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Chapter-I ..
INTRODUCTION

I R S R L A it L

German Chamomile (Matricaria chamomilla Linn), an important
aromatic crop and medicinal, belongs to natural = . order compositae.
There are three species of Chamomile viz., German or Hungarian
Chamomile (Matricaria chamomilla L.), Roman or Egyptian or
English Chamomile (4nthemis noblis L.) and Morocon Matricaria
(Ornemis multicaulis Braun-blanquet and Maire), which are widely
cultivated in various parts of the world for the production of dried
herbs, flowers and essential oils, (Sharma et a/., 1983). Among these,
German and Roman Chamomile have been listed as of greater
significance with respect to their medicinal and eccnomic values, high
potential and productivity to wide range of soils from acidic to sodic
soil conditions.

The Roman Chamomile 1s extensively cultivated in Belgium,
France and England; however, German Chamomiic 1s indigenous to
Europe, and is widely cultivated in Germany and Belgium and now its
cultivation is fairly done in other countries viz., France, Hungary,
Russia and Argentina. In India, it was first introduced in Jammu and
Kashmir in 1957 from Arab. It is most suited to grow under temperate
regions, but can be cultivated in sub-tropical parts as winter seasons
crop. It is also reported to grow under sodic soil condition (Chandra et
al., 1968). However, so far its cultivation is being done in meager area
of a few selected districts of Uttar Pradesh such asiLucknow, Kanpur
Dehat, Kannauj, Farrukhabad, FEtawah, Eté., Manpuri, Agra,
Raibareilly, Hardoi, Unnao and also in some parts of M.P. and
Himanchal Pradesh.

In India, the cultivation of Matricaria is done for the production

of dried herb Known as “Babuna” and the flower, known as “Gule



Babua” in trade. Flowers are extensively used as herbal teas (FFDC,
2002). The blue ol content in flowers varies from 0.3 to 1.3 per cent.
The oil is endowed with antispasmodic, antiphlogistic, expectorant,
carminative, anthelmintic, sedative diuretic and attenurant properties.
It also helps in therapy for gastric ulcers, respiratory tract
inflammation, pharyngitis, inflammation of the ophthalmic mucosa
and uterus, hemorrhoids, healing of wounds and inhibits the uiceration
through acidic reactions (Szelenyi, et al., 1979 and Gould, et al,
1974). Tt is also considered to be more useful particularly in the
ailment of children such as dentition troubles, stomach disorders,
earache and neuralgic pain (Jakolev, 1979).

The flowers are carminative, stimulant, emmenagogue, attenuant
and discontent. They are prescribed for dyspepsia, flatulent, colic
fevers, menstrual disorder, hysteria, suppression of menses and very
effective in uterine reflex-disturbances of women. It has also
aromatherapy values and is used in acne, allergies, boils, earache,
eczema, hair care, inflamed joints, muscular pains, neuralgia,
rheumatism, sprains, headache, insomnia, nervous tension, migraine
and stress related complaints (Jagat aroma oil distillery, 2002).

True Matricana oil is used in very less quantity in high-class
perfumes, hair and bath products, cosmetics, soapsQ and detergents
because of loss of rich undertone due to evaporation process. It blends
\:vell with geranium, lavender, paichouli, rose, dbenzom, nerolh,
bergamot, marjoram, lemon, ylang- ylang, Jasmine, clary sage and
labdanum that are of great to perfumery significance in world trade
(personal communication of Jagat aroma oils distillery and FFDC,
Kannauj, 2002). Beside the oil is also used in ice creams, chewing
gums and in flavouring of tea, alcoholic and non-alcoholic beverages.

Flowers are used in pillow to sooth nerves of brain. The herbs

are also used as dye for imparting orange colour to wool, moisturizing



creams for skin, invigorating bath for jet fatigue rinse, blend hairs and
prevent hair loss. The extract of ** “-icaria is also known to have
bactericidal and fungicidal effect. It completely inhibits the growth of
Staphylococcus auveus and S. mutense. Its extracts also have
bactericidal effects on Bacillus megaterium and Laptospira
iceterohoemorrhagia, whereas the growth of S. epidermidis and §S.
foecalis are significantly reduced. It also exhibits antitrichomonical
activity (Cimco, 1983). Ethanolic extract of chamomile inhibits the
growth of poliovirus and shows anti-hepatic effect. (Pasechnic, 1966).
The economic importance of Matricaria oil is much higher in
world'trade due to its wider use and applications. The oil extracts from
Matricaria flowers is known as “Blue 0il” in the market that contains
quesene, Germacene, Non-Guazlene, Bisabolol oxide-B, Bisabolon
oxide-B, Bisabolol, Chamozuline, Bisabolol oxide-A, Tras-dicyloether
and Cis-dicyloether. Besides major derivatives, a few minor
compdnents such as monoterpenes gammo- terpinene and muurolene
and calamenene were also found in essential oil. 2 hydroxy-4, 6-
dimethoxy acetophenone (Xanthoxyline) is also found in larger
amount. A new azulenic, intensely violet aldehyde C14 H14 O, named
“Chamavialin™ has also been detected (Motl er al., 1983). The
productivity and quality of blue oil of Matricaria flowers is influenced
by number of factors viz. temperature, light, soil moisture, soil
fernlity, plaﬁt nutrients, time of planting, distillation process etc. The
production of high quality flowers and blue oil is very important to
promote the perfume industry which would be very helpful to meet
and the annual demand of about 22500 tonnes of dried flowers and 12
tonnes of oil (FFDC, 2002). The export value of blue oil in
international market is very high and usually feature Rs. 38,000/kg
(Anonymous, 2002). In addition to blue oil, the dried flower have also



great demand in India and abroad fetching a price of Rs. 40 per Kg in
India and Rs. 150 per Kg in international market (Anonymous, 2002).

Thus, keeping in view the increasing demands of Matricaria
flowers and blue oil in India as well as in international markets, there
is dire need to increase the acreage under chamomile cultivation to
increzse production of the flowers and blue oil. However, the yield and
quality of essential oil in different oil bearing aromatic crops is
affected significantly by biotic and abiotic factors which have yet not
been established so for.

Among the number of factors responsible for improving the yield
and oil quality of aromatic crop, the balance supply of nutrients is one
of them that is know to improve the yield and quality of herbal
produce. The use of biofertilizers, organic manures and organic
farming are now consider to the best and cheapest source supply of
balance nutrients, which will be more beneficial for the in production
of high quality produce. The application of biofertilizers like the
inoculation of Azotobacter as free-living aerobic nitrogen-fixing
bacteria can be used as substitute to inorganic fertilizers Azotobacter
inocmilation has been found to economics the use of fertilizer nitrogen
by 10-20% and also helps in synthesis of plant growth hormone like
Cytokinins, IAA and Gibberellins by improving vegetative growth of
plani. (Asokan et al., 2000).

, In addition to nitrogen, the application of phosphorus, potash and
micronutrients have also been found to play an important role in
improving the productivity and quality of produce, especially under
adverse soil conditions. Matricaria being a potential aromatic crop,
suitable for economic utilization of sodic lands and having great
significance to perfume and flavors industries, no systematic research
wori<s have been carried out to assess the yield and quality of

Matricana under variable soil fertility and agronomical factors -



Keeping in view its pharmaceutical and perfumery significance,
economic potential, wider adaptability, high market values and
demands, the present research work entitled “Studies on bio-chemical
fertilizers and micro-nutrients on flowers yield and oil quality of

3

Martricaria chamomilla Linn.in sodic soil condition,” was carried out
with the following Objectives:

1.1 To work out the optimum dose of fertihzer with Azotobacter for
improving the flowers yields and oil quality of Maticaria.

1.2 To find out the optimum dose of fertilizer with PSB for improving the
flowers vields and oil quality of Matricaria.

1.3 To find out the optimum dose of fertilizer in conjunction with
Azotobacter + PSB for improving flowers yield and oil quality of
Matricaria.

1.4 To work out the optimum dose of fertilizer and supplemented with bio-
fertilizer and micronutrient on improving the flowers yield and oil
quality of Matricaria.

1.5 To estimate the cost’benefit ratio of bio-chemical fertilizers with

micronutrients for production of Matricaria.
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Chapter -II
REVIEW OF LITERATURE
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A first approach has been initiated in present investigation to workout
the effect of integrated nutrients management through application of organic
manures'(F.Y.M.), N.P.X. levels, biofertilizers and micronutrients under sodic
soil conditions for improving the growth, flowering, yield and oil quality of .
Matricaria chamomilla Linn. The survey of literatures with respect to research
works carricd out earlier on Matricaria indicated that very few research work
has been done on nutritional aspects, uses of biofertilizers and micronutrients
for improvir.z the flowers and o1l yield of Matricaria. However, the information
available in literatures on nutritional studies, biofertilizers and micronutrients
for improving the yield and quality of the aromatic crops are summarized
herewith in following heads:

2.1 Effect of nutrients on plant growth characters:

.. (1977) reported that no manure was required to the Ocimum
bosiliaum, but application of 20-25 Kg N and 10-15 Kg P,Os/ ha ensured good
vegetative growth and herb yield. Bhattacharjee and Diwakar (1983) have

observed that appliedtion of 100gN/plant produced more number of branches
per plant in JaSminum grandiflorum.
opaiah and Khader (1989) noted that maximum plant height of black
pper (Pip2r nigrum) was due to combined treatments of Azotobacter and
Azospirillum, followed by VAM treatment. Sudheendra et al. (1993) has work
out the N requirement of celery (4pium graveolens) and found that the plant
height (87.32 cm and 76.06 cm.) and number of branches (7.66 and 16.18)
were the maximum with the application of (2060 Kg N/ha) and (60 Kg P,0s/ha).
Letchamo .(1990) reported that the plant height, number of primary and
secondary branches per plant of Matricaria were maximum with application

higher dosed of nitrogen.



Shukla and“ Prasad (1998) studied the nutritional requirement on Matricaria,
with treatments combinations, consisting four doses of nitrogen (0, 30, 60 and
90 Kg/ha) #nd three doses of phosphorus (0,40, and 60 Kg/ha), and found that
the maximum plant height (63.4 cm), plant spread (27.3 cm), number of
primary and secondary branches per plants (12.7 and 29.4), were associated
with treatment having combined ..pplication of 50 Kg N + 60Kg P/ha.
Chandrikapure et al. (1999) reported that african marigold (7agetes erecta L)
produced latter plants with the maximum number of branches with application
of 100% WN-=inoculations with Azotobacter and PSB.Ram et al (1999)
conducted the pot experiment to evaluate the effect of different levels of soil
sodicity and fertility on growth of chamomile and found that the chamomile
could be successfully grown in sodic soil having ESP up to 53 without prior
reclamation. Growth parameters such as plant height and plant spread were
reduced due to increase in the sodicity levels, but increased with increasing the
fertility levels,

Ran: Sukh Jat and Sharma, (2000) Studied on fenugreek (Trigonella
Sfoenum-graccum) the influence of 5 fertility levels (control, 10Kg N + 20 Kg
P05 / ha) and 4 biofertilizers (No inoculation, inoculate Rhizobium, PSB and
Rhizobium -+ PSB) and found that there was significant enhancement in plant
height and hranches per plant with application of 20 Kg N + 40 Kg P,05 / ha
and with combined inoculation of biofertilizers (Rhizobium + PSB).

Khan (2000) found that foliar application of micronutrients viz., Zn and
Fe (Zn and Fe) in form of Zn SO, (0.4%) ~nd Fe SO, (0.4%) that significantly
improved the plant height and branching habits on Dahlia. The positive role of
zinc on plant growth is reported due to the more synthesis of tryptophan, which
is a precursor of auixn- IAA (Tusi, 1948). Gayathrisubramanian and
Thamburaj (2000) have suggested. that the application of biofertilizers i.e.
Azospirillur. phosphobacterium and VAM for improved the growth and

flowering 7 carnation cv. Pamir. The maximum plant height was obtained by



Azospirillum and phosphabacterium with the regular dose of NPK (30,20 and
10,/ sq.m.).
2.2 Effect of nutrients on flower characters:

Bh:tacharjee and Diwaker (1983) reported that the application of
100g N/ prant induced early flowering in J. grandiflorum.

Shulda and Prasad (1998) reported that application of different doses
of nitrogen and phosphorus did not show significant influence on number of
days taken to aﬁpearance of first of flower buds and 50% flowering of
Matricaria. However, the maximum number of days taken to appearance of the
first flower and 50% flowering (71.9 and 77.5 days) were with the application
of 90Kg N/ha, while minimum number of days (71.0 and 76.0 days) for first
flower bud appearance and 50% flowering were taken in control. Further, it
was observed that increasing the levels of nitrogen and phosphorus, the
duration of flowering and number of flower pickings of Matricaria decreased.
The maximum flowering span and number of flowers pickings (47 days and 5)
werc obtained when crop did not receive fertilizers. Apphication of 60Kg N and
60 Kg P/ a reduced the duration of flowering (34.3days) and number of
pickings (4;

Chandrikapure et al, (1999) studied the effect of bio- inoculations and
graded doses of N on flowering of Marigold (Tagetes erecta L.) and observed
that 50% flowering took maximum days with the inoculation of Azotobacter
and PSB and supplemented with full doses of nitrogen. Minimum number of
days (73.11) was required in 50% flowering by application of Azotobacter with
100% N as compared to control (89.96). Further, it was also noticed that
increasing the levels of nitrogen alone with bio- inoculations induced early
flowering in marigold (4nuradha et al. 1990).

2.3 Effect pf nutrients on flowers and oil yield:
&atta and Singh (1961) observed that application of 40 Kg Nrha
significantly increased the fresh flower and oil yield of chamomile, while the

oil content was observed significantly over control. Further Datta and Singh



(1964) studicd the effect of plant spacing on flower yield and oil content of
chamomile and found that the maximum fresh flowers yield and oil content
were obtained when planted at a spacing of 30 x 30 cm. However, the number
of flowers and flower yield per plant were maximum when planted at a spacing
of 45 x 45 cm.

b f-Hamidii ‘e ;-O_Qt (1965) recorded maximum flowers of Matricaria
grown in Egypt at wider spacing (45x 45 cm) and NPK fertilizers. Singh ef al.
(1971) obtrred maximum seed yield and essential oil content of Anethum
gravolens with the application of 45Kg N and 30 Kg P,0O;s /ha. Further increase
in N and P lcvels resulted in the lowering of the oil content.

Singh e al. (1976) found that the application of NPK improved the
essential oil content and the recovery of concrete from the flowers of tuberose
with the fertilizer treatment of 80 Kg N, 80 Kg P,O5 and 80 Kg K,0 /ha, while
the lower and higher doses reduced the production.@a@é‘gfgp(wﬂ) reported that
the application of 20-25 Kg N and 10-15 Kg P,05 /ha gave maximum oil yield
of Indian basil (Ocimum basilium). Pandey er al. (1978) found that 25 tonnes
of F.Y.M. 120Kg N and 80 kg each P;O; and K,;0 /ha increased the oii
content, herb and oil yield of Basil(Ocimum basilium).

Nat: vajan and Rao (1980) recorded maximum flower yield and
essential o1. of rose with the application of 15 Kg F.Y.M. + 60g N + 120 g P,0s
+ 120g K, /m®. Singh and Murthy (1984) studied the effect of Ascorbic acid
on recovery of concrete in rose and found more production of oil glands and
terpenic alcohol in flowers. €Chand et al. (1982) reported that a spacing of 60 x
30 cm and application of 24 t of F.Y.M., 120 Kg N, 60 Kg P,0;s and 25 Kg
Zinc per ha produced highest biomass and essential oil yield of Jamrosa.

Bhattacharjee and Diwakar (1983) observed that J. grandiflorum
increase in flower bud, length and diameter and flowers weight per 100 flowers
with the application of 100g N/ plant. It was reported that the flowers and
concrete yield was significantly increased with application of 100g N + 150g
P,0Os + 1012 K,0 /plant.
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Emonger et al. (1989) found that top dressing of Chamomile plants at
50 Kg N /ha at two week after transplanting, resulted in to higher vegetation
growth and flowers yield, whereas, the phosphorus in combination with
nitrogen did not show significant effect on vegetative growth and flowers yield.
Johri et. al. (1991) reported that flowers and essential o1l yield of Marricaria
chamomilla Linn was maximum at when planted a 30 x 30 ¢cm and with the
application of 60 Kg N per ha. Further, Johri et.al. (1992) conducted an
experiment and obtained higher flowers and oil yield (15.32- 16.51 g/ha and
12.14-12.72 liters /ha, respectively) by planting of crop on 15 Feb. and
fertilized w :h 60 Kg N / ha.

