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1. INTRODUCTION

India is considered as the botanical garden of the world, with its varied agro climatic
conditions and topography and is a veritable emporium of medicinal plants. Two out of the
eighteen biodiversity hot spots of the world are located in India, and this versatility in
biodiversity perhaps helped us to be the largest producer of medicinal herbs in the world.
These valuable resources have been extensively used in various systems of medicine like
Ayurveda, Sidha, Unani, Emchi and so on. Ayurveda is the most ancient and widespread
éystem of health care in the country, still practiced with the legacy inherited through
generations over centuries. Products that relate to about 20,000 higher plants species are
being marketed world over and about 120 chemical compounds of plant origin have been
developed into modern pharmaceuticals. The world market of herbal products, including the
herbal medicines and raw materials, is estimated to have an annual growth rate between 5 to
15 per cent. Total herbal health products market is estimated to be 62 billion US § and is
expected to grow to 5 trillion US $ by the year 2050.

Keralites have a tradition of using plant based medicine, eventhough their per capita
incomes are rising and opportunities for standard of living similar to western style are
increasing. Modern pharmacopoeia still contains at least 25 per cent drugs derived from
plants and many other synthetic analogues built on prototype compounds isolated from
plants. Hence, the demand for medicinal plants is increasing day by day in both developing as
well as developed countries. Ayurvedic system of medicine uses about 900 species of
medicinal plants. Ayurveda contributes Rs 3500 crores annually to the internal market.
Health tourism is another area gaining momentum, where Ayurveda treatment is increasingly

being linked to tourism.

According to World Health Organisation (WHO, 2009), about 80 per cent of the
people living in developing nations rely on traditional medicines, mostly herbal drugs, for
their primary health care and therapeutic needs. Their earnest reliance to these natural
products is due to non narcotic property and its safety from adverse side effects compared to
synthetic drugs. India has the presence of over 45,000 different plant species, out of which
about 15,000- 20,000 plants have good medicinal properties. Over 8000 species of plants

found in the different ecosystems are used for the preparation of medicines in the country.



-

After information technology, herbal technology is considered as India’s- biggest revenue
earner (Chaudhri, 1996). The global trend of increased demand for medicinal plants for
pharmaceuticals, phytochemicals, cosmetics and other product is an opportunity for Indian

trade and commerce (Pushpangadan and Govindarajan, 2005).

Forests are the main source for medicinal plants and they are collected by the tribes
and local communities. Increased demands for the raw drugs have led to the problem of
unsustainable — over harvesting from the wild sources, which resulted in the loss of
biodiversity and finally the extinction of certain important medicinal plants. The current
practice of harvesting medicinal plants from the wild is unsustainable and consequently this
will lead to the depletion of resource base. Conservative estimates suggest that over half a
million of raw materials are harvested in India from the forest every year (Maiti and Geetha,
2005). Increasing population, rapid expansion of area under food and economic crops,
deforestation, expansion of urban area and establishment of industries in the rural areas
resulted in considerable depletion of our herbal wealth and many of the valuable medicinal
plant species by the process of extinction. Medicinal plants demand domestication due to the
natural unavailability from forests coupled with increased demand for quality crude drugs.
The commercial production of medicinal plants fills this global demand in the market by
providing green health alternatives and other eco-friendly products for both domestic and
industrial uses (Bordeker, 2002). There has been a global realisation regarding the potential
extinction of these plants .and it becomes important to conserve the medicinal plants both in

situ and ex situ.

Farmers in different states in India have a tradition of practicing mixed farming
systems. The advantages of cultivating MAPs include the ease of their incorporation into
existing cropping systems. Cultivation needs to be done on a business platform by a chain of
small and micro-enterprise-based groups and individuals. In order to achieve economics of
scale and the desired impact, it may be necessary to intensify production of specific crops
within selected production areas and as a cluster of micro-enterprises. Cultivation of
medicinal plants ensures the uniform supply of raw materials to the pharmaceutical industry,
conservation of natural resources, supply of authentic material and at the same time it entails

the manipulation of medicinal plants both genetically and agronomically.



The biosynthesis of secondary metabolites in medicinal plants is an adaptive
mechanism a-md resynthesis of prima‘ry products and this process is favoured by agronomic
management. The scope for cultivation of medicinal plants as monocrop is very limited due to
non availability of land and low holding size. But there is ample scope for cultivation of these
crops as intercrops in coconut and arecanut gardens. Medicinal plants when grown in
intercropped situation interact with main crop and these interactions could be positive or
negative or complex with the competition being mostly for light, moisture and nutrients. In
medicinal plants, the quality and quantity are equally important. The environment and stage
of maturity cause quality variations in these crops. The varied microclimate resulting in stress
may improve the quality despite lower yields. Soil and atmospheric environments have
significant influence on quality and quantity components of the yield as well as their
interrelations. Hence, the ideal source and optimum source combinations of nutrients have to

be identified for maximum yield and quality.

Plectranthus vettiveroides (K.C.Jacob), Coleus is an annual herb belonging to the
f;dmily Lameaceae, which is mostly seen in tropical countries and are cultivated in gardens. It
is a small profusely branched, succulent aromatic herb with quadrangular stems, branches and
de;p straw coloured aromatic. roots. It is recommended for inter cropping in coconut gardens.
The whole plant is used against skin diseases, bronchitis, chronic allergies, hyperdipsia,
vitiated conditions of pitfa, burning sensation, strangury, leprosy, skin diseases, leucoderma,
fever, vomiting, diarrhoea and ulcers. It is also used as a stimulant, carminative and hair
tonic. Shivananda et al. (2009) reported that P. vettiveroides is facing threat to their existence
in the wild and cultivation has to be encouraged for making future needs. It is reported that 50
tonnes of Plectranthus vettiveroides is required annually for ayurvedic preparations (Skaria et

al., 2009).

Studies on the scientific management of this crop are very meagre. The optimum light
intensity and ideal source of nutrients have to be identified for higher yield and quality. With
due consideration of the above facts, the study entitled “Effect of light intensity and nutrient
source on yield and quality of Iruveli (Plectranthus vettiveroides) (K.C.Jacob, N.P. Singh &

B.D. Sharma)” was taken up with the following objectives.



. To study the effect of light intensity and nutrient source on the yield and quality of
[ruveli
. To standardize the light intensity requirement and ideal nutrient source for higher

yield and quality.



Review of Literature



2. REVIEW OF LITERATURE

According to Shrestha and Dhillions (2003), 60 per cent of the world population and
80 per cent of the population of developing countries rely on traditional medicine, mostly
plant drugs, for their primary health care needs. Medicinal plants are essential natural
resource which constitutes one of the potential sources of new products and bioactive
compounds for drug development (Gangwar et al., 2010). Plectranthus vettiveroides is
widely used in more than 35 ayurvedic preparations including Eladithailum, Blarishtam etc
and 50 tonnes of P vettiveriodes is required for the ayurvedic preparations of Kerala annually
(Skaria et al, 2009). Shivananda et al. (2009) reported that P. veftiveroides is facing threat to

its existence in the wild and cultivation has to be encouraged for meeting future needs.

1. LIGHT INTENSITY

1.1 Effect of light intensity on growth and yield

Light is one of the most important environmental factors affecting survival, growth,
reproduction and distribution of medicinal plants. It affects photosynthesis and is related to
the accumulation of organic matter and biomass. At light intensity of less than 45 per cent or
below, leaf, stem, root, bud, flower and fruit growth were poorer than at higher light
intensities in Catheranthus roseus (Reda, et al., 1978). Plants react to changes that occur in
the spectrum of electromagnetic radiation to which they are exposed through alterations in
morphology and physiological functions that result in adaptation to different environmental

conditions (Kasperbbauer and Harnilton, 1984). ' )

In Ocimum (Ocimum gratissimum Linn.), Pillai (1990) observed that the effect'of
shade on plant height and spread was positive upto intermediate shade level whereas its effect
on the number of branches, number of flowering shoots, length of inflorescence and leaf area
was negative. The ﬂov\.rering and attainment of maturity were delayed progressively with
increasing intensities of shade. Total herbage yield, highest values of oil content and oil yield
were also recorded by the plants grown in open condition. Paul (1992) reported that in

turmeric no significant difference was observed between cultivars at different shade levels,



but all cultivars gave highest rhizome yield at 50 per cent shade. Dry matter production and

harvest index were also more at 50 per cent and 75 per cent shade respectively.

According to Menon (1994) flower initiation in Plumbago rosea was comparatively
earlier in the open condition as compared to shade. The plants under open were taller
compared to those under shade. Plant spread was more in east- west direction in open while in
shade north- south spread was more. A sudden increase in internodal length was noticed
during January in the case of plants grown under shade. In the case of plants under open, a
progressive increase in length was recorded upto March and declined during April. Den
Dubbleden and Oosterbeek (1995) reported that to sustain higher photosynthetic capacity or
survival, plants modify their morphology and biomass allocation at different light conditions.
Asparagus performed well as an intercrop in the coconut plantation recording high root yield

and high BCR (1.25), when compared to pure crop (Kurian, 1999).

In Kalmegh (Andrographis paniculata), plants grown under increasing light intensity
were found with decreased chlorophyll content per unit leaf area. The total dry matter
production of the plants grown under full light was also less, as compared to plants grown
under 15 per cent light intensity (Kapur and Kapur, 1999). Menon (1999) studied the
performance of Plumbago indica in open and under shade and noticed that the plant came up
well under shade and can be successfully raised as an intercrop in coconut gardens, but
therapeutic principles of the plant did not vary between pure crop and intercrop. Reddy and
Biddappa (2000) reported that Plectranthus vettiveroides is well suited to growth under
shaded conditions of coconut. Thé intercropping studies of medicinal and aromatic crops
conducted in Kerala indicated that P. vettiveroides is well suited to grow under partially

shaded conditions of coconut (Maheswarappa 1997, Skaria et al., 2005).

Neerakkal ef al. (2001) studied the leaf anatomy of medicinal species under different
light regimes observed a significant decrease in leaf thickness for Plumbago indica grown
under shade due to decrease in intercellular space and cell number in palisade layer. They
further reported that in P.indica maximum photosynthesis was noticed only for a short period
in open sunlight, whereas, peak photosynthesis under shade continued for 3-4 hours even at

mid day.



According to Li et al. (2000) alterations are mediated by pigments, known as
phytochromes, which have absorption peaks in the red and blue/ultraviolet regions of the
electromagnetic spectrum. Coloured shade netting not only exhibit special optical properties
that allow the control of light, but also have the advantage of influencing the microclimate to
which the plant is éxpos‘ed to (Oren Shamir et al., 2001). Gangadharan (2003) reported that
lower shade level promoted higher rhizome yields in Kacholam, while increased shading
intensity lead to increase in qualitative contents in rhizomes. Promotion of open conditions
during the initial stages of growth followed by imposition of shade during the rhizome

development phase, resulted in production of more quantity of officinal part with increased

quality.

In safed musli (Chlorophytum borivilianum), rate of plantlet survival was 87 per cent
and 90 per cent under open field and shade net conditions, respectively. Plantlets Zrown ex
vitro under net and field conditions produced tuberose roots which could be grown in the next
season as a secondary propagule (Dave ef al, 2003). Coloured shade netting offer physical
protection against excessive radiation, insect pests and environmental changes (Shahak ez al.,
2006). Joy et al (2004) found that Curculigo orchioides plants yielded high dry matter
production at 25 per cent shade and the uptake of nutrients was also higher under shaded
condition. Palanikumar and Jessykutty (2007) reported that mild shade intensity of 25 per

‘cent is ideal for maximum fresh and dry herbage yicld in different types of mint (Menrha

arvensis) .
1.2 Effect of light intensity on yield

In Cephaelis ipecacaunha, Kurian and Shankar (2007) mentioned that planting in
open fields gave higher content of alkaloids but lesser root yield. The light can be modulated
during growing in order to get desirable morphologic characteristics and to maximize the
production of active principles in Ocimum gratissimum (Martins, et al., 2008). Light intensity
affected the rate of colour transition, anthocyanin and chlorophyll concentrations, and plant
growth in Solenostemon scutellarioides (Nguyen et al, 2009). Asiaticoside, madecassoside
and nutritional contents in the leaves of three accessions grown under the black shade cloth at
0, 50 and 80 per cent shading had shown influence in Centella asiatica.( Kanlayanarat et al,

2009).



Hou JunLing et al. (2010) reported that Glycyrrhiza uralensis could endure an
environment with low light intensity and suitable light control will increase the secondary
metabolite contents within agroforestry systems. Light period exerts the most important
effect on altering the growth and essential oil production of Japanese mint (Malayeri e! al,
2010). The changes in pigment concentration and chloroplast structure showed a chromatic
adaptation of Oscimum gratissimum to the variation of light intensity and quality. This can
improve photosynthetic performance under different luminosity conditions (Martins ef al.,
2010). Radusiene et al. (2011) reported that the increase in light intensity from 803.4 to
1618.6 umol m~ s determine the continuous increase in content of bioactive compounds in
St John’s wart. According to Li ef al. (2011), shading increased the plant height, laminar area

per plant, and chlorophyll content in Pinella ped-tisecta.

Ghasemzadeh (2011) reported that phenolic acids and flavonoids ate absolutely
light dependent and their biosynthetic rate is related to light intensity in Zingiber officinale.
At high light intensity, leaf area and petiole length were smaller than at low light intensity in
accessions of Centella asiatica (Srithongkul et al., 2011). According to Ndhala et al. (2012),
50 per cent light intensity achieved the healthy seedlings and bulb sizes compared to 75 and
100 per cent light in Eucomis autumnalis. Cruz et al. (2012) reported that the microscopy of
Kalancho brasiliensis stems evidenced the deposition of anthocyanins in the adjacent tissue

to the epidermis and cortex, which increased with light intensity in Kalancho sp.

2. SOURCE OF NUTRIENTS
2.1 Organic source

2.1.1 Effect of Farm Yard Manure (FYM)

Analyzing growth and yield performance of Piper longum during initial 1 1/2 years in
coconut garden, Sheela (1996) reported that 20 t/ ha of organic manure is optimum for
growth. According to Sadanandan ef al. (1998) improvement in soil physical properties and
availability of N, P, K and micronutrients were obtained by the application of organic
manure, Farm Yard Manure (FYM), neem cake, leaf compost and vermicompost. Organic
manures have been reported to improve the soil physical, chemical and biological properties
and also conserved and improved the moisture holding capacity of the soil and resuited in
enhanced productivity and quality of Kaempferia galanga, in which combined application of

FYM and vermicompost recorded the highest number of tillers, number of leaves and leaf



area index at all stages of growth (Maheswarappa et al., 1999). Addition of any form of
organics has been found.to improve the soil health, buffering capacity, water retention
capacity, chelation, release of micronutrients, microbiological process, efc.,(Saravana Pandian
et al., 2005). Highest rhizome yield was being recorded at application of FYM at 20 t ha'in

arrow root (Maranta arundinaceae) (Vidyadharan and Swadija, 2000).

