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Abstract: The present study was conducted to evaluate the right proportion of organic and inorganic
fertilizers for growth, oil yield and nutrient uptake pattern of patchouli. The results indicated that significantly
higher oil yield was recorded in 75 % VC+25 % NPK (256 %) followed by 100 % NPK (249 %) as compared to
control. An increase of 6 % in essential oil content was achieved in treatment with 75 % VC+25 % NPK and 25
% VC+75 % NPK but the effect was non-significant. Also, the quality of essential oil, which is basically
measured by patchouli alcohol, was not affected by any treatments. Enhancement in vermicompost doses
significantly improved the bulk density (0.61- 13.94 %), total organic carbon (3.3-34.4 %) and soil microbial
biomass (3-149 %). Availability of N, P and K was significantly higher in 75 % VC+25 % NPK (20 %, 103 % and
64 %, respectively) over control. Maximum nutrient (N, P and K) uptake was found in treatment with 100 % NPK
(78 %, 67 % and 54 %, respectively) followed by 75 % VC+25 % NPK (76 %, 63 % and 51 %, respectively). The
present study clearly indicated that 75 % chemical fertilizer could be saved by integrating 75 % vermicompost
with 25 % chemical fertilizer resulted similar oil yield and improved soil health.

Key words Patchouli, essential oil, sustainable agriculture, vermicompost.

Introduction

Medicinal and aromatic plants are economically
of paramount importance. This is because of the
continuous and increased demand for their
products from local and foreign markets '~.
Chemical fertilizers together with available quantity
of organic manure/compost are now commonly
used to sustain soil fertility and attain the desired
level of yield of high-value essential oil-bearing
crop °. Integrated supply of nutrient to plants
through planned combinations of organic and

*Corresponding author (Munnu Singh)
E-mail: <munnusingh10@yahoo.co.in >

inorganic sources is becoming an increasingly
important aspect of environmentally sound
agriculture especially in aromatic crops *. The
unique advantage with organic manure (farm yard
manure (FYM), compost and green manuring) is
that besides supplying major as well as trace
elements, it improves the physical and biological
properties of the soil . On the other hand, besides
their difficult availability, higher cost and being
manufactured from non-renewable energy
sources; inorganic fertilizers are potent agents for
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polluting the environment and contaminating
ground water. The basic problem with organic
manure is that the nutrients supplied through them
are not sufficient to sustain the productivity of high
yielding food and other crops. The best proposition,
therefore, is to manage the crop with a judicious
combination of organic and inorganic source of
plant nutrients, putting less emphasis on expensive
synthetic inorganic fertilizer °. Vermicomposts, or
earthworm-processed organic wastes are finely
divided peat-like materials with high porosity,
aeration, drainage, and water-holding capacity °
containing substances that stimulate and regulate
plant growth 7. As an organic fertilizer,
vermicompost from wastes of medicinal and
aromatic crops has been shown to improve soil
nutrient status, overall health and yields of
medicinal and aromatic plants >34,

Patchouli [(Pogostemon cablin) (Blanco)
Benth.], an industrially important essential oil
bearing crop belonging to family Lamiaceae, is a
native of Philippines '°. Patchouli is grown widely
in India in states like Karnataka, Maharashtra,
Goa, Gujarat, Assam and Kerala '°. Distillation of
shade dried herb yields yellow colored essential
oil which is used in high value perfumes,
cosmetics, toiletries, breath fresheners, flavouring
baked foods, meat, sausages, etc.!”. Patchouli oil
ranks high among essential oils '®. The patchouli
oil is in great demand in perfumery industry, as
the oil blends well with other essential oils, like
vetiver, sandalwood, geranium, lavender, clove .
There is hardly any preparation of oriental nature
where patchouli oil is not used. It is used mainly
because of fixative property as it gives tenacity
to other perfumes . The oil is reputed to possess
several properties such as antidepressant,
antiseptic, antirheumatic, aphrodisiac, astringent,
fungicidal, insecticidal, etc.?!. There is no synthetic
replacement for the oil of patchouli, which further
enhances its value 2. Reports available on world
production of patchouli oil indicate that Indonesia,
the largest producer, has a production exceeding
1500 t of oil (91.7 % of the total) 2*. Production
of patchouli oil in India is limited (20 t annum™")
and presently, India is annually importing over
200 t oil from Indonesia, Malaysia and Singapore
to meet its domestic demand **. The continuous
increase in demand for patchouli oil in both

domestic and international market has compelled
the country to increase its area under cultivation.