L,,,-(EOWda et al. (1991) suggested that essential oil yield of Chamomile can
be significantly enhanced by planting crop at a spacing of 30 x20 ¢m and
fertilization with 60Kg nitrogen per ha. Shukla and Prasad (1998) reported
that fresh and dry weight of flowers per plant and yield of flowers of Matricaria
increased significantly with increasing the levels of nitrogen and phosphorus.
However, maximum fresh and dry flowers yields (14.80 and 12.74 g/ha) were
recorded with the application of 60 Kg N and 60 Kg P,0; /ha. Further, it was
also reported that maxirﬁum percentage .. ..l content (0.60 %) and oill yield
(7.641/ha) was obtained at higher dose of N (60 Kg /ha) and (P 60 kg/ha).

Badiyala er al. (1993) found that the maximum number of flowers and
dnied flowers yield of Saffron per ha were observed at higher dose of N, P and
K (90:60: €0 Kg/ ha). Sudheendra er al. (1993) conducted an experiment on
celery and concluded that maximum recovery of essential oil (32.95 and 19.03
Kg/ha) was recorded at higher doses of N 200 Kg/ha and P, Os 60Kg/ha; with
no fertilization, the oil yield were significantly decrease.

Wange and Patil (1994) reported that application of 100 Kg N/ha
alone or in&culating with Azotobacter + Azospirillum mixtures significantly
increased the number of flowers per stalk, bulb yield and the number of flowers

spikes in Polyanthes tuberosa. Johri et al. (1994) concluded that ,thé‘“

!
lﬂf’/
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application of 90 Kg nitrogen per ha gave the maximum number of flowers, dry
flower yield, vil content and oil yield of Chamomile.

Prat asa Rao et al. (1997) studied the effect of N and FYM on total
biomass p->duction in davana (Artemisia pallens) and found that the
application nitrogen significantly enhanced the total biomass yield and
recovery of essential oil with the application of 80 Kg/ha. Rastogi ef al. (1997)
reported that application of 90 Kg N/ ha increased the maximum shoot yield
(60.52 g/ha) and essential oil (38.77 I/ha) in Calery Sage, which was found to
be significantly higher over other levels of nitrogen application.

Gupta (1997) suggested that maximum flowers yield of Marigold per ha
was recorded with application of Azotobacter +75% N (56.88 q) and
Azotobacter + PSB + 100% N (43.85 q), which was due to synergistic action of
bioinoculants and resulting in to better availability of nutrients and stimulation
of plant grewth promoting substances like, auxin, gibberelins, vitamins and
' organic acids, .

Muthumanickan et al. (1999) studied the effect of micronutrients on
flowers prc:luction in Gerbera and found that the spraying of MnSO, + Fe SOy
+ ZnS04 (0.2 % each) increased flowers yield per plant. Nikolova et al
(1999) reported that application of optimum doses of nitrogen and potassium
increased the flower yield of Matricaria, whereas, phosphorus affected the oil
content. Further, it was noticed that sulphur and phosphorus increased flower
weight and essential oil content.

Gupta et al. (1999) found that yield 7. erecta L. with wvarious
combinations of Azotobacter, phosphate solubilizing bacteria (PSB) and
nitrogen and obtained maximum flowers yield with inoculation of Azotoabcter
+PSB in combination of 75 or 100 % nitrogen application as compared to other

——

treatments and control.
2.4 Effect of nutrients on quality of Blue oil:
Emo-.ngor and Chweya (1992) reported that N application significantly

increased alpha-bisabolol and Chamazuline content, but it significantly
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decreased alpha- bisabolol oxide- A and bisabolol oxide-B content in blue oil.
The quality of essential oil of Matricaria flowers is related to alpha- bisabolol
and chamazuline content in blue oil.

Ram ef al. (1999) have conducted pot- experiment to study the effect of
fertility levels on essential oil content and quality in M. chamomilla Linn. The
results indicated that the concentration of chamazuline and bisabolol oxide- B
increased with P and K application; whereas, N application had a positive
effect upon Farnesene and Bisabolo! oxide-A concentration in the essential oil,
but bisabolol oxide-B concentration decreased with increasing N rate.

Nikolova ef al.(1999) reported that the highest yield oil of chamomile
was recorded with ratio of nutrients (1:1:1) i.e.120 Kg /ha active ingredients,
whereas, differences in the nutrients level changed the quality of essential oil.
The alpha- bisabolol content was increased by elevated P,0Os levels, while
chamazuline content in the oil was relatively more stable characteristic and not

affected greatly by variation: innutrients.
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The present investigation entitled “Studies on bio-chemical fertilizers
and micronutrients on flowers yield and oil quality of Matricaria chamomilla
linn in sodic soil conditions” was carried out at the Main Experiment Station,
Department of Horticulture, Narendra Deva University of Agriculture and
Technology, Narendra Nagar, (Kumarganj), Faizabad (U.P.) during the years
1999-2000 and 2000-2001. The details of the experimental methodology and
materials used in present investigation are given below:

3.1 Experimental site:

The :xperimental site is situated at 42 Km away from Faizabad district
headquarter' on Faizabad- Raibareilly road and lines between a latitude of
24.17° and 16.56° and longitude of 31.12° and 83.89° at an elevation of about

i
113.0 meters above means sea level.

3.2 Meieorological conditions:

The Faizabad district falls under the sub-tropical region of India and 1s
located in eastern part of Utter Pradesh. The annual climatic conditions are
distributed into three distinct season viz., rainy, winter and summer. During
experimental years; the rainfall was erratically distributed throughout both the
years (1999-2000 and 2000-2001). The temperature ranged from 38.0°C to
4.8°C during the experimentation. The maximum temperature was recorded
during summer months (March and April), while the minimum temperature
was recorded during winter months (January and February). The
meteorolog sl observation on temperature, rainfall, relative humidity and
sunshine wcre recorded at weekly intervals during the experimentation (1999-

2000 and 2000-2001), which is presented in table 1 and illustrated in Fig. 1.

vt
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Table 1: Average weekly meteorological data during the experimentation
(1999-2000 and 2000 - 2001)

Temperature ('C) Relative Rainfall Sunshine (hrs)

Months Weeks Max. Min Humidity (%) ()
99-00 0001 99-00 00-01 9900 00-01 9900 00-01 99-00 00-01
1" Week 32.9 31.7 187 152 671 673 00 0.1 9.0 7.9

2! Week 31.3 30.1 149 123 642 827 0.0 0.0 8.7 8.4

November o

asszeny 3 Week 299 28.3 118 143 590 922 0.0 00 55 8.1
4™ Week 28.8 26.2 118 94 644 805 0.0 0.0 78 72
1% Week 26.2 25.5 103 64 664  T17 0.0 0.0 6.1 8.0
2% Week 26.0 25.2 9.6 62 682 302 0.0 0.0 82 7.9

December

(1999.2000) 3™ Week 25.0 24.7 8.0 75 606 923 00 0.0 5.6 6.5
4" Week 24.6 24.6 73 71 689 706 0.0 0.0 3.5 75
19 Wesk 15.12 18.5 58 73 801 774 0.0 0.0 5.9 8.0
2 Week 202 18.8 73 33 781 790 160 00 1.9 6.7

January o

(20002001 3" Week 19.3 227 0.4 33 719 61.6 0.0 0.0 23 7.5
4" Week 243 232 78 6.3 67.9 61.0 0.0 0.0 7.6 5.1
1* Week 234 24.4 9.1 7.4 33.9 64.0 0.0 0.0 4.5 39
2™ Week 232 255 84 6.3 753 69.5 0.0 0.0 6.5 57

February

owozor 3T Week 235 261 66 85 554 671 00 33 95 7.7

4" Week 258 283 70 109 627 S99 00 00 101 90

1% Week 268 285 70 101 605 520 00 00 84 8.4
e 2 Week 301 220 113 98 497 515 00 00 85 9.0
awoory 3 Wek 303 324 108 121 488 551 00 00 70 90
4™ Week 317 325 127 124 529 541 00 00 83 6.2
1¥ Week 335 377 133 178 426 542 00 00 97 8.9
2 Week 348 370 149 167 300 408 00 00 97 88
3™ Week 363 380 195 202 400 289 14 38 91 7.7
4" Week 393 340 217 193 550 434 00 00 81 8.2

April
0002001}

3.3 Phyisco-chemical characteristics of soil:

The initial phyisco- chemical properties of the soil before planting of
crop and application of fertilizers were determined during both the
experimental years (1999-2000 and 2000-2001). The soil samples were
collected randomly from the different places of the experimental field with the
help of soil auger at 15cm depth. The soil samples of each replication were
mixed together and a composite soil sample were made and dried in oven at

temperature 105°C till the final constant weight of sample. The phyisco-
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chemical analysis of soils was determined by different analytical methods as

suggested by earlier workers.

Table 2.0: Initial physico-chemical properties of soil

S.N. | Physica- chemical properties of soil

Initial soil properties of
experimental fields

1999-2000 2000-2001

1. Water holding capacity(%6) 18.53 19.61
2. | Bulk density (Mg/ m™) 0.96 0.94
3. | Electrical conductivity (dS™") 0.48 0.44
4, pH (Soil 1: 2.5 water) 92 8.7
5. | Organic matter (%) 0.24 0.30
6. | Available nitrogen (Kg/ha) 117.5 121.7
7. | Available phosphorus (Kg/ha) 10.26 12.19
8. Available potassium (Kg/ha) 235.0 237.2
9. | Mechanical compositions

(i) Sand (%) 47.0 47.0

(it} Silt (%) 37.2 37.2

(iii) Clay (%) 15.8 15.8

(iv) Class of Soil texture Silt loam

Sik loam

3.4 Details of Experiment:

The experiment was laid out in Randomised Block Design (R.B.D.) with

16 treatments combinations, consisting of different doses of manure and
fertilizers viz.,, F.Y.M. (10 tha), NPK (60:60:50, 30:60: 50, 60:30:50 and
30:30:50 Kg/ha), biofertilizers (2.0 Kg/ha each Azotobacter and phosphate

Solubilizing Bacteria-PSB), micronutrients (0.3% each Zinc and Iron) and

control (no Fertilizer). The details of treatment combinations with notation are

given in Table 3.




Table 3.0: Treatment combinations and their notation

16

S.N. | Treatment Combinations Notation
1. F.Y.M. (10 t/ha) Ty
2. F.Y.M. (10 t/ha) + Azotobacter (2.0 Kg/ ha) T2
3. FY.M (10 t/ha) + PSB (2.0 Kg /ha) T3
4, F.Y.M. ( 10 t/ha) + Azotobacter + PSB T4
5. NPK-60:60:50 Kg/ha Ts
6. NPK-30:60:50 Kg/ha + Azotobacter Te
7. NPK-60:30:50 Kg/ha + PSB Ts
8. NPK-30:30:50 Kg/ha + Azotobacter + PSB T
9. NPK-30:60:50 Kg/ha + Azotobacter + Zinc EDTA (0.3%) To
10. NPK-30:60:50 Kg/ha + Azotobacter + [ron EDTA (0.3%) Tio
11. NPK-30:60:50 Kg/ha + Azotobacter + Zinc + [ron. Ti1
12. NPK-60:30:50 Kg/ha + PSB + Zinc T2
13. NPK-60:30:50 Kg/ha + PSB + Iron Ty
14, NPK-60:30:50 Kg/ha + PSB + Zinc + Iron Tia
15. NPK-30:30:50 Kg/ha -+ Azotobacter + PSB + Zinc + fron Tis
16. Control (no fertilisation) Tie

3.5 Experimental layout plan:

well-prepared field was divided into three main blocks.

The experimental field was ploughed with the help of tractor and the

Each block consists

of 16 plots having size 2.4 x 1.8 m. The total number of plots were 43 as per |

treatment combinations and replications. The each experimental plot was

provided with irrigation channel. The experimental layout and details of

experimental plan is illustrated in Fig. 2. -

3.6 Experimental details:

1.
2.
3.

Design

Number of replications 3

Number of treatments 16

Randomised Block Design
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4 Total number of plots 48

5 Net plot size | 24x1.8m

6.  Plot border 030 m

7 Field border 0.50 m

8 Replication border 0.40 m

9 Main irrigation channel 0.60 m

10.  Sub- irrigation channel 0.40 m

11. Planting distance 30 x 15 cm.

12.  Plant population per plot (4.32m%) 96 (8 rows x 12 plants)
13.  Variety used Soraksor-60

14.  Date of nursery raising 20 Nov. (1999and 2000)
15.  Date of transplanting 20 Dec. (199%and 2001)
16.  Date of harvesting of crop 29 April (2000 and 2001)

3.7 Methodology of experiment:
3.7.1 Method of nursery raising:

The nursery of matricaria raised by seeds. In some place, broadcasting
of seeds in the field is also done for cultivation. The nursery was raised in the
month of November and seedlings were matured for transplanting in month of
December. Nearly 600g seeds 1s required for one hectare planting. The nursery
‘Was  raised im bedshaving size of 3x1 m. The nursery beds . Giak._ . . well
prepared and mixed with well-decomposed F.Y.M. The seeds were spread on
~seed beds and covered with fine dust of F.Y.M. Afier sowing of seeds, it was
mulched with paddy straw and sprinkled with light irrigation. The seeds =
germinated within 5 days and seedlings became ready to transplanting after 3¢
3.7.2 Transplanting of seedlings:

After completion of land preparation and layout, each experimental plot
was supplemented with recommended doses of F.Y M. and chemical fertilizer-

The seedlings were uprooted from nursery beds with the help of r
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khurpi. The individual plant was separated and planted in each plot at:fplant
spacing of 30x15 cm., followed ' bY': light irrigation.
~3.7.3 Application of manure and fertilizers:

The doses of different fertilisers, biofertilizers and micronutrients were
applied as per treatments. The basal dose of 10 tonnes/ ha well rotten F.Y .M.
was applied at the time of land preparation and half dose of nitrogen, full dose
of phosphors and potassium were also applied as basal dose before planting of
crop. The application of biofertilizers i.e. M and M}_@@_
solubilizing bacteria (PSB) were also applied at the rate of 2.0 kg/ha in the soil
~ before planting. The rest dose of nitrogen was applied in two split dose by top
dressing at 35 days and 50 days after transplanting of crop. Whereas, the foliar
spraying of Zinc (0.3%) and Iron (0.3%) was cdone in form of Zinc EDTA
(12% Zn) and Fe EDTA (12 %Fe) at 35 days after transplanting.

3.7.4 Irrigation:

The optimum level of soil moisture was maintained during the growth
and flowering period by giving irrigation at 3 week intervals. Six irrigations
were given from transplanting to harvesting of crop.

3.7.5 Flowering and picking of flowers:
The picking of flowers was done from second week of March to the last

week of April. The picking of full bloomed flowers were done by manually in

the - “early morning (6 A.M. to 10 AM.). The E to _{pickings were done
at 10 days intervals during the flowering duration.
3.7.6 Processing of flowers:

The freshly picked flowers contain 80-85% moisture, which required
shade drying. The flowers were spread over ground in thin layers of 1-2 cm.
and allowed to dry till they lose 70-75% moisture. During the drying period,
care U~lo8. | taken, so that flowers should not show any brown/ black colour
due to excessive moisture or excessive sun drying. The shaking of flowers were
done regularly —— very carefully to avoid any breaking of petals and

discoloration of original whitish and yellowish colour of flowers/{flower buds.
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3.7.7 Distillation of Blue oil:

The . - -_ .- extraction of blue oil from the dry flowers of Matricaria
was done through steam distillation process with the help of Stainless steel
made clavengars apparatus. The 250g of dried flowers of Matricaria wewe kept
in to flask of clavengars apparatus and added }.5 litre water. The slow heating
was done under the controlled temperature (60°C) to avoid any over heating.
During the process of steaming the volatile oil mixed with water vapour passed
in to the condenser and cooled by flowing of cool water. The cooled blue oil
deposit on the lower part of condenser tube, which later separate out into oil
collecting tubes and stored in glass bottles and kept under cool ventilated
places.

3.8 Observations recorded:

The observations on plant growth characteristics, flowering, flowers
yield, oil content and yield, oil quality analysis, nutrients status of plants and
soil and cost / benefit ratio were recorded according to each treatments. The
methodology used in recordigof observations and chemical estimations are
described below.

