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CHAPTER-I

INTRODUCTION



INTRODUCTION

——————————————————

Exploration of the possibilitics of “mens sana in corpore sanc™ ie, healthy
mind in a healthy body s very instinctive in man. His insatiable quest for litiz, health,
knowledge and beauly inspires him 1o know mare abowt disesses, decay and death,
which have al'ways been coexisted with life | herelore, the study ol diseases and their
‘Ireoiment must have also been comemporaneous with the dawn of human intellect,
Man has been attached with the plant since antiguity snd this bond of mon and plant

hes aossed a considerable time lreme i human history.

Any plant, which harbours curative element or properties in one o more of s
organs, may be termed & tedicinal plant (Brahmam. 2000). Fram ancient period of
~ civilization, medicinal plants e known g5 one of the gifts of pature to ¢ure & number
of discases and disorders of human beings. About To-B0 par cent of the world
populalion sill relies on medicinal plants n the rural and remote areas by the way of
traditional system. lhe alarming rke 0 population in worid, inadeguate supply of
drugs n certain pats of the world, prohibitive cost of weatmenls for common
gilments, side effea of several allopathic drugs and development of resistance ©
currently used drugs [or intizclious diseases have led © the increased emphasis on he

1Ee of plant ttaterials = a source of medicine for a wide variety of human ailments.

The wse of plants & medicines comes fram e Rig Veda. From there, it is
well known that the Aryvans used *Soma’ w8 # medicinal agem (Kirtikar and Basu.
1954}, In Ayurveda also, about B)) herbal remeddies have been codified. which ar: in
15 & many dispensarfes loday (Kumar ¢r ef. 1997). Bul in spite of resurgence ol
Cinterest in the study and wse of medicinal plants n health care. a complete inventary

of medicinal plants & nou yet even completed in this country,

&

e Drugs of herbal origin have greater demand now-u-day's in primary health care
l'btaausc of their efficacy, safely and lesser or no side elfiecs. Abow 121 clinically
useful prescribed drugs worldwide are derived fiom plants and about M per cent of
qm are manutactured by pharmaceutical houses (Singh. 199%). According b
WILO. report, medicinal plant accounts for 20 per cent of all medicinal prescriptions
i Industrial countries and for about &) par cent in deweloping countries. On m

erage 80 per cem of world population relies on iraditional medicines or herbal



medicines (Sandhya etcil, 2006). Most of these med.cindl plants produce biologically
five secondary metabolites like alkaloids. sieroids. phenols. flavono.des. o, which
® active principles fur cure of various discases and disorders (Rai and Sharma.
994)

India & one of the richest counlries in medicinal plant flora and the jargest
iexporter of il. There are sbow 21.000 plants wsed for medicinal purpose around the
fld, ou of which about 2580 species are found in India. of these 2000 o 2300
species are 1sed n traditional medicine, while only 130 species are sed
‘sammercially on a fairly large scale. Cosmetic Indusiries as weil as aromatherapy are
‘important areas where Indian medicinal plams, their exiracts and essential oils
@n contribute globally. Medicinal and aromatic plants have a high markel patential
With the world demand of herbal products growing & the ratc of 7 per cenl per annum.
Theret'ore, more emphasis & essential on domestication of medicinal plants by

p‘iﬂping improved method of cultivalion technique.

The genus Eclipra (Family - Asteraceae) has fouwr species of anneal herbs &
fom time immemorial. Among the four species Edipie prostrara L
gommonly known & “Bhringaraj” in Sanskrit, false daisy in English. & considered as
valuable medicinal plant from e vedic era. The whole plant k5 used in
‘me .icinal industries (Anonymous, 1989), Thouph Erfiper had originated in the Linited
:;.:'f...h of America, yet 1 & widely distributed in warmer parts of Africa. Asia, and

Australia along with America.