In scented geranium (Pelargonium graveolens) application of FYM 30 t ha™ resulted
in the highest leaf: stem ratio, highest fresh herbage yield and higher oil content (Bhaskar et
al., 2001). Rao (2001) repoﬁed that in Cymbopogon martinii (Roxb.) application of FYM @
15 t ha' per year increased the total biomass yield by 10.7 per cent and total essential oil
yield by 10.3 per cent. The number of fresh and dry tuber yield and steroidal sapogenin
content of Safed musli (Chlorophytum borivilianum) were significantly increased due to
application of FYM at 10t/ha and vermicompost at 5 t/ha. However no significant difference
in the yield was noticed due to FYM and vermicompost application alone (Patrude et al.,
2002). Krishnamurthi et al. (2002) stated that application of coir pith compost recorded

higher fresh rhizome yield in turmeric over the unamended control.

Joy et al. (2002) reported that in Alpinia galanga application of FYM (20 t ha™)
recorded the highest number of clumps per plot, highest plant height, number of suckers per
clump, number of leaves per sucker, fresh rhizome yield and oil yield. A field experiment
conducted on Safed musli with four levels of FYM (0, 15, 30 and 45 t ha™) at Rajasthan
revealed that application of FYM @ 30 t per ha significantly increased the root yield and was
on par with the application of FYM (@ 45 t per ha. In an experiment conducted at National
Research Centre on Medicinal and Aromatic Plants on Safed musli crop with five levels of
FYM (0, 5, 10, 15 and 20 t hay, the,maxi_mum fresh and dry root yields were obtained with
15 t FYM ha'which was on par with 10 and 20 t FYM ha™ (CIMAP, 2003). Krishnamurthf,r
et al. (2002) obtained 22 per cent increase in yield of turmeric mainly due to application of

10t of FYM /ha over the unamended control.

Application of 20t of FYM increased the herbage yield in Brahmi (Bacopa monnieri)
by 18.4 per cent over the control (Rao et al., 2003). Chandra et al. (2003) reported that
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application of 20 t FYM ha' resulted in the highest mean root length and mean number of
roots per clump, whereas application of 15 t FYM ha' resulted in the highest mean weight of
roots per clump and mean fresh root yield. Increasing levels of manure significantly increased
the mean number of tubers, length of tubers, fresh weight per plant, dry weight per plant and
yield per hectare of Safed musli when applied with 20 t FYM per ha followed by 10 t and no
FYM (Ingle et al.. 2004; Sharma, 1996 and PDKYV, 2000). Wankhade er al. (2004) observed
that application of 20 t FYM per ha significantly increased the fresh yield of Safed musli and
dry root than all other treatments. Annamalai et al. (2004) reported that in Phyllanthus
amarus the maximum shoot length, root length, branches per plant, leaves per branch, fruits

per branch, fresh weight and dry weight were obtained with 1.5t FYM ha™! treatment.

Harinkhede et al. (2005) reported that application of 40 t FYM ha™ is recommended
to get maximum and sustainable dry root yield of Safed musli. According to Joy er al. (2005)
the optimum level of FYM for the growth of black musli is 30t of FYM ha™' and substitution
of 25 per cent of FYM with inorganic fertilizers was ideal for realizing highest rhizome yield
of good quality. According to Tiwari (2006) FYM at 10 t ha" resulted in higher yields of
fresh fasciculated roots in sated mush (Chlorophytum borivilianum). Rao et al. (2006)
observed that application of FYM at the rate of 20 t ha” and commercial formulations of
micro nutrients and biofertilizers in ambrette (Abelmoschus moschatus) significantly
increased the plant height, yield attributing characters, pod and seed yields. An increase of
141.3 per cent of pod yield and 308.7 per cent of seed yield were observed with the
application of FYM at 20 t ha™

Ganorkar et al. (2006) found that the highest values of nutrient uptake and tuber yield
in safed musli were observed for FYM application at the rate of 20 t ha™' and nitrogen at the
rate of 75 kg N ha”' when applied alone or in combination. Application of 22.5 t ha
'of FYM provided higher oil yield as compared to 15.0 t ha' of FYMin Curcuma
aromatica Salisb (Gopichand ef al., 2006). According to Shirole, et al., (2006) the dry matter
of Brahmi per plant was significantly improved with the application of 10 t FYM ha,
resulting in significant increases in fresh and dry yield. Hossain and Ishimine (2007) reported

that vegetative growth parameters (number of leaves per plant, plant height, number of tillers
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per plant, leaf biomass) and yield of turmeric increased with the FYM application than

control.

According to Sanwal et al. (2007) significantly higher rhizome yield was recorded
with the application of FYM at 18t ha"' which was on par with 10t ha™ of poultry manure.
Application of these organic sources resulted in 16-30 per cent higher rhizome yield over
control and also improved the quality parameters in turmeric. In Coleus forskohlii
carbohydrate'content of 10.28 per cent and fibre content of 13.30 per cent was recorded in
roots upon treatment with FYM at 5 t ha” + vermicompost at 2.5 t ha™ (Nema et al., 2008).
Dadheesh and Lekhchand (2008) reported that in Plantago ovata, incorporation of S t ha” of
FYM significantly 1ncreased the plant height and dry matter accumulation and protein
content. In Phyllanthus ﬁaternus combined application of compost + FYM +VAM was
found most suitable for obtaining maximum growth parameters, biomass and harvest index
after four months of planting (Sher and Kasera, 2008). According to Datta ef al. (2009) in
sweet flag (Acorus calamus), plant height, number of leaves, rhizome length, rhizome
diameter and yield increased with increase in dose of FYM up to 50 t ha™. Maximum fresh
and dry rhizome yield was recorded with 50 t ha™ FYM supplemented with 100 ppm GAs,
followed by ap;plication of 50 t ha! FYM.

Manhas and Gi.II (2010) reported that application of FYM increased the growth, dry
matter accumulation, yield and quality of turmeric. Upadhyaya et al. (2010) conducted a
study for comparison of total phenol and flavanoid content in Adhatoda vasica grown using
different organic manures and revealed that the total phenol content was higher in samples
collected from plants applied with cowdung followed by compost and vermicompost. Total
flavanoid content recorded highest in samples collected from cowdung followed by
vermicompost and compost. Sudhakar et al. (2010) reported that the treatment combination
consisting of organic manures, biofertilizers, FYM, vermicompost and neem cake recorded
maximum plant height, maximum number of tuberous roots per plant and maximum fresh

weight of tuberous roots in Coleus forskohfil.
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2.1.2 Effect of Vermicompost

According to Edward and Burrows et al (1988) vermicomposting'is a non-
thermophilic biodegradation of organic material through interaction between the earth worms
and micfoorganism resulting in the production of vermicompost. Application of organic
manure in the form of vermicompost in-soil recorded the highest value for all the available
nutrients as it consists of large amount of humic substances (Masciandro et al, 1997).
Maheswarappa et al. (1999) reported that in arrow root, miicrobial population and
dehydrogenase activity was higher under FYM and vermicompost treatments compared to
composted coirpith treatments. Organic carbon and pH of the soil increased to a greater extent

under FYM and vermicompost treated plots than with composted coirpith.

Saha et al. (2006) reported thalt organic fertilizers in the form of vermicompost and
vermiwash was effective and comparable to the inorganic fertilizers in increasing gel
moisture, gel ash and aloin content in Aloe vera. Hansen et al. (2007) found that worm
casting was rich in nutrients and readily available to plants. Utilization of enriched coirpith
vermicompost as a substrate for FYM in the preparation of potting mixture enhanced the
sprouting percentage (100%) and modulated the rhizosphere for promoting the activity of
bioinoculants én five medicinal plants Long pepper (Piper longum), Koduveli (Plumbago
rosea), Asparagus (Asparagus racemosus), Chittadalodakaom (Adhatoda beddomi) and
Munja (Premna nervosa) (Anilkumar e al., 2007).

Vermicompost application in an improved German chamomile variety ‘Goval’
improved plant height, early flowering, flower dry weight, anthodia height and diameter
significantly. Fifteen percent vemicompost with an irrigation level of two weeks was found to
be the best treatment to produce the flower yield in Goval cultivars of German chamomile in
organic system (Azizi et al., 2008). According to Chiluvuru et al. (2009) growth and yield of
Vigna radiata and Centella asiatica were found to be increased with application of different
concentrations of vermicompost over the contro! and the plant response was maximum at 20
per cent amendment of vermicompost to soil. Ghosh et al., (2009) reported that the highest

plant height, number of leaves, number of primary branches , number of secondary branches,
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root weight and plant weight were obtained with 50 per cent vemicompost + 50 per cent urea

in Ashwagandha at 110 days after planting.

According to Mandal et al. (2008) higher productivity, extractive value, oil content
and antioxidant quality of oils were recorded when mixture of inorganic fertilizers and
organic manures like vermicompost were applied in Patchouli. Maximum plant height,
primary branches per plant and secondary branches ber plant were recorded in the treatment
combination of 50 per cent recommended dose of fertilizers + 50 per cent vermicompost in
coriander (Bodamwad e/ al., 2009). Venkatesan ef al., (2010) reported that cuttings planted in
vermicompost along with Azospirillum dipping significantly increased the rooting parameters
like rooting percentage, number of roots per cutting and root length and shoot parameters like
number of sprouts per cutting, length of sprout, number of leaves per cutting and leaf area in
Gymnema sylvestre. According to Darzi et al. (2012), highest essential oil content in seed
and carvone content in essential oil and the minimum dillapiole content were obtained after

applying 4 ton ha! vermicompost in dill (Anethum graveolens).

2.2 Bio fertilizers

- Bio fertilizers have emergeci as an important component of integrated soil- fertility
managemeﬁt practices which would be feasible and viable to sustain agriculture as a
commercial and profitable proposition ensuring yield of crops without deterioration in the
quality of the produce and make soil living and dynamic (Ali er al., 2009). According to
Karlidag er al. (2007), among different groups of biofertilizers, nitrogen fixing and
phosphorus solubilising bacteria may be considered to be important since they improve plant
nutrition by increasing N and P uptake by plants, and they play a significant role as plant
growth promoting rhizobacteria (PGPR) in the biofertilization of crops.

The PGPR strains may promote growth either by fixation of atmospheric nitrogen or
by solubilization of minerals such as phosphorus (Karthikeyan et al., 2007; 2008) they can
also promote growth through production of plant growth regulators (Klopper & Schroth,
1978; Karthikeyan ef al., 2007). Boby and Bhagyraj (2003) reported that wilt caused by
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Fusarium chlamydosporum a serious soil borne disease in Coleus froskholi could be
controlled effectively with the inoculation of Trichoderma viride. Karthikeyan et al. (2008)
reported that the occutrence of Azospirillum, Azotobacter and Pseudomonas in the
rhizosphere of medicinal plants such as Catheranthus roseus, Coleus forskholi, Ocmium

sanctum and Aloe vera has been documented earlier.

2.2.1 Azospirillum

Azospirillum is a free-living, gram negative, associative nitrogen fixing, plant growth
promoting bacterium capable of affecting growth and yield of numerous plant species, many
of which have agronomic and ecological significance. Its Nitrogen fixing, NO reductase and
phytohormone producing activitiesl stimulate better root growth and establishment. It
produces plant growth hormones like giberlines, cytokinins and auxins like IAA. The growth
promotion capacity lies in its ability to produce various phytohormones that improve root
growth, absorption of water and minerals that eventually yield larger and in many cases more

productive plants (Dobbelaere et al., 2001).

Chezhiyan ef al. (2003) reported that treatment of poultry manure, azospirillum and
phosphate solublisiﬂg bacteria recorded more plant height, leaf a-lrea index, dry matter
production, herbage yield per ha and the quality parameters such as lignans, phyllanthin and
hypophyllanthin at its maximum in Phyllanthus amarus. Azospirillum fixes about 20-25
kg/ha of nitrogen under ideal conditions and thereby effecting a reduction of 25 per cent in
the quantity of nitrogenous fertilizers (KAU, 2007). Badran and Safwat (2004) found that
nitrogen fixing bacteria such as Azotobacter and Azospirillum increased growth and yield in
fennel. Abdou er al., (2004) reported that application Azospirillum in the field increased per

ha'yield and the quality parameters in fennel.

According to Mahfouz and Sharaf (2007) an increase in the growth and yield of
medicinal plants were observed with the application of nitrogen fixing bacteria such as
Azotobacter and Azospirillum. Kalyanasundaram er al. (2008) reported that Azotobacter and
Azospirillum could cause increased growth and yield in sweet flag. Application of

biofertilizers like Azotobacter and Azospirillum could cause increased growth and yield in
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davana (Swaminathan et al., 2008; Kumar e al., 2009). Growth and yield were found to be
increasing with the application of Azospirillum alone in the field than control in fennel

(Azzaz et al., 2009).

2.2.2 Arbuscular Micorrhizal Fungi (AMF)

Use of biofertiliz.ers is an alternative value added sustainable techﬁology for modern
agriculture. Microbial fertilizers are biologically active products containing one or more
specific microorganisms like bacteria, BGA (Cyanobacteria) or fungi. These organisms are
capable of nitrogen fixation, P solublisation or phosphatic mobilization. Michorrhiza literally
means fungus roots. An Arbuscular micorrhizal fungus (AMF) is an obligate symbiont in
nature requiring a suitable host plant for its growth. Plants with AM association are capable
of mobilizing more of the available nutrients from soil by extending to several centimetres
from root surface. AM association will enable the host plant to absorb more P by greater
exploration of soil, resulting in better access to soil pool of available P. Symbiotic
associations between mycorrhizal fungi and plant roots are widespread in nature aﬁd can
provide a range of benefits to the host plant. Of the several mycorrhizal symbiosis, arbuscular

mycorrhizas are the most abundant.

Harold (1980) reported that mycorrhizal plants translocate higher amount of
photosynthates from shoot and root than non mycorrhizal plants, without altering the leaf area
and the AM fungi derive their carbon requirement from the host plants.- According to
Bagyaraj and Manjunath, (1980) the shoot and root weight was increased in finger millet by
inoculation of AM fungt Glomus fasciculatum in an unsterile soil which is lower in available

phosphorus.

Hirrel and Gerdemann (1980) reported that the inoculation of Glomus fasciculatum
increased the growth of onion. Allen ef al. (1981) reported that mycorrhizal infection by
Glomus fasciculatum increased the chlorophyll concentration in Coleus aromaticus.
According to Thangaraju et al. (1986), AMF inoculation induced maximum plant height and
biomass of shoot in maize and soybean. Direct benefits are usually related to the enhancement
of phosphate uptake by the plant and in some soils enhanced uptake of zinc, copper and

ammonium are also important (Stribley, 1987).
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Bolan (1991) reported that AMF enhances the plant growth as a result of the improved
phosphate nutrition of the host plant and has been confirmed by the use of isotropic traces.
The inoculation of AMF and other beneficial soil microorganisms significantly increased the
biomass of different medicinal plants [Sena and Das (1998), Kothari et al. (1999)].
Inoculation with arbuscular-mycorrhizal fungi improved the phosphorous uptake in Coleus
aromaticus (Earanna et al. 2001). Earahna et al., (2001) reported that Catharanthus roseus
showed a positive response to Glomus mosseae and Glomus aggregatum inoculation in
respect to per cent colonization and spore count. Plants grown in soil inoculated with Glomus
Jasciculatum showed increased chlorophyll content and phytochemical constituents (Selvaraj,
1989; Selvaraj and Chellappan, 2006). Rathore et al (2007) reported that inoculation of AMF
resulted in the maximum plant height, collar diameter, total dry weight and quality index in

Santalum album seedlings.