3.8.1 Plant growth characters:

(1) Plant height ( cm): The average plant height were measured in centimetre
with help of metre scale at flowering stage (120 days after transplanting
~DAP).

(2) Plant spread (cm): The average plant spread wagz also recorded in
centimetre with help of metre scale in East - West and North - South
direction of plant at flowering stage (120 DAP).

(3) Number of primary branches per plant: The number of primary branches
per plant were counted from each sampled plant and the average number of
primary branches per plant were recorded in each treatment at flowering
stage (120DAP) of plant.
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(4) Number of secondary branches per plant: The number of secondary
branches per plant were counted at flowering stage (120 days after
transplanting of plant-DAP).

3.8.2 Flower characteristics:

(5) Number of days taken to appearance of first flower: The number of days
taken from date of planting (DAP) to emergence of first flower buds were
visually observed in each beds and counted in days.

(6) Days taken to 50% flowering: The observation on total number of davs
taken in appearance of 50% flowering were recorded from date of planting
(DAP) and their average number of days taken in each treatment.

(7) Duration of flowering (day): The duration of flowering was recorded in
days from the date of first opening of flower to last date of blooming of
flowers.

(8) Number of flower picking: The total number of flower picking was
recorded from first to the last picking. The peak period of flower picking
was also counted for harvesting of maximum fully bloom flowers.

3.8.3 Flowers yield:

(9) Number of flowers per plant: The total number of flower buds appeared
on each sampled plant were counted and taken as number of flowers per
plant.

(10) Fresh weight of flower (g): The fresh weight of flowers were weighed
from one thousand flowers, which were picked at peak stage of flowering
and recorded as average fresh weight of flowers in g per thousand flowers.

(11) Dry weight of flower (g): The fresh flowers harvested were dried under
shade by maintaining of 1.0-15% moisture in flowers, weighed and
recorded as dry weight of flowers (g/1000 flowers).

(12) Moisture content in flower (%): The percentage of moisture in flowers

was also measured by using the following formula:
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Fresh weight of flowers — Dry weight of flowers
Percentage of moisture = x 100
Fresh weight of flowers

(13) Flower yield {g/ha): The picking wise, fresh and dry vield of flowers per
hectare were estimated on the basis of fresh and dry yield of flowers
obtained in each experimental plots.

3.8.4 Oil content, yield and quality:

(14) Oil content (%): The oil content was determined in percentage on dry

weight basis (DWB) of flowers by using steam distillation process.

(15) Oil yield (L/ha): Total oil yield was calculated by multiplying the
percentage of oil content at DWB and flowers yield obtained per hectare.

Oil yield (L/ha) = Dry flower yield per ha x average oil content (%)

(16) Determination of QOil quality: The quality of blue oil of Matricaria was
determined by well standardised method used Gas Liquid
Chromatography (GLC) which was carried out in collaboration with
Laboratory of ¥Fragrance & Flavour Development Centre (FFDC)
Kannauj (U.P.). The following physico-chemical properties were
evaluated in blue oil of Matricaria.

(A) Evaluation of physical properties of blue oil: The important physical
properties as prescribed in trade of aroma chemicals i.e. colour, odour,
flavour, specific gravity, acid value and solubility per cent were done by
organolepitic quality- olfactory test, gustation test and visually for colour
as per Bureau of Indian standard (BIS) 326-1968.

(i) Organoleptic test: The quality of blue oil and other aroma chemical is
evaluated on the basis of natural odour/ aroma values. The methods used for
evaluation of odour/ aroma is called organoleptic test which was evaluated
by using alfactory test and gustation test as standardized by Essential Qil

Association of India and Perfume Industries.
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e
(ii) Olfactory test: Smelling strips should, dipped about 5 mm in to sample of

blue oil as well as in reference standard and their comparative profile of
odour wise were studied at different intervals with following note index of
volatile oils.

(a) Top note: More volatile constituents start dissipating.

(b) Middle note: Less volatile constituents well fallow.

(c) End note: Least volatile are left on the- strip.

(ifi) Gustation test: This test was done for evaluation of flavouring materials.
The blue oil are mostly evaluated by incorporating them in to carried
solution at particular concentrations. The flavour evaluation includes
odour taste and mouth feel, and combined effect is called flavour.

The physical properties of blue oil were done by standardised
methods as described below:

Table 4.0: Evaluation of physical properties of blue oil

S.N. ‘ Physical properties Methods used
1. | Colour Visually
2. | Odour Olfactory test
3. | Flavour Gustation test
4. | Specific gravity BIS 326-1968
5. | Acid value BIS 326-1968
6. | Solubility per cent in alcohol BIS 326-1968

(B) Evaluation of chemical properties of blue oil:

The most important chemical constituents available in blue oil were
determined by using Gas Liquid Chromatography (G.L.C.), model-HP 5890
series Il which was facilitated by Director, FFDC, Kannauj. The functioning of
GLC is based on heating process of blue oil which is passed through standard
glass column made with 2 meter length and 55 mm diameter packed with 10%
carbo- wax 20M, coated on chromosarb WAW and separated with FID
detector.

The temperature of the column was kept between 50°C to 200°C, which
was increased by 4.5 °C/ minute and the use of carrier gas flowing at the rate of

1.0 ml/minute. The blue oil dilution (1:4 p liter) was injected by microsyring



and the chart speed was kept at 0.5 cm/minute. The chemical compounds
available in blue oil were evaluated through Gas Liquid Chromatography
(G.L.C.). The exact amount and percentage of desired constituent in blue oil
can be calculated (ISO 7357) with following equations by comparing with
standard curve.
Cx = [{Ax X MEx K)/ AE x M} x 100

Where,
Cx = percentage by mass of the constituent to be determined.
Ax = peak area in integrator units corresponding to the constituent to be

determined.
M = mass in mg of the blue oil.
ME = mass in mg of the internal standard added in blue oil.
K = response factor for the constituent to be determined relative to the internal

standard
Following equation can be used for calculation of response factor (K):
K=(AE x mR)/ ( AR X mE)

Where,

AE = peak area in integrator units for internal standard.

AR = peak area in integrator units for substance.

mR = mass in mg of which reference substance.

mE = mass in mg of the internal standard.

Tabie 5.0 Chemical derivatives of blue oil:

S.N. | Chemical derivatives Quantitative estimations |
1. ] Bisabolol Percentage of each chemical component
2. | Chamazulene can be calculated (ISO 7357) by following
3. Bisabolon oxide-B equation:

4, Bisabolol oxide-B

5. | Cis- dicyloether | Cx=[(Ax X ME X K)/ AE x M} X 100
6. Bisabolol oxide —A

7. _| Farpesenc K = (AE X mR) / (AR x mE).

8. Germasene

9. Non-guazlene

10. | Trans-dicyloether
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3.8.5 Nutritional status of plant and soil:
(17) Biomass yield (g/plant): Afier picking of flowers, the plants were

uprooted and root were washed with water and weighed after dried in
oven at temperature of 70°C for 24 hrs to get constant weight and average
values of fresh and dried sample of plant foliage and roots were recorded
in each treatment (g/plant).

Biomass yield = weight of flowers + weight of plant with roots.

(18) Nutrients analysis of plants: The dried samples of plant parts were taken
and the grinding was done to make powder. The chemical analysis of
available nitrogen, phosphorus and potassium with plant part were
determined by the following methods:

(i) Nitrogen: The 1.0 g of powdered samples of plant parts were taken at each
treatment and digested with conc. H;SO4; and analysis by modified

Kjeldahl's method as described by Jackson (1973).

(ii) Phosphorus: The 1.0g of powdered samples were taken from each
treatment and digested in triacid mixture containing nitric, perchloric and
sulphuric acid (10:4:1 ratio) and determined by Vanadomolybdhosphoric
yellow colour method as descried by Jackson (1973).

(iii) Potassium: The 1.0 g powdered samples were taken for each treatment
and determined by using Flamephotometer as described by Jackson
(1973).

19) Nutrients analysis of soil: Samples collected for the chemical analysis
of soil after harvest of crop was done for determination of pH, EC,
organic matter, available nitrogen, phosphorus and potassium as methods

suggested below:
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Table 6: Chemical properties of soil and their methods

S.N. | Chemical properties | Methods used

1. | pH (Soil 1:2.5 water) pH metre using glass electrode.

2. | EC(Soil 1:2.5 water) | Conductivity bridge method.

3. | Organic matter Walkley and  blacks rapid titration
method.(Walkley and black, 1934)

4. : Available N Alkaline permanganate method.( Subbiah and
Asija, 1956).

5. | Available P Olsen,s method ( Olsen ez al., 1954).

6. | Available K Flamephotometer method (Jackson, 1973).

3.9 Economic analysis of Matricaria production:

The cost/ benefit ratio per hectare was worked out at prevailing rates of

cultural operations practice followed during the experimentation. The Grass

Income, Net Returns and cost / benefit ratio were estimated as below:

() Grass Income (Rs./ha) = Cost of flowers and oil yield.

(ii) Net Return (Rs. /ha) = Gross return - Total cost of cultivation (Rs./ ha).

(iii} Cost/ benefit ratio =

Gross return (Rs./ ha)

Total cost of cultivation (Rs./ha)

3.10 Statistical analysis:

Data recorded on each parameter i.e. growth, flowering, yield, oil

quality, soil and plant analysis were statistically computed as per treatrents

and replications as per methods suggested by Fisher and Yates (1949). The .

significance of various treatments was judged by comparing calculated ‘F’

value with Fisher’s ‘F’ value at 5 per cent probability level against appropriate
degree of freedom (d.f).

The standard error of mean (SEm +) and critical difference (C.D.) at 5

per cent level, incorporated in table, were also calculated to compare the

relative performance of various treatments by using the following formula:




SEm=+/ 2MSE

r

Where,
SEm = Standard error of mean
MSE = Mean sum of square due to error
r = Replication
C.D. =SE x t value at 5 % error degree of freedom
Transformed wvalues were calculated by arsine or Inverse

transformation method and given by following equation:

Sin™! P

100
Where,

P= Observing value

26
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Chapter-1V
EXPERIMENTAL FINDINGS

The experimental data recorded in present investigation due to influence
of different level of nutrients (NPK), biofertilizers and micronutrients on plant
growth, flowering, yield, oil quality characters and soil improvements by
growing of Matricaria variety Soraksor-60 in sodic soil conditions during the
years 1999-2000 and 2000-2001which are presented in this chapter with help
of appropriate tables, figures and plates under following heads:

4.1 Effect of levels of different nutrients on plant growth characters.

4.2 Effect of levels of different nutrients on floral characteristics.

4.3 Effect of levels of different nutrients on flowers and oil yields.

4.4 Effect of levels of different nutrients on quality of blue oil.

4.5 Effect of levels of different nutrients on nutrient status of plant.

4.6 Effect of levels of different nutrients on nutrient status of soil after crop
harvest.

4.7 Economic analysis of Matricana production

4.1 Effect of levels of different nutrients on plant growth characters.

4.1.1 Plant Height (cm):

Data pertaining to plant height (cm) recorded due to application of
different treatments combination of nuirients i.e. F.Y.M., biofertilizers and
micronutrients (Zinc and Iron) at flowering stage (120 DAP) have been
portrayed in Table 7 ~ and graphically represented in Fig-3 which indicated
that the plant height was significantly influenced due to different treatment
during both the years (1999-2000 and 2000-2001). The plant height Varied
from 31.43 to 51.20 and 30.03 to 52.73 cm during the years 1999-2000 and
2000-2001 respectively. Maximum plant height (51.20cm and 52.73 cm) was
recorded with application of NPK- 30:60:50 Kg/ha + Azotobacter + Zinc (Ty)
followed by T\, (49.40 cm and 51.40 cm), T, (48.87 cm and 50.06 cm), Ty,
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(48.87 cm and 49.73cm), T (48.43 ¢m and 50.63 c¢m) and Ty (48.40 ¢m and
50.53 cm), while, other treatments were at par (Tys, T3, Ts and Ty4) and found
significantly higher over control (31.43 ¢cm and 30.03 cm) and F.Y.M. alone
(36.67 cm and 37.86 cm).

It is apparent from data sown in Table 7 that the application of 10 tonnes
F.Y.M. per ha and supplemented with 2.0 Kg/ ha (Azotobacter + PSB) did not
show significant differences on increase of plant height, while inoculation of
biofertilizert incombination with different doses of NPK showed significant
effect on | crease of plant height. The plant height was further increased
significantly with the combined application of NPK+ biofertilizers
(Azotob'actc*: + PSB) + miconutrient (Zinc) i.e. Ts to Ty treatments. The foliar
feeding of Fe (0.3%) did not show any beneficial role on plant height as
compared to treatment of Zinc (0.3%).

4.1.2 Plant spread (cm):

Data pertaining to plant spread as affected by various treatments
presented in Table 7and depicted in Fig. 3. It is evident from the Table 7 that
plant spread was significantly increased with basal application of NPK with
bio-inoculation (Azotobacter and PSB) and foliar feeding of micronutrients
(Zinc and Iron) as compared to control, which ranged from 19.30 to 31.88 cm
and 19.00 te 31.89 cm during 1999-2000 and 2000-2001 respectively. Among
the treatmerts, the maximum plant spread was recorded (31.88 cm and 31.89
cm) with tho application of NPK- 30: 60: 50 kg/ha + Azotobacter + Zinc (Ty)
followed by Ty; (29.53 cm and 30.30 cm), Tis (29.83 c¢cm and 29.40 c¢m) as
compared to control and other treatments during both the years (1999-2000 and
2000-2001). The most of the treatments (T, T11, Ti2, Tis, Tia, Tis, Ts, Ty and
Tg) were found at par but significantly higher over control.

4.1.3 Number of Primary branches per plant:

The number of primary branches per plant as affected by different

treatments have been presented in Table 8 and depicted in Fig 3 which clearly

indicates that number of primary branches per plant were increased



30

9191
18°7¢
vTIL
926°0¢
$L°6T
LE1g
[43 1]
06°6C
TL6t
88'8C
£1'6t
To'8C
10 44
1£1¢
P9 EC
08°0C

SUBSIA]

L1
£Vo
99°¢1
tr e
gL'l
LTTE
8667
B8'1¢
§6°0¢
(4913
[4AY
7T 6T
£L'67
80'6C
| KA 74
99'1T
L8ET
80'1C

1002-000¢

£0'1

9t 0
9991
81°C¢
SL0E
YA
(4914
98°0¢
60'0¢
6167
(4414
128 14
£5°8C
LL'8T
9Lt
96'0C
I¥'eT
£$°0C

000T-6661

(dVd 0Z1) 28v1s Butsomolf
10 SAOUDLG KIDPUOIIS [0 J3qUINN]

98'L
POvl
[16C1
10 %1
9Pl
b el
08°CI
8T 61
§9tl
1871
98¢l
8¢ vl
00t
€011
£0°T1
v 01

SUBAN

Juriamolf 1v sayounaq Limutdd fo saquiny

0’1

ot 0

9LL

vl
0t'¢l
05'vl
01°S1
o€l
0r°El
06°¢1
66'El
0T'tl
0t'vl
LOST
0S¢l
€
(394!
L6°01

100Z-000Z
@va ozr) 23vs

t6°0
430
9L
99°¢l
(49!
£S5 €l
olvl
12:X41
KAl
9911
[4 21!
(A4
1eel
0Tyl
05C1
€501
€l
96 6

0007-6661

(50°0=d)="a’D

F wys

_O.ZCOU m:.H

34 + UZ +gSd + O 107V + 05:0€:0€~MdN sty
3 + UZ +€Sd+ 05:0€:09-MdN 4

a4 + dSd + 05:0£:09-MdN A

uZ +gSd+ 05:0£:09-MdN 431

34+ UZ + O10ZY +05:09:0¢-MdN "y

(% €°0) 24 + 0102V +05:09:0¢-AdN 0y,
(%€°0) UZ + 0102V +05:09:0¢-MdN SL
SHd + 0107V + 0$:0€:0€ -MdN 81,

dSd + 05:0£:09 -dN )

0102V + (5:09:0€ ~MdN oL

2y/3Y 05:09:09 -MdN SL

gsd + 010zy + "W A'd 'L

(eyBy 0DdSd+ WAL €L

(eu/3Y 0°7) 0102V + ‘WA’ L

(eyn 1) WA 'L

SJUIUIIDIL ] N .w%hw

SUOHIPUOD [10S JIPOS Ul UMO0A3 BLIBILI BN JO

yueyd aad sayduraq A1epuodss pue Arewrtd Jo JaquInu U0 SHUILINUOIIUI PUB SIIZI[ILIIJOI] ‘SIUILIINU JO S[IAJ] JO 30317 8 dqeL



Plate No.1:  Showing the effect of F.Y.M.10 t/ha on flowering of Matricaria grown in
sodic soil conditions

o ——— 7 - :
. Plate No. 2:-  Showing the effect of Azotobacter along with 10t/ha F.Y.M on flowering of
Matricaria grown in sodic soil conditions




Plate No. 3: Showing the effect of combined inoculation of biofertilizers (Azoto. +PSB)
with 10t/ha F.Y.M on flowering of Matricaria grown in sodic soil conditions

Plate No. 4:  Showing the effect of NPK without inoculation of biofertilizers on flowering
of Matricaria grown in sodic soil conditions




Plate No. 5:  Showing the effect of NPK with inoculation of Azotobacter on flowering of
Matricaria grown in sodic soil conditions

.‘ =
late No. 6:  Showing the effect of NPK with PBS on flowering of Matricaria grown in
soidc soil conditions




Plate No. 7:  Showing the effect of combined inoculation of biofertilizers with NPK on
flowering of Matricaria gown in sodic soil conditions

Plate No. 8:  Showing the effect of NPK + Azotobacter + Zn (0.3%) on flowering
Matricaria gown in sadic sail conditions



Plate No. 9:  Showing the effect of NPK + Azotobacter + Zn + Fe on flowering of
Matricaria grown in sodic soil conditions

— e

Azotobacter + PSB+Zn + Fe on flowering of

Plate No. 10:  Showing the effect of NPK + A
Matricaria grown in sodic soil C'ond1t71(2ns il
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clearly indicates that number of primary branches per plant were increased
significantly due to application of various treatments over control during both
the years (1999-2000 and 2000-2001) which varied from 7.96 to 14.66 and
7.76 to 15.90. The data recorded on number of primary branches per plant at
flowering stage (120 DAP) reveals that the maximum number of primary
branches per plant (14.66 and 15.90) was due to treatment of NPK- 30:60:50
Kg /ha + Azotobacter +Zinc (Ts) followed by Ty, (14.20 and 15.10), Ty5 (13.66
and 14.43), T3 (13.53 and 14.50) and T4 (13.42 and 14.30) which showed
significantly higher over control and other treatments.