According w Ayurveda phiiosophy, Ecfipra prosiraie & bitter, hot Taening
hemative anathemaiic  and alexipharmic. In scientific swdies ¢ shows god
inifungal activiges. From the medicinal point of view ¥ b useful in inflammations,
, eye diseases, bronchilis, asthma, leucorlerma. anem.a. heart and skin diseases.
‘ blindness, syphilis. leprosy, wlcers, headache. kv pertension. [ever. wothache.
w gnd & carmanative, diuretic and aphrodisiac (Sharmaer af, 200H). The plant &
mmonly wsed i hair ofl for healthy black and long hair all over India for its hair
owth-promoting potential (Kanjilal e af. 1982). Hair growth initiation lime was
. t_ﬂ.y reduced © one third cn treatment with the prepared formudation of £ofipra
Ba n animals trial. The time: required for complete hair growth was also reduced by
§%, The prepared formulalion also holds polential for reaiment of alopecia (Roy o
L 2007y, The fresh juice of leawes b wed for increasing appetile, improving

ok
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digestion and as a mild bowel regulator. It & populerly used B enhance memory.
\Eelipin prosrara B alse used @ géneral wonic against debility (Gogate. 1982). I
POSSESSES myocardial depressant and Pypotensive effects. 1t was also reported that i
W hepatoprotective activity of ethanolic extract from fresh leaws of Edipra
prosicera against carbon tetrachloride (CCLy) cures liver injury (Singlt & of, 1993 and

km a af, 1993),

The plant 5 an active ingredienl of many herbal formulations prescribed for
liver ailments and shows effect on liver ¢elt generalion, and fx die treatment of liver
nhusis and infective hepatitis {Anonymous, [982), There are also reports of clinical
“improvement in the treatment of sngke venom poisoning in Brazil (Melo o of. 1994)
“Bnd septic shock in ok medicine in China (Kobori o af. 2004). Eclipra prosiraid
leaves showed antihyperglyeemic actnity (Ananlli o of. 2003), The roots wene
downd effective in wound Dealing (Patk o w/ 2004, A number of coumestan-type
' poutids have been isolaled fom the plants vk, wedelolacione, dimethy
“wedelolactone, efc. that ae responsible [ lle hepatoprotechive activity (Paiel and
“Mishra, 2006, Wagnerer ¢/, 1986, Singh eraf. 2001 ond Fronca ered . 1995). & v
tests indicale lhat wedelolactone newrralizes the lethal and myoloxic activities of
raitlesnake venom (Morser &, 1989). The methanolic extructs of avrial parts of
Eplipia alha, extibited signil'icant free radical scavenging capacity for 1 )-dipheny't
2.pigrylhydrazy DPPH and #or hydroxyl radical. Further, the exiracts showed
:z_'-..!« siderable inhibition of lipid peroxidation (Anuradhs e of. 2008y, The alcohobe
;:.-.-. act of the plant has shown antiviral activity against ranikhet discase. Leal juice

imixed with honcy & also twed Ix chitdren with upper respiralory inlections
{Baskaran and Jayubalan. 2005, Eclipre afbe i widely wsed n India & a cholagogne
md deobsiruent in hepalic enlargement, for ailments ofthe gall bladder (Orning e,

QRN i

198¢

Research on lbe anaigesic aclivity of the totar ethancl extract ol Enprar uffu
’ ¢ af. 2004) showed that both i ethanol extract as well & lhe Lol
lalkaloids, produce good analgesfc activity in alt the dilficrenl models of analgesia

._~."='g, The Iotal alkaloida! fraction was he most efficacious n 4l models tested. 1w

neurochemical investigations can unravel the mechanism of action of the plant drug
) respect to Nootropic activlly and lielp i establish e plant @ an armamentarium

of nootropic agents (Thakur and Mengi. 2005). The dy leaf powder o the lwerb

3



showed B marked reduction n mem arerial pressue by 15%, total cholesterol {17%).
low-density lipoprotein  fraction (24%). triglycerides (14%), very-low-density
Iipoprotein fracion: (M%), and plasma lipid peroxides (18%3) in supplemented grow
of patient over conirol (placebe) growp of patient (Rangineni & al, 2007). Resulis
‘gisa revealed & remarkable increase W wrine volume (34%) wrine sodium (24%),
“serum vitamin C (17%). and serum tocophesels (23%5) due o the Edlipra group. k was
‘reported Hiat dictary intake of Eclipo ofba aqueous leafl extract enbances the non-
Is_rcciﬂc immune responses and disease resiskance of Oreochromis mossambiciy
against Agromonas h ydropia (Christy bapita ef af . 2007). The plant may be wed n a
'mrgistic way © remediate and restore he fly-ash (FAy contaminated areas by
socumulating various heavy memls (Dwivedi e al, 2008). The leaves have the
"antibacterial and anmtioxidant activities, where he fractionated ethanol extract from
\Eclipta prosirata could be wed against Salmonella ryph pathogen (Kariliikumar o
2007). Due o high percentage of saponins and tennins n the leaf exiract. 1 can be