Krishna ef al. (2008) reported that germination percentage, root and shoot length and
vigour index of Andrographis paniculata, Withania somnifera and Ocimum tenuiflorum, after
21 days of planting was maximum with the combined application of biofertilizers like
Azospirillum and phosphorus solubilizing bacteria. In Kalmegh (Andrographis paniculata)
application of 15 t FYM, NPK (15:25:25) and 1 kg Azospirillum ha™ resulted in maximum
nutrient content in leaf tissues, high herbage yield and andrographolide content (Hemalatha et
al., 2008). Rani et al. (2008) reported that coinjunctive use of 50 per cent N (20 kg N ha™)

' and

with organic manures like FYM at 2.5 tonnes ha™', castor cake at 0.25 tonnes ha’
biofertilizers had resulted in the highest fresh tuber yield (121.91 tonnes ha-') and dry tuber
yield (21.59 q ha™") at harvest and soil nutrient status (available N, P, K, S and Fe) at all the

growth stages studied.

Vegetative growth and biomass production in Clitoria ternatia revealed that
Azospirillum, Azotobacter and their combined biofertilizers have increased the germination
rate of seeds and overall plant growth respectively. Seedling Quality Index (SQI) of the
Azospirillum, Azotobacter and combined biofertilizers treated seedlings were 0.46, 0.44 and
0.46, respectively while for the control, it was 0.34 only (Ramkumar et al., 2009). According
to Gajbhiye and Deshmukh, (2009) 5 t FYM, 4 kg Azotobacter and 4 kg PSB ha™ resulted
significantly increased root length, root thickness, fresh weight of root, dry root yield and

seed yield in Aswagandha.
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Satyendra and Singh (2010) reported that application of blue green algae as
biofertilizer at 50 gms BGA kg™ soil in Aswagandha increased the catalase and peroxidase
activity and there was an increase in chlorophyil and ascorbic acid content at 200g BGA kg™
soil. Nihad and Jessykutty (2010) reported that the use of neem cake and FYM in the ratio 1:4
along with the microbial inoculants as basal dose has a long term effect on the nutrient
supplying capacity of the soil thus reducing the cost of production of organic cultivation and
enhancing the benefit cost ratio of the farmers. According to Ravikumar, e al. (2010)
application of FYM+ recommended dose of NPK+neem
caket+Azotobacter+Azgspirillum recorded significantly higher plant height, number of leaves,
dry weight of leaves, stem, aerial ﬁart, total dry weight, fresh and dry weight of tuberous roots
per plant and per hectare yield in Coleus forskohlli.

2.3 Integrated Nutrient Management (FYM + NPK)

Integrated supply of nutrient to plants through planned combinations of organic and
inorganic sources is becoming an increasingly important.aspect of environmentally sound
agriculture. According to Ayisha (1997) growth and yield characteristics of Piper longum
increased with the application of 20 t ha” organic manure and 30:30:60 NPK kg ha™.Gill et
al., (1999) reported that application of organic manures along with inorganic fertilizers not
only improves the physical status of the soil, but also increases the organic status of the soil.
This results in rapid multiplication of beneficial soil microbes promoting the availability and
uptake of nutrients by the plants, favouring an increase in yield. In kacholam, the essential oil
and oleoresin contents were significantly higher in treatments with FYM (20 t ha™') and NPK
(50:50:50 kg ha™), followed by FYM and vermicompost treatments (Maheswarappa ef al.,
2000b).Maheswarappa ef al. (2000) observed that the combination of organic manure with
chemical fertilizer resulted in better growth of the crop as reflected in more number of leaves,

tillers, higher leaf area duration and yield components in kacholam.

According to Yadav er al. (2003), it was found that application of N through urea
(25%) and through FYM (75%) significantly increased the number of tillers per plant, plant
height and dry matter accumulation at all the growth stages, as well as number of spikes per
plant, grains per spike, and grain and straw yields at harvest in Plantago ovata. Ramamoorthy

et al. (2003), reported that application of FYM in combination with a fertilizer level of
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60:25:40 kg NPK/ha and a spacing of 45x30 cm can be recommended for enhanced herbage,

pod and seed yields, and germination percentage in Senna (Cassia angustifolia).

According to Joy et al., (2005) application 0of 22.5 t FYM, 10:8:5 Kg N, P,O; and K;0
ha™ is ideal for highest yield of qual.it"y rhizome in Curculigo orchioides. It was also evident
from both the point of view of quantity and quality that FYM application is inevitable for the
crop and an integrated application of FYM and fertilizer is preferable for quality crude drug
production in Curculigo orchioides. Puttanna et al. (2005) reported that yield could be
improved by supplementing 25-50 kg N, 60 kg P, 60 kg K with 10 t FYM/ha, without
changes in the total alkaloid content in the roots in Withania somnifera. Kavitha, (2006)
reported that combined application of 5 t cocopeat/ha + 12.5 t FYM/ha + 40:30:30 kg NPK/ha
resulted in the lowest number of days to 50 per cent flowering and highest number of flowers

per plant, leaf area, leaf area index, crop growth rate, and root weight in Mucuna pruriens.

According to Puttanna et al., (2006) application of either 100 kg N, 60 kg P,Os and
60 kg K»0 per year or 50 kg N, 30 kg P20Os and 30 kg K,0 along with 10 t FYM per ha per
year can be applied to obtain the maximum herb and saponin yields- of Centella asiatica.
Kavitha and Vadivel (2006) reported that the integrated nutrient combination involving
organic form of manures (Cocopeat 5 t/ha+tFarmyard manure 12.5 t/ha) and inorganic
fertilizers (NPK 40:30:30 kg/ha) showed a greater degree of positive influence on the seed
yield and yield attributing characters viz., number of flowers, number of pods, single pod dry
weight, seed weight pod’, dry matter production and seed yield in Mucuna puriens.
Shivanna et al. (2009) reported that application of FYM at 10t ha™ along with NPK @
100:50:50 kg ha™ recorded the maximum plant height, number of branches, number of leaves
and spread per plant in Solanum nigrum. In Plantago ovata, incorporation of 5t ha” of FYM

significantly increased the plant height and dry matter accumulation at 45 days after sowing,

75 days after sowing and at harvest (Dadheesh and Lekhchand, 2008).
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According to Dwivedi et al. (2008), the best N source treatment was 25 per cent N by
urea+75 per cent N by FYM (total 30 kg N/ha), which recorded significantly the highest seed
yield up to 14.43 q ha in Plantago ovata. Singh et al. (2008), reported that the maximum
fruit yield, size (length and breadth), weight, volume, pulp stone ratio, total soluble solids,
ascorbic acid, total sugars, minimum acidity and total phenol were recorded with the
:application of 50 per:cent NPK+50 kg FYM +5 kg ‘bio-pressmud in Amla (Emblica
officinalis).

According to Vennila and Jayanthi (2008), application of recommended dose of
fertilizers (40:60:50 kg NPK ha'+FYM 10 t ha'[) resulted in the highest tuber yield of Coleus
Jforskohlii. Goel et al. (2011), reported that the combined use of 25 mg N/kg soil and FYM @
12.5 t/ha produced significantly taller plants (47.7 cm) in Ashwagandha. Kumar ef al. (2011)
observed that use of 75 per cent recommended dose of fertilizers (RDF) through fertilizers
and 25 per ce;nt recommended dose of fertilizers through FYM resulted in higher dry matter
production, nutrient composition and uptake of the nutrients (N, P;O0sand K,O) in

Phyllanthus amarus.

Rao et al. (2010), revealed that dry spike yields significantly increased due to
integrated management of FYM and fertilizers in thippali. Application of 40 t/ha FYM and
125: 50: 160 Kg N, P05 and K0 per ha gave significantly hig;rher spike yield and increased
piperine yield. The higher total dry matter with 40 t/ha FYM was positively correlated with
higher plant height, more number of branches and maximum plant spread. The growth, yield
and quality attributes were also significantly higher with this combination. Application of 5t
of FYM + Ngg P4o Koo and Nog Pgo K3p treatments in Eclipta prostrata recorded superiority
over other treatments in plant height, no. of branches, leaves per plant and maximum alkaloid
yield (Kalita et al., 2010). |

Kl;.mar et al. (2010) reported that, conjunctive supply of 75 per cent nutrients through
fertilizers and 25 per cent through FYM, registered maximum plant height, number of
branches, number of compound leaves, fresh aﬁd dry herbage yield and total alkaloid yield in
Phyllanthus amarus. Application of 5t of FYM along with inorganic fertilizers in Eclipta
prostrata, proved superior over other tr;zatments, in plant height, number of branches, leaves

per plant and maximum alkaloid yield (Kalita ef al., 2010).
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Application of 275:112.5:172.5 Kg N, P,0s and K,0 as fertilizers and FYM @ 20 t/ha
produced maximum height, higher number of leaves and branches and thereby yield in Stevia
(Nevase et al., 2011). Rao et al. (2011) reported that 50 percent of NPK and 10 tonnes of
farm yard manure per hectare was found to be better for maximum yield of forskolin in
Coleus forskohlli. According to Singisala et al. (2012) root biomass as well as:forskolin
contents were higher by 3-folds when 50 per cent NPK with 10 tonnes of farm yard manure

were supplied to the plants.
2.4 Combined application of organic manure and bio fertilizers

Amrithalingam (1988) reported the growth enhancement in chilli with the application
of organi(;s along with Azospirillum and AMF. Hemavathi (1997) revealed the growth
increase in Chrysanthemum with the application of Azospirillum and AMF. According to
Bagyaraj (1991) apart from organic manures, bio fertilizers like Azospirillum and AMF
contribute to the improved crop production through eco friendly nutrient supply. Higher
microbial population and the better availabilitsz of nutrients with the combined application of
organic manures and microbial inoculants attributed to the production of higher dry root yield

in Plumbago rosea (Gupta et al., 2003).

Krishnan (2003) reported that incorporatibn of vermi-compost at the rate of 6.26 t ha”
'yr'! and combined application of bio inoculant§ viz Azospirillum, fluorescent pseudomonas
and AMF was found favourable for enhancing total fresh and dry spike yield and total
alkaloid production in long pepper. Combined application of coir pith compost at N Eq to 10t
ha” of FYM along with Azospirillum and PSB each at lkg ha™! was found to be better for
higher nutrient uptake, herbage yield and bacoside content in Brahmi (Lgtha and
Radhakrishnan, 2010). Manjunatha et al. (2009) revealed that combined application of
biofertilizers viz Azospirillum and- AMF, was found to be more effective for higher herbage
yield and essential oil content over their sole application in Pogostemon cablin. Pratibha et al.
(2010) reported an increase in dry leaf yield by the application of organic manures along with

Azospirillum in Senna.

Annamalai ef al. (2004) reported that the highest number of compound branches per
plant and seed yield per plant was obtained with application of FYM 12 t ha™', Azospirillum



21

(6.5 kg ha") and phosphobacteria (2.5 kg ha™). Plant growth has been enhanced with the
combined application of organic manures and Azospirillum and AMF in fenugreek
(Srinivasa, 2004). Application of the combination of organic manure along with microbial
inoculants could render higher yield in green ginger (Sreekala, 2004). Shivanna (2009)
revealed that the combination of organic manures (farmyard manure and poulty manure) and
rbiofertilizers (Azospirillum and AMF) produced high herb yield and enhanced
andrographolide content in Kalmegh. According to Gajbjive and Deshmukh (2009) combined
application of organics and biofertilizers produced more fresh and dry root yield and better

quality of roots in terms of length and thickness in Ashwagandha.



Materials and Methods
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3. MATERIALS AND METHODS

The study entitled effect of light intensity and nutrient source on the yield and quality
of Iruveli (Plectranthus vettiveroides) was carried out in Kerala Agricultural University
during the year 2011-2012.The details of the materials and methods adopted for the study are

described in this chapter.
3. 1. GENERAL DETAILS:
3.1.1 Location

The area is situated at 10°31°N and 76°13°E longitude and at an altitude of 40.3 m

above mean sea level.
3.1.2 Soil

The soil of the experimental site is sandy loam in texture (order: Ultisols). The physio-

chemical properties of the soil are given in Table 2.
3.1.3 Weather and climate

The experimental site represents the typical agro climatic features of the midlands of
the state. It experiences a warm humid tropical climate. The weather data recorded during the
cropping period (August 2011- February 2012) are given in Appendix | and graphically
represented in Fig 3.1 and Fig 3.2.

3.1.4 Field operations

The experimental site was ploughed, stubbles removed, levelled and laid out as per lay

out plan treatments.
3.1.5 Planting

Planting was done on 28.08.2011 by using top shoot cuttings. Cuttings were planted in

beds of size 3.2 x 2 m’* with a spacing of 30 x 30 cm.
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Fig 3.2 Sun shine hours during the crop period (Aug 2011- Feb 2012) at Vellanikkara
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3.1.6 Shade Net

The light intensity was regulated by providing artificial shade nets. Shade levels were
created using shade nets of varying meshes. Shade nets of 50 and 25 per cent were provided

in the present study to create light intensity levels of 50 and 75 per cent.

3.1.7 Manures and fertilizers

Organic manures viz FarmYard Manure (FYM) and biovermi and biofertilizers viz
Azospirillum and AMF were applied along with N, P and K. Biovermi is an enriched product
of vermicompost with Trichoderma viridae and Pseudomonas fluorescence, developed at
Department of Soil Science & Agricultural Chemistry, College of Horticulture, Vellanikkara.
The strains of Azospirillum and AMF developed at College of Agriculture, Vellayani were
used as biofertilizers. Inorganic sources of nutrients were urea, rock phosphate and muriate of

potash for N,P and K. Bio fertilizers were applied along with organic manure.

3.2 EXPERIMENT DETAILS

Experiment was designed as split plot in RBD with three replications. Levels of light
intensity were allotted to main plots and nutrient sources to the sub plots. Three light
intensities viz open, 50 per cent light intensity and 75 per cent light intensity were imposed.
Adequate shade was provided using shade nets of appropriate grades. The required shade was
provided by erecting pandal at a height of 2 m using bamboo poles and shade nets of desired

mesh size was spread over it.