Very little research has been reported on the
influence of organic manure and conjoint
application of vermicompost and inorganic
fertilizer on growth yield and quality of patchouli
oil *®. There is also paucity of information on
the influence of organic and inorganic fertilizers
on growth and yield of patchouli. Therefore, the
present experiments were conducted to
investigate the extent of chemical fertilizers that
can be avoided by supplementing the nutritional
requirement of the crop with vermicompost (VC)
produced from the distillation waste and its effect
on growth, yields, nutrient uptake and soil fertility
status of patchouli grown in semi-arid tropical
climate.

Experimental
Production of quality vermicompost

Central Institute of Medicinal and Aromatic
Plants (CIMAP) has developed a technology for
production of quality vermicompost utilizing
distillation waste of aromatic crops 2. Vermi-
compost was produced from distillation waste of
geranium and Ocimum at the vermicompost
production unit. The epigeic species of earthworm
(adult clitellate Eisenia foetida) was introduced
into vermicomposting unit. The substrate was
turned-over every week to avoid thermophillic
stage. Sprinkling of water was done on alternate
day to keep the material moist. Harvesting was
done when the compost was ready by its physical
appearance, as judged by development of a dark
brown to black colour with uniformly granular
structure and at this stage watering was stopped.
Two days later, the compost was removed from
the vermicomposting unit along with worms and
uniformly spread on plastic sheet under shade.
The vermicompost was recovered through sieving
(<2 mm). The produced vermicompost was kept
under shade in air tight polyethylene bags to retain
the moisture content prior to the application in
organic plots. The harvested earthworms with
cocoons were used for the next batch of vermi-
composting process. Samples were collected
from sieved vermicompost (about 50 g) and
analysed for pH (soil: water 1:2.5) and major
nutrient (NPK) concentration *.
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Field study

Patchouli var. ‘Johore’ ' nursery was raised
from terminal stem cuttings (5 months old crop)
in polyethylene bags (7.5 x 14 c¢m) filled with a
mixture of soil and sand in the ratio 1: 1 (v/v). The
experiment was conducted at CIMAP, Resource
Centre, Bangalore, India. Bangalore is located at
latitude 12° 58’N, longitude 77° 35’E and at an
altitude of 930 m above mean sea level. The
climate is semi-arid tropical. The soil was a red
sandy loam (Kandiustalf) with a pH of 6.3, bulk
density 1.65 g cm?, percent organic carbon 0.61,
available N 195 kg ha', Olsen’s P O, 10.6 kg
ha!, exchangeable K,O 123 kg ha'' and soil
microbial biomass 30.1 mg kg!. The field trials
were composed of six treatments: Control (soil
only), 100 % NPK (66:60:60 kg ha'), 25 %
VC+75 % NPK (1.25t ha'! vermicompost+
49.5:45:45 kg ha'), 50 % VC+50 % NPK (2.50 t
ha'! vermicompost+33:30:30 kg ha''), 75 %
VC+25 % NPK (3.75 tha! vermicompost+ 16.5:
15:15 kg ha') and 100 % VC (5 t ha'! vermi-
compost); replicated five times adopting
randomized complete block design (RCBD). The
initial soil samples were collected to determine
the physical, chemical and biological properties
of soil. The 50-day old nursery was transplanted
with a spacing of 60 x 45 cm in 2.7 x 2.7 m raised
beds in fields. The patchouli crop was maintained
in the same plots with same treatments for the
period of 2-year. The chemical fertilizer treated
plots received recommended dose of chemical
fertilizers NPK through urea, single super
phosphate and muriate of potash, respectively. The
urea was applied in two split doses every alternate
month. Ten plants were randomly tagged for
growth from each plot and the mean value of ten
plants was taken for statistical analysis from each
plot. Plant height, spread and number of primary
branches were recorded at the time of harvesting.
The harvesting of the crop was done at an interval
of 155-165 days after transplanting and biomass
yield was recorded.