4.1.4 Number of Secondary branches per plant:

Data shown in Table 8 and depicted in Fig. 3 have also indicates
that there was similar trends in number of secondary branches per plant as
number of primary branches due to application of different levels of nutrients
and supplemented with biofertilizers (Azotobacter and PSB) and micronutrients
(Zinc and Iron) during both the years (1999-2000-and 2000-2001), which
ranged from 16.66 to 32.18 and 15.66 to 33.44 respectively. However,
maximum number of secondary branches (32.18 and 33.44) per plant wex
recorded due to treatment of NPK- 3(:30:50 Kg/ha + Azotobacter +PSB +Zinc
+ [ron (T;s) during both the years, which was found significantly more than
other treatments. The treatment combinations of Ty Tis, Tio Ti2,Te,Ts and Tg
where found very closely at par and significantly higher over other treatments.
The minimum number of secondary branches per‘plant were found with basal
application of 10t/ha F.Y.M. alone and pQux» inoculation with bioagents
(Azotobacter + PSB). The applications of foliar feeding of micronutrients (Zinc
and Iron) have also shown significant effect on “the :  number of

secondary branches per plant in combination of NPK and inoculation of bio-

fertilizers.
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4.2 Effect of levels of different nutrients on floral characteristics:
4.2.1 Number of days taken to appearance of first flower:
A perusal of data recorded in Table 9 and graphically represented in
Fig4 revealed that application of various treatments = significantly
influenced the number of days taken to appearance of the first flower buds,
which ranged from 58.66 to 62.52 days (DAP) and 58.78 to 62.62 days (DAP)
during 1999-2000 and 2000-2001;respectively. The minimum number of days
(58.66 and 58.78 days) were taken in appearance of first flower buds with
e application of NPK-30: 30:50Kg/ha+ Azotobacter + PSB + Zinc + Iron (Tys)
followed by Tg (59.09 and 59.20 days), Ts (59.42 and 59.31 days) and T,
(59.53 and 59.30 days) during the years 1999-2000 and 2000-2001
respectively. Whereas, the emergence of first flower buds was delayed in
control as well as F.Y.M. alone (62.57 and 62.54 days). The other treatments
have shown very little differences in days taken to first flower buds
appearance.
4.2.2 Days taken to 50% flowering:
Data assembled due to influence of different treatments on days taken to
50% flowering have been presented in Table 9 . and graphically represented in
Fig. 4. Similar response of different levels of nutrients, biofertilizers and
foliar spray of micronutrients have been recorded on days taken to 50%
flowering, which ranged from 72.30 to 79.56 and 73.00 to 79.90 during the
years 1999-2000 and 2000-2001,respectively. Minimum days were recorded to
50% flowering (72.30 and 73.00 days) due to treatment of NPK-30: 30:50
Kg/ha + Azotobacter + PSB + Zinc + Iron (T;s) followed by Ty (72.40 and
73.20 days) and Ty (72.46 and 73.23 days). However, maximum number of
days was required to 50% flowering in control (79.56 and 79.90 days). It is
apparent from the data shown in Table 9 .. the application of NPK in
combination of Azotobacter and micronutrients have shown better response to

early flowering and induced flowering within 73 to 74 days (DAP).
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Fig. 4: Effect of levels of nutrients, biofertilizers and micronutrients on number of days taken to appearance of first flower, 50 %

flowering and duration of flowering of Matricaria
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4.2.3 Duration of flowering (days):

Data -~ pertaining to duration of flowering from date of flower buds

emergence to date of initiation of last flowers as influenced by various
treatments is shown in Table 9  and illustrated in Fig.4..

A tangible impact in regard to duration of flowering was noticed due to
use of various treatment i.e. different levels of nutrients, biofertilizers and
micronutrients.Tedusforanged from 38.0¢ to 46.2. and 37.5 to 45.0 during
1999-2000 and 2000-2001, respectively. However, maximum duration of
flowering (46.0 and 45.0. days) was observed in T; treatment (F.Y.M.
10 /ha) and minimum in contro! (38.0." and 37.5" days). Whereas, in case of
other treatments (T3 T14Tis T2 Ty Ti0Te, T 19,16 Ts and Ts)the flowering
duration were take place within 40.6 to 43.4 days. The results showed that
application of F.Y.M. alone or incombination of biofertilizers and
micronutrients have shown significance effect on prolonging the flowering
duration as compared to control. -

4.2.4 Number of flower pickings:

Data pertaining to number of flower pickings as affected different
treatment combinations of nutriments, biofertilizers and micronutrients have
been presented in Table 10. It is evident from the data recorded in Table 10
indicated that the number of flower pickings did not show any significant
differences in total number of flower pickings / harvesting. The total number of
flower pickings recorded during the period of flowering indicated that the
number of flowerings noticed from 5.2° to 4.1 "and 52 to 4.0. as influenced
by various treatments during 1999-2000 and 2000-2001,respectively. However,
the maximum number of economical flower pickings (4 ‘) were obtained all
most in all the treatments (T5.T14Tis, Thz. T11.T10To T T7 and Ts ), whereas. in

other treatments, only 3 number of economical flowering pickings were

obtained.
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4.3 Effect of levels of different nutrients on flowers and oil yield:
4.3.1 Number of flowers per plant:
A perusal of data shown on Table 11 and graphically depicted in Fig.6

indicated that total number of flowers per plant significantly influenced by
different treatments combinations of nutrients, biofertilizers and micronutrients
and ranged from 92.33 to 211.10 and 90.30 to 230.90 during 1999-2000 and
2000-2001, respectively. However, the maximum number of flowers (211.10
and 230.90 per plant)were recorded with an application of NPK- 30:30:50 Kg/
ha + Azotobacter + PSB + Zinc + Iron (T;s) followed by Tys (211.00 and
224.53), Ty, (210.73 and 225.20), Ty (210.40 and 221.33) and Ty (207.70 and
218.33) during both the years (1999-2000 and 2000-2001).

Table 11: Effect of levels of nutrients, biofertilizers and
micronutrients on number of flowers per plant of
Matricaria grown in sodic soil conditions

Treat. Number of flower per plants
Code Treatments Numnber of flowers
No. 99-00 00-01 Means
T, F.Y.M. (10 t/ha) 132.86 143.20 | 138.03
T, F.Y.M. + Azoto (2.0 Kg/ha) 148.30 154,53 | 151.14
Ts F.Y.M. + PSB(2.0 Kg/ha.) 141.43 150.76 | 146.09
Ts F.Y.M. + Azoto + PSB 154.13 161.20 157.66
Ts 'NPK- 60:60:50 Kg/ha 20017 | 212.63 | 206.40
Ts NPK- 30:60:50 + Azoto 200.40 215.30 207.85
To NPK- 60:30:50 + PSB 199.73 209.33 204.53
Tg NPK- 30:30:50 + Azoto + PBS 207.70 218.33 213.01
Ts NPK-30:60:50+ Azoto + Zn (0.3%) 210.40 221.33 215.86
T NPK-30:60:50+ Azoto + Fe (0.3 %) 208.30 217.17 212.73
Tn NPK-30:60:50+ Azoto + Zn +Fe 210.73 225.20 217.96
Ti2 NPK-60:30:50 +PSB+ Zn 207.73 214.76 211.24
Ti3 NPK-60:30:50 + PSB + Fe 208.33 211.83 210.08
Tia NPK-60:30:50 +PSB+ Zn + Fe , 211.00 224.53 217.76
Tis NPK-30:30:50 +Azot o + PSB+ Zn + Fe 211.10 230.90 221.00
Tis Control 92.33 90.30 91.31
SEm * 1.15 2.38
C.D. (P=0.05) 3.34 6.89
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4.3.2 Fresh test weight of flowers (g/ 1000 flowers):

Data pertaining to fresh test weight of flowers (g/1000 flowers) as
affected by various treatments have been presented in Table 12 and illustrated
in Fig.5, which obviously indicate# that there was significant increase in fresh
weight of flowers due to inoculation of biofertilizers and foliar feeding of
micronutrients in conjunction with different levels of nutrients. The average
fresh weight of flowers varied from 140.6 to 161.9 and 141.8 to 162.4 /1000
flowers during 1999-2000 and 2000-2001, respectively. Most of the treatments
were significantly superior over control. However, the maximum fresh weight
of flowers was recorded {161.9 and 162.4 g/1000 flowers) with an application
of NPK- 30:30:50 Kg/ha +Azotobacter + PSB + Zinc + Iron (T)s) followed by
Ty, Tz and Ty, while lowest fresh weight of flowers was obtained (140.6 and
141.8 /1000 flowers ) in control during both the years. However, there were
no significant differences in fresh weight of flower per 1000 flowers obtained
during the years 1999-2000 and 2000-2001.

4.3.3 Dry test weight of flowers (g/ 1000 flowers):

Data recorded on dry test weight of flowers shown in Tablel2 and
depicted in Fig.5, indicated that there was similar trend in dxy%:&%eight of
flowers as fresh test weight - - ~-. ---due to inﬂuenceifvarious treatments
which varied from 37.53 to 46.83 and 38.66 to 46.61g per 1000 flowers during
1999-2000 and 2000-2001, respectively. However, the maximum dry ‘weight of
flowers (46.83 and 46.11 g/1000 flowers) was obtained due to treatment NPK-
60:30:50 Kg/ha + PSB+ Zinc +lron (Ty4) followed by Ty (45.89 g), Tis
(45.84¢), T, (45.82g), Ty (45.59g) and Ty (45.05g) which were found
significantly higher over control (38.10g) and other treatments. It is also
apparent from the data recorded in Table-12 that there was no significant
variation in averége dry weight of flowers per 1000 flowers obtained in 1999-
2000 and 2000-2001. |



38

¢6'es
0LV L
9g'LL
8S'LL
2oL
6y 2L
VeCL
0c'es
8l
0s'Le
8y'¢l
yeel
1Ll
JANA
88°C.
25es

SUBOR]

$v0
o
86'CL
65’14
8LIL
9L
88 1L
WL
6L TL
8ETL

vo' 1L

veIL
£9°CL
60'tL
LT
STTL
86'CL
£9°CL
10-00

WSIUOD SINISION

080
8T0
98'TL
Z8'1L
SCIL
CSIL
or1L
95TL
tCTL
0L
0L’ 1L
ML
£EETL

 09EL

(%)

£8°CL
01TL
6L'TL
il
00-66

90 L90

44\ £C0
01°8¢ 99 '8¢ £S°LE
12 824 Yoo £9°Sy
L9y [9°9% £8°9y
68'St LSt 08'sy
6¢°st S or £EL Y
STYb ol IR0 4%
65°stY 0L vb LY vb
SO°SP tTSh 98t
to'th e b 1A% 4
i8St 86'¢Y 9G°¢t
POy 12 %% ey
orey L'tV STy
0L oy ¥6 0t 123414
[T°0F 0S oF L6t
68°6¢ o1 'ov 796t
P8¢ 9¢ 8¢ 11°8¢
SUBI 10-00 00-66

@)
W3om Jamop L1g

(A4
1291
0191
L'091
091
L 191
$091
$091
SLSI
LS
g8S1
6'LST
96vl
14441
L'Lvl
9yl
SUBI

ov'l
80
81yl
v'Z91
6091
8091
$091
8191
8°091
6091
861
¥'8s1
AT
S8SI
1ol
| ad!
8ivl
8yl
10-00

®)

871
124
Sovi
6191
§091
L091
0091
9191
7091
091
8961
['9S1
6'LST
£LC1
corl
8vyl
9Lyl
A4
00-66

W12/ 1MOYJ (831
domopf ut (o )auaguod [oyuasss puv (B)iydwm dap puv ysadJ

(€0°0=d)="a’D

F wys

[onuo) iy,

51 + UZ +4dSd + 030Z¥+ 0§:0€:0€-MdN 51y,
ad + UZ +dSd+ 05:0€:09-JddN PIL

9 + €Sd + 05:0€:09-3dN ey,

uZ +gSd+ 05°0€:09-3IdN uy,

3+ UZ + 010ZV +0$:09:0€-MdN ny

(% €0) 24 + 010Z¥ +(5:09:0€-MdN 01y
(%£°0) UZ + 010ZV +(5:09:0£-MdN L
SHd + O10ZV + 0§:0€:0€ -MdN 8L

gSd + 05:0€:09 -MdN LT,

O0ZY + 06:09:0€ -AdN 9],

2483 05:09:09 -MdN L

gsd + 010zy + "W X' 'L

(euBY 0°7)dSd + WA’ i

(ey/BY 07 010V + WA a9

(eyn o) WAL 'L

SuaUIDaL [ N ._MMMW

SUOT{PUOD [10S JIPOS Ul HMOIS BLIBILIBIA] JO SIIAO[J YSALJ Ul (24) JUU0d dANJSI0W
pue sramop 001 Jo (3) 1ySom AIp pue ysaij go S)UIINUOIINW PUE SIAZIPIIAJOIq ‘SIAILIINU JO S[IA] JO INPPA:ZI 2Iqe.L



R e e Esmwﬂﬁoa SIUBLINU 4o sjana) Jo J0ou3 :g Big
Blom AIp puE ySa1j U0 SJUBLINLOIOIY PUE $19Z1(RI40! !
L/B jo JyBrom
8In)siow pue s1amol} 000

mucwEumm._._.
L 9L Gl vl gL 2 bl
il 0LL 6L 8l L _ H ‘ i 4 !
B o : .\.. . 0.-. T
9L1 Gl ¥lL el | g ; J wm : ww o nmmm % ,,mwm Wm.
g e o w@ .mm wuw_ #w‘ Rt e w,,uw i an.
0L - _ o o b o & . i o B i i
| B oE 4y b LS col 13 |
[ E 5 P + borscd g hatid, , _ i ,
i b ) bt 2 o & S G . . . .
| p i i 5 it Fst el P Mm & M.# i WL o i
b i o i i b fiised H ) o % bt
bt i e ik Bt u‘ww 5 o 8 . L _+ .
L £ e i Y i 3 e Y e . o - .
..ﬂa”. b e w.ﬂ..w Mm—._ ; podil b i ; ‘r,m : %.& : o . -
b9 2 o I o edil 28 g : Ae B e g
¢ ol NN SHN SN hel L Y Y My |’y
"7 mmwm : mm% - i mmmw mm\*, me %w . b S 43 Hi St 0 5
i 2 & ! i B i e o v | »
o4 i ! i 2 b L e &4 v :
b i i . i B , 4 v $ | i
B 3 : b . ; i o Z
i ® ; W. | :
= | 21 " 4 | A
m..m. L4 "0 v _ _. ._ :
3 o ¢
: | &4 ” _ 3
& 4 + "6 ; ¢ o 3
e . , : :
° b4 . , _v; - | | :
& Gl - $ 0¢ _. | $ “ 0
foe } i S .’ | O_. S
¢ : | :
e ,. $ v :
= + v | :
o 4 v " W
5 | " | v , :
n m\,_ﬁ v , : i
| M
e ) v H
: : 1 I
.m _ a. “ (014"
® gzl - , k
24 _ v ;
th
b ,
_ e : 09l
“ '
| .. ;
€L+ 4 1 1
_ 08l
|
. I
gel |