‘wsed as environmeni friendy and sustainable insecticldes w© control Cidex

:,J,_;;:;-\- ifaciats mosquito lanae (Khanna and Kannabiran, 2007).

Traditionally. medicinal plants have been obtained fron the wild sources vi
foret and other common lands. Out of be potential quality medicinal plants, 40
‘percent @e mvailable in forest areas, 50 per cent n mon-forest areas and only 10 per

cent 1 cultivated kinds {Ravishankar & of. 1999). But now. dforts are being made o

Rerbd industry sill depends on witd srats and indiscriminate coliection b
imscientific and unsustainable manner that s causing fast depetion of popalation in
its panral habitat. This makes the Indusine © face he dilficulty & cominuous and
sustainable supply and lack of confidence in genuine material. Such silation
ady being experienced in mogt of the nedicinal units and this can nol be improved
irless comrective measures are iomediateh implemented I domestication of wild
medicinal plants. B & thus baperadve © bring these medicinal Plants vnder
cultivation © meat the regular demand of herbal based products. The commercial
cultivation of medicinal plants © enhance he supplies will reduce he pressure on
I sources depletion which & Mudi higher than their regeneration. At present.
et of india bas banned he collection of medicinal plans from he jungle &
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most of he species e going under hhrea of endangerment due 0 over exploitatian.
Therefore, cultivation of medicinal plants in farmer's field B very essential from
‘conservation point of view and sustainable utilizaien for futre generation. The major
limitation, however. for the commercial cultivation of the medicinal plants & lack of

‘sandard cultivation package or agrotechnology.

In North Eastern India mpst of the winter rice growing arcas are affecied i
‘fbod every year, there E vasl scope o cultivation of Lofipfa prosratd in flooded
Careas with a minirum cost. The required agronomical parameters for successiul
gultivation of crop may be similar of different in nature with respect © the diff erent
places of cultivation under varied agro- climatic conditions. Among the various
agronomical factors, oplimum spacing without causing intra and inter compelion.
‘i.::ptimum nutrient requirement for proper growih ond  development. time  of
transplanting and optirnum harvesting stage e some nost important facwrs, which
effedt he production of heth and essential components s active consgtuepls of
“medicina! and aromalic plants. But till now no work has been done on the cultivalion
practices of Ecfipta prostrufa L. for s domostication and enhancing its commercial
potential. Hence there B mneed B0 domestcate ad developed the agrotechnology' of
_pft]rfm prostraia 1 %o ensure the sustained supply of drug o herbyl industries.
‘Accordingly the present investigation has been undertaken develop he
grolechnologies for domestication and commercialization of Bhringara) (Felipa

prograta L) with the Tollowing objectives:

. To standardize the best spacing for cultivation of Eclipta prostrata L.

3 To siandardize the economic dose of different sources of rutrienis for
gultivation of Exfipia prosiruta L

3, To swudy the elfect of transplanting time o growth and yiefd of Ecliphs
prostreta 1.

To find out the best harvesting stage of Eclipia prestradia .

.

5 To swdy the quality aspeet cfTected by different agro praciices of Echiptu

prostroéa |
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REVIEW OF LITERATURE

Bhringara} (Ecfipta prosirata L) & a very important medicinal plam
veda' and modern allopathy medicines but sill common famers of Nonh -
region consider ¥ & a weed. Therefore, agronomical studiss en cullivation of
fipra prostraia L. hat not been made 1ill date, except some chemical investigation
i;v-iid Eclipta prasirara. ''be litermture relevant o the present investigations &

I .:'I,ght-:d n ihis chapter under the Tollowing heads.