Soil physical parameters were analyzed by taking
undisturbed soil cores from each plot of the
experimental field. The rhizosphere soil samples
were collected at a depth of 0-15 cm at 5 random
points adjacent to plant roots with the help of soil

auger after harvesting of crop from each
replicated treatments. Pooled soil samples (5
random points) were stored in sealed plastic bags
under refrigeration (4°C) prior to assay of
chemical and microbiological properties of soil.

Soil physical, chemical and biological analysis

Soil samples were analysed for TOC (%),
Available N (kg/ha), Available P (Olsen’s P O,,
kg ha') and Available K (exchangeable K O, kg/
ha) following Jackson *. Undisturbed soil cores
collected from each plot with soil sampling rings
of known volume were weighed and then dried in
an oven and reweighed for bulk density assays
31, The pH was determined in a 1:10 (w/v)
vermicompost / rhizo-soil: water suspension.
Vermicompost was analysed on oven dry basis
for percent total organic carbon [TOC (%)]
following the Walkley-Black method 3? and total
Kjeldhal nitrogen (TKN), total phosphorus (TP)
and total potassium (TK) by methods described
by Jackson 3. Soil microbial biomass carbon was
determined using the chloroform fumigation
extraction methods .

Essential oil estimation of herb

A sample of the herb was shade dried for three
days by spreading in shade and the oil content in
it was determined using Clevenger’s apparatus
34 The oil samples were analysed for major
constituents using Varian CP 3800 gas chromato-
graph. The chromatograph was fitted with a CP -
5 SIL 30 m X 0.25 mm column and programmed
100° C (2° C), 8°C, 200°C (3 min.). The carrier
gas was nitrogen at a flow rate of 0.4 ml/min. and
the injector and the flame ionization detector were
maintained at 250°C and 300°C, respectively. 0.2
ul samples were injected with a split ratio 1:80.
Peaks were identified by co-injection with
authentic pure samples. The percentages of the
main components of patchouli oil, namely, [B-
patchoulene, caryophyllene, «-guaiene,
seychellene, o-d-patchoulene, o-bulnesene and
patchouli alcohol were determined.

Statistical analysis
The collected data were subjected to statistical
analysis for analysis of variance method
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(ANOVA), suitable to randomized complete block
design (RCBD) for field experiment, with the help
of software ASSISTAT Version 7.6 beta (2012) -
http://www.assistat.com. Significant differences
among treatments were based on the F-test in
ANOVA and treatment means were compared
using least significant difference (LSD) at P<0.05.
The standard error (SE) of the mean in vertical
bar charts was computed with Sigma Plot 10 (http:/
/www.sigmaplot.com). The results and discussion
are based on the mean data of experimental trial.

Results and discussion
Effect of vermicompost and chemical fertiliz-
ers on growth characteristics of patchouli
Plant growth parameters (plant height/ spread
and number of branches), in general, significantly
improved with alone and combinations of
vermicompost and chemical fertilizers treated
plots compared to control (soil only) (Table 1).
Maximum plant height (15 %), plant spread (33
%) and number of branches (54 %) were
achieved in treatment with 75 % VC+25 % NPK
over control. There was no significant difference
was observed in the case of plant height between
100 % NPK and 75 % VC+25 % NPK treatments,
however, plant spread and number of branches
was significantly enhanced by 9 % and 7 %,
respectively with 75 % VC+25 % NPK

treatments compared to 100 % NPK (Table 1).
Similar observations were also made by Singh et
al.>" in patchouli and Coleus. Puttanna et al.?®
reported that alone and in combinations of organic
and inorganic fertilizers were non-significant in
respect of growth parameters of patchouli
whereas the present study clearly demonstrated
that the use of 75 % organic manure with 25 %
chemical fertilizers significantly improved the
growth parameters of patchouli over 100 %
organic manure (VC).

