as a source of nutrients fix
microbia] populalion which regulates the availability of different nutrients
through microbial transformation, The organic carbon was much higher with
ofganic manures over iNorganic fertilizer dve © supply of carbon rich
manures. In these sludies, il S more inleresling 0 observe the improvement
n organic carbon status with inorganic nittogen fertilization supporting the
bioic principal of catbon sequesiration through improved biomass

production,

Nutrient concentration and soil biological practices can be
thanced by addition of organic matter besides impro¥ing soil organic
tarbon, which is essential i sustaining soil quality (Katayl, 2000), FYM was
bund much effective in increasing the organic carbon of the soil and was
gnificanily superior o control and remaifed statistically a par with pig
fnure and vermicomposi. Whereas, Scheffer & ol (1993} observed that
@lle manure did not influence the level of carbon, potash, calcium,

magnesium, status of soil, whereas, available phosphorus in the soil was

The NPK and organic carbon content of the soil was found © be
mereased with increasing levels of nittogen. Though, maximum level of soil
Bty was noticed with 100 kg N/ha but it remained statistically at par
lower dose with regard lo potash and organic carbon content, while
fere was significantly increased of nitrogen comient With increasing level of
pirogen application. All doses of nitropen caused significant increased of
trﬂgen, potassium and organic carbon of the soil.



Further effectiveness of organic manures and inorganic N i supply
N, P and K was improved through their combined application which was
gicr than their individual cffects. Maximum accumulation of these
trients (N, P and K) were also recorded with vermicompost in combination
100 kg N/ha, however, it was & par with MiN;, M;N; and M:N;,
Whereas, the FYM along with 100 kg /ha & well & with 80 kg /ha of
fropen  caused maximum presence of orpanic carbon in the soil after
Barvest of the crop followed by M;N; and MyNa interactions. It seems, that
g crop reguired high amount of manuring in order 1o sustain the fertility
gvel of the soil as there was more depletion of these major nutrients, due ©
plakc by the crop, @ in the beginning of the experimentation, there was

content of these major nutrients especially nitrogen and potash.

Present finding s i close conformity with the findings of Sanwal
al..(2007) who recorded highest organic carbon, organic matter and
fhailable nitrogen with FYM application, while maximum availability of
potassium with pig manure in soil after harvest of turmeric under Meghalaya
gondition. They further remarked that application of FYM, poultry manure
gnd pig manure considerably reduced the soil acidity and increased the
ccumulation of orgamic matter. Favourable effect of organic manures in

mproving  soil organic carbon, organic matter, which constitutes

remendously to cation exchange capacity that enables the soil o buffer

filtrients concentration n soil solution (viz; N, P, S and micronutrients) has

been described by Sanyal, (2001).

ECONOMICS OF PATCHOULI <CULTIVATION AS
INTERCROTP WITH COCONUT PLANTATION

53:1  Economics of patchouli cultivation

The utility of nutritional response is dictated by economics of

gurns from produce in ultimate term. The economic analysis of the data

@D




@ the present investigation in coconut cum patchouli plantation indicates

j encouraging results.

The net return was invariably higher with combined application of
N manures and Inorganic anitrogen. The combined appiication of M;
N, produced highest net return followed by MuN,, M3;N,, MiN; and
M N; Though pig manure caused lesser yield as well as net return in
‘. '|pariscnn ®© vermicompost Ireatment combmation, tat the cost of
fltivation in case of pig manure was lesser than vermicompost a well as
too. Therefore, cost benefit ratio was highest with pig manure @ 10
i along with nitrogen-100 kg/ha combination. It shows that pig manure

By alko be considered a better source of manuring for patchouli cum

goeonut combination.

The difference of best treatment M;N, versus control was still
ider and more prominent, which signified tha;, the importance of
Zegration of two divergent nutrient sources are vital, in order © harness the
jutual benefit from each other. Sivaraman e af (2002) made a similar
gbservation that adopting of any cropping system by a farming community
_1] ultimately be decided by its economic advantage, while mono-cropping
I coconut generates employment opportunities of only around 150 man
ys pa hectare with a net income of Rs.10400/- per hectare per year,
thereas, various cropping systems generate the additional employment of
30 — 606 man days per heciare per year with a net retum of Rs. 50.000/- 10

00,000/ -per hectare in coconut based mixed farming,

The studies revealed that the integrated uwse of manures and
organic fertilizer, provide ay additional employment opportunity (367 man
geys) and net retun (Rs) 48,740 — Rs.6,33,916) with coconut based
. houli intercropping. Ahmed (2002) also reported employment generation



o 1255, 1285, 1285 and 1275 man days in first, second and third year along
wWith a pet return of Rs.95,450/-, Rs.2,38.120/- and Rs.1,58, 120/- respectively

2 hectares area of patchouli. Earlier studies under similar agro system,

53:2  Effect on Coconut plantation

A synergistic effect of rhizosphere changes in intercrop influenced

e perf ormance of main crop was as evident firom increase in size of the

I8 nuts per pulm (2812 nuis’ha) w© 52 nuts per palm (8125 nuts/ha),
Ihe observation supplement the fact that monoculture of coconut is less
fustainable in terms of yield of main crop, besides. an additional vield
oblained through raising intercrop with patchouli. Long term fertilizer
Esponse studies in coconut (Reddy @ al., 2002) on AHisols showed that
ferlilizer treatment 1000g N - 437g P — 166g K per palm per year recorded
jgnificantly higher nut yield {136 outs/palm) than treatment with 500¢ N
8g P — 833y K per palm per year (104 buts/palm) and no fertilizer
application {58 nuts/patm),