The biofertilizers were applied @ lkg/ha along with organic manures. Phosphorus
fertilizer was applied as basal and N and K fertilizers in two split doses, half basal and half
two months after planting. Random sampling technique was adopted to select sample plants
for recording various morphological and yield characters and for chemical analysis. Five
plants were selected at random from each plot for observation and labelled. Five plants from
each plot were uprooted and bulked together to get a representative sample for chemical

analysis.
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M;T5Rs M;Ts R3 M;T: R3 M T R; M;T4 R; M;T; R;
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M.Ts Rs M.T: R; M;T:2 R3 M,T;s R3 M;T; R3 M:T4 R3
M;Ts Ry M;T2 Ry M;Ts Ry M,T R, M;T: Ry M;Ts R,
M;T; R, M;T, R, M;T2 R, M;T: R, M;T;5 R, M;Ts R
M;Ty R; M;T; R3 M;T: R; M;T2 R M;T5 R3 M;T5 Rs
| M- main plot T- sub plot R- replication
Fig 3.3 Layout of the field experiment
Design : Split plot-design

Replication: 3

Plotsize :32x2m?
Main plots Sub plots (quantity per plot)
M; — open T,~FYM (@ 10t/ha
. T, - FYM(@ 10t/ha + Azospirillum +AMF
My - 50 % light ——
2 % et e R vermi*@ N eq of 10 Vha FYM
intensity n ; —
T4- Biovermi*@ N eq of 10 t/ha FYM + Azospirillum +AMF
M; - 25% light | T;— FYM @ St/ha+ 30:15:30 NPK kg /ha
intensity Ts — Control .

* Biovermi : Vermicompost enriched with Pseudomonas and Trichoderma developed-at Department
of S§ and AC, College of Horticulture, Vellanikkara.



Plate 1: Field lay out
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Biometric observations:

Height of the plant
Numbef of leaves
Number of branches
Root: shoot ratio
Biomass production
Dry matter production

Herbage yield

Nutrient analysis:
NPK content of the herbage
Nutrient uptake by the crop
Sqil analysis (before and after the experiment)
pH
EC
Organic carbon
Available NPK
Quality analysis:
Essential oil contént of the herb

Observations of the growth characters were recorded at the second and fourth month

after planting and at the time of harvest.
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3.2.1 Biometric observations

Five plants from each plot were selected randomly and tagged. Biometric observations
from these plants were taken at second and fourth month after planting and at the time of

harvest.
3.2.1.1. Plant height

The plant height in cm was recorded from the base of the plant to the tip of the top

most leaf during observation.

3.2.1.2. Number of leaves

Number of leaves per selected plants was counted.

3.2.1.3. Number of branches

Total number of branches of each plant was counted.

3.2.1.4. Root; Sht;ot ratio

The whole plant was separated into root and shoot and dried at 105° C in oven for 48

hours. The dry weight of root and shoot were taken and expressed as ratio.

3.2.1.5. Biomass production

The whole plant was uprooted and the weight was taken.

3.2.1.6. Dry matter production

Five plants were selected randomly from each plot, oven dried at 105° C and dry

weight was recorded. The average weight was expressed as dry matter production
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3.2.1.7. Herbage yield

The whole plant was uprooted and the biomass production in kg ha " was calculated

as herbage yield (kg ha™).

3.2.2. Nutrient analysis
3.2.2.1. NPK content of the herbage

Nutrient content of the experimental plant was estimated by selecting five plants at
random from each treatment. Whole plant was subjected to chemical analysis. The plant parts
were cleaned, chopped into small pieces and dried in hot air oven @ 70-80°C. They are
powdered well and analysed for major nutrients. The methods used for the analysis of major

nutrients in sample plants are given in Table 3.1

Table 3.1. Methods used for nutrient analysis of plant samples

SI Nutrients Digestion process Method of extraction Reference
no
01 | Nitrogen HaSO, digestion Distillation and titration Jackson
(1973)

02 | Phosphorus | 9:4 HNO; -HCIO, | Vanado Molybdate yellow | Jackson
diacid digestion colour method using | (1973)

Spectrophotometer

03 | Potassium 9:4 HNO; -HCIlO4 | Direct reading using flame | Jackson
diacid digestion photometer (1973)
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3.2.2.2. Nutrient uptake by the crop

Upfake of major nutrients by sample plants were calculated by multiplying the dry

matter and total content of each of the major nutrients in each replication of the treatment and

expressed in kg ha™.

3.2.2.3. Soil analysis (before and after the experiment)

Assessment of the status of major nutrients in soil before and after the experiment was

carried out at the analytical laboratories of Dept of Agronomy, Soil science and Agricultural

chemistry. Details of the methods used for chemical analysis are indicated in the Table 3.2.

Table 3.2 Methods used for chemical analysis of soil samples

Slno | Nutrient Method Reference

01 {pH pH meter Jackson (1973)

02 [EC Electrical conductivity bridge Jackson (1973)

03 | Available Nitrogen Alkaline permanganate method Subbiah and Asija

(1956)

04 | Available Phosphorus | Bray- 1 extractant Ascorbic acid | Bray and Kurtz
reductant - spectrophotometry (1945)

05 | Available Potassium | Neutral normal ammonium acetate | Jackson (1973)
extract using flame photometry

06 | Organic Carbon Chromic acid wet digestion method Walkely and

Black (1934)
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3.2.3. Quality analysis:
Essential oil content of the herb

Essential oil content was estimated by hydro distillation, adopting Clevenger trap
method as per AOAC (1980) and expressed in per cent. Essential oil yield of the crop was
computed by multiplying the oil content with yield.
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Table 3.3.Physico-chemical properties of the soil prior to experiment

A. Mechanical composition

Particulars Value Method used
Sand (%) 67.10
. . Robinson international
Silt (%) 18.78
‘ pipette method (Piper, 1942)
Clay (%) 11.27
B .Chemical properties
. Particulars Quantity Method used '
pH (1:2.5) 5.97 pH meter (Jackson, 1973)
Electrical conductivity bridge
EC (dSm™) 0.012 (Jackson, 1973)
Walkley and Black method
Organic C (%) 1.75 (Jackson, 1958)
Available N_(kg ha™) 204.88 Alkaline permanganate
' method
(Subbiah and Asija, 1956)
. A 19.59 .
Available P (kg ha™) Bray- 1 extractant Ascorbic
acid reductant ~
spectrophotometry
Bray and Kurtz (1945)
{ Neutral normal ammonium
Available K (kg ha™) 127.30 acetate  extractant  flame

photometry (Jackson, 1958)
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Table 3.4 .Details of the experiment

Date of planting 27.08.2011
Total numbér of plots (beds) 54
Bed size _ 3.2X2m?
Spacing 30x30cm
Total number of plants per bed 60




Results




4. RESULTS

The present study was conducted at the Department of Agronomy, College of
Horticulture, Vellanikkara to evaluate the effect of levels of light intensities and various
nutrient sources on the yield and quality of Iruveli (Plectranthus vettiveroides). The results of

this study are presented in this chapter.
4.1 BIOMETRIC CHARACTERS
4.1.1 Plant height

Plant height at different light intensities and sources of nutrients are presented in the
Table 4.1 and 4.2.The data on plant height revealed that light intensity had profound influence
on height of the plants at 30 and 60 days after planting. The level M3 of light intensity was
found to be better for taller plants during the growth period. The plants grown under Mjs light
intensity (75 per cent) level had the tallest plants (30.35cm) at 30 and 60 days (32:13cm) after
planting.

Table 4.1 Effect of light intensity and nutrient source on plant height at 30 DAP

Nutrient _ Light intensity Mean
‘source - M, (ecm) M>(cm) M;3(cm)
T, 29.53 24.53 31.46 28.51
T, 26.60 24.66 30.33 27.20
Ts 25.53 21.13 34.06 26.91
Ty 25.66 22.26 29.26 25.73
Ts 28.46 20.46 34.24 27.72
Ts 23.66 22.86 22.73 23.08
Mean 26.57 22.65 30.35 '
CD (0.05) for light intensity (M) 1.10
CD (0.05) for nutrient source (T) 131
CD (0.05) for M x T NS

Significant difference was also noticed in the height of plants due to variation in the
source of nutrients. The plants were found to be taller (28.51 cm) when (T;) FarmYard
Manure (FYM) al(-)ne was applied at 30 days after planting (DAP). Maximum plant height
(30.64 cm) at 60 days after planting was found when it was applied with FYM +Azospirllum
+AMF (T3) and was on par (30.55 cm) with treatment of FYM alone. The plants were shorter
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(23.08 em) at 30 days after planting and at 60 days after planting (27.64 cm) when the

nutrients were not applied (Té).

Table 4.2 Effect of light intensity and nutrient source on plant height at 60 DAP

Nutrient _Light intensity Mean
source M, (¢cm) M-(cm) M3(cm)
T, 30.20 29.06 32.40 30.55
T, 29.66 29.93 32.33 30.64
Ts 27.60 25.66 34.46 29.24
Ty 29.86 26.86 31.86 29.53
Ts 30.06 24.36 34.80 29.74
Ts 26.46 29.53 26.93 27.64
Mean 28.97 27.56 32.13
CD (0.05) for light intensity (M) 1.05
CD (0.05) for nutrient source (T) 1.25
CD (0.05) for M x T NS

4.1.2 Number of leaves

Influence of different light intensity levels and sources of nutrients on the number of
leaves at 30 and 60 days after planting is presented in Table 4.3 and 4.4. The number of
leaves of experimental plants was taken at 30 and 60 days after planting and an increase in the
-leaf number was noticed during the growing period. The data showed that light intensities had
influenced the leaf production at 30 and 60 days after planting. Open condition (M,) was
found to be better for leaf production followed by M3 (75 per cent) light intensity at 30 and 60
days after planting.

Table: 4.3 Effect of light intensity and nutrient source on number of leaves at 30 DAP

Nutrient Light intensity Mean
source M; ' M, M;
Ty 81.26 37.33 47.53 55.37
T 55.60 44.73 50.33 50.22
T3 47.80 38.33 43.26 43.13
T, 72.83 41.40 57.46 57.23
T; 87.86 30.73 55.53 58.04
T 42.20 38.33 51.86 44.13
Mean 64.59 38.47 51.00
CD (0.05) for light intensity (IM) 2.16
CD (0.05) for nutrient source (T) 2.57
CD (0.05) for M x T NS
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Higher number of leaves was produced by plants treated with FYM and 30:15:30
kg/ha of NPK (Ts) which was on par with the application of Biovermi+Azospirillum +AMF
(T4) at 30 DAP and 60 DAP. The highest number of leaves (58.04) was observed when
treated with (Ts) at 30 DAP which was on par with T4 and T). Lowest number of leaves
(43.13) was found when applied with Biovermi alone at 30 DAP . Combined application of
Biovermi, Azospirillum and AMF was found to be better for higher leaf production (85.01) at
60 DAP. The number of leaves (73.42) was found to be the lowest when no nutrients were

applied (Te). Maximum leaf production was noticed under open condition with Ts followed
with T.

Table: 4.4 Effect of light intensity and nutrient source on number of leaves at 60 DAP

Nutrient Light intensity Mean
source M, M, M;
Ty 103.13 63.86 . 76.13 81.04
T, 88.13 84.80 74.80 82.57
T; 83.80 56.73 83.06 74.53
Ty 100.8 69.73 84.46 85.01
Ts 108.8 43.33 8§1.20 77.80
Ts 71.20 63.26 85.80 73.42
Mean 02.66 ° 63.62 80.91
CD (0.05) for light intensity (M) 3.13
CD (0.05) for nutrient source (T) 3.72
CD (0.05) for M xT S

4.1.3 Number of branches

Light intensity influenced the development of branches significantly at 30 and 60 days
after planting. Among the various light intensity levels used in the experiment, M, (open) was
found to be giving maximum branches during the growth period. At 30 days after planting the
number of branches under open condition was 6.35 and the least was (4.08) noticed in M.
The highest number of branches (6.8) was observed under open condition which was on par
with M3 (6.36) and the least number of branches (4.65) wa‘s noticed at 50 per cent light
intensity level (M>) at 60 days after planting. '
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Table: 4.5 Effect of light intensity and nutrient source on number of branches at 30

DAP

Nutrient Light intensity Mean

source M, M, M;

Ty 7.06 4.13 3.86 5.02

T, 5.93 4.66 4.73 5.11

T; 6.73 3.93 4.00 4.88

Ty 6.73 3.93 3.80 4.82

Ts 7.60 3.80 5.20 5.53

Ts 4.06 4.06 4.46 4.20
Mean 6.35 4.08 4.34

CD (0.05) for light intensity (IM) 0.73

CD (0.03) for nutrient source (T) 0.86

CD (0.05) for M x T ' = NS

.Significant variation was observed in the number of branches with different source of
nutrients. The plants were found to be producing the highest number of branches (5.53) when
applied with a combination of FYM and inorganic fertilizers at the rate of 30:15:30 kg NPK
ha! (Ts) which was on par (5.11) with the treatment of FYM+Azospirillum+AMEF (T3) at 30
days after planting. The branch production was lowest (4.20) when no nutrients were applied
(T¢) at 30 DAP.

Table: 4.6 Effect of light intensity and nutrient source on number of branches at 60

DAP

Nutrient Light intensity Mean
source - M M, M3 :
T, 6.80 4.53 6.40 5.91
T, 5.93 5.53 6.66 6.04
T; 7.00 4.80 6.06 5.95
T, 8.80 4.13 6.57 6.50
Ts 7.86 3.93 6.60 6.13
T 4.40 5.00 5.86 5.08
Mean 6.80 4.65 6.36
CD (0.05) for light intensity (M) 0.88
CD (0.05) for nutrient source (T) 1.05
CD (0.05) forM x T NS




Plate 2: Crop performance under open condition
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At 60 days after planting the plants produced maximum number of branches (6.50)
when’ apphed with Biovermi+Azospirillum +AMF (T4) which was on par (6.13) with
comblr_u_ad appllcatlop of FYM and inorganic fertilizers at the rate of 30:15:30 kg NPK ha
(Ts).'ieast number of branches (5.08) were noticed when no nutrients were applied (Ts) at 60

DAP.

4.1.4- Root: shoot ratio

Root: shoot ratio of the plants are presented in the Table 4.7. Randomly selected five
plants from each plot were uprooted. The root and shoot weights were recorded seperately
after drying in oven and expressed as ratio. Levels of light intensity and the various nutrient

sources had affected the root: shoot ratio of the plants.

It was observed that plants exhibited variation in the root: shoot ratio at various light
intensity levels. Open condition (M) proved to be the best for maximum (1.45) root: shoot
ratio in the field and was on par with 75 per cent light intensity (M3), while the least root:
shoot ratio of (1.28) was given by 50 per cent light intensity (M>).

Root: shoot ratio showed significant variation with source of nutrients used in the
field. Application of Biovermi+ Azospirillum+ AMF (T4) showed maximum root: shoot ratio
of 1.67 and was on par (1.50) with FYM alone (T;). Lowest root: shoot ratio (1.20) was
observed in the plot which was treated with a combination-of FYM and inorganic fertilizers at _
the rate of 30:15:30 kg NPK/ha (Ts).