Effeet of dilferent spacing on growth and herb yield

The closer spacing X} x 30 cm was found very suitable i realizing maximuni
;_ potentinlities o Ariemesiz palless (Gulai. 1980). Similarly. Singh and
.._dhﬂ,\&ﬂ (1990} reported that 30 on or 40 om spacing proved optimum £ Aeterhian
I gelests under Punjab condition. Rac @ af.{ 19%40)) reparted that a closer spacing of
Ik 15 em was found © be optimum for higher yield on Davana than wider spacing
F 30 x X on oor M x 45 em. From m experiment on effect of spacing in Chine
rotissiue L. Balyan o af. (1987) reporied shal 40 om row spacing produced
' nil icantly maximum seed vield of O sp. abhough & was o par with 50 om
y 'spacing. They also reporied hat increasing the row spacing from 40 cm © 60 an
il 70 em resulted signifiicant reduction in secd yleld. Saha (1992) reported that 40
imx 0 an spacing gave 'he highest biomass yield (12.386 ha) and oil yietd (109.60
a) of Mimiha piperita L. followed by 30 an x @ em spacing.

While studying the effiq of spacing on Patchoul i Sarma and Kanjilal (2000)
poried that wider spacing {90 ¢m) proved superior 0 ¢loser spacing (45. 60 and 75
i) i terms of herb and oil yield. Kasers end Soharan (200 1} reporied that plantation
\Evolyufuy afsinoides L a 25 x 25 am spacing with plant density ofihres plants in a
Dlp gave maximum plaot growth and biomass yield Cullivation of Aparages
" ey and Asporapns edveencdens d spacing of X x 3 am resulted higher root
. d as compared © lower plant density (Ram a af. 2001). Ramachandra & o
02) ako reported thau cultivation of paichouli with a spacing of 60 x 45 am
ed the tallest plant height, more number ¢of leaves and branches/plant. plant

d though & remained same with 45 x 43 an spacing. On the other hand, 45 x 30




papacing recorded increased fresh herb yvield. dov vield and ol yield but was of par

ih45 x 45 cm.

Saini & af (2002} reported thal cultivazion of japanese mint in a row spacing
45 an produced maximum plant height, dry herb vield ad essential oil yield and
Maincd ar por with 60 am but proved significantly superior © 75 cm row spacing.
.' 18 Iwo year experiment on plant spacing on herb sield of Marigold. Singh (2002}
ed thar different plant spacing did not influence he yield and quality of
arigold Singh e al (2002 a) reported tha the tifler production and root vield/plant
ere recorded higher a low plant population {75 x 60 om spacing). bu totd root and
ydd were movre a higher plant population 0 x 45 am spacing) i veriver
litivation. The root and ol yield of vetiver with higher plant population increased
'- 35 % over 1.11 tones dry root and 13,1 kg oil yieldha oblained from lower plant
pulation. Pael & &/ (2003} reporied no significant variation dse b various seed
& or spacing (4, & 8 and 10 kg/hay on growth parametersiaz. piant height, length
id grth of root! and dryv root yield of ashwagandha. Aparwal e o (2004) also
f pried that among the 4 different spacing v o x 3<¢m. 20 x 7.5 om. 25 x 5 cm and
.x 7.5 am, longer roos were obsened with 20x 5 ¢m spacing in aswagandha
piltivation and maximum fesh md dry root yield were obtained due © 2 x 7.5 am
pacing. Similar rend of resull was also reporied by Abbas er al (1924). From a field
Fil Pakkiyanachan e al. (2004) reporied increasad plant height, root length and fresh
', of Ashwagandha with 3 an x lo cn whereas, more number of leaves were
gearded in 30 x 15 om spacing under Hyderabad climatic condition. The highest heab
deld was recorded in closer spacing Jo x 5 cm. Simitar result was also reported by
: idar & 2. (10H) n W5S-20 cultivar of Ashwagandha cultivation.