Summary and Conclusion




CHAPTER-VI1

SUMMARY AND CONCLUSION

Coconut-based farming system 1 the tradition of tropical and sub-
Bopical regions. But using patchouli {Pogosternon cablin (Bianco) a an
tercrnp under coconut plantation s of comparatively recent adoption and
no information is absolutely available on possibility of improving the quality
o patchouli through better nutrient supply. Hence, present investigation
entitled  “effect of organic manures, levels of nitrogen and their
tombinations on patchouli was carried ocut within the inter-space of
goconut plantation™ during the year 2005 and 2006. The salient findings

pbitained from the present investigation are summarized below:

Among various sources of organic manures, application of
jermicompost @ 5 tha was found more effective in enhancing growth
parameters viz.; height of plant, number of leaves and plant canopy

Sgnificanily at different siages of leaf cutting,

Maximum plant height, number of leaves and plant canopy was
tcorded with 100 kg N/ha which was significantly superior a most stages of
Warvesting over lower doses. The highest amount of nitrogen (100 kg/ha)
ipplication in association with organic manures resulted m better plam

growth.

Application of vermicompost @ 5 tha produced maximum
biomass yield per plant, plot and per hectare, however, it remained a par
pig manure and FYM with regard 1o increasing the dry weight of leaves

b hectare.




Application of nitrogen @ 100 kg N/ha was found significantly
better in enhancing the biomass yield both fresh and dry of patchouli per plot

as well as per hectare.

Combined application of M, along with N, level of nitrogen
produced highest level of biomass. Likewise, combination of M;N; M;N;

and M\N; gave betier vield than cother Lreatments and their combinations,

Oil recovery from dry leaves of patchouli as well as alcohol
content was highest with M, along with projecled yield of patchouli oil per
hectare and was significantly superior 0 My 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 MyN; followed by M;N, and M;N,

Supply level of available nutrients (N, P and K) and organic carbon
have been significantly effected by diffizrent sources of organic manures,
inorganic N and their interactions. Vermicomposl caused the maximum
conient of these major nutrients {NPK). It was significantly superior to other

sources of organic manures with regard to available nitrogen in soil.

With regard 0 potassium contert of soil, M, (vermicompost) and
M, (pig manure) were found equally cffective and they were statistically
superior to M, (FYM) and Myicontrol).

Available nitrogen in soil was found 1 increase with increasing
levels of nitrogen significantly. Highest level of nitregen caused maximum

goncentration of potassium in soil followed by N; and N, Though N, and




N, remained & par but significantly superior to control (Np) with regard o

nhancing available potassium i soil.

Among the interactions, highest level of nitrogen (Ni) along with
vermicompost (My) and pig mnanure (M) caused better accumulation of

these nutrients, however they remained at par with each other.

Among organic manures, the highest organic carbon conlent in seil
was observed with M, application followed by M; and M, They remained &
pir with each other and significantly superior © control. Maximum organic
carhon was observed with M, (FYM) along with Ny and N, folowed by
M:N, and MoN; which were significantly superior to several other

¢ombinations.

The application of organic manures, inorganic nitrogen and their
gombination did not altered the pH of soil as well as available phosphorous
in soil of experimental plots significantly, Similarly inorgani¢ nitrogen also

did not influence the organic carbon in soil statistically.

The net return was invariably higher with combined application of
prganic manures and inorganic nitrogen. The interaction M3N; produced
highest net return followed by MaN;, MiNs, MoN; and MiN,

The cost of culiivation in case of pig manure was lesser than

vermicompost as well as FYM. Whereas, cost benefit ratio was highest with

pig manure @ 10 t/ha along with nitrogen 100 kg/ha.

The intercrop influenced the performance of main crop was as
evident by increase in size of pahn with simultancously increase in yield per
palm as well as projected yield of nuts/ha from coconut-cum- patchouli

cultivation.




CONCLUSION

Based on the experimental findings, it is concluded that combined
application of vermicompost @ 5 tha along with 100 kg Nha may be
considered as better source of manuring in terms of optimum plant growth,
biomass yield and oil quality of patchouli followed by pig manure@ 10 tha
‘with 100 kg N/ba,

Supply level of available nutrients (NPK) and organic carbon in the
‘soil after harvest has been favourably affected by combined application of

organic manures and highest level of nitrogen.

This studies revealed that the integrated use of manures and
inorgamic fertiizer 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 mntercrop n biomass
production besides any potential depletion in soil fertility. The studies also
offir a possibility of exploiting the residual effect of mineralized nutrients

into the soil solution so that the fertilizer inputs can be firther reduced, the

research on which such similar crops are currently m progress.
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Piate 2 : General view of experimentat site a harvesting stage.




Plate 3 : Comparative view of controt (M N, ) and pg manure
with Nitrogen@ B0 kg/ha {M_N_)experimental plots.

Plate 4 : Treatment combination of farm yard manure and
nitrogen@ 60 kg/ha (M,N,) plot



Plate 5 : Effect of farm yard manure and nitrogen
@ 80 kg/ha (MN,) plot

Plate 6 : Effect of vermicompost and nitrogen
@ 100 kg/ha (M,N,; pict.




Plate 8 : Recording of observations of harvested samples.
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Plate 9 : Samples under the process of shed drying.

Plate 10 : Dry samplas of patchouli ready
for ol exiraction
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