- N TSMOIL i e M JIMOY USBU M
) 109 2IMSION —¥— JYBlom Jomoys AiQ Ezz 1B IMOY 1S3
| (%) wau SIOIN - 0




35

4.3.4 Moisture Content in flowers (%):

Data pertaining to moisture content in fresh ﬂowers%)%esented in Table-
12 and illustrated in Fig.5. . __.." 7 There was markedly difference in
percentage of moisture in fresh flowers due to differences in fresh and dry
weight of flowers as influenced by various treatment combination of NPK,
biofertilizers and micronutrients which ranged from 71.35 to 73.60% and 71.38
to 73.09 % during 1999-2000 and 2000-2001 respectively. However, minimum
moisture content in fresh flowers (71.35 and 71.38 %) was recorded in Ty4
(NPK- 60: 30:50 Kg/ha +PSB +Zinc + Iron) followed by Tis Ti3Tho,
Ty1,T10To T 17 Ts, and T3, which proved to be more dry weight of flowers and
less percentage of moisture content in flowers, were of other treatments have
shown more moisture content in fresh flowers and resulted to minimum dry of
flowers.
4.3.5 Fresh flowers yield (q/ha):

Data recorded on fresh flower yield (g/ha) as influenced by various
treatments have been portrayed in Table-13& 14 and graphically represented in

Fig.6.The examination of data — - ————- —— indicates, that there

was significant effect of different levels of nutrients, biofertilizers and
micronutients on fresh flower yield (¢q/ha) which varied from 25.83 to 55.20
and 2533 to 57.97 g¢/ba during 1999-2000 and 2000-2001 respectively.
However, maximum fresh flowers yield (§5.20 and 57.97 gq/ha) was recorded in
Tis (NPK- 30:30:50 Kg/ha + Azotobacter + PSB + Zinc + Iron) followed by
Ty1(55.08 and 57.90g/ha), Ty (54.39 and 56.93 g/ha), Ty2(53.51 and 55.47
q/ha). T14 (53.40 and 55.42 g/ha), T (53.66 and 55.72 g/ha) and Ts (53.16 and
55.58 g/ha), which were found to be significantly higher over other treatments.
The minimum fresh flower yield (25.83 and 25.33 g/ha) was obtained in
control (Tys). It was noticed that the application of F.Y.M. alone or
incombination of biofertilizers did not show much significant effect on increase

of fresh flowers yield.
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Table 13: Effect of levels of nutrients, biofertilizers and
micronutrients on fresh and dry yield of flower (g/ha)
of Matricaria grown in sodic soil conditions

Fresh and dry yield of flowers
Treat. Fresh flowers yield Dry flowers yield
Code Treatments (g/ha) (g/ha)
No. | 99-00 | 00-01 | Means | 99-00 | 00-01 | Means
T, F.Y.M. (10 t/ha) 32,90 | 33.10 | 33.00 | 9.06 | 9.07 9.06
T, F.Y.M. + Azoto (2.0 Kg/ha) 34.09 | 36.07 | 3508 | 927 | 9.74 | 9.50
T F.Y.M. + PSB(2.0 Kg/ha.) 33.43 | 35.07 | 34.25 5.32 9.73 9.52
T4 F.Y.M. + Azoto + PSB 3698 | 3927 | 38.12 | 10.04 [ 10.74 | 10.39
Ts NPK- 60:60:50 Kg/ha 52.46 | 54,56 | 53.51 | 13.85 | 14.68 | 1426
T NPK- 30:60:50 + Azoto 53.66 | 55.72 | 54.69 | 1449|1528 | 1488 [
T, NPK- 60:30:50 + PSB 52.41 | 5422 | 53.31 | 1830|1592 1861 |
Ty NPK- 30:30:50 + Azoto + PBS 53.16 | 55.58 | 54.37 | 1504 | 15.27 | 1515
Ty NPK-30:60:50+ Azoto + Zn {0.3%) 54.39 | 56.93 | 55.66 | 14.36 { 1531 | 15.13
T1o NPK-30:60:50+ Azoto + Fe (0.3 %) 52.06 | 55.65 | 53.85 | 14.51 | 15.62 | 14.36
T NPK-30:60:50+ Azoto + Zn +Fe 55.08 | 57.90 | 56.49 | 14.64 | 15.23 | 14 94
Ty2 NPK-60:30:50 +PSB+ Zn 53.51 | 55.47 | 5449 | 1528 1 159Y | 15462
Ty NPK-60:30:50 + PSB + Fe 5209 | 5442 | 53.25 | 1430 | 1581 | 1530
T4 NPK-60:30:50 +PSB+ Zn + Fe 53.40 | 5542 | 5441 § 1§37 | 16 38 | 1617
Tis NPK-30:30:50 +Azoto + PSB+ Zn+ Fe | 5520 | 5797 | 56.58 | 15.55 | 16,46 | 16.00
Ty Control 25.83 | 2533 | 25.58 | 6.90 | 6.80 6.85
SEm+ 0.24 0.36 0.17 | 0.19
C.D. (P=0.05) 0.70 1.05 0.51 0.54

4.3.6 Dry flowers yield (g/ha):

Data recorded — - ————ondry flowers yield (g/ha) influenced by

different levels of NPK, biofertilizers and micronutrients shown in Table 13
&14 and illustrated in Fig.6. It is evident from the results that there was also
significant effect of different levels of nutrients, biofertilizers and
micronutrients on ... _ ._: . dry flower yield per ha, which varied from 6.90
to 15.77 and 6.80 to 16.58lq/ha during 1999-2000 and 2000-2001, respectively.
However, maximum dry yield of flowers (15.77 and 16.58 q/ﬁa) was obtained
with treatments of NPK- 60:30:50 Kg/ ha + PSB + Zinc + Iron (T,4) followed
by Tys (15.55 and 16.46 g/ha), T, (15.28 and 15.97 g/ha), T (15.30 and 15.92
g/ha), T3 (14.80 and 15.81 g/ha), Ts (15.04 and 15.27 g/ha) and Ty (14.96 and
15.31 g/ha), while other treatments did not show any significant differences
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and they were found to be at par in dry flower; yield. It also reveals that
application of F.Y.M. alone or incombination of biofertilizers on did not reflect
much difference in dry flowers yield per hectare. The lowest average dry
flowers yield was obtained in control (6.85 g/ha). It is evident from the result
that the optimum yield of Matricaria flowers can not be obtained without
application of balanced doses of nutrients (NPK and micronutrients) under
sodic soil conditions.

4.3.7 Percentage of blue oil recovery in flowers:

A perusal of data recorded on percentage of recovery of blue oil in
flowers (DWB) due to effect of various treatments have been presented in
Table 15 and depicted in Fig.7. It is obvious from the result that the blue oil
content in flowers was markedly increased with the application of different
levels of nutrients, biofertilizers and micronutrients, which ranged from 0.41 to
0.60 and 0.40 to 0.60% during 1999-2000 and 2000-2001, respectively.
However, maximum recovery of oil content (0.60%) was obtained with
treatment of NPK- 60:30:50 Kg/ha + PSB +Zinc + Iron (Ty4), while minimum
recovery of blue oil was found in control (0.40%). The percentage of oil
content in flowers have also shown significant variation due to effect of other
treatments (Tys Ty Ty3 T2 TioTo, Ts T T7 and T,) and they were found at par
(0.56 to 0.59%). Whereas, other treatments (T T, T;) showed poor recovery of
blue oil (0.45 to 0.49%), ———— —-clearly indicatnjthat the oil content in
flowers did not influence due to application of F.Y.M. alone or incombination
of biofertilizers (Azotobacter and PSB).

4.3.8 Qil yield (L/ha):

Data pertaining to oil yield (I/ha) as influenced by various treaments
have been presented in Table 15 and graphically represented in Fig.7, indicates
that the oil yield (I/ha) was significantly increased by application of different
levels of nutrients, biofertilizers and micronutients, which varied from 2.76 to
930 and 2.72 to 9.94 Vha during the years 1999-2000 and 2000-2001,

respectively. However, maximum oil yield was obtained (9.62 Vha) with
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treatment of NPK-60: 30: 50 kg/ha + PSB+ Zinc + Iron (T,,) followed byT;s
(9.52l/ha)and T, (9.141/ha), while other treatments (Ts T T7TgTo TyoTijand
Ti3) were found at par in recovery of blue oil (8.20 Vha to 8.97 I/ha) which
showed significantly higher oil yield over control and other treatments. The oil
recovery of lower yield by 50 per cent were found due to treatment of T; T, T;
and T, i.e. F.Y.M. alone or incombination with biofertilizers (Azotobacter +
PSB) without supplemented with NPK doses.
4.4 Effect of levels of different nutrients on quality of blue oil:

The physical and chemical quality parameters of blue oil of Matricaria
have been evaluated as per prescribed specifications and ISl standards.
4.4.1 Physical properties of blue oil:

The physical properties of blue oil such as colour, odour, flovour,
specific gravity, acid value and percentage of solubility in alcohol were
evaluated through organolyptic, olfactory test, gustation test and BIS 326-1968
method. The observation recorded on physical properties of blue oil/(éhown in
Table-16, indicated that the colour of Matricaria oil was blue having sweet
herbaceous odour and warm, bitter and strongly herbaceous flavour. However,
there were no any significant differences in colour, odour and flovour of oil
recorded under various treatments. The specific gravity, acid value and
solubility in alcohol (%) also did not reflect any significant variations in blue
oil obtained by different treatments. The specific gravity ranged to from 0.932
to 0.945, acid value 30.00 to 35.50 and solubility of alcohol (90%). However,
the specific gravity and acid value of blue oil recorded in different treatments
of Tis, Tha, T, T3, Tras Ts, Tg, T, Ts and T were found to be superior over
contro} and F.Y.M. alone or with inoculation of biofertilizers (Tys, T;, To, T3
and T,).

4.4.2 Chemical derivatives of blue oil:

A perusal of GC values obtained for major chemical constituents

available in blue oil as affected by various treatments have been portrayed in

Table 17&18 and depicted in Fig. (GLC sheet).
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Among the 10 chemical compounds indicated in blue oil such as
bisabolol, Chamazuline, bisabolon oxide-B, bisabolol oxide-B, cis-dicyloehter,
bisabolol oxide-A, farnesene , germacene, Non-guazlene and trans-dicyloether.
The higher proportions were observed for bisabolol, chamazuline, bisabolon
xide-B and bisabolol oxide-B, while other compounds viz., cis-dicylother,
bisabolol oxide-A, farnesene, germacene, Non-guazlene and trans-dicyloether
were found in trace amount.

(i) Bisabolol:

Data presented in Table 17&18 obviously indicated that the bisabolol
content (%) in blue oil was significantly affected by use of various treatments
which ranged from 30.121 to 39.585 and 30.370 to 39.457 % during 1999-2000
and 2000-2001, respectively. However, the highest percentage of bisabolol
(39.585 % and 39.457%) was obtained with the application of NPK-30: 60:50
kg/ha + Azotobacter + Zinc + Iron (T;;) followed by Ts, Ts Ts To, Ty and Ts,
which were found significantly higher over rest of the treatments. Minimum
percentage of bisabolol content in blue oil was obtained in control (30.121 %
and 30.370%).

(ii) Chamazuline (%):

Data obtained on the percentage of chamazuline content in blue oil due
to influence of various treatments have been concised in Table 17&18 which
indicated that there was significant variation in percentage of chamazuline
content in blue oil, which varied from 8.000 to 15.783 and 8.010 to 16.768
during 1999-2000 and 2000-2001s respectively. The maximum chamazuline
content in blue oil (15.783 % and 16.768%) was found with the use of
treatments NPK-30: 30:50 kg/ha + Azotobacter + PSB+ Zinc + Iron (Tis)
followed by Ty (15.580 % and 16.642 %) and Ty (15.679 % and 16.730 %),
whilej Einimum percentage of chamazuline in blue oil was obtained in control.
Other treatments did not show any significant effects on increases of

percentage of chamazuline content in blue oil.
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(iii) Bisabolon oxide-B:

GC value recorded on bisobolon oxide-B (%) is shown in Table 17&18
which clearly indicated that the percentage of bisabolon oxide-B in blue oil
varied from 3.353 to 8.668 and 3.430 to 8.887% during 1999-2000 and 2000-
200L, respectively. However, the highest content of bisabolon oxide-B was
observed (8.668% and 8.887%) in 1999-2000 and 2000-2001,respectively by
with treatment of Ty, (NPK-60: 30: 50 kg/ha + PSB + Zinc + Iron) followed by
T, (8.660 % and 8.555 %), T1; (8.643 % and 8.477 %), T, (8.571 % and 8.378
%) and Tys5 (8.295 % and 8.328%) as compared to other treatments.

(iv) Bisabolol oxide-B:

The data presented in Table 17&18 revealed that the percentage of
bisabolol oxide-B content in blue oil was also influenced by the treatments
which ranged from 0.894 to 6.729 % and 0.887 to 6.824 % during 1999-2000
and 2000-2001srespectively. Among the various treatments, treatment of NPK-
30: 30:50 kg/ha + Azotobacter +PSB + Zinc + Iron (T,s) have been found more
responsive to increase the bisabolol oxide-B Content in blue oil (6.729 and
6.842%) followed by T;3 (6.445 and 6.825 %), T4 (6.384 and 6.736%), Ty,
(5.629 and 5.660 %) and Ty, (5.514 and 5.760%), which were found slightly
significantly superior over control (0.894 and 0.887 %) and other treatments
during both the years.

(V) Cis-dicyloether (%):

Data furnished in Table 17&18 clearly showed that the percentage of
cis-dicylocther content in blue oil was found significantly higher in
concentration ranging from 3.981 to 7.482 and 3.990 to 8.318 % as influenced
by various treatments during 1999-2000 and 2000-200; respectively. However,
the highest percentage of cis-dicyloether (7.482 and 8.318%) content was
evaluated in treatment of NPK-30: 30:50 kg/ha + Azotobacter +PSB (Ty)
followed by Ty; (7.380 to 8.146 %), Ts (7.359 and 8.250%), T (7.352 and
8.310 %), Ty (7.309 and 8.113 %) and Tie (7.148 and 8.264 %), while lowest

concentration was recorded in control (3.981 and 3.990%) and others were at
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par Tq1 (7.380), Ts (7.359), T6(7.352) and Ty (7.309) during 1999-2000. Nevertheless,
a slight variation was noticed during 2000-2001 and Ty treatment were found to be at
par with treatment Te (8.113), Tio (8.264), Ts (8.250), Ty (8.146) and Ts (8.113) and
were significantly superior over rest of the treatments.

(VI) Bisabolol oxide-A (%):

Data recorded on bisabolo! oxide-A content in blue oil (%) owing to various
treatments have been presented in Table 17&18 which showed the conspicuous
response of different treatments on percentage of bisabolo] oxide-A in blue oil, which
ranged form 2.130 to 6.627 and 2.130 to 7.764 % during 1999-2000 and 2000-2001,
respectively. However, the highest percentage of bisabolol Oxide-A content in blue
0il(6.627 and 7.764%) was recorded due to treatment of NPK-30:30:50 Kg/ha
+Azotobacter +PSB +Zinc +Iron (Tys) and followed by Ty» ( 6.627 and 7.691%), Tia
(6.596 and 7.578%), T14 (6559 and 7.576%), Tz (6.598 and 7.142 %) and Ty (6.513
and 7.131%) and found significantly higher over control (2.130%) and other
treatments.