Table: 4.7 Effect of light intensity and nutrient source on root: shoot ratio of Iruveli

Nutrient Light intensity Mean

source M; M, M;

T 1.52 1.40 1.58 1.50

T, . 144 0.88 1.39 1.24

T; 1.46 1.04 1.25 1.25

Ty 1.44 1.79 1.78 1.67

Ts 1.22 1.23 1.16 1.20

T 1.65 1.36 1.46 1.49
Mean 1.45 : 1.28 1.44

CD (0.05) for light intensity (M) 0.51

CD (0.05) for nutrient source (T) 0.60

CD (0.05) for M x T NS
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4.1.5 Biomass production

It was observed that the experimental plants shown significant variation in the
biomass production under levels of lighi intensities. 75 per cent light intensity (M3s) had
profound influence on the biomass production of the experimental plants. The highest
biomass production of 130.30 g plant'1 was noticed in 75 per cent light intensity level (Ms),
Open condition (M) recorded the lowest biomass of 59.10 g plant'l.

Table: 4.8 Effect of light intensity and nutrient source on biomass production of Iruveli

Nutrient Light intensity Mean
source M;(g plant™) Ma(g plant'r) Ma(g plant'l)
T, 53.04 105.52 87.12 81.89
T, 50.62 140.9 126.33 105.95
Ts 73.00 88.67 122.61 94.76
Ty 38.10 126.06 193.31 119.15
Ts 64.49 88.52 120.16 91.05
T 75.35 90.49 132.29 99.37
Mean 59.10 106.69 130.30
CD (0.05) for light intensity (M) - . 4.54
CD (0.05) for nutrient source (T) : : 5.41
CD (0.05) for M x T NS

Biomass production of plants showed significant variation with variation in sources
of nutrients. Maximum biomass (119.15 g plant'l) was produced by the plants when applied
with Biovermi+Azospirillum + AMF alone (T4). Application of FYM (T)) alone could render
least biomass production (81.89 g plant™).

Dry matter production

Experimental plants showed significant variation in dry matter production when
grown under different light intensities. Dry matter production was the highest (15.97 g plant”

" when the plants were grown under 75 per cent light intensity (M3) condition which was on
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par with 50 per cent light intensity (M;) compared to open (M;). Lowest dry matter

production (11.96g plant ') was noticed.in plants grown under open condition (My).

Table: 4.9 Effect of light intensity and nutrient source on dry matter production of
Iruveli

Nutrient Light intensity Mean
source M;(g plant™) M, (g plant™) Ma(g plant")
T, 14.12 14.80 10.76 13.22
T, 11.54 15.20 13.78 13.50
Ts 12.86 11.92 18.32 14.36
T, 20.16 19.42 19.78 19.78
Ts 13.10 15.93 13.19 14.07
Te 18.66 18.34 20.04 19.01
Mean 11.96 15.93 15.97
CD (0.05) for light intensity (M) 1.94
CD (0.05) for nutrient source (T) 2.31
CD (0.05) for M xT NS

Dry matter production of plants showed significant variation with variation in sources
of nutrients. Maximum dry matter (19.78 g plant™") was produced by the plants when applied
with Biovermi+Azospirillum+AMF (T4). Application of FYM (T)) alone could render the
least dry matter production (13.22 g plant™).

4.1.5 Yield

Result of the study exhibited that yield had significant variation under open and light
intensity conditions. The 75 per cent light condition (M3) was found to be better during the
growth period. The maximum yield of 3042 kg ha! was obtained under 75 per cent light
intensity condition. The lowest yield of 1388 kg ha” was found in the plots with open
condition (Ml).

Significant variation was also observed in yield when various sources of nutrients
were applied. Among the treatments maximum herbage yield (2908.32 kg ha™') was obtained
in experimental plants when treated with Biovermi +Azospirillum + AMF (T4) which were on
par with Ts. Herbage yield was comparatively lower (1616.01 kg ha™) when no nutrients

were applied (Tg).
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Table: 4.8 Effect of light intensity and nutrient source on yield of Iruveli

Nutrient Light intensity _ Mean
source M; (kg ha') M,(kg ha™) Ms(kg ha™)
T, 474 1899 4629 2334
T, 1092 2374 2492 1986
T; 2255 2018 1899 2057
T, 2581 2255 3888 . 2908
Ts 1210 1779 2255 1748
Ts 717 1044 3086 1616
Mean 1388 1895 3042
CD (0.05) for light intensity (M) 29.2
CD (0.05) for nutrient source (T) 34.7
CD (0.05) for M x.T NS

4.2 PLANT NUTRIENT STATUS
- Data pertaining to the result of chemical analysis of plant samples are given below.
4.2.1 Nitrogen

It was observed that the experimental plants had shown significant variation in
nitrogen per cent under light intensity and open conditions. 75 per cent light intensity (M3)
had profound influence on the nitrogen per cent of the experimental plants. The higher
nitrogen conteﬁt of 2.78 per cent was noticed in 75 per cent light intensity level (M;) and
open condition (M;), 50 per cent light -intensity (M) recorded the lowest nitrogen content of

2.46 per cent.

Table: 4.10 Effect of light intensity and nutrient source on nitrogen content of Iruveli

Nutrient Light intensity Mean
source M, (%) M3 (%) Mi3(%)
T, 2.80 - 2.19 2.80 2.59
T, 2.80 2.29 2.76 2.61
Ts 2.80 2.62 2.81 2.74
Ty 2.78 2.70 2.72 2.73
Ts 2.76 2.50 .2.80 2.68
T 2.74 2.50 2.80 2.68
Mean 2.78 246 2.78
CD (0.05) for light intensity (M) 0.27
CD (0.05) for nutrient source (T) 0.32
CD (0.05) for M xT NS
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Variation in the source of nutrients had significant variation in the per cent nitrogen
content of plant samples. Application of Biovermi alone (T3) yielded maximum nitrogen
content of 2.74 per cent and was on par with T4, Ts and Ts. The lowest nitrogen content of

2.59 per cent was observed when the plants were treated with FYM (T)) alone.

4.2.2 Phosphorus

Significant variation was observed in phosphorus content among the experimental
plants with variation in the light intensity level. Open (M) condition provided the best result.
Maximum phosphorus content (0.64%) was observed under open condition. 75 per cent light

(M) was found to be showing the lowest value of phosphorus content of the plants.

Different sources of nutrients had shown significant variation in the phosphorus
content of experimental plants. Control plot (T¢) had given the maximum content of
phosphorus in the plant (0.59) which was on par with T, and T¢. The lowest phosphorus

content of 0.46 per cent was noticed in plants applied with Biovermi alone.

Table: 4.11 Effect of light intensity and nutrient source on phosphorus content of Iruveli

Nutrient - Light intensity : Mean
source M;(%) M2(%) M;5(%)
T, 0.68 0.52 0.50 0.57
T2 0.68 0.39 0.35 0.47
T3 0.67 0.19 0.51 0.46
Ty 0.42 0.47 0.69 0.53
Ts 0.54 0.47 0.52 0.51
Te 0.82 0.36 0.59 0.59
Mean 0.64 - 040 0.52
CD (0.05) for light intensity (M) 0.47
CD (0.05) for nutrient source (T) 0.67
CD (0.05) for M x T , : ' NS

4.2.3 Potassium

Data on potassium content of the plant revealed that light intensity had profound
influence on the potassium content of the exberimental plants. Among the various light

intensity levels provided, 75 per cent light intensity (M3) was found to be giving maximum
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value for per cent of potassium in the plant. Maximum potassium content (2.09%) was
observed in plants grown under 75 per cent light intensity (Ms). Open condition (M;) proved
to be least effective regarding the potassium content of the experimental plants. Plant analysis

showed the lowest value of 1.13 per cent potassium under open condition (M).

With respect to the per cent of potassium content in plants, application of various
sources of nutrients in the field had showed significant variations. The highest content of
potassium was given by plants when they were applied with a combination of FYM and
inorganic fertilizers at 30:15:30 kg ha’! (Ts). Highest potassium content was 1.76 per cent in
Ts was on par with potassium content with application of FYM (T;) alone (1.71%).
Experimental plants when applied with a combination of Biovermi, Azospirillum and AMF
(Ts) were found to be giving the lowest potassium content of plants. Lowest potassium

content of 1.44 per cent was observed for the treatment T;.

Table: 4.12 Effect of light intensity and nutrient source on potassium content of Iruveli

Nutrient Light intensity Mean
source M, (%) M2 (%) M3(%)
T1 . 1.47 1.38 | 2.27 1.71
T, 0.96 1.85 2.22 1.68
T; 1.11 1.72 1.73 1.52
T, 0.80 1.58 1.94 1.44
Ts 1.32 1.94 2.13 1.76
Tg 1.13 1.58 2.27 1.66
Mean 1.13 1.67 2.09
CD (0.05) for light intensity (M) 0.63
CD (0.05) for nutrient source (T) 0.75
CD (0.05) for M x T NS

4.2.4, Nutrient uptake

Nutrient uptake was calculated after the harvest of the crop. The product of the dry
matter yield and the nutrient content was calculated to obtain the uptake by the plant. The

data regarding the nutrient uptake is given in the table.



Plate 3: Crop performance under 50% light intensity
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4.2.4.1 Nitrogen uptake

Plant analysis data revealéd that light intensity had influenced the nitrogen uptake by
the experimental plants in the ﬁeld. Among the various light intensity levels provided, 75 per
cent light (M3) had f_avoufed the nitrogen uptake considerably. Maximum nitrogen uptake
(416.4 kg ha 'I) was shown by the plants maintained under 75 per cent light intensity level
(M3)and was on par ‘with M,. Plants maintained under 50 percent light intensity level (M3)

showed the least uptake of nitrogen. Lowest nitrogen uptake was 370.71 kg ha *

Table: 4.13 Effect of light intensity and nutrient source on nitrogen uptake of Iruveli

Nutrient Light intensity Mean
source M; (kg ha ) Ma(kg ha ™) M;(kg ha )
T 370.6 301.6 282.4 318.2
T, 302.9 3343 354.7 330.6
T; 337.5 292.1 484.0 371.2
Ty 526.5 491.6 505.6 507.9
Ts 338.0 383.2 346.1 355.8
T 479.3 421.1 525.7 475.4
Mean 392.5 370.7 416.4
CD (0.05) for light intensity (M) 9.8
CD (0.05) for nutrient source (T) 11.6

CD (0.05) for M x T NS

Significant difference was noticed in the nitrogen uptake of the plant when treated
with various nutrient sources. Among the various treatments, experimental plants applied
with Biovermi+ Azospirillum +AMF (T4) showed maximum nitrogen uptake. The highest
nitrogen uptake noticed was 507.95 kg ha . Experimental plots when treated with FYM (T)
alone showed the lowest nitrogen uptake of 318.26 kg ha .

4.2.4.2 Phosphorus uptake

Analysis of data showed that various light intensity levels provided in the field had
influenced the plant phosphorus uptake significantly. Among the various light intensity levels

provided open condition (M,) was found to be better for the maximum phosphorus uptake by
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the plants. The maximum plant phosphorus uptake was observed with the plants maintained
under open condition was 95.27 kg ha . Lowest phosphorus uptake was showed by the
plants grown under 75 per cent light intensity level (M3). The least plant phosphorus uptake

oﬁsewed with the plants under 75 per cent light intensity level was 60.54 kg ha ™.

Table: 4.14 Effect of light intensity and nutrient source on phosphorus uptake of Iruveli

Nutrient Light intensity Mean
source M; (kg ha ) M(kg ha ™) Ms(kg ha ™)
T, 96.65 74.25 53.25 74.71
T, 75.07 85.66 49.09 69.94
Ts 82.09 51.77 30.54 54.80
T4 131.26 146.66 85.07 121.00
Ts 66.68 76.00 56.59 66.42
Te 119.88 107.84 88.71 105.47
Mean 95.27 90.36 60.54
CD (0.05) for light intensity (M) 6.64
CD (0.05) for nutrient source (T) 7.90
CD (0.05) forM xT . NS

With the variation in sources of nutrients significant variation was observed in the
phosphorus uptake of the plant. Among the various sources of nutrients, application of the
combination of Bievermi, Azospirillum and AMF (T,) had profound influence on the
phosphorus uptake by the crop. Maximum phosphorus uptake of 121.00 kg ha ™ was
observed with combined application of Biovermi, Azospirillum and AMF. The lowest

-1

phosphorus uptake of 54.80 kg ha ™ was observed when the plants were applied with

biovermi (T3) alone.
4.2.4.3 Potassium uptake

Potassium uptake by the plants was influenced by the variations in the light levels
provided. Among the different light levels given, 75 per cent light intensity level (Mjs)
influenced the plants for maximum potassium uptake. Maximum potassium uptake noticed
was 315.90 kg ha "' which was maintained under 75 percent light intensity level. The lowest

potassium uptake value of 151.06 kg ha ' was given by plants maintained under open
condition (M).
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Potassium uptake data showed significant variation with different sources of nutrients
used in the experimental field. Maximum potassium uptake was shown by the experimental
plants applied with a combination of Biovermi, Azospirillum and AMF (T4). The highest
potassium uptake valile was 255.05 kg ha *! which was on par with Ts. The lowest potassium

uptake was shown by plants applied with FYM (T)) alone which was 215.22 kg ha™".

Table: 4.15 Effect of light intensity and nutrient source on potassium uptake of Iruveli.

Nutrient Light intensity Mean
source M, (kg ha ™) M, (kg ha ) M;(kg ha )
Ty 203.99 196.13 245.55 215.22
T, 107.18 267.33 285.11 219.87
T3 134.28 188.29 343.37 221.98
Ty 156.79 258.42 349.94 255.05
Ts 179.34 295.94 258.80 254.69
T 124.82 219.66 412.64 252.37
Mean 151.06 237.62 315.90
CD (0.05) for light intensity (M) 9.44
CD (0.05) for nutrient source (T) 11.23
CD (0.05) forM x T NS

4.3 SOIL NUTRIENT STATUS

Data pertaining to the result of chemical analysis of the soil samples from the

experimental field are given below.
4.3.1 Available NPK

At the time of crop harvest the per plot soil samples were taken. The samples drawn
were dried, sieved and undergone chemical analysis for available Nitrogen, available
Phosphorus, available Potassium and Organic Carbon. The resuit of the analysed data is

provided here.
4.3.1.1 Available Nitrogen

The data showed that light intensity had profound influence on the available nitrogen
content of soil in the experimental plots. The 75 per cent light intensity level (M3) produced
the best result. Maximum amount of availabie nitrogen in soil observed was 195.37 kg ha™.
Lowest amount of available nitrogen (174.49 kg ha™) was found in the experimental plots

maintained under 50 per cent light intensity level (M,).
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Significant difference was also noticed in the amount of available nitrogen with
variation in the source of nutrients used for the experiment. Among the various nutrient
sources used, application of FYM (T)) alone gave the maximum available nitrogen content of
250.43 kg ha'. The least value of available nitrogen was estimated from the analysed samples
treated without any nutrients (Tg). The lowest value of available nitrogen was 145.82 kg ha™

in T(,.