Kateli (Sofanmwn surawensel planted & 60 an inter-row spacing recorded
ignificantly higher plant spread. nomber and lemgth of primary and secondary
es, number of fruits and Frut weightiptant and fresh fruit yicld. compared 1o the
tem #ter row spacing (Khandelwal e o, 2004). oy & d {2004) repored that the
growth parameters of Wack musli (Curcuigo orchicides} viz. piant heighl,
mber of leaves, canopy spread and sucker produciion were not signlficanmly
fluenced by different spaciig, along with the 10tal dry matier per plant. However.
pmaiter producion was higher in lower spacing due © high plant density, whereas,
_.:mr.s.t spacitg 10 cm X 0 on recorded the highesi yield md highest harvest
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L Joy (2003) ako reported similar rend of results. From z field experiment &
ljenda Agricuitural University, Pussa, Bihar, Anwar and Maurya (2005) reported
: L wider spacing (25 x 30 ¢m) significantly increased the plant height of gladiolus.
lar report was also piven by Bhautacharjee o af (1979) and Maurya (2003).
& & (2005 a) reported thay closer spacing of fenugreck resulted siatistically

aperior seed vield than wider spscing. Halesh e al. (2000} also obtained sumilar

P
end of results.

From @ experiment a Center $r Forestry Research and Human Resource
gyelopment, Cldtindwara, Madhya Pradesh. Vijayaraghavan e o (2005) reported
it doser spacing 30 x 30 an recorded significantly taliest plant height and biomass
Ej pa hactare of Andrographis panicwtafo due © more number of plants per unit
than the wider spacing. Similar trend of result was also reported by Ram & &,
:. . ) and Tiwari and Misra (1996). Gnanavel and Kathiresan {2006). fom a feld
'_“[_m Coleus aromaricss cuftivalion, a Depanment of Horticulture, Armnamala
ﬁbfﬂ!ty. Tamilnadu, observed that closer spacing 60 x 30 om) resulted into lallest
.e'he'ight, however. more number of branches and plant biomass were recorded n
fider spacing (60 x 60 cm} whereas. the medium spacing {50 x 45 cm) showed the
ghest leal aren index. Similar trend of result was ako reported by Singh and Nand
9}.-'Thuugh ftz highest plant height and seed yield of fennel were recorded n 45
,_E‘i.‘ spacing = compared © 2.5 an md 30 cm, but the difference remained
stistically @ por among all plant spacings (Singh e al. 2006). Cosh & d. (2008)
_ ted) that plamt under closest spacing in elephant foal yam cultivation recorded the
o .JJ pseudostem with maximum yield. whereas. pseudostemn girtit and canopy
__; jge were maximum & widest spacing. Planting of wwmeric & 30 x 13 om
Tii,g'-I‘I‘:tt-r.':-r-::lm;;l significantly higher growth characteristics Ze. leaf area index. dry
ite  production and yield of turmeric & compared © wider spacing trealments vz,
X 15 an and 60 x 15 gn {Kandiznnan and Chandaragiri. 2008). Similar trend of
3 _ watg also reported by Med hi and Bora (1993),

: feet of diff erent nutrient sources with varying doses oo growtlt and
 herb yied

_ﬂai & ¢ (1977} reported Htal increasing rates of nitrogen application undgr

h t agroclimatic. condition increased number of branches and leaves pe plant of

femtha arwensis and ako significantly increased he plant height (Kothari and Singh,

3




and Singh & o, 1989). Nitrogen application increased he herb and essential oil
‘:'A‘I d o Cunbopogon maritni (Sarmah & gf. 1980 and Chinamma e« of . 1988),
' e & gl {1984) reponied that incorporation of |20 Kg Nfha signi ficantly increased
the plant height, plant spread. number of branches/plant, numbet of pods, sead yield
__- ged © husk retio i ambrette (Abermascins moschearus). Similac wend of resuit
5 850 observed by Balyan e wof. (1987) n Ocimen americamim and Ocimum
gamem Application of 120:60:40 Kgrha N:P:K exhibited the highest yield of biomass
doil R Maha piperia Linn, (Saha, 1992), From an experiment on celery (4piuwm
s gdens L) & Horticultural research staon. GLK. VK. Bangalore, Sudheendra e
L (1993 a) reported that higher doses of N significantly inereased the plant height.
| i of braneh, number of umbels and seed vield 25 compared 1o 100 and 150 Kg
ha Senkar (1995) reporied that application of 200 Kg N/ha gave 6.9 tha fresh
h Iiﬂ'—:}d- bu recorded ar par with 150 kg Nfte on Pogostemon parchouli. Effect of
"":.- levels of nitrogen (0, 30, 60 and 90 kg/Ma) was examined on ke growh and
 of Sarpagandha (Rawvelfia serpenting) during the year 1996 under Bihar
._m and 1 was reported that 60 Kg Nha was found 0 be optimum for higher
_'-_d (Maurva & .. 1999).