(VII) Farnesene:

Data presented in Tablel7 &18 indicated that there was significantly
improvement towards percentage of farnesene content in blue oil which ranged from
0.710 t0 1.896 and 0.713 to 1.995% during 1999-2000 and 2000-2001, respectively.
The highest percentage of farnesene (1.896 and 1.995%) was obtained due to
application of NPK-30: 30: 50kg/ha + Azotobacter + PSB + Zinc + Iron (Tys)
followed by T11 (1.879 and 1.959%), T4 (1.785 and 1.892%), Ty, (1.768 and 1.885%)
and Ty (1.743 and 1.903 %) during both the years (1999-2000 and 2000-2001), which
were found significantly higher as compared to control and other treatments.

(VIII) Germacene:

Data pertaining to germacene content in blue oil shown in Table17&18
indicated that the significant differences were observed in percentage of
germacene content due to use of various treatments, which ranged from 0.660
to 1.949 and 0.690 to 1.985% during 1999-2000 and 2000-2001, respectively.
The application of NPK-30: 30: 50kg/ha + Azotobacter + PSB + Zinc + Iron

(T15) have shown significant effect on increase of germacene content (1.949



and 1.985 %) in blue oil and followed by T;; (1.921 and 1.884%), Ty (1.846
and 1.898%) and T, (1.713 and 1.854%). Lowest percentage of germacene
(0.660 and 0.690%) was in control.

(IX) Non-guazlene:

The data pertaining to chemical composition of blue oil as presented in
Table 17&18 indicated that there was markedly reduction in percentage of
Non-guazlene content in blue oil which ranged from 0.611 to 1.690 and 0.652
to 1.693% during 1999-2000 and 2000-2001, respectively. However, maximum
percentage of Non-guazlene content in blue oil (1.690 and 1.693%) was
obtained in control (Tys) followed by T,, T,, T3 and T; and minimum was in
other treatments.

(X) Trans-dicyloether:

Data recorded on trans-dicyloether content in blue oil as affected by
different treatments have been presented in Tablel7&18. Various treatments
were found to be effective toward enhancement of trans-dicyloether content in
blue oil, which ranged from 0.300 to 1.242 and 0.310 to 1.246% during 1999-
2000 and 2000-2001;respectively. Among the various treatments, treatment of
NPK-60: 30:50 kg/ha + PSB + Zinc + Iron (Ty4) have shown better effect on
increase on trans- dicyloether content in blue oil (1.242 and 1.246%) followed
by Ty (1.220 and 1.216%), Tys (1.240 and 1.243%) during both the years,
which were found significant higher over control (0.300 and 0.310 %) and
other treatments.

4.5 Effect of levels of different nutrients on nutritional status of plant:
4.5.1 Yield of biomass (Fresh and Dry weight g/plant):

Data pertaining to fresh and dry yield of biomass g/plant as affected by
various treatments have been presented in Tablel9. The results revealed that
fresh and dry biomass yield increased significantly due to use of different
levels of nutrients, biofertilizers and micronutients and average values were
found in the range of 160.73 to 194.36 and 48.62 to 60.19 g/plant during 1999-
2000 and 2000-2001; respectively. The maximum fresh and dry biomass yields
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(194.36 and 60.19 g/plant) were obtained with T;, treatment {NPK-30: 60:50
kg/ha + Azotobacter + Zinc + Iron) and T4 (NPK-60:30:50 Kg/ha +PSB +Zinc
+Iron) respectively. Whereas, minimum fresh and dry biomass yields was
obtained in control (160.73 and 48.62 g/plant). Remaining treatments did not
exert significant difference in fresh and dry biomass yields g/plant, except

the treatments T, T, and T3 and values were found to be at par during both the
years (1999-2000 and 2000-2001).

4.5.2 Nutrient levels in plant:

Data recorded on plant analysis for determinations of nutrient level i.e.
hitrogen, phosphorus and potassium content is portrayed in Table-20. It is
evident from the results shown in Table 20 that there was significant variation
in nitrogen content in plants due to influence of different treatments of NPK,
biofertilizers and micronutrients, which varied from 1.20 to 2.21 and 1.10 to
2.21% during 1999-2000 and 2000-2001,respectively. The maximum nitrogen
content (2.21%) was found due to applicétion of NPK 30:30:50 Kg/ha +
Azotobacter + PSB +Zinc +Iron (Ts) followed by Ts, Ty, Ty and Ty
treatments, while, lowest nitrogen content (1.20%) was estimated in control.

Similar response was also recorded for phosphorus and potassium
content in plant parts. The phosphorus content varied from 0.09 to 0.15 and
0.07 to 0.15% during 1999-2000 and 2000-2001, respectively. However,
maximum phosphorus content (0.15%) was noticed it T;s (NPK- 30:30:50
Kg/ha + Azotobacter + PSB + Zinc + Iron), which was found at par with other
treatments (T3, T2, Tg, T7 ,Ts and T3), while iowest phosphorus content (0.09
and 0.07%) m control during both the years.

The potassium content in plant in ranged from 1.01 t01.28 and 1.00 to
1.28% during 1999-2000 and 2000-2001; respectively. The maximum
potassium content {1.28%) was observed in T; (NPK-60: 30:50 Kg/ha +PSB
followed by Ts,Ts, Ts, To, Tio, Tis, Tiz, Tiz, Tis and Tys. While, lowest

potassium content (1.01 and 1.00%) was observed in control.
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4.6 Effect of levels of different nutrients on nutrient status of soil after
crop harvest:

Data recorded in respect to chemical properties of soil like viz.,
electrical conductivity, pH, organic matter, available nitrogen, phosphors and
potassium of the soils after harvest of the crops as affected by various
treatments have been presented in Table 21 and depicted in Fig.8. Those
chemical properties are described in ensuring paragraphs here under.

(1) Electrical conductivity (dsm™):

A perusal of data collected on electrical conductivity of soil shown in
Table-21 indicated that electrical conductivity of soil varied from 0.42 to 0.47
and 0.39 to 0.46 dsm” during 1999-2000 and 2000-2001, respectively. The
maximum value of EC (0.47 and 0.46 dsm™) was recorded in control, while
lowest EC (0.42 dsm™) was found in T, (F.Y.M.10 t/ha +Azotobacter) and T;
(F.Y.M. 10 t/ha +PSB).

The application of F.Y.M. either alone or with bio- inoculants have
significantly reduced the EC over initial value (0.48 dsm™) during both the
years, while other treatments did not show any significant variation in change
of electrical conductivity of soil.

(ii) pH of Soil:

Data recorded on pH of soil shown in Table 21 indicated pH ranged
from 8.7 to 9.2 and 8.4 to 9.1 due to various treatments during 1999-2000 and
2000-2001, respectively. However, maximum reduction in pH (8.5) was
measured in the plot treated with F.Y.M. 10 t/ha + Azotobacter (T,) and
following by T, (8.7 and 8.4), T; (8.8 and 8.6) and T, (8.7 and 8.4), while
highest value soil pH (9.2 and 9.00 was recorded in control plot during both the
years.

“P0rganic matter (%)

Data on organic matter content (%) of soil shown in Table 21 indicated
that the organic matter content varied from 0.24 to 0.33 and 0.23 t0 0.38% due
to different treatments during 1999-2000 and 2000-2001, respectively. The
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maximum organic matter content (0.33%) was found in plot with placement of
F.Y.M. 10 t/ha (T;) and F.Y.M. 10 t'/ha +PSB (T3) and followed by T, (0.32%)
and T, (0.32%). Whereas, minimum organic matter content (0.24 and 0.23%)
was obtained in control plot.

(iii)  Available nitrogen (Kg/ha):

Data recorded in respect to available nitrogen in soil after harvest of
crop under various treatments have been presented in Table 21. It is apparent
from the &2 that the available nitrogen (Kg/ha) in soil ranged from 92.6 to
131.7 and 132.7 Kg/ha during 1999-2000 and 2000-2001; respectively. The
maximum available nitrogen (131.7 and 132.7 Kg/ha) was observed in
treatment of NPK-30: 60:50 Kg/ha + Azotobacter +Zinc (Ts), which was
followed by Ts (131.6 and 132.5), Ty (131.2 and 132.3), Ty; (130.9 and 132.6)
and Ts (130.6 and 131.6) during both the yearsl. Whereas, minimum available
nitrogen (92.6 and 87.6) was found in control plot.

(v) Available phosphorus (Kg/ha):

Data shown in Table- 21 indicated that the available phosphorus (Kg/ha)
in soil was also significantly affected by various treatments, which varied from
9.13 to 16.77 and 8.27 to 21.20 Kg/ha during 1999-2000 and 2000-2001,
respectively. The maximum available phosphorus in soil after crop harvest
(16.77 and 21.90 Kg/ha) was observed due to application of NPK- 60:30:50
Kg/ha +PSB+ Zinc (T,) and followed by Ts, T¢, T+, Tg, T, T1o, T13 , T4, and
Tis. It is apparent from data shown in Table-21 the availability of phosphors
significantly entranced with the use of PSB incombination of different doses of
NPK as compared with other treatments during both the years.

(iv)  Available potassium (Kg/ha):

A perusal of data presented in Table-21 indicated a significant variation
on available potassium content in soil due to different levels of nutrients.
biofertilizers and micronutrients, which ranged from 219.67 to 242.67 and
217.60 to 252.67 Kg/ha during 1999-2000 and 2000-2001, respectively. The
maximum availability of potassium (242.67 and 252.67 Kg/ha) in soil was



obtained by application of NPK- 30:60:50 Kg/ha +Azotobacter +Zinc (T90 and
followed by Ts, Tg, T, Ts, Tio, T11, Ti2, Tis, Tig, and Ts during both the years.
However, minimum available potassium in soil was obtained in control,

4.7 Econofnic analysis of Matricaria production:

The 2conomic analysis includes the cost of production, gross return, and
net return »ar hectare and cost/ benefit ratio. These were worked out on the
basis of current market rate of each commodities and charges paid to farm
labours, farm machinery’s, manure and fertilizers, biofertilizers,
micronutnents, irrigation, plant production, distitlation and fixed cost etc.
involved in production of flowers and oil during the years 1999-2000 and
2000-2001. The details _of estimated cost incurred in each field operation and
distillation charge are presented in Apper...... -I and the economics a refum of
different treatments is presented in Table- 22. The total cost involved in
production of Matricaria flowers and oil per hectare varied from Rs.26109.81
to Rs.48938.27 and Rs.41509.31 to Rs.64338.09, respectively due to
application of various treatments during both the years. It is obvious from the
data that the maximum cost of production of flowers and oil (Rs.48938.27 and
Rs.64338.27) was obtained with T,; treatments (NPK-30: 60:50 Kg/ha +
Azotobacter --Zinc +Iron), while rather minimum cost of production of flower
(Rs.26109.31) and oil (Rs.41509.31) was estimated in control (T 4).

The tnaximum net profit per hectare from flower Rs.37762.61 and o1l
Rs.172110.11production was obtained from treatment T (NPK- 30:60:50
Kg/ha +Azotobacter) against the total cost of production flowers Rs.28364.90
and oil Rs.4374.90. The maximum cost/benefit ratio was estimated in flower
production (1:2.33) and oil production (1:5.02). In other wards, with
investment of Rs.1.00, the net profit was more than 4.02 times with the

application of 30Kg N + 60Kg P,0s + 50Kg K,0 + Azotobacter @ 2.0Kg/ha.
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DISCUSSION
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Chamomile (Matricaria chamomilla Linn) is one of important essential
o1l bearing aromatic herbs, which has high medicinal and perfumery values.
The most economical part of Matricaria plant is its flower heads, which are
commercially used in most of European countries for large number of drugs
and cosmetic preparations (Vergosova and Vergos, 1988). The production of
high quality of chamomile o1l from flower heads is depend upon the number of
factors suc as ecological, soil conditions, fertility levels, growing seasons,
harvesting time and methods, genetic material and post-harvest processing
methods. Chamomile has a vast potential to grow under diverse soils and
climatic co:iditions because of its high degree of tolerance to saline — alkaline
soil conditions (Ram ef al, 1999). Flowers yields and quality of essential oils is
varied according to variable soil fertility and levels of NPK and micronutrients.
However, no detail information is available in literatures on their yield and
quality aftributing factors. Thus, keeping in view the medicinal and aromatic
importance ‘Iand vast potential of its cultivation, the present investigation
entitled “Studies on bio-chemical fertilizers and micro-nutrients on flowers
yield and oil quality of Matricaria chamomilla Linn in sodic soil conditions™
was planed and conducted during the years 1999-2000 and 2000-2001.

The «xperimental findings obtained due to influence of different graded
doses of Ni ¥, biofertilizers (A.otobacter an” PSB) and micronutrients (Zinc
and Iron) 1 growth, flowering, yield and quality of blue oil of Matricaria
during both the years (1999-2000 and 2000-2001) are discussed herewith in
following heads with support of scientific explanations and available
literatures.

5.1 Plant growth characters.

8.2 Flower characteristics.
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5.3 Flower and oil yields.

5.4 Quality of blue o?l.

5.6 Nutrients status of Plant.

5.6 Nutrients status of soil.

5.7 Economics analysis.

5.1 Plant growth characters:

A perusal of observations recorded on plant growth parameter viz., plant
height, plant spread and number of primary and secondary branches per plant
after completion of vegetative growth i.e. at flowering stage (120 DAP) due to
influence of different treatments during both the vears (1999-2000 and 2000-
2001) revealed that maximum plant height (51.96 cm) and plant spread
(31.88 cm) were observed with combined treatment of NPK- 30: 60: 50 Kg/ha

+ Azotobacter + 0.3% Zinc (Ty). The better plant growth recorded due to basal

application of NPK with inoculation of biofertilizer (Azotobacter) and foliar
spray of 0.3% EDTA Zn. The results clearly indicated that inoculation of
Azotobacter proved to be beneficial to fix the atmospheric nitrogen and also
showed synergetic effects on synthesing the biologically active plant growth
substances in presence of zinc. Similar observations have been recorded in a
number of crops by earlier workers (Shende and Kokorina, 1964, Bishop et al.,
1980 and 1988, Subba Roa, 1993, Chandrikapure et al, 1999 and Ram Shuk
Jat and Sharma, 2000). It has aiso been confirmed wiﬂlﬁeexperimental findings
of Pahwa (1988), Hazra (1988 & 1994) that the positive interaction of N-
fertilization and zinc with bio-inoculants might be exhibited the favourable
response to increase the plant growth in Matricaria. It 1s now well demonstrated
the role and stimulatory effects of non-symbiotic N-fixing bacteria
(Azotobacter) in combination with N-fertilization and foliar feeding of
micronutrient (Zn), because these nutrients are essential far increasing the
microbial activity in soils.

The data recorded on number of branches per plant at flowering stage

due to The - effectsof different treatments indicated that the number of
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branches per plant is on importan? growth parameters for improving the
flower yield in Matricaria. It is evident from the observations recorded in
Table-8 that the maximum average number of primary branches per plant
(15.28) was recorded in treatment of NPK (30 : 30 : 50 Kg/ha }+ Azotobacter +
0.3% Zn (To) followed by Ty, (14.65), TS (14.58), Tys (14.04) and Ty; (14.01).
Whereas, maximum average number of secondary branches per plant (32.81)
was observed in T;s (NPK-30: 30:50 Kg/ha + Azotobacter + PSB + Zinc +
Iron) followed by Ty (31.37), T\s (31.24) and Ty; (30.96). The significant
variation in number of branches per plant was noticed due to these treatments
in comparison to other treatments, which clearly showed that the application of
graded dose of NPK and inoculation of biofertilizers as well as foliar spray of
Zinc and lIron have proved to be beneficial in increasing the number of
effective branches per plant as compared to NPK doses alone and control. The
increase in number of branches per plant due to N-fertilization in combination
of bio-inoculants and micronutrients might be stimulated the plant metabolic
activities, which resulted to more photosynthetic efficiency and also favoured
to initiation and extension of effective branches per plant. Similar observations
have been recorded by Bhattacharjee and Diwakar, 1983, Shukla and Prasad
(1998), Chandrikapure et al., (1999) and Gupta er al., (1999).