Table: 4.16 Effect of light intensity and nutrient source on nitrogen content of soil

Nutrient Light intensity Mean
source M;(kg ha™) M,(kg ha™) M;(kg ha™)
T, 245.30 248.09 257.84 250.43
T, 210.45 186.76 225.78 207.69
T, 158.88 143.55 164.46 155.69
Ty 172.82 153.31 186.76 170.99
Ts . 202.09 167.24 178.39 182.52
Ts 131.01 147.73 158.88 145.82
Mean 186.75 174.49 195.37
CD (0.05) for light intensity (M) 2.91
CD (0.05) for nutrient source (T) ' 3.47
CD (0.05) for M x T NS

4.3.1.2 Available Phosphorus

Variation in the light intensity levels had significant in_ﬂuenée on the -available
phosphorus level of soil samples from experimental p-Iots. Among the various light intensity'
levels, 75 per cent light intensity level (M3) was found to be giving better results. Maximum
amount of available phosphorus was found in the soil samples taken from 75 percent light
intensity levels. Highest amount of available phosphorus found in the experimental soil
sample was 28.15 kg ha™. Open condition (M;) was to be showing the least amount of
available phosphorus in the soil samples. Lowest amount of available phosphorus was 22,57

kg ha™.

Difference__in the sources of nutrients had significant variation among the available
‘phosphorus content of soil samples analysed. Highest amount of avajiz;lble phosphorus was
noticed from the field samples treated with Biovermi, Azospirillum and AMF (T4). 30.06 kg
ha! was the highest amount of available phosphorus obtained from the experimental field.
Application of FYM (T}) alone had the lowest amount of available phosphorus in the

experimental field and 23.44 kg ha™! of soil P was noticed in T of the experiment.
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Table: 4.17 Effect of light intensity and nutrient source on phosphorus content of soil

Nutrient Light infensity Mean
source M;(kg ha™) Ma(kg ha™) M;(kg ha™)
T, 21.27 25.12 23.93 23.44 -
T, 18.93 28.64 27.98 25.18
T; 28.24 24.00 31.23 27.82
T4 30.97 30.06 29.15 30.06
Ts 15.14 27.69 30.68 24.50
Tg 20.91 26.77 25.94 24.54
Mean 22.57 27.05 28.15
CD (0.05) for light intensity (M) 1.32
CD (0.05) for nutrient source (T) 1.57
CD (0.05) for M x T NS

4.3.1.3 Available Potassium

Data showed that light intensity had significant influence on the available potassium
in soil samples analysed from experimental plots. Maximum available potassium content of
soil was found in M3 with 224.86 kg ha™ of soil potassium. Soil samples collected from the
experimental plots maintained under 75 per cent light intensity level (M3) gave the highest
available potassium during chemical analysis. Lowest available potassium level observed in
the experiment was 166.60 kg ha™. Experimental plots maintained under open condition (M)

showed the lowest available potassium content in soil samples.

Table: 4.17 Effect of light intensity and nutrient source on potassium content of soil

Nutrient Light intensity ~ Mean
source M, (kg ha™) M, (kg ha™) Ms(kg ha™)
T, 127.42 176.21 176.83 160.15
T, 118.09 162.27 113.36 131.24
T3 : 173.97 186.58 279.97 213.50
T4 226.73 112.62 294.05 211.13
Ts 121.37 330.77 275.06 242.40
T 232.03 282.42 209.93 241.46
Mean 166.60 208.47 224.86
CD (0.05) for light intensity (IM) 1.81
CD (0.05) for nutrient source (T) ' 2.15
CD (0.05) for M x T NS

Difference in the sources of nutrients had showed significant variation among the

available potassium content of soil samples analysed. Highest amount of available potassium
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was noticed in the. soil samples collected from fhe experimental plots treated with
combination of FYM and inorganic fertilizers at the rate of 30:15: 30 kg ha! of N P and K
(Ts). 242.40 kg ha' was the highest amount of available potassium obtained from the
experimental field. Applicatioﬁ of the combination of FYM, Azospirillum and AMF (T>) had
the lowest amount of available potassium in the experimental field. Lowest amount of 131.24

kg ha™' kg/ha was noticed in Ta.
4.3.1.3 Organic carbon

Various light intensity levels had significant influence on the organic carbon content
of soil samples tested. Among the various light intensity levels studied, open condition (M)
showed maximum organic carbon content in the soil samples and the experimental plots
maintained under 75 percent light intensity level (M3) provided the least amount, which were

1.77 and 1.71 per cent respectively.

Table: 4.18 Effect of light intensity and nutrient source on organic carbon content of soil

Nutrient Light intensity Mean
source - M,; (%) M, (%) M; (%)
T 2.03 1.52 1.65 1.73
T, 1.66 1.88 1.82 1.79
T3 1.53 1.91 2.00 1.81
T, 1.89 ‘ 1.85 1.53 1.76
Ts ‘ 1.71 1.71 1.51 1.64
Ts 1.81 1.49 1.79 1.69
Mean 1.77 1.73 1.71 .
CD (0.05) for light intensity (V) 0.08
CD (0.05) for nutrient source (T) 0.10
CD (0.05) for M x T S

Application of various sources of nutrients in the experimental field showed
significant variation on the organic carbon content of the soil sample. Among the various
nutrient sources used, application of biovermi (T3) alone gave the maximum organic carbon
content in the analysed soil samples. The highest amount of organic carbon content noticed in
the soil sample was 1.81 per cent. No application of fertilizers (Ts) in the experimental field
yielded the lowest amount of organic carbon content of 1.69 per cent. Application of FYM
alone under open condition recorded the highest organic carbon content followed by the

treatment combination of Biovermi alone under 75 per cent light intensity.
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4.3.1.4. pH and Electrical conductivity of soil

Table: 4.19 Effect of various nutrient sources on the pH of soil.

Nutrient Light intensity
source M, M, M3

Sub plots Si Sz S S S2 S3 St S, S;3
T, 6.00 | 5.99 | 5.99 6.00 599 | 5.98 5.98 5.97 5.92
T» 5.99 | 6.02 | 6.02 5.99 5.98 | 5.99 6.00 5.99 6.01
T; 6.00 | 6.00 | 5.99 6.00 599 | 5.98 5.98 5.98 5.98
Ty 6.01 | 6.01 | 6.00 6.00 598 | 5.98 5.98 5.99 5.99
Ts 6.01 | 6.00 | 6.01 5.98 598 | 5.99 5.99 6.02 6.02
Ts 598|594 | 598 5.97 598 | 5.97 5.98 5.98 5.98

The application of various nutrient sources did not produced considerable variation in

pH of the soil. The pH of the soil ranged between 5.92 to 6.01 after application of the

different sources of nutrients at the end of the experiment which is favourable for crop growth

and nutrient uptake. The electrical conductivity of soil also did not show considerable

changes with variations in the source of nutrients.

Table: 4.20 Effect of various nutrient sources on the EC of soil,

Nutrient Light intensity
source M;(dSm™) Ma(dSm™) Ma(dSm™)
Sub p]OtS Sl Sz S3 Sl Sz S3 S] Sz S3
T
0.021 | 0.020 | 0.019 | 0.021 0.021 | 0.020 | 0.021 0.019 0.020
T 0.022 [ 0.019 | 0.020 | 0.020 | 0.020 | 0.018 | 0.019 0.020 0.020
Ty 0.023 | 0.021 | 0.022 | 0.021 0.021 | 0.021 | 0.021 0.021 0.021
Ty 0.022 | 0.022 | 0.022 0.022 0.022 | 0.022 | 0.021 0.022 0.022
Ts 0.022 | 0.021 | 0.021 | 0.022 | 0.022 | 0.022 | 0.021 0.022 0.022
Ts 0.012 | 0.012 { 0.013 | 0.013 0.012 | 0.012 | 0.012 0.013 0.013
4.4 QUALITY ANALYSIS

4.4.1 Essential oil content of the herb

The data showed that light intensity had profound influence on the essential oil

content of the herb from the experimental plots. Open condition (0% light intensity level)

(M,) produced better result. Maximum amount of essential oil content observed was 1.77 per
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cent under open condition. Lowest amount of essential oil (1.71 %) was found in the
experimental plots maintained under 75 per cent light intensity level (M3) and was on par

with open condition.

Significant difference was also noticed in the essential oil content of the herb with
variation in the source of nutrients used for the experiment. Among the various nutrient
sources ué-ed, application of Biovermi alone (T3} gave the maximum essential oil content of
1.81per cent which was on par with Ty4. The least value of essential oil was obtained from the
plots treated with FYM and 30:15:30 kg ha™ of NPK (Ts). The lowest essential oil content

obtained was 1.64 per cent in Ts which was on par with control (Ts).

Table: 4.21 Effect of light intensity and nutrient source on the essential oil content in

Iruveli
Nutrient Light intensity Mean
source M, (%) M; (%) M; (%)
T 2.03 1.52 1.65 1.73
T, 1.66 1.88 1.82 1.79
T; 1.53 1.91 2.00 1.81
Ty 1.39 1.85 1.53 1.76
Ts '1.71 1.71 1.51 1.64
Te . 181 - 1.49 - 1.79 1.69
Mean 1.77 1.73 1.71
CD (0.05) for light intensity (M) 0.08
CD (0.05) for nutrient source (T) 0.10
CD (0.05) for M xT S

4.4.2 Essential oil yield of the herb

It was observed that the experimental plants shown significant variation in the oil
yield under light intensity and open conditions. 75 per cent light intensity (M3) had profound
influence on the oil yield of the experimental plants. The highest oil yield production of
106.04 kg ha™ was noticed in 75 per cent light intensity level (M) which was on par with
open condition (M), 50 per cent light intensity level (M,) recorded the lowest oil yield of
37.82 kg ha'’,
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Table: 4.21 Effect of light intensity and nutrient source on the essential oil yield in

Iruveli
Nutrient Light intensity Mean
source M, (kg ha™) M,(kg ha™) M;(kg ha‘l)
T, 22.15 52.22 162.23 78.86
T, 55.86 47.48 79.92 61.08
T3 90.21 40.35 75.97 68.84
Ty 105.15 ' 45.10 151.94 100.73
Ts 68.05 20.89 104.46 64.46
T 23.86 20.89 61.72 35.49
Mean 60.88 37.82 106.04
CD (0.05) for light intensity (M) 5.87
CD (0.05) for nutrient source (T) 6.98
CD (0.05) for M x T : NS

0il yield of plants showed significant variation with variation in sources of
nutrients. Maximum oil yield (100.73 kg ha™) was produced by the plants when treated with
combination Biovermi, Azospirillum and AMF (T4). Application of no nutrients (Ts) could

render least oil yield (kg ha™).
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5. DISCUSSION

A field experiment was conducted at Department of Agronomy, College of
Horticulture, Vellanikkara to evaluate the effect of different levels of light intensities and
different sources of nutrients on yield and quality of Iruveli (Plectranthus vettiveroides). The
results obtained from the experiment presented in the last chapter are discussed in this

chapter.
5.1 Effect of light intensity on yield of Iruveli

Iruveli (Plectranthus vettiveroides) is an annual herb and whole plant is used against
skin diseases, bronchitis and chronic allergies. The growth and yield traits of a plant though
genetically controlled, can be modified by altering the environméntal condition. Soil and
atmospheric condition have significant influence on quantity and quality as well as their inter
relations in medicinal plants. Hence the optimum light intensity has to be identified for higher

yield and quality.

The experiment was conducted during August 2010 - January of 2011. The light
intensity was regulated by providing artificial shade nets of desired meshes. The plant height
was maximum when 75 per cent light intensity was provided. Though the plants attained
maximum height at 75 p.er cent light intensity, the number of leaves were higher under open
condition. The number of branches did not produce significant variation under open situation
and at 75 percent light intensity. Among the environmental factors, light is an important
factor influencing plant growth and development. Different plants had different response to
the light intensity alteration and the résulting growth and development (Ali ef al.. 2010).
Herbage yield being economically important in Iruveli, the number of leaves as well as the
number of branches are directly related to yield of the plant. The data on root shoot ratio of
plants under different levels of light intensities revealed that open condition and 75 per cent
light intensity were on par. Higﬁer root shoot ratio with open and 75 per cent light intensity
signified that proportionally more photosynthates are allocated to root tissue under full
sunlight and at 75 per cent light. Higher root shoot ratio under full sunlight compared to shade
was feported in Sida cordifolia . According to Devkota and Jha (2010) less shaded plants
tended to concentrate the dry weight in roots-in relation to more shaded plants. The root shoot

ratio of Iruveli plant was affected by the light intensity and it was highest in full light. On the
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contrary, higher R:S ratio with increasing shade was reported in Adathoda beddomei by
Neerakal er al. (2009). Under full sunlight the rate of photosynthesis will be higher due to
higher quantity of sun light received and higher photosynthates produced may be
proportionally allocated from sink to roots. Hence higher root: shoot ratio was obtained under
higher light intensities (open and 75 % light intensity) compared to the 50 per cent light

intensity.

The biomass production of Iruveli was maximum when light intensity was regulated
by 25 per cent. Biomass production is the direct indicator of yield in the case of Iruveli.
Under open situation, the biomass production was more compared to 50 per cent light
intensity. According to Devkota and Jha (2010) light intensity affects photosynthesis which in
turn is related to the accumulation of biomass and to sustain higher photosynthetic capacity.
plants modify their morphology and biomass allocation at different light intensities. Thought
the number of leaves was higher under open compared to 75 per cent light intensity, the
leaves were smaller in size under open condition. The bigger size of leaves under 75 per cent
light intensity resulted in higher biomass which was also reflected in dry matter production.
The dry matter production also followed the same trend as that of biomass production in
Truveli. Similar results of increased fresh and dry herbage yield under mild shade intensity of
25 per cent was noticed in Mentha arvensis (Palanikumar and Jessykutty, 2007). It was
reported that to utilise the available photosynthetic photon flux density efficiently. the plants
maximise the production of photosynthetic tissues by redistributing the dry matter (Regnier ¢/
al. 1988). The herbage yield did not produce significant variation between open and 75 per
cent light intensity and it was lower when the light intensity was reduced from 75 to 50 per
cent. The photosyntate production may be lower under intense shade due to insufficiency of
sunlight and that may be the reason for low bio mass and dry matter production under 50 per
cent light intensity. The higher number of leaves and number of branches under open and 75
per cent light intensity had contributed directly to increased herbage of the plant which is the

economic yield in Iruveli.

In Kerala the scope for cultivation of medicinal plants as monocrop is very much
limited due to low holding size and non availability of land. But a lot of potential and scope
exists for cultivation of medicinal plants as inter crop in coconut and rubber plantations.
CPCRI studies showed that properly planted coconut gardens permit a multiple cropping

system having combination of annual crops such as medicinal plants. The coconut tree in the
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age group of above 25 years and more provide mild shade of 25 per cent and Iruveli can be

efficiently fitted as inter crop in such coconut plantations.