Effect of organic and inorganic fertilizers on
biomass, essential oil quality and yield of
patchouli

Fresh herb biomass yield of patchouli was
significantly enhanced (107-235 %) with alone and
in combinations of vermicompost and chemical
fertilizers over control but the highest yield was
achieved with 100 % NPK (235 %) followed by
75 % VC+25 % NPK (234 %) compared to
control (soil only) (Table 2) though no significant
difference was observed between them. Also,
there were no significant differences were
observed in essential oil content of patchouli among
the treatments (Table 2) although an increase of
6 % in essential oil content was achieved in
treatment with 75 % VC+25 % NPK and 25 %
VC+75 % NPK followed by 50 % VC+50 %

Table 1. Effect of organic and inorganic fertilizers on growth of patchouli

Treatment Plant height (cm) Plant spread (cm) Number of
branches
Control (soil only) 46.60c 42.70d 9.64f
100 % NPK 52.70a 52.12b 13.94b
25 % VC+75 % NPK 50.90ab 51.32b 11.49¢
50 % VC+50 % NPK 51.50a 52.12b 12.20d
75 % VC+25 % NPK 53.37a 56.67a 14.85a
100 % VC 48.57bc 48.42¢ 12.65¢

Mean value in vertical column followed by the same latter do not differ statistically between themselves at

P<0.05
100 % NPK= 66:60:60 kg ha’!

25% VC+75% NPK = 1.25 tha'! vermicompost+49.5:45:45 kg ha!
50 % VC+50% NPK = 2.50 t ha' vermicompost+33:30:30 kg ha'!
75 % VC+25% NPK = 3.75 tha'! vermicompost+16.5:15:15 kg ha!

100 % VC=5 t ha'! vermicompost
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Table 2. Effect of organic and inorganic fertilizers on yield of patchouli

Treatment Fresh herb yield (t ha') Qil content (%) Oil yield (kg ha™)
Control (soil only) 2.60d 2.07a 6.47d
100 % NPK 8.72a 2.15a 22.55a
25 % VC+75 % NPK 5.37¢ 2.20a 14.12¢
50 % VC+50 % NPK 6.43b 2.17a 16.71b
75 % VC+25 % NPK 8.68a 2.20a 23.02a
100 % VC 5.55bc 2.07a 14.19¢

Mean value in vertical column followed by the same latter do not differ statistically between themselves at

P<0.05
100 % NPK=66:60:60 kg ha™!

25 % VC+75 % NPK = 1.25tha™' vermicompost+49.5:45:45 kg ha'!
50 % VC+50 % NPK =2.50t ha' vermicompost+33:30:30 kg ha™!
75 % VC+25 % NPK = 3.75t ha'! vermicompost+16.5:15:15 kg ha!

100 % VC=5t ha'! vermicompost

NPK (5 %) but the effect was non-significant
(Table 2). As a consequence of higher herbage
yield, the essential oil yield was significantly
improved by all the treatments as compared to
control but the maximum oil yield was recorded
in treatment with 75 % VC+25 % NPK (256 %)
followed by100 % NPK (249 %) (Table 2). The
quality of essential oil was not significantly
affected by treatments (Table 3). Similar obser-
vations were recorded in patchouli °. In another
trial with medicinal plant (Coleus forskohlii) a

significant increase was observed in forskolin
content with organic manure treated plots *''.