5.2 Flower characteristics:

During the different phases of growth and development of plant system,
the changes of reproductive phase is depend upon phyiso-biochemical changes
and development of morphological characters responsible for changing of
vegetative primodia to reproductive primodia. This phenomena are highly
influenced through soil and environmental factors. The observations recorded
on days taken to first flowering, 50% flowering, duration of flowering and
number of flower pickings influence due to application of different levels of
NPK, biofertilizers and micronutrients, clearly indicated that there was
significant reduction in average days taken to emergence of first flowering

(58.72) and 50% flowering (73.00) with application of (NPK-30:30:50 Kg/ha)
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\

+ Azotobacter + PSB+ Zinc + Iron (T;s) as compared to other treatments.
Whereas, crop grow under control and F.Y.M. alone without supplementing
nutrients and bio-inoculants required more number of days for emergence of
first flowering (62.57 and 62.49) and 50% flowering (79.56 and 76.50)
respectively. It is evident from present findings that the earlier flowering can be
induced by optimum levels of nutrients and inoculation of biofertilizers
(Azotobacter and PSB) and foliar feeding of micronutrients (Zinc + Iron). The
early flowering in Matricaria might be due to completion of earliar vegetative
growth and changing of vegetative primodia to flower primodia, because of
these bioagents have been reported to fix the atmospheric nitrogen and
improved the nutrients status of soil and plant by fixing the additional nitrogen
and their more mobilization and utilization to the plant system, which promoted
the faster vegetative growth and induction the early flowering (Chandrikapure
et al, 1999 and Gupta et al, 1999 in marigold). The present findings is not
conformity with observation recorded by Shukla and Prasad (1998) who found
that graded doses of NPK did not show significant vanation days taken to
emergence of first flower buds and 50% flowering in Matricaria. The possible
explanation of present findings may be due to the application of biofertilizers
and micronutrients with basal dose of NPK showed beneficial role for
advancing the vegetative growth by increasing photosynthetic activities and
synthesing biological auxins gibberline and other plant hormones in the plants
(Hardy et al, 1971 and Subba Rao, 1993). It is very clear the role of
Azotobacter and PSB under lower fertile soils, which have bean, found very
effective with N-fertilization for improving the growth and flowering.

A perusal of data recorded on duration of flowering and total number of
flower pickings shown in Table 9 and 10, clearly indicated that the maximum
duration (45.63 days) of flowering was observed in T; (F.Y.M. 10 tha),
Nhereas—,rheminimum duration (37.76 days) of flowering noticed in control.
However, other treatments combination of NPK, biofertilizers and

micronutrients has taken more flowering duration (41.88 to 41.40 days) which



73

clearly indicated that there was not much significant variation in duration of
flowering (Tg, Ts, Tio, T11, Ti1z. Tiz and Ty4), which might be attributed to
emergence of uniform flower buds within optimum duration of flowering as
influenced by optimum doses of nutrients through interaction of bio-inoculants

with NPK nutrients. Whereas, in case of prolonged flowering duration might havebesn
due to poor uptake of nutrients during flowering period. Similar observation

was also recorded by Shukla and Prasad, 1998 in Matricaria.

It is obvious from the results that the number of flower pickings is
associated with duration of flowering span, which clearly indicted that no
significant difference was noticed due to use of various treatments. It is
apparent from data the average maximum number of flower pickings in F.Y.M.
alone (5.20), which was found at par other treatments (4.82 to 5.10). The
number of flower pickings was done by manually during of peak period of
flowering for picking the effective flower buds to be opened. It  clearly
showed that the number of flower pickings werzinfluenced by the flowering
duration and maturation of flower buds. Similar results were reported by Shukla
and Prasad (1998) in Matricaria.

5.3 Flower and oil yields:

The data pertaining to recovery of essential oil (blue oil) in Maticaria is
assoclated with the various yield attributing characteristics such as, number of
flower buds per plant, fresh and dry weight flowers, moisture content in fresh
flower, oil content and flower yields. These yield attributing characters were
influenced due to various treatments which have been presented in Table 11, 12
13, 14 and 15. It is indicated that the application of NPK-30: 30: 50 Kg/ha +
Azotobacter + PSB + Zinc + Iron (T,s) have shown significant response to
increase the average number of flowers (221.00) per plant followed by Ty
(217.96), T4 (217.76) and Ty (215.86). The maximum number of flowers was
recorded with graded dose of NPK in combination of bio-noculants and foliar
feeding of micronutrients. The increasing number of flowersper plant might be

due to increase in number of secondary branches per plant, which was due to
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more number of secondary branches and initiation 1iv - . number of flower
buds per plant. It has been observed that the increase of more number of flower
buds per plant might be due to synthesis of nitrogenous compounds such as
amino acid (Arginin), which is a precursor of polyamines and also function as
secondary messenger in flower initiation and development of more number of
flower buds as influenced by phytohormones due to interaction of bio-
inoculants with the NPK. Similar results were also recorded by Wange and
Patil (1994) in Tubersse and Johri et al., (1994) in Matricaria.

The observations recorded on fresh and dry weight (g/1000 flowers),
were found significantly affected due to influence by various treatments. The
average maximum fresh weight of flower (162.15) was recorded with
application of NPK-30:30:50 Kg/ha + Azotobacter + PSB + Zinc + Iron (T;s),
while dry weight of flower (46.72) was observed with use of NPK-60:30:50
Kg/ha + PSB + Zinc + Iron (Ty4) as compared to other treatments. The
differences in fresh and dry weight of flowers might be due to more moisture
content in fresh flowers. The increase of fresh weight of flower is also depend
upon size of flower buds and accumulation of more moisture content which
was observed due to inoculation of Azoatobacter as compared to PSB
incombination of NPK. Similar observations were also reported by Wani
(1990) and Marwaha (1995) Whofound that the non-symbiotic nitrogen-fixing
bacteria (Azotobacter) enhanced the uptake of nutrients and water status of
plants and increase the nitrate reductase activities, which may be more
béneﬁcial increase diameter of flower and fresh weight of flower.

The observations recorded v dry weight of flower (/1000 flowers)iwndicofes

:Weiht increased significantly with use of various treatments, which indicated that the
inoculation of PSB incombination of NPK and foliar feeding of micronutrients
showed reduction in moisture content of flowers as compared to other
treatments. The maximum average dry weight of flowers (46.72) was obtained
with application of NPK-60:30:50 Kg/ha + PSB + Zinc + Iron (T14) followed
by T); (45.89), Tis (45.84), Ty2 (45.59) and Typ (45.59). It is clearly from the



result that increase dry weight of flower with inoculation of PSB might be due
to increase of phosphorus contentljr\l;?:re responsible ‘ Jov  dry matter content
of flower buds with less amount of moisture content. It is also reported that
phosphorus available in soil rhizosphare reduced the moisture content and help
in solubility of insoluble organic acid and organic phosphorus, which showed
the slow uptake of phosphorus due to low uptake of moisture. The present
findings is in conformity with finding of Johri er a/., (1994) and Shukla and
Prasad (1998). The data recorded on moisture percentage in fresh flowers
indicated that the moisture content is highly associated with differences of the
fresh and dry weight of flowers, which varied due to fertility levels. The lower
percentage of moisture was recorded with inoculation of phosphate solubilizing
bacteria (PSB) along with different doses of NPK and foliar feeding of
micronutrients. However, minimum percentage of moisture content in fresh
flowers was observed by application of NPK-60: 30:50) Kg/ha + PSB + Zinc +
Iron (T4} as compared to other treatments. It clearly indicated that crop
supplemented with adequate supply of nitrogen and phosphorus had positive
response to accumulation of dry matter content and biomass production. Thus,
the lower dry biomass production attributed to higher moisture content in fresh
flowers. Similar observations were recorded by Shukla and Prasad (1998).

The data recorded on average fresh and dry yield of flowers (g/ha) as
influenced by different levels of nutrients, biofertilizers and foliar spray of
micronutrients (Zinc and Iron) have been presented in Table-13. The results
clearly indicated that there was significant variation in yield of flowers during
different picking intervals. An increasing trend was observed in average fresh
and dry yield of flowers from 1* to 4™ pickings, while, it was reduced in later
pickings. Maximum yield of flowers was recorded in 3" and 4" pickings,
which was recorded at peak period, of flower pickings. However, maximum
fresh flowers yield (56.58 g/ha) was recorded with Tys treatment (NPK-30:
30:50 Kg/ha +Azotobacter + PSB+ Zinc + Iron). This probably ‘had beev: due to

favourable response of bio-ionculants, which improved the nutrients



76

availability of the plants by addition of atmospheric N to the soil and promoted
the more vegetative growth and yield attributing parameters through
stimulation of plant growth promoting substances such as auxins, gibberelin,
vitamins and organic acids. The conversion of photosynthate in to proteins
resulted {n more production of biomass. It also favours the induction of more
flower primodia and development of flower buds, = atiributingto higher
flowers yield. Similar results were also recorded by Wange and Patil (1994) in
Tuberose, Gupta (1997), Chandrikapure et al., (1999) and Gupta et al., (1999)
in Marigold, Shukla and Prasad (1998) and Nikolova et al, (1999) in
Matricaria, Bodiyala et a/., (1993) in Saffron and Muthumanickan et al., (1999)
in Gerbera.

Dvy ;Pﬂ,ow'ev ~——— yield ————~(g/ha) —————— increased
significantly with the use of treatment NPK-60: 30:50 Kg/ha + PSB+ Zinc +
Iron (T14) .The highest of dry flower yield was observed with inoculation of
phosphate solubilizing bacteria (PSB) incombination of different doses of NPK
and foliar feeding of micronutrients. This is might be due to more uptake of
nutrients (phosphorus) and also favours to accumulation of more dry matter
content, by reducing the moisture content. Similar observations were recorded
by Johri et al., 1994 and Shukla and Prasad, 1998 in Matricaria.

Data recorded on oil content (% DWB) of Matricaria and oil yield (I/ha)
have been presented in Table 15 clearly indicated that the recovery of oil in
chamomile was significantly varied due to influence of Various treatments and
maximum recovery of chamomile blue oil was obtained in NPK-60: 30:50
Kg/ha + PSB + Zinc + Iron (T4). The increment of oil content and oil yield
might be due to variation in production of flower buds and their maturity,
which were affected by environmental factors and nutrients status of soils and
plants. The crops supplemented with balanced doses of NPK and inoculated
with bio-inoculation (Azotobacter + PSB) as well as foliar feeding of
micronutrients (Zinc + Iron) have shown stimulatory effect on improving the

nutrients availability in plants by synthesizing the more amount of nutrients
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and plant growth substances. It has also been reported that the availability of
adequate amount of nitrogen also favours to availability of sulphur, which is a
constituent of methionine and cysteineamino acid which activates more oil
glands in flowers. It has also been reported that sulphur is one of the important
constituents of oil and acts as source of co-enzyme-A in metabolism of fatty
acids (Young and Man, 1958). The availability of more phosphorus and
micronutrients (Zinc and Iron) also favoured to o1l content in flowers which
might be due to involvement of Iron in activity of forredoxin (Fe- S protein)
and isoenzyme of super oxide dismutase (Fe-S protein), that paly . a important
Key role in oil synthsis, resultingto more oil content (%) and o1l yield. Similar
observations have also been recorded in chamomile by Johri ef @/, 1991,92 and
94; Datta and Singh, 1961; Shukla and Prasad, 1998 and Nikolova ef al., 1999
and in other essential oil bearing crops viz., Anethum gravelens (Singh et al.,
1971); Tuberose (Singh e al., 1976); Basil (Gulati ef al., 1977 and Panday et
al., 1978) and Jathimalli (Nat..rrajan and Rao, 1980).

5.4 Quality of blue oil:

The observations recorded on physical and chemical properties of blue
oil of Matricarta due to various treatments indicated that the physical properties
of blue oil such as colour, odour, flavour, specific gravity, acid value and
solubility in alcohol were not significantly affected by treatments. The essential
oil extracted omflower buds has appearance in deep blue colour with sweet
herbaceous odour and strongly herbaceous and specific gravity ranged from
0.932 to 0.945, acid value 30.00 to 35.50 and percentage of solubility of soil in
alcohol was 90 per cent. The observation recorded on these physical
compositions of blue oil did not show any differences due to affect of different
treatments. This clearly indicate that all the physical compositions of blue oil of
Matricaria were not affected by the variable treatments,:l?e!:?ctnause . it was
genetically uniform material grown under same environmental conditions and
methods of extraction which did not exhibit any major changes in physical

properties of blue oil. It has been reported that the quality of determine by blue
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oil is presence of chamazulines, which major chemical constituents of volatile
oil of Matricaria. The chamazuline content is varied according to variable
genotypes, maturity of flower buds, storage of flowers and methods of
extraction (Guenthe;, 1952 an De Pasquale and Silvestri, 1975a). Thus, the
results obtainedimpresent gtudieé indicated that the harvesting of uniform
matured flower buds, and using same methods of oil extraction and storage did
not show any significant variation in physical composition of blue oil.

On the other hand, a perusal of data recorded on determination of
chemical constituents of blue oil of chamomile indicated that the major
chemical constituent of blue o0il in Matricaria was found bisabolol,
chamazuline, bisabolon oxide-B, bisabolol oxide-B and cis-dicyloether and
other in trace amount of bisabolol oxide-A, farrnesene, germacene, Non-
guazlene and trans-dicyloethers. Data recorded on GLC analysed on major
chemical constituents of blue o0il (Chamomile) indicated that there was
variation in composition of chamazuline content due to various treatments,
which varied from 8.000-15.783 and 8.010-16.768. The maximum
concentration of chamozuline was observed in treatment of NPK-30:30:50
Kg/ha + Azotobacter + PSB+ Zinc + Iron (T;s) followed by Ty and Ty;. Similar
observations on concentration of chamazuline were also recorded by Emonger
and Chweya, 1992 and Salamon, 1992. Whereas, the maximum concentration
of bisabol in blue oil was found with the use of NPK-30: 60:50Kg/ha +
Azotobacter + Zinc + Iron (Ty) followed by Ts Tg, Ts Ty, Ty and Tis.

Chamomile o0il showed that the maximum bisabolon oxide-B was found
in treatment of NPK-60:30: 50 Kg/ha + PSB + Zinc + Iron (Ty,) followed by
T7, Ty3, T2 and Ts were found higher proportions as compared to other
treatments.

GC value recorded on content of bisabolol oxide-B indicated that it was
found more in treatment of NPK—30:30: 50 Kg/ha + Azotobacter + PSB + Zinc
+ Iron (T)s). The observation recorded on other chemical constituents on

chamomile blue oil indicated that cis-dicyloether content was found in higher
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value in treatment combination of NPK-30:30: 50 Kg/ha + Azotobacter + PSB
(Ts), while, the high concentration of bisabolol oxide-A in blue oil was
observed due to treatment of NPK-60:30:50 Kg/ha + PSB+ Zinc (T)3).

The higher GC value of farnesene and gramacene in blue oil were
observed due to treatment of NPK-30: 30: 50 Kg/ha + Azotobacter + PSB+
Zinc + Iron (T;s), while Non-guazlene content showed negative response,
which was more in control and reduced with increasing the levels of nutrients.
The decrease of Non-guazlene content in blue oil might be due to more
availability of nutrients. However, the effect of high levels of Non-guazlene
content in lower down fertility status of soil is not clearly under stood, but it
has leaser importance in Matricaria blue oil and value to performing indication.

Data recorded on GC value of trans-dicyloether (1.242 and 1.246) was
also obtained more in NPK-60: 30:50 Kg/ha + PSB + Zinc + Iron (Ty4) than
other treatments. The data obtained on GC values of different chemical
constituents of chamomile oil did not show any linear response to graded dose
of NPK, inoculation of biofertilizers and foliar feeding of micronutrients. It is
evident from the present findings that chemical compositions of blue oil
showed slightly significant variation due to application of lower doses of NPK,
inoculation of biofertilizers and foliar spray of micronutrients. However, the
quality attributesof oil-bearing crops is governed by interaction of genetic
characters and environmental factors.