The inter cropping studies of medicinal and aromatic crops conducted in Kerala
indicated that P vettiveroides is well suited to grow under partially shaded conditions of
coconut (Maheshwarappa, 1997; Reddy and Biddappa, 2000 and Skaria er al, 2005). The
results of this study are in conformity with the findings of Maheshwarappa, 1997 and Skaria
et al., 2005. The increased herbage yield under mild shade of 25 per cent and no variation in
essential oil content between levels of light intensity can be considered as adaptations which

can be utilised efficiently under inter cropping situation.

5.2 Effect of light on essential oil content of Iruveli

The levels of light intensity had no profound influence on essential oil content of the
plant. The light is known to regulate the biosynthesis of both primary and secondary
metabolites (Ali ef al, 2010). The studies showed that changes in light intensity were able to
change the production of secondary metabolites in herbs (Graham, 1998). According to
Briskin er al. (2001) and Kurata ef al. (1997) light intensity produced changes in plant
morphology and physiological characteristics and affected the medicinal component in herbs.
The essential oil content of Iruveli was maximum under 100 and 75 per cent light intensities.
The quantity of the medicinal plants is at the expense of quality and vice versa. Under 75 per
cent light intensity the biomass production as well as dry matter accumulation were higher
compared to other levels of light intensities. Hence the higher herbage yield resulted in higher
dry matter accumulation and this will in turn result in the partitioning of higher dry matter for
quality development. Thus the higher herbage yield might have resulted in increased essential
oil content of Iruveli under open and 75 per cent light intensity. Higher quantity/ yield will
pave way for higher quality if the conditions for secondary metabolic production are
favourable. In this experiment higher biomass produced under high light intensity is utilized
for the development of essential oil resulting in higher essential oil content. Maheswarappa et
al. (2000) reported increased essential oil and oleoresin contents in kacholam and starch and
crude protein yield in arrow root under coconut. Gunathilake e al. (2002) observed increased
piperine content of pepper and essential oil content of kacholam under coconut.
Channabasappa er al. (2007) observed increased essential oil content in citronella, lemon

grass and palmarosa and alkaloid content in kalmegh under shade of trees. The higher
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essential oil yield was mainly due to higher herb yield of Iruveli. Due to higher herb yield and
dry matter production significantly higher essential oil yield was obtained under 75 per cent

light intensity.

5.3 Effect of light intensity on nutrient content of plant and soil

The nitrogen and phosphorus content of the plant had higher values under open and 75
per cent light intensity. The higher content of these nutrients might have utilised efficiently
for more vegetative growth and biomass production. It is evidenced from the increased
growth characters and herbage yield of Iruveli under mild shade and open situation compared
to intense shade. Under higher light intensity, the photosynthetic activity will be more and
hence more photosynthates will be produced as evidenced from the higher biomass and dry
matter production. Higher biomass warrants higher quantity of nutrients for growth which
were absorbed by the plant under higher light intensity. This is also evident by higher nutrient
content and uptake by the plants (N, P and K). The increased N uptake under open and 75 per
cent light intensity clearly indicated the efficient utilisation of absorbed N for maximum
vegetative growth and herbage yield. The P and K uptake were also higher under increased
levels of light intensity. Under increased light intensity the metabolic activity of the plant will
be higher and this may result in increased absorption of nutrients from the soil and higher
uptake was noticed due to the absorption. The higher essential oil yierld was mainly due to
higher herb yield of holy basil. These results are in line with the reports of Singh and Ramesh
(2002) and Anwar et al. (2005) in sweet basil (Oscimum basilicum). The available nutrient
contents of the soil revealed that the nutrients available for absorption by the plant was
significantly higher under 75 per cent light intensity followed by open condition. The
availability of nutrients in the soil in significant quantities might have resulted in higher
absorption and utilisation by the plant as reflected by the higher uptake by the plant under
higher light intensity.

5.4 Effect of source of nutrients on the growth and yield of Iruveli

The effect of different sources of nutrients on morphological characters and herbage
yield are discussed in this chapter. Five levels of organic sources in combination with bio

fertilizers and one level of integrated nutrient management of FYM with inorganic fertilizers
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were used for the study. In general. the medicinal plants responded well to organic source of
nutrients compared to inorganics in terms of yield and quality. Though yield was found to be
better under inorganics, the yield and quality were found to be better under organics (Menon.

1996).

In this study the variation in the source of nutrients significantly influenced the growth
of Iruveli. The plants were taller with higher number of leaves and branches in the treatment
applied with FYM and inorganic fertilizers in the initial stage ie 30 days after planting. The
availability of nutrients in the readily available form from inorganic fertilizers have resulted
in higher absorption of nutrients and increased growth initially. Gradually, the growth was
found to be better in the plots applied with organics and biofertilizers. The height. number of
leaves and number of branches were higher with plants treated with organics either FYM or
Biovermi with biofertilizers at 60 DAP. The highest number of leaves as well as number of
branches were noticed when Biovermi was applied in combination with Azospirillum and
AMEF. This result is in conformity with the findings of Latha er al. 2009. Biovermi is a
product of vermicompost enriched with Pseudomonas and Trichoderma. In addition to the
effect of nutrient availability and supply, the enrichment with Pseudomonas and Trichoderma

influenced the growth through pest and disease resistance and hormonal vigour.

The higher root: shoot ratio was noticed with plants applied with Biovermi and
biofertilizers followed by FYM alone. Application of organic manures might have increased
the porosity and aerafion of soil resulting in higher root weight. In addition, the effects of
biofertilizers have envisaged better root and overall growth of plant. Azospirillum in addition
to fixing atmospheric nitrogen is also known to produce growth promoting substances like
IAA, GA and kinetin (Okon and Labandera, 1994). This will enhance the mineral and water
uptake and dry matter accumulation (Sarig ef al., 1988). AMF in association with plant roots
has been shown to associate with an increase in cytokinin and chlorophyll content in plants
(Allen et al., 1980). The treatment involving Biovermi, Azospirillum and AMF (Ty) was
found to have the higher biomass as well as dry matter production. The higher dry matter
accumulation can be attributed to taller plants, more number of branches and leaves and
higher R:S ratio. The synergistic effect as a result of two microbial cultures contributed to
higher availability and uptake of nutrients. The combined application of organics with
biofertilizers have provided increased and steady availability and utilization of nutrients
throughout the growing phase which may result in enhanced carbohydrate synthesis and

effective translocation of photosynthates to the sink. This is evident from higher herbage
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yield in the treatment of Biovermi + Azospirillum + AMF. Higher herbage yield in this
treatment can be attributed to better growth and dry matter accumulation in the crop due to
improved nutrient supply and efficiency. Due to consistent and steady supply of nutrients to
plants under the treatment with Biovermi +Azospirillum +AMF, the nutrient base and
population of Azospirillum and AMF have increased which converted complex nutrients into
simple and easily available form. This facilitates quick and easy absorption of nutrients by
plants through efficient root system evidenced by higher R: S ratio in the plants. The plants
registered lower yield in the treatment where no nutrients were applied due to low fertility
status of the soil. The increased yield in medicinal plants due to the combined application of
organics with biofertilzers was reported by several workers. (Latha ef al, 2009; Gajbhiye and
Deshmukh, 2010; Shivana et al, 2010).

5.5 Effect of nutrient source on quality

Nutritional environment regulates the biosynthesis of secondary metabolites. The
nutritional condition for biomass yield and quality are different in medicinal plants. The
quality of Iruveli was measured in terms of essential oil content. The essential oil content was
maximum in plants provided with Biovermi alone while the herbage yield was lower in these

_plants. In medicinal plants the biomass yield and quality are inversely related and
morphological growth expression is at the expense of quality (Menon. 1994). The synthesised
photosynthates and dry matter accumulated in the plants treated with Biovermi alone might
have utilised for the biosynthesis of essential oil and that may be the reason for yield
reduction compared to the treatment Biovermi +Azospirillum +AMF in which the herbage
yield was maximum. With respect to oil yield, which is a product of essential oil content and
dry matter content, the plants having the treatment of Biovermi+ Azospirillum + AMF
recorded the highest. According to Menon (1996) the yield of Njavara was linked to
macronutrients and quality to micronutrients. So the balanced supply of macro and micro
nutrients is found to be essential for higher yield and quality. The slow and steady availability
of both macro and micronutrients in balanced proportion may be the reason for higher yield
and quality in plants treated with organics and biofertilizers. These results are similar to that

of Singh and Ramesh (2002), Ajimoddin et al. (2005) and Anwar ef al. (2005).

An equilibrium between yield and quality is needed in medicinal plants for optimum

vield with quality. The data on essential oil yield with respect to source of nutrients revealed
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that the combined application of Biovermi, Azospirillum and AMF was a better choice for
higher yield and essential oil content. The integrated effect of organics and biofertilizers had
improved the nutritional environment for higher availability and absorption of macro and
micro nutrients which might have resulted in higher herbage yield and relatively higher
essential oil content at the expense of herbage yield. The essential oil content was lower in the
treatment of inorganics and control. In these treatments the plants might have failed to
synthesise the metabolites effectively and also to utilise the metabolites for the biosynthesis

of secondary metabolite production.

5.6 Effect of source of nutrients on the nutrient uptake by plants

AMF is known to improve the uptake of macro and micro nutrients, after plant growth
and facilitate synergistic interactions with beneficial rhizosphere microorganisms. The plants
applied with Biovermi, Azospirillum and AMF recorded the highest N, P and K uptake. The
increased availability, absorption and utilisation of nutrients by the plants were confirmed by
the higher herbage yield and nutrient uptake by plants in this treatment. Increased soil fertility
and availability of nutrients has promoted better root growth and development enabling plants
to absorb more nutrients. The improvement in growth crop has increased nutrient uptake. The
contribution of N to nutrient pool by fixing atmospheric nitrogen by Azospirillum and the
principal way by which AMF benefits plant growth through the uptake of P by plant roots
have been very well established (Bolan, 1991). The higher uptake of K from the soil would be
due to the beneficial effect of Biovermi on the release of K from the non exchangable
fractions to the available pool (Dosani ef al., 1999). Thus, the increased uptake of N, P and K
from soil resulted in the increased herbage yield in plants treated with Biovermi+

Azospirillum+AMEF.

Menon (1994) reported that the stable pathway of yield formation under organic
resources is due to the balanced nutrition. Organic sources had also registered higher nutrient
use efficiency over fertilizers (Menon, 1994) and they contain all nutrients in balanced
proportion. Fertilizer materials being limited elemental sources, they are capable of making
up the deficiency of specific nutrients. The lower yield in plants treated with FYM and
inorganics may be due to the availability of specific nutrients alone. Due to the combination
of organics with biofertilizers the plants treated with Biovermi + Azospirillum + AMF availed

balanced supply of nutrients from soil pool with increased uptake of nutrients. The balanced
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and steady upfake of nutrients in this treatment resulted in higher herbage and oil yield.
Higher uptake is also found to be related to higher concentration of nutrients in the crop and

also higher biomass production by the crop.

5.7 Effect of nutrient source on soil nutrient content

The organic carbon content of the soil was the highest in the plants that received
Biovermi alone which was on par with the plants that had treated with Biovermi +
Azospirillum + AMF. The application of organic manure had added organic matter to the soil
which is evidenced by increased organic carbon content of soil. This increased organic matter
also helped to provide a favourable environment for the availability of the nutrients and
which in turn resulted in the increased absorption of nutrients by the plants. The P and K
content were also relatively high in plants with combination of Biovermi +Azospirillum+
AMF. The relatively high fertility status of soil in this treatment may also be due to the
activity of two bio fertilizer agents in association with Biovermi. The application of Biovermi
with biofertilizers contributed increased fertility of soil even after crop growth phase. The
presence of the above minerals in the soil even after the harvest of the crop helps to maintain
the soil fertility of the soil. This suggested that the combination of Biovermi+ Azospirillum+
AMF also found to be beneficial for the succeeding crop also. In a cropping system situation,
the companion crops are also benefitted by the increased fertility of the soil due to the
application of organics and bio fertilizers. As Iruveli is suitable for intercropped situation, the
intercrops will also be benefited by high nutrient status of soil as increased nutrient status was
noticed in the soil even after harvest of the crop due to the combined application of organics

and biofertilizers.

The increased herbage yield and essential oil yield obtained when plants grown under
75 per cent light intensity using shade nets revealed that Iruveli is a shade tolerant plant and
optimum light intensity is 75 per cent. This result is an indication that the crop can be
effectively grown under coconut garden in the age group of above 25 years. In Kerala there 1s
high potential for inter cropping due to limited scope of mono cropping. Iruveli can be fitted
very well in such inter cropping situation. The increased demand of Iruveli in ayurvedic
preparations warrants its cultivation and can be cultivated in large scale as inter crops in

perennial crops having light intensity of 75 per cent.
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Medicinal plants résponded very well to organics. The results of this experiment also
revealed that combined application of Biovermi with Azospirillum and.AMF produced
highest herbage yield and quality. Balanced and slow availability of macro and micro
nutrients might have been the reason for higher herbage yield and a balance 1s also
maintained between quality and quantity in this trcatmént due to which the herbage yield is
effectively utilised for secondary metabolite production /e, essential-oil. Hence higher
herbage yield and essential oil was noticed with combined application of Biovermi with
Azospirilllum and AMF. The hormonal vigour of Biovermi, Azospirillum and AMF had also

favourably influenced the herbage yield and secondary metabolite production.

From the results of this experiment it is evident that 75 per cent light intensity and
combined application of Biovermi, Azospirillum and AMF was found to be the best for

~higher herbage yield and essential oil content in Iruveli.
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6. SUMMARY

A field experiment was conducted during 2011-2012 at College of Horticuiture,
Vellanikkara to study the effect of light intensity and nutrient source on the yield and quality
of Iruveli (Plectranthus vettiveroides). The objective of the experiment was to study the effect
of light intensity and nutrient source on the yield and quality of Plectranthus vettiveroides
and to standardize the nutrient source and optimum light”ilntensity requirement of Iruveli for

maximum yield and quality performance.

' The experiment was laid out in split plot in randomized block design with
three replications. Different levels of light intensity were allotted to main plots and nutrient
sources to sub plots. Variations in the light intensity were provided using shade nets of
different shade ‘levels, viz 0, 25 and 50 per cent. The sub plot treatment comprised of
organics, biofertilizers and integrated nutrient management with nutrient sources viz Farm
yard manure (FYM), Biovermi (an enriched product of Vermicompost with Trichoderma
viridae and Pseudomonas flourescence), Azospirillum, AMF and inérganic fertilizers viz
urea, rock phosphate and muriate of potash for N, P and K respectively. Top shoot cuttings

were planted with a spacing of 30 X 30 cm and the crop duration was six months.