Munshi and Mukherjee (1982) reported that applieation o phosphorus
eased the hab yigld of Mentha arveniis. Simila trend was also reported by
and Singh (1987). Neshev and Slavov (1984} observed 1hat phosphorus
,'::__: ion inereased the herb yield of Memha piperiia. Higher doses of P (50 kg
_' ha) significantly increased the plant height (76.06 cmy). number o branch (6.18).
' of umbels (37.51) and seed yield (8.95 g/ha) of celery (dpium graveoiens L.)
pared 1o 30 Kg/ha and contrel {Sudheendra & of., 1993a).

i Indian condition, potassium application faled o show marked response on
i arvensis. Balyan and Sobti (1990) opined that application of potassium had
> effiset alone or n combination with nitrogen and phosphorus on dry matier

wlation of Pcinmm gratissirmm.

 Fom m experiment on feortilizer managemem an saffron. Badiyala & of.
.f'repurted that higher dases of N Pand K {NooPeoKeq) brought about significant
mprovement in increasing the length of leaf necdles. number of leaf needies, total
of flowersha, and dry saffron yield a5 eompared © other respeclive
gats and control. Bhaskar & «of {2001) reported that the varying raie of FYM
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initrogen falied © produce significant variation @ first harvest on geranium yield,
Wever, @ second bervest, the yield increased sipnificantly. Kattimani e o, (200 1)
ipbsenyed that application of nitrogen 75-225 kg/ha significantly enhanced he biomass
dd of Japanese mint as well & nitrogen. phosphorus and potassivni uptake. The
3 responded @ e appiication of phosphorus only up o 40 kg/ha. Combined
plication of 225 kg N with 40 kg P;Os per hectare recorded the highest biomass

eld ‘and nutrient uptake = compared © cther treatnient combinations.

Application of nitrogen@ |5 kg/ha or 2.5 t/ha vermicompost + 75 kg N+ 25
w}i + 25 Kg K0 per hectare produced siniilar plant height. herbage and oil yieid
' gved significantly superior © control /e. po fertilizer. However, quality of oil
different sources of nitrogen rematned unchanged except methy | chavicol per
X b oil of sweet basi! (Singh and Ramesh, 2002). From a ficld experiment, Prasad
';{’2_[}1‘.]_1) reporied that NPK i z mixture of 125 Kg/ha i equal proportion
ced the biomass yield of Meshashiringi (Gymnema sysiveste) Application of
kg Nha end 50 kg Pha in Ajoven (Frachysperpmim ammi) cultivation, resuited
:-5'1 pest plant height, maximum nuniber of leaves. piant spread. highest number o
and secondary branches, total dry miatter production and maniniun seed yield
iconthy and Madalageri. 2002, Studies with fowr nitrogen lewels (0, 30, 60,

‘Nhay and three level of phosphorus (0. 25 and 50 kg Pfha) on prowth and yield
' fi utel (Foenicultm vulgare). Raier al (2002) showed that 90 kg N with HigP
. _. i merked iniprovenient on planl height. nuniber of branches/plant, siem
ster, nurnber of leaves/plant, fength of internodes, number of tillers/plant, plant
bd ind seed yield of fennei, Application of FYM@ 10 tha along with 75 per cent
ammended dose of Tertilizer pave higher tuber yleld of Mudgaparani {Phaseofus
bres) than he recomnlended dese of ferdlizer and FYM alone (Kewalanand,
 Yadav o o {2003} reporied that application of nitrogen through urea {25%)
.:#1' | {75%) significantly increased e number of fiflers/piant. plant height and
matle aceunvialfon a all the growth stages and the number of spikes per piani,
% per spike, perain and siraw yield a harvest in isabgol (Plunvage owena)
ation. Rahmen o . (2003 reported thar among the differenl levels of NPK
Ement (% 0, 100 and 120 kg/ha, P:Os : 0 60 and 120 Kg/ha. K:O 1 0. 40 and 80