The present findings is also supported by Jakovlev et al.,, 1979; Franz
and Wickel, 1979 and Nikolova et al, 1999, wha' has also —~— reported that
chamazuline content in oil is more stalble chemical constituent, which is much
affected by variation in nutrient levels, whereas, phosphorus and potash had
shows positive response to chamazuline and bisabolol oxide-B, while N-
fertilization showed better response to farnesene and bisabolol oxide-A (Ram
et al., 1999 and Nikolova et al., 1999).
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5.5 Nutrients status of plants:

Data pertaining to fresh and dry yield of biomass g/plant were increased
significantly due to use of various treatments. The maximum fresh biomass
yield (194.36g) was obtained with treatment of NPK- 30:60:50 Kg/ha +
Azotobacter + Zinc + Iron (T;). This might be due to increase availability of
nutrients by inoculation of Azotobacter and foliar feeding of micronutrients,
which increased the fresh biomass production by improving of more
photosynthetic products. Similar observation were recorded by Prakasa Rao er
al., 1997, whereas, maximum dry biomass yield (60.19 g/plant) was obtained
with application of NPK-60: 30:50 Kg/ha + PSB + Zinc + lron (T4). It was
also observed that the total dry biomass production increased the levels of
phosphorus in plants. Similar observation were also recorded by Kanaujia er

“al., 1997 and Tippannavar et al., 1992.

The increase M nitrogen content in plants recorded due to application of
NPK-30: 30:50 Kg/ha + Azotobacter + PSB + Zinc + Iron (Ts) followed by Ts,
Ts, Ty, treatments, which clearly indicated that use of Azotobacter along with
inorganic nitrogenous fertilizers helped in availability of more nitrogen in soil
they fixing of atmospheric nitrogen and resulted to more uptake of nitrogen to
the plants. The present finding is conformity to observation recorded by
Gayathrisubramanian and Thamburaj, 2000. Similar response of phosphorus
content in plant was recorded due to treatment of NPK-30: 30: 50 Kg/ha +
Azotobacter + PSB + Zinc + Iron (Tys). It is clear from the results that
phosphorus content in plant might be due to use of PBS along with inorganic
phosphate fertilizers, which converted to more amount of soluble phosphorus
and resulted to uptake more phosphorus to the  plant.
(Gayathrisubramaninan and Thamburaj, 2000), whereas, the more uptake of
potassium in plant was observed in T, (NPK-60: 30:50 Kg/ha + PSB) followed
by Ts to Ts treatments, it might be due to inoculation of biofertilizers. It has
been showed studies that the inoculation of biofertilizers reduced the soil pH,

increased the organic acid, improved nutrients status (NPK, Fe, S and Zn). The



81

availability of more K to the in soil favoured to more K content in plants. This
findings is also in agreement with observation recorded by
Gayathrisubramanian and Thamburaj (2000).

5.6 Nutrients status of soil:

During the investigation it was observed that the integrated use of
F.Y.M, inorganic fertilizers, biofertilizers and micronutrients resulted addition
in organic matter and decrease in pH and EC of soil. The maximum reduction
in pH and EC and increase in Organic matter content of soil were observed
with treatment T, (F.Y.M. 1-/ha + PSB) and T, (F.Y.M. 10/ha + Azotobacter +
Azotobacter + PSB).

The organic matter increased due to additive effect of organic matter,
through F.Y.M. and Azotobacter and addition of extracellular products/ and
plant deteris. It was also supported by Katyal, 1993 and Ram et a/., 1999. The
reduction of EC and pH values of the soil may be described to the formation of
weak salts as a results of reaction between weak organic acids formed during
decomposition of organic matter, secretion of organic acid by biofertilizers and
soluble cations present in the soil, because of the improvement in hydrolic
conductivity of soil. This findings have also been supported by More (1994)
and Sharma (1992).

The effect of different treatments on available nitrogen, phosphorus and
potassium content of soil after harvest of crop is showed that status of available
nitrogen in soil decreased in control and other treatments (T, T,, T3 and T,).
Considerably reduction in available nitrogen in soil might be ascribed by
increase the ratio of ammonical nitrogen on humus complex because of
additive effect of F.Y.M. at highest fertility level. The maximum availability of
N found in treatment Ty (NPK-30: 60:50 Kg/ha + Azotobacter + Zinc). The
increment of nitrogen at fertility level of 30:60: 50 Kg/ha NPK alongwith
Azotobacter might be due to release of extracellular nitrogen substance and
addition of nitrogen due to fixation of atmospheric N by Azotobacter in soil.

These results corroborate with the finding of Katyal (1993).
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Phosphorus status of soil in terms of available P,Os was found declined
only in control and treatments T;, T,, T3 and T4, while available phosphorus
content of soil improved under rest of the treatments. The availability of more
phosphorus in soil was due to treatment of NPK-60: 30:50 Kg/ha + PSB + Zinc
(T12). The present results 1is also corroborates to finding of
Gayathrisubramanian and Thamburaj (2000).

Further considerable reduction of available K was noted in control plot
and Ty, Ty, T3 and T, treatments. The more available potassium in soil over its
initial status was observed with treatment NPK-30:60:50 Kg/ha + Azotobacter
+ Zinc (Ty), other treatments did not show significant differences in respect to
available potassium in soil. The littie variations in available K,O content in soil
among other treatments which corraborates with the finding of More (1994).
5.7 Economics analysis:

The cost of production is directly associated with cost of fertilizers,
biofertilizers and micronutrients treatments. Gross income was found directly
associated with flowers and oil yields under different treatment combinations.
Application of NPK-30: 60:50 Kg/ha + Azotobacter @ 2.0 kg/ha gave higher
net returns by Rs. 37762.61 for flowers production and Rs. 172110.11 for oil
production per ha. The high net return per ha was due to low cost of production
by 50% reduction in cost of N fertilizers by inoculafion of Azotobacter. Thus,
the present finding may be calculated that high cost / benefit ratio was obtained
(1:2.33 for flower production and 1:5.02 for oil production) with optimal dose
of NPK - 30:60:50 Kg/ha and inoculation of @ 2.0 Kg/ha Azotobacter.
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SUMMARY AND CONCLUSION

The present investigation entitled * studies on bio- chemical fertilizers

and micronutrients on flowers yield and oil quality of Matricaria chamomilla

Linn in sodic soil conditions™ has been carried out during the years 1999-2000

and 2000-2001 at Mains Experiment Station, Department of Horticulture,

Narendra Deva University of Agriculture and Technology (Narendra Nagar),

Kumarganj, Faizabad (U.P.). The salient features of the present findings have

- been summarized and concluded here with.

6.1 The maximum plant height, plant spread and number of primary branches

6.2

6.3

6.4

per plant were recorded with application of 30N:60P:50K Kg/ha +
Azotobacter +0.3% Zn EDTA, (Ts), whereas, the maximum number of
secondary branches per plant was observed in 30N:30P:50K Kg/ha
+2Kg/ha Azotobacter + 2Kg/ha PSB +0.3% Zn EDTA +0.3% Fe EDTA
(Tys).
The application of 30N: 30P: 50K Kg/ha +2Kg/ha Azotobacter + 2Kg/ha
PSB + 0.3% Zn EDTA +0.3 % Fe EDTA favoured to indication of early
flower buds, while application of 10t/ha F.Y.M. alone or in incombination
with bio-fertilizers prolonged the flowering duration as compare to other
treatments.
The total number of flowers pickings did not significantly affected by
various treatments, which ranged from 4 to 5 and the total number
economically flower pickings (4) was obtained with inoculation of
biofertilizers with different doses of NPK +0.3% Zn EDTA and Fe EDTA.
The maximum number of flowers per plant, fresh weight of 1000 flowers
and fresh flower yield (q/ha) were observed due to application of lower
doses of N- fertilization (NPK- 30:30:50 Kg/ha + 2.0 Kg/ha Azotobacter
+2.0 Kg/ha PSB + 0.3% Zn EDTA + 0.3 % Fe EDTA). |
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6.6

6.7

6.8

6.9
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The maximum dry weight of flower /1000 flowers, dry yield (g/ha), oii
content (%) and oil yield (I/ha- DWB) were significantly observed due to
application of NPK- 60:30:50 Kg/ha + 2.0Kg/ha PSB + 0.3% Zn EDTA
and Fe EDTA.

The physical quality parameters of Chamomile blue oil determined for
colour, odour, flavour, specific gravity, acid value and percentage of
solubility in alcohol which did not significant affected by various
treatments.

The chemical constituents available in chamomile oil determine by GC
values of bisabolol, chamazuline, bisabolon oxide- B, bisabolol oxide —B,
cis- dicyloether, bisabolol oxide- A, farnesene, germasene, Non-guazlene
and trans- dicyloether and found that the highest GC value of bisabolol
followed by chamazuline,, bisabolol oxide-B, farnesene and germacene
were have been observed in blue oil of Martricaria flowers at
30N:30P:50K Kg/ha + 2.0 Kg/ha Azotobacter +2.0 Kg/ha PSB +0.3% Zn
and Fe (EDTA), whereas, the high value of bisabolon oxide-B  and
trans-dicyloether were found with higher dose N- fertilization of (NPK —
60:30:50 Kg/ha) + 2.0 Kg/ha PSB + 0.3% Zn EDTA and Fe EDTA as
compared to other treatments.

The highest percentage of bisabolol oxide- A was observed in NPK-
60:30:50 Kg/ha +2.0 Kg/ha PSB +0.3% Zn EDTA , while, the high
content of cis- dicyloether in blue oil recorded in 30N 30P 50K Kg/ha +
2.0 Kg/ha Azotobacter + 2.0 Kg/ha PSB. The maximum value of Non-
guazlene in blue oil was obtained in control.

The highest fresh biomass production was recorded in treatment of 30N
60P 50K Kg/ha + 2.0 Kg/ha Azotobacter + 0.3% Zn EDTA and Fe EDTA,
whereas, maximum dry biomass yield was obtained with application of

NPK- 60:30:50 Kg/ha + 2.0 Kg/ha PSB + 0.3%Zn EDTA and Fe EDTA .

6.10 The nutrients analysis in plant revealed that the maximum percentage of N

and P were observed by application of NPK- 30:30:50 Kg/ha +2.0Kg/ha
Azotobacter + 0.3% Zn EDTA and Fe EDTA, whereas, the maximum
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percentage of potassium was observed in NPK- 60:30:50 Kg/ha +2.0 Kg
/ha PSB as compared to other treatments.

6.11 The chemical analysis of soil after crop harvest indicated that the
maximum reduction in pH and EC, and high amount of organic matter
content were observed due to basal placement of 10 tonnes FYM per ha
alone and also combination of 2.0 Kg/ha Azotobacter and PSB.

6.12 The highest value of nitrogen and potassium content were observed due to
application of 30N:60P:50K Kg/ha +2.0 Kg/ha Azotobacter + 0.3% Zn
EDTA, whereas, the highest amount of available phosphorus was
estimated in 60N: 30P: 50K Kg/ha + 2.0Kg/ha PSB as compared to other
treatments.

6.13 The highest net return (Rs. 37762.61 and Rs. 172110.11) and cost /benefit
ratio (1:2.33and 1:5.02) were estimated respectively for production of
flowers and essential oil of Matricaria with application of 30N:60P: 50K
Kg/ha +2.0 Kg/ha Azotobacter, which was found to be most economical
viable and optimal dose of fertilization for commercial production of
Matricaria in sodic land conditions.

Conclusion:

The overall review of above highlighted experimental findings
revealed that the application of 30Kg N +60 Kg P +50Kg/ha +2.0 Kg/ha
Azotobacter +0.3 % Zn EDTA have been found optimal dose for better plant
growth, while the application of 30Kg N +30Kg P +50Kg K /ha +2.0 Kg/ha
Azotobacter +PSB + 0.3% Zn and Fe (EDTA) advanced the flowering and
prolonged the flowering duration. The maximum production of fresh flowers
(56.58g/ha) was obtained with application of NPK-30:30:50Kg /ha
+Azotobacter +PSB + 0.3 % Zn and Fe (EDTA). The maximum recovery of
blue oil content (0.60%) and oil yield (9.62 1/ha) were also recorded due to
treatment of NPK-60:30:50 Kg/ha +2.0 g/ha PSB +0.3% Zn +Fe (EDTA). The
physical properties of Marricaria oil i.e. colour, odour, flavour, specific gravity,
acid value and percentage of solubility in alcohol did not show any variation

with treatments. However, among the chemical constituents of blue oil of
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major constituents viz,, bisabolol, chamaiuline, bisabolol oxide-B, bisabolol-B
were observed in highest percentage, while cis- dicyloether, bisabolol oxide-A,
farmesene, germcene, Non-guazlene and trans-dicyloether were observed as
miner constituents of blue oil as influenced by application of NPK, inoculation
of bio-inoculates and folair spray of micronutrients (Zinc -+Iron). The
nutritional status of plant and soil have also been improved with application of
optimal doses of NPK, biofertilizer and micronutrients. The highest net return
(Rs. 37762.61 and Rs. 172110.11) and cost/ benefit ratio (1:2.33 and 1: 5.02)
were estimated for production of flowers and oil at optimal dose of nutrients
(NPK-30:60:50K g/ha +2.0 Kg/ha Azotobacter).

Thus, it is concluded from the present” . experimentui results that the
highest yield and economic return per ha was obtained with application of
optimal dose of NPK- 30:60:50 Kg/ha +2.0 Kg/ha Azotobacter for commercial
cultivation of Matricaria under sodic soil condition. The application of bio-
inoculates with lower dose of N- fertilization have also been found to be more
beneficial in minimizing the requirement of chemical fertilizer and also
improved the yield and quality of blue oil, which has been found more
economical for improving the soil fertility of sodic soil having low fertility
levels.

Keeping in view the value of chamomile oil to pharmaceutical and
perfumery industries. It has vast potential to grow under sodic land condition
for better suitability and economic feasibility to the cultivation. There is further
need to evaluate the other potential genetic materials having high yield and
quality attributes to grow under variable soil and agro- climatic conditions. The
emphasis would also be focussed on cultivation of Marricaria under different
cropping system. The research priority would also be initiated for improving
the superior genotype having desirable traefs and highest recoveryj:&{lality of

+01l from the chamomile flowers.
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APPENDIX



Calculation for the cost of production of flowers and oil yield/ha on the

Appendix-I

basis of rates prevailed during the years 1999-2000 and 2000-2001

8.No. Particulars of operation Quaatity Value Total value
Rs. (Average of
two years) Ks.
A, Variable cost
1.0 Raising of aursery
LI Sead ] 2. 0Kg/ha 250/Kg | 500
12 Required_ lab. For preparation of nursery and L4lab.,2 days 58/ab, 232
seed sowing
2.0 Land preparation
21 One ploughing by soil tuming plough by | 4 hrs. 140Mrs. | 560
. tractor
2.2 Two ploughing by tractor drawn cultivator 4 hrs. 140Mrs. | 560
2.3 Two planking by tractor 2 hrs. 140V/hrs. | 280
24 1abour for planking 2 lab.,2 days 58/1ab. 116
3.0 Manure and fertilizers
3.1 FYM T i0vha 1004 1000
32 Urca i 80Kg/ha S/Kg 400
33 DAP 130Kg/ha 10/Kg 1300
34 MOP 84Kg/ha S/Kg 420 ]
35 Application of fertilizers 6 lab. 58/1ab. 348
4.0 Biofertilizers
4.1 Azptobactor 2.0 Kg/ha S0/Kg 100
4.2 PSB 2.0/Kg 50/Kg 100
43 Application of biofertilizers 1 lab. 58/1ab. 58
5.0 Transplanting of seedlings
5.1 | Lifting of seeding 21 lab..2 days S8/lab. | 2436
52 Transplanting of seedling in field 20 lab.,2 days 58/lab. 2320
6.0 Irrigation 6 300/Mel, | 1800
Lg.l Labour required per irrigation 12 58/ab, 696
7.0 Spray of micronutrients
7.1 Zing(0.3%), Zn EDTA(12%) 15 Kg/ha 560/Kg 8400
72 Iron (0.3%), Fe EDTA(12%) 15Kg/ha 800/Kg 1200
73" | Labowr required for spraying Tab. S87ab. | 116
3.0 Weeding and hoeing ( fwo} 20 lab.,2 days 58Aab. 2320
9.0 Plant protection - - 500
10.0 Pickings of flowers ( five) fi fgb-pick.. 58/ab. 11600
11.0 Processing of flower(drying and storage) ,* (% 10fab. 7 58/ab. 580

__;::‘L?,

c,

T

.|::.,\
)

-

Fate |




i2.0 Distillation of dry flowers - - 15000
13.0 Miscellaneous - - 500
Sub total Cost of flower production = 49242
Sub total Cost of vil production = 64242
B Fixed cost
Intrest on working, capital{16%)per annurn for one year | - - For flower =
of the period crop in the field 3939.36
14.0 o=
For oil =
5139.36

* Dried flowers rate = 45 Rs./ Kg.
* Blue oil rate = 25000Rs./ Liter