Effect of organic and inorganic fertilizers on
physical, chemical and biological properties
of soil and uptake by patchouli crop

No significant difference was observed in pH
of soil with alone and combinations of vermi-
compost and chemical fertilizers treated plots
compared to control (Table 4). Also, there were
no significant differences examined between 100

Table 3. Gas Chromatography (GC) profile of patchouli oil in field condition

Treatments

Mean chemical composition
B-Patchou Caryoph o-
-lene -yllene  Guaiene ellene lene -sene alcohol

Seych-  o,8-Patchou- o-Bulne Patchouli

Control (soil only) 1.24a 3.33a 8.19a 5.54a 4.55a 13.97a 42.70a
100% NPK 1.25a 3.35a 8.14a 5.58a 4.40a 13.62a  41.26a
25% VC+75% NPK  1.23a 3.73a 7.99a 5.51a 4.39a 13.98a  42.69a
50% VC+50% NPK 1.24a 3.77a 8.24a 5.60a 4.38a 13.11a 43.19a
75% VC+25% NPK 1.22a 3.78a 8.23a 5.64a 4.53a 13.82a  42.83a
100% VC 1.25a 391a 8.21a 5.65a 4.54a 13.67a  43.55a

Mean value in vertical column followed by the same latter do not differ statistically between themselves at

P<0.05
100 % NPK=66:60:60 kg ha!

25 % VC+75 % NPK = 1.25tha'! vermicompost+49.5:45:45 kg ha'!
50 % VC+50 % NPK = 2.50t ha! vermicompost+33:30:30 kg ha™!
75 % VC+25 % NPK = 3.75t ha'! vermicompost+16.5:15:15 kg ha'!

100 %VC=5t ha'' vermicompost



Downloaded by [CIMAP Central Institute of Medicinal & Aromatic Plants], [Rakshapal Singh] at 01:51 16 April 2015

Rakshapal Singh et al.,/ TEOP 18 (1) 20151 - 10 6

% NPK and control (soil only) in the case of bulk
density, total organic carbon and soil microbial
biomass (Table 4). However, as the gradual
enhancement in vermicompost doses significantly
improved the bulk density (negatively affected
from 0.61- 12.73 %), total organic carbon (3.3-
34.4 %) and soil microbial biomass (3-149 %) but
maximum being observed with 100 %V C followed
by 75 % VC+25 % NPK (Table 4). Availability
of N, P and K in rhizospheric soil was significantly
influenced by all the treatments over control
however, the upper most limit of N, P, and K was
observed in treatment with 75 % VC+25 % NPK
(20 %, 103 % and 64 %, respectively) (Table 4).
Kalra et al.* observed the similar trend in mint-

rice-wheat cropping system. Puttanna et al.> and
Singh et al.*'* showed significant in chemical
properties of soil managed by organic and
inorganic means.

All the treatments (alone and combinations of
vermicompost and chemical fertilizers significantly
enhanced the nutrient uptake of the crop compared
to control (Fig.1) however the highest major
nutrient (N, P and K) uptake was found in
treatment with 100 % NPK (78 %, 67 % and 54
%, respectively) followed by 75 % VC+25 %
NPK (76 %, 63 % and 51 %, respectively) (Fig.
1). The similar trend was observed by Puttanna
et al.? and Singh et al.’.

Overall, integrated nutrient management (INM)
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Fig. 1. Effect of organic and inorganic fertilizers on major nutrient uptake by patchouli during field
conditions; error bars are presented as standard error of mean; different letters above the error bars
show significant differences at P<0.05; 100 % NPK= 66:60:60 kg ha''; 25 % VC+75 % NPK = 1.25
t ha! vermicompost+49.5:45:45 kg ha''; 50 % VC+50 % NPK =2.50 t ha' vermicompost+33:30:30 kg
ha''; 75 % VC+25 % NPK = 3.75 t ha! vermicompost+16.5:15:15 kg ha'!; 100 %VC=5t ha’!

vermicompost.
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does not aim to remove fertilizer totally in the short
run but to reduce the negative impacts of overuse
of fertilizers containing N, P, and other elements.
The INM system promotes low chemical input
but improved nutrient-use efficiency by combining
natural and man made sources of plant nutrients
in an efficient and environmentally prudent
manner. This will not sacrifice high crop producti-
vity in the short term nor endanger sustainability
in the long term .