Biometric observations, plant nutrient status, soil nutrient status and quality analysis
were studied during the experiment. Five plants from each plot were randomly selected,
tagged and the biometric observations were recorded at 30 and 60 days after planting and at
harvest. Plant height, number of leaves and branches of these plants were recorded at 30 and
60 DAP while the root: shoot ratio, biomass and dry matter production were studied at the
time of harvest. Herbage yield was estimated on per plot basis after harvesting the entire crop

from each plot and the yield per ha was estimated.

To estimate the nutrient status of the crop, the tagged plants were uprooted, dried
powdered and subjected to chemical analysis. Nitrogen, phosphorus and potassium content
were estimated from these samples. Nutrient uptake was calculated from data on the nutrient
content and dry matter production. Soil samples were collected and analysed before and after
the experiment to study the nutrient status of the soil. Using the hydro distillation technique
with Clevenger apparatus the quality content of the crop was determined. Analyses of

variance were performed on all data collected using the statistical package, ‘MSTAT"
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Biometric observations

Light intensity had profound influence on the biometric characteristics of the crop. 75
per cent light intensity level had the tallest plants (30.35cm) at 30 and 60 days (32.13cm)
after planting, Regarding the number of leaves, open condition (M,;) was found to be better
followed by M3 (75 per cent light intensity) at 30 and 60 days after planting. Light intensiiy
variation influenced the root: shoot ré&b also. Open condition (M;) proved to be the best for
maximum (1.45) root: shoot ratio in the field and was on par with 75 per cent light intensity
(Ms3), while the least root: shoot ratio of 1.28 was given by 50 per cent light intensity (My). 75
per cent light intensity (M3) recorded the maximum biomass production (110.69 g plant™) of
the experimental plants and the lowest biomass production of 59.10 g plant” was recorded
under open condition (M;). Dry matter production was highest (15.97 g pIant']) when grown
under 75 per cent light intensity (M3) and was on par with 50 per cent light intensity (M)
compared to open (M;). Lowest dry matter production (11.96g plant '1) was noticed in plants

grown under open condition (M;).

Significant difference was noticed in height of plants due to variation in the source of
nutrients. Taller plants (28.51 cm) were observed when (T) Farmyard manure (FYM) alone
was applied at 30 days after planting (DAP). Maximum plant height (30.64 cm) at 60 days
-after planting was found when it was applied with FYM +Azospirlluﬁ1 +AMF (T2) and was
on par (30.55 cm) with the treatment of FYM alone. The plants were shorter (23.08 cm) at 30 -
and 60 days after planting (27.64 cm) when the nutrients ;Nere not applied (T¢). Combined
application of Biovermi, Azospirillum and AMF was found to be better for higher leaf
production (85.01) at 60 DAP. Regarding the root : shoot ratio, application of Biovermi+
Azospirillum+ AMF (T4) showed a maximum of 1.67 and was on par (1.50) with FYM alone
(T1). Lowest root: shoot ratio (1.20) was observed in the plot which was treated with a
combination of FYM and inorganic fertilizers at the rate of 30:15:30 kg NPK/ha (Ts).
Maximum biomass (119.15 g plant’) was produced by the plants when applied with
Biovermi+Azospirillum+AMF (T,) and the application of FYM (T,) alone showed the least
biomass production (81.89 g plant™). Maximum dry matter (19.78 g plant™) was produced by
the plants applied with Biovermi+Azospirillum+AMF (T4) and the application of FYM (T})
alone could render the least dry matter (13.22 g plant™).
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Nutrient analysis

Chemical analysis data revealed that higher nitrogen content of 2.78 per cent was
noticed under 75 per cent light intensity level (M3) and open condition (M;), 50 per cent light
intensity (M>) recorded the lowest nitrogen content of 2.46 per cent. Open condition resulted
in maximum phosphorus content (0.64%) while 75 per cent light intensity (M3) showed the
lowest value. Maxéfnum potassium content (2.09%) was observed in plants grown under 75

per cent light inténsity (M3).

Maximum nitrogen uptake (416.45 kg ha ™) was shown by the plants maintained
under 75 per cent light intensity level (M3) and was on par with open condition (M) and the
least ni_trogen-uptake of 370.71 kg ha "was showed by the plants grown under 50 per cent
light intensity (Ma). Under open condition phosphorus uptake was maximum (95.27 kg ha ™).
Lowest phosphorﬁs uptake of 60.54 kg ha "'was recorded by the plants grown under 75
percent light intensity level (M3). Among the different light intensity levels, 75 percent light
intensity (M3) recorded maximum potassium uptake of 315.90 kg ha . Open condition (M)
had the lowest potassium uptake of 151.06 kg ha ™.

Among various nutrient sources tried, application of Biovermi alone (T3) yielded
maximum nitrogen content of 2.74 per cent and the lowest nitrogen content of 2.59 per cent
was observed when treated with FYM (T;) alone. Different sources of nutrients had shown
significant variation in the phosphorus content and the plant applied with no organics (Ts)
recorded the maximum content of phosphorus in the plant (0.59) and the lowest phosphorus
content of 0.46 per cent was noticed in plants applied with Biovermi alone. With respect to
potassium content in plants, the highest content was given by plants applied with a
combination of FYM and inorganic fertilizers @ 30:15:30 kg ha™ (Ts). Highest potassium
content of 1.76 per cent was in Ts and on par with application of FYM (T)) alone (1.71%).
Combined application of Biovermi, Azospirillum and AMF (T4) recorded the lowest

potassium content (1.44%) in plants.

The highest nitrogen, phosphorus and potassium uptake of 507.95 kg ha ', 121.00 kg
ha "' and 255.05 kg ha ' respectively were noticed in the plants applied with combination of
Biovermi+ Azospirillum +AMF (T4). Experimental plots when treated with FYM (T;) alone
showed the lowest nitrogen (318.26 kg ha_'l) and potassium uptake (215.22 kg ha™) while
lowest phosphorus uptake of 54.80 kg ha " was noticed with application of biovermi (T3)

alone
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Soil analysis

Soil sample analysis was conducted before and after the experiment. Maximum
amount of available nitrogen (195.37 kg ha™") was recorded under 75 percent light intensity
level (M) and the lowest (174.49 kg ha™") were found in 50 per cent light intensity level (M»).
At 75 percent light intensity highest amount of available phosphorus (28.15 kg ha') was
found while the open condition (M;) showed the least amount (22.57 kg hé"). Plots
maintained under 75 per cent light intensity level (M3) gave the highest available potassium
(224.86 kg ha™') and the lowest available potassium content (166.60 kg ha™") was under open
condition (M;). Open condition (M) showed maximum organic carbon content (1.77 %) in
the soil samples while the experimental plots maintained under 75 percent light intensity level

{M3) provided the least (1.71 %).

Significant difference was also noticed in th;e amount of available nitrogen, available
phosphorus, available potassium and organic carbon content with variation in the source of
nutrients. Application of FYM (Ti) alone gave the maximum available nitrogen content
(250.43 kg ba') and the least (145.82 kg ha™) from the control plots (Ts). Combined
application of Biovermi, Azospirillum and AMF (T4) noticed the highest amount of available
phosphorus (30.06 kg ha™) and the lowest (23.44 kg ha™) was with application of FYM (T))
alone. With the integrated nutrient application of FYM and inorganic fertilizers at the rate of
30:15: 30 kg ha™! of N P and K (Ts) highest amount of available potassium (242.40 kg ha™)
was obtained and the lowest amount of 131.24 kg ha™' kg ha™ was noticed in the combination
of FYM, Azospirillum and AMF (T»). Application of biovermi (T3) alone gave the maximum
organic carbon content (1.81%) in the analysed soil samples and the least (1.69%) in the

control plot (Tg).
Quality analysis

Open condition (M,) produced maximum amount of essential oil content of 1.77 per
ceni whereas the lowest amount of essential oil (1.71 %) was found in the ekﬁérimental plots
maintained under 75 per cent light intensity level (M3). It was observed that the experimental
plants have shown significant variation in the oil yield under various light intensity levels. 75
per cent light intensity (M3) had the highést oil yield production of 106.04 kg ha " and the
lowest oil yield of 37.82 kg ha "' was recorded under 50 per cent light intensity level (M>).
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Significant difference was also noticed in the essential oil content of the herb with
variation in the source of nutrients used, application of Biovermi alone (T3) gave the
maximum essential oil content of 1.81per cent and the least value of 1.64 per cent was
obtained from the plots treated with FYM and 30:15:30 kg ha” of NPK (Ts). Combined
application of Biovermi, Azospirillum and AMF (T4) registered the maximum essential oil

yield of 100.73 kg ha "I and the least yield of 35.49 kg ha 1 was recorded from the control
plot (Tg).

Conclusion

From the study, it can be concluded that 75 per cent light intensity and crop nutrition
involving Biovermi, Azospirillum and AMF resulted in highest herbage yield and essential oil

content in Plectranthus vettiveroides.
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APPENDIX-I

Weekly mean rainfallmm), surface air temperature(°C), Relative humidity(%) and
mshine hours(hr/week) at COH, Vellanikkara from June 2011 to May 2012( Latitude10°31°N,

ongitude 76°13’ and Altitude 40.29MSL)

[onths Weeks Surface air Relative Wind | Sunshine | Rainfall

1108/2011 temperature ("C) Humidity (%) speed Hours (mm/week)

a Maximum | Minimum | Morning | Evening | (Km/hr) | (hr/day)

0/02/2012
36 30.00 23.10 95 79 2.0 2.7 131.90
37 28.90 22.830 96 79 23 2.4 .174.80
38 30.20 23.40 94 71 2.0 4.6 34.20
39 31.60 23.10 91 63 | 2.5 9.1 0.50
40 32.30 23.30 91 58 2.80 9.5 0.00
41 3240 23.40 92 62 2.30 6.2 5.90
42 32.30 23.70 92 69 1.90 5.1 94.30
43 31.70 23.30 89 | 71 5.00 ‘ 5.0 87.40
44 30.70 23.30 90 69 2.90 2.8 192.80
45 31.70 22.00 84 54 3.20 7.3 34.20
46 132.40 22.00 80 48 4.70 9.3 0.00
47 30.70 23.90 63 54 9.20 6.8 3.50
48 31.50 23.80 87 64 3.40 3.8 11.90
49 32.10 22.80 82 51 4.40 8.5 0.00
50 32.50 23.90 73 46 8.00 8.9 0.00
51 31.00 12350 62 44 9.80 6.1 0.00
52 31.70 20.10 81 50 4,40 6.4 2.40




vionths Weeks Surface air Relative Wind | Sunshine | Rainfall

7/08/2011 temperature ("C) Humidity (%) speed Hours (mm/week)

0 Maximum | Minimum | Morning | Evening (Km/hr) | (hr/day)

0/02/2012 o
01 32.10 21.60 84 44 5.80 8.50 0.00
02 33.30 22.60 81 44 5.50 9.50 0.00
03 32.00 20.20 71 31 6.00 9.10 1.00
04 32.60 20.80 67 34 7.80 9.90 1.00
05 32.50 22.30 66 39 8.80 9.20 1.00
06 34.70 23.00 78 4] 4.90 8.60 1.00
07 35.10 22.50 83 38 4.50 8.80 1.00
08 35.90 21.00 74 22 4.80 9.20 1.00
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ABSTRACT

The study on “Influence of light intensity and nutrient source on yield and quality of
Iruveli (Plectranthus vettiveroides)” was conducted during 2011-2012 at College of
Horticulture, Vellanikkara. Iruveli (Plectranthus vettiveroides), is an aromatic annual herb
with an escalating demand in the pharmaceutical industry worldwide due to its notified
curative property against skin diseases, bronchitis, ulcers, heart attacks, chronic allergies efc.
The objectives of the experiment were to study the effect of light intensity and nutrient source
on yield and quality of Plectranthus vettiveroides and to standardize the nutrient source and

optimum light intensity requirement of Iruveli for maximum yield and quality.

The experiment, which was laid out as split plot in randomized block design with
three replications consisted of different levels of light intensity and nutrient sources. Top
shoot cuttings were planted at a spacing of 30 X 30 cm. Shade nets with mesh size, viz 25 and
50 per cent were used to regulate 75 and 50 per cent light intensity respectively. The sub plot
treatments comprised of various source of nutrients viz. FarmYard Manure (FYM) and
Biovermi (an enriched product of vermicompost with Trichoderma viridae and Pseudomonas
Sflourescence) alone and in combination with Azospirillum and AMF and inorganic fertilizers.
Inorganig: sources of nutrients were urea, rock phosphate and muriate of potash for N, P and

K..

Light intensity had profound influence on the biometric characteristics of the crop.
Light intensity level of 75 per cent had the tallest plants while open condition was found to be
better, regarding the number of leaves, at 30 and 60 days after planting. Light intensity
variation also influenced the root: shoot ratio and open condition proved to be the best for
maxﬁnum root: shoot ratio. Maximum biomass and dry matter production was noticed in
plants grown under 75 per cent light intensity. Significant difference was also noticed in the
biometric characters of the plénts with variation in the source of nutrients. Maximum plant
height was found when it was applied with FYM +Azospirllum +AMF while combined
application of Biovermi, Azospirillum and AMF was found to be better for higher leaf

production, root: shoot ratio, bio mass and dry matter production.

The data on nutrient contents of the plants revealed that higher nitrogen and

potassium content were noticed under 75 per cent light intensity level while open condition



resulted in maximum phosphorus content. Maximum nitrogen and potassium uptake were
shown by the plants maintained under 75 per cent light intensity level while phosphorus
uptake was maximum with open condition. Application of Biovermi alone yielded maximum
nitrogen content and the plant applied with no organics recorded the maximum content of
phosphorus. Highest potassium content was in plants applied with a combination of FYM and
inorganic fertilizers @ 30:15:30 kg ha™. The highest nitrogen, phosphorus and potassium
uptake were noticéd in the plants applied with combination of Biovermi+ Azospirillum

+AMF.

Maximum amount of available nitrogen, phosphorus and potassium of the soil were
noticed under 75 percent light intensity level while open condition showed maximum organic
carbon content. Application of FYM alone gave the maximum available nitrogen content and
the combined application of Biovermi, Azospirillum and AMF recorded the highest amount
of available phosphorus. Highest amount of available potassium was observed with integrated
nutrient application of FYM and inorganic fertilizers at the rate of 30:15: 30 kg ha™! of NP

and K and the application of Biovermi alone gave the maximum organic carbon content.

Plants showed significant variation in the oil yield under varying light intensity levels.
Open condition produced maximum essential oil content but oil yield was maximum at 75 per |
cent light intensity. Significant difference was also noticed in the essential oil content of the
herb with variation in the source of nutrients used: Application of Biovermi alone recorded
the maximum essential oil content and the maximum essential oil yield was noticed with the

combined application of Biovermi, Azospirillum and AMF .

From the results of the experiment, it can be concluded that 75 per cent light intensity
and combined application of Biovermi with Azospirillum and AMF were found to be the best
management practice for maximum herbage yield and essential oil content in Plectranthus

veltiveroides.
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