Conclusion

The present study clearly indicated that the use
of organic manure like vermicompost significantly
improved the growth and essential oil yield of
industrially important aromatic crop patchouli.
Also sustain the health of soil which is the prime
need for percent and future agriculture practices.

The use of 75 % organic fertilizer (vermicompost)
with 25 % inorganic fertilizers produced almost
similar yield as compared to 100 % chemical
fertilizers treated plots; therefore by the integration
of 75 % organic manure we can avoid the use of
approximately 75 % of chemical fertilizers.

Acknowledgments

The authors thank to the Council of Scientific
and Industrial Research (CSIR), New Delhi,
India for providing facilities, Dr. K.V.N.S.
Srinivas (Phyto-chemist, CSIR-CIMAP,
Research Centre, Hyderabad, India) for essential
oil analysis, Scientist-In-Charge, CSIR-CIMAP
Research Centre, Bangalore and Director, CSIR-
CIMAP, Lucknow, India, for encouragement and
facilities.

Reference

Abbiw, D., Kohler, 1., Jenett-Siems, K., Kraft, C., Siems, K., Bienzle, U. and Eich, E.
(2002). Herbal remedies traditionally used against malaria in Ghana: bioassay-guided fractionation
of Microglossa pyrifolia (Asteraceae). Zeitschrift fiir Naturforschung. C. Journal of Biosciences.
57(11-12): 1022-7.

WHO. (2003). Guidelines on good agricultural and collection practices (GACP) for medicinal
plants. World Health Organization, i-vi+72 pp. http\\www.rbm.who.int\amd2003\amr2003toc.htm.
Accessed 24 September 2004.

Anwar, M., Patra, D.D., Chand, S., Kumar, A., Naqvi, A.A. and Khanuja, S.P.S. (2005).
Effect of organic and inorganic fertilizer on growth, herb, oil yield, nutrient accumulation and oil
quality of French basil (Ocimum basilicum L.). Communication in Soil Science Plant Analysis.
36(13-14): 1737-1746.

Kalra, A,. Shukla, S., Singh, R., Verma, R.K., Chandra, M., Singh, S., Tomar, V.K.S.,
Krishna, A., Zaim, M., Ram, G., Chand, S. and Patra, D.D. (2013). Contribution and
assessment of recycled menthol mint vermicompost on productivity and soil quality in mint and
mint-rice—wheat rotation: a case study. Renewable Agriculture and Food System. 28(3): 212-
219.

Patra, D.D., Anwarm, M. and Chand, S. (2000). Integrated nutrient management and waste
recycling for restoring soil fertility and productivity in Japanese mint (Mentha arvensis) and
mustard (Brassica juncea) sequence in Uttar Pradesh India. Agriculture Ecosystem and Environ-
ment. 80: 267-276.

Edwards, C.A., Burrows, 1. (1988). The potential of earthworm compost as plant growth
media. In: Edwards CA, Neuhauser EF (eds) Earthworms in waste and environmental manage-
ment. SPBAcademic Publishers, The Netherlands, p. 21-32.

Tomati, U., Grappelli, A. and Galli, E. (1988). The hormone-like effect of earthworm casts
on plant growth. Biology and Fertility of Soils. 5: 288-294.

Singh, R., Paramaeswarn, T.N., Prakasa Rao, E.V.S., Puttanna, K. and Kalra, A., Srinivas,
K.V.N.S., Bagyaraj, D.J. and Divya. S. (2009). Effect of arbuscular mycorrhizal fungi and
Pseudomonas fluorescens on root-rot/wilt, growth and yield of Coleus forskohlii. Biocontrol



Downloaded by [CIMAP Central Institute of Medicinal & Aromatic Plants], [Rakshapal Singh] at 01:51 16 April 2015

Rakshapal Singh et al.,/ TEOP 18 (1) 20151 - 10 9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Science and Technology. 19(8): 835-841.

Singh, R., Divya, S., Ashutosh, A. and Kalra, A. (2012). Technology for efficient and successful
delivery of vermicompost colonized bioionculants in Pogostemon cablin (patchouli) Benth. World
Journal of Microbiology and Biotechnology. 28: 323-333.

Singh, R., Soni, S.K., Awasthi, A. and Kalra, A. (2012). Evaluation of vermicompost doses
for management of root-rot disease complex in Coleus forskohlii under organic field conditions.
Australasian Plant Pathology. 41(4): 397-403.

Singh, R., Kalra, A., Ravish, B.S., Divya, S., Paramaeswarn, T.N., Srinivas, K.V.N.S. and
Bagyaraj, D.J. (2012). Effect of potential bioinoculants and organic manures on root-rot and
wilt, growth, yield and quality of organically grown Coleus forskohlii in semiarid tropical region
of Bangalore (India). Plant Pathology. 61: 700-708.

Singh, R., Soni, S.K. and Kalra. A. (2013). Synergy between Glomus fasciculatum and a
beneficial Pseudomonas in reducing root diseases and improving yield and forskolin content in
Coleus forskohlii Brig. under organic field conditions. Mycorrhiza. 23: 35-44.

Singh, R., Soni, S.K., Patel, R.P. and Kalra, A. (2013). Technology for improving essential oil
yield of Ocimum basilicum L. (sweet basil) by application of bioinoculant colonized seeds under
organic field conditions. Industrial Crops and Products. 45: 335-342.

Singh, R., Parameswaran, T.N., Kalra, A., Puttanna, K., Prakasa Rao, E.V.S. and Divya,
S. (2009). Colonization efficacy of Trichoderma harzianum and selected bio-inoculants on
patchouli (distilled and vermicomposted). In: 5th international conference on plant pathology in
globalized Era, New Delhi, India, p 343.

Arpana, J., Bagyaraj, D.J., Prakasa Rao, E.V.S., Parameswaran, T.N. and Abdul Rahiman,
B. (2008). Symbiotic response of patchouli (Pogostemon cablin (Blanco) Benth. to different
arbuscular mycorrhizal fungi. Advances in Environmental Biology. 2(1): 20-24.

Venugopal, C.K., Mokashi Anand, N. and Jholgiker, P. (2008). Studies on comparative
performances of patchouli (Pogostemon patchouli Benth.) under open and partial shade eco-
system. Journal of Medicinal and Aromatic Plant Sciences. 30: 22-26.

Shankaranarayan, V. (2002). Patchouli constituents and usage in perfumery. Indian Perfumer.
46:313-314.

Rekha, K., Bhan, M.K. and Dhar. A.K. (2009). Development of erect plant mutant with
improved patchouli alcohol in patchouli [Pogostemon cablin (Blanco) Benth.]. Journal of Essential
Oil Research. 21: 135-137.

Manjunatha, R., Farooqui, A.A., Vasundhara, M. and Srinivasappa, K.V. (2002). Effect of
biofertilizers on growth, yield and essential oil content in patchouli (Pogostemon cablin Pellet.).
Indian Perfumer. 46(2): 97-104.

Singh, M., Ganesh Rao, R.S. (2009). Influence of sources and doses of N and K on herbage,
oil yield and nutrient uptake of patchouli [Pogostemon cablin (Blanco) Benth.]. Industrial Crops
and Products. 29: 229-234.

Leung, A.Y. (1980). Encyclopedia of common natural ingredients used in food, drugs and
cosmetics. Wiley, New York, p 261.

Ramachandra, K.M., Vasundhara, M., Farooqui, A.A. and Srinivasaappa, K.N. (2002).
Evaluation of patchouli (Pogostemon patchouli Benth.) varieties in relation to different plant densities.
Indian Perfumer. 46: 7-14.

Lawrence, B.M. (2009). A preliminary report on the world production of some selected essential
oils and countries. Perfumer and Flavorist. 34: 38-44.

Jhunjhunwalla, A. (2006). Materials imported to India (as on 31st Jan, 2006). Indian Perfumer.
50:21-27.

Puttanna, K., Prakasa Rao, E.V.S., Parameswaran, T.N., Singh, R. and Kalra, A. (2010).



Downloaded by [CIMAP Central Institute of Medicinal & Aromatic Plants], [Rakshapal Singh] at 01:51 16 April 2015

Rakshapal Singh et al.,/ TEOP 18 (1) 20151 - 10 10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Effect of organic and inorganic fertilizers and Trichoderma harzianum on patchouli (Pogostemon
cablin) herb yield. Journal of Medicinal and Aromatic Plant Sciences. 32: 50-52.

Kalra, A., Kumar, S., Katiyar, N., Bahl, J.R., Bansal, R.P., Chauhan, H.S., Prasad, A.,
Pandey, R., Dhawan, O.P., Krishna, A. and Srivastava, R. (2002). Method for the faster
multiplication of earthworms, and production of vermicompost from the distillation waste of industrial
aromatic crops. United States Patent No. 6: 488-733.

Kalra, A., Shukla, S., Singh, R., Ram, G. and Khanuja. S.P.S. (2007). Environmental Monitoring
and Management (& Publication, New Delhi) Practically feasible recycling of distillation waste
through vermicomposting for yield sustainability and better soil health: System Approach. In:
Proceedings of 18th All India Congress of Zoology & National Seminar on Current Issues on
Applied Zoology and Environmental Science with Special Reference to Eco-restoration & Manage-
ment of Bioresources (SCIAZE). University of Lucknow, Lucknow, pp. 255-257.

Kalra, A., Chandra, M., Awasthi, A., Singh, A.K. and Khanuja. S.P.S. (2010). Natural
compound enhancing growth and survival of rhizobial inoculants in vermicompost based formulation.
Biology and Fertility of Soil. 46: 521-524.

Singh, R., Gangwar, S. P., Singh, D., Singh, R., Pandey, R. and Kalra, A. (2011). Medicinal
plant Coleus forskohlii Briq.: disease and management (mini review). Medicinal Plants 3: 1-7.
Jackson, M.L. (1973). Soil chemical analysis. Prentice Hall, Inc., Englewood Cliffs, N.J.
Liu, Bo., Cong, Tu., Shuijin, Hu., Marcia, G., Beagle, J.R. (2007). Effect of organic,
sustainable, and conventional management strategies in grower’s fields on soil physical, chemical,
and biological factors and the incidence of Southern blight. Applied Soil Ecology. 37: 202-214.
Nelson, D.W. and Sommers. L.E. (1996). Total carbon, organic carbon, and organic matter.
In: Weaver, R.W., Angle, J.S., Bottommley, P.S., (Eds.), Method of soil analysis. Part 3. Chemical
Methods-SSSA Book series No. 5. Soil Science Society of America, Madison, W1, p. 961-1010.
Vance, E.D., Brookes, P.C. and Jenkinson. D.S. (1987). An extraction method for measuring
soil microbial biomass C. Soil Biology and Biochemistry. 19: 703-707.

Langenau, E.E. (1948). The examination and analysis of essential oils, synthetics and isolates.
In: E. Guenther (Editor), The essential Oils, Vol.1. Van Nostrand, Princeton, N.J., p.229-367.
Adesemoye, A.O., Torbert, H.A. and Kloepper. J.W. (2008). Enhanced plant nutrient use
efficiency with PGPR and AMF in an integrated nutrient management system. Canandian Journal
of Microbiology. 54: 876-886.