), the treatment combination NpoP syKup produced the maxithum number of
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1 5, yield of fresh leaves and total herh whereas, the treament NaooP120Ko
the maximum dry matier production on Mentha cultivation. The increase
pliomss Jevel from O1o 60 kg/he reconded the highest growth and yield atiributing
ers with sced yield and highest gross return. net income and benefit: cost ratio
kg Pha dose it cultivation of chandrasur (Tawari and Kulmi. 2004). The results
ntegrated nutrient management tnal on muskdana (Abelmoschus moschartus)
jed that all he growth, yield attributes and seed yield except plant height and
lemgth were significandy iMfluenced by inegrated nutrient ypanagement
Bent. The maximum seed yield of both man and rawon crop of ynuskdana was
ned under he plots receiving combined application of 75% NPK + 10 1 FYM +
izer (Saraf and Tiwari, 2004).

From @ experiment on Keetanelli (Phyifanifus amarus) & Agricultural
ege and Research Institwte. TNAL. Madurai. Balakwnbahan & e (2005)
ed that integrated nutrient management treatment resulted e highest plant
number of branches, fresh weight of shoot, dry matter production and fresh
b -— . Similar trend of results were also reported by Singh and Kewalanand
0 Mimtha citrare, Chauhan e af (2005) reported that application of FYM 13
prox hiced root yield of safid mush (Chioraplnium boriviligmun almost ar par
"-“—a bined application of EYM 15 tha along with vanving rates of NPK
Bing that sdd musli can be grown organically without loss productivity.
'5 wend of result was also reported by Kedia and Kasera (2006} on Piniiantius
prus cultivation. From a0 experiment @ G. B. Pant University of Agriculture and
echnology, Pantragar, on rose cultivation, Singh (2006) reporied that FYM and
doses of nitrogen produced superior plant height and LAL
On the basis of a field rial on Coleus gromaicus, & Depantment of
putture, Annamalai University, Tamilnads, Gnanavel and Kathiresan {(2006)
hat higher dose of NPK (100:50:50 Kg/ha) resuked statisticaliy superior
'-f:-‘ more number of branches, leaf aea index. highest plant bio mass and
yigldha, Similar rend of result also reported by Singh ad Singh (1979},
e ol (2006) repored thas a ferdizer dose of 100:60:60 Kgha NoP:K. or hal
'r-;_:n* substituted by 10 tone FYM proved beg for herb yield without affecting
in content i cultivation of Centella asinica wnder Bangajore climatic

lion. The integrated nutrient combination. involving orgahic Prm of ynanures



pcopeat § tha + farmyard manure 12.5 t/ha) and inorganic fenilizers (N:PK =
H0:30 kgiha) showed & preater degree of positive influgnce on the seed yield and
1 mtributing characters of Mucuna pruriens viz. number of flowers/pod, seed
t/pod, single pod dry weight amd dry niatter production than individual organic
linorganic trealntents (Kavitha and Vadivel. 2006}, From a field trial on groundnut,
paer and Munda (2007) reported that growth and yield antributes of groundnut viz
il height, humber of branches and leaves, pods/plant, pod weight and s weight
'. higher = integrated nutrient treatment plots a5 10 vha FYM supplement with 73
pcent and D per cem rycommended doses of NPR over other integrated o
ividual nutriem reauments. Il was @lso concluded thal application of 10 Vha FyM
'I. manure  combination with 58 per cent recommended dose of NPK. fertilizers
tered highesl yield amd economic return. Similar results were also recorded by
sehol o o (2001) Ray e «f {2008) reporied that organic cuitivation of papaya
. ed statisticatiy simiiur yield in comparison © nutrients through organic iz,
m yad manure, poulry manure ar chemical Fertilizers. Application of 0%
: mended dose o Tertilizers supplemented with vermicompost alone@ 5 Vha or
ith vermicompost and Tammyurd manure@2.5 Vhe and 5 tha, respectively produced
! “ﬁca.nu}r tafler piant height, branch/plant. dry matler accumulation. rodt
: gristics and yieid of tomalo. (Dass & af. 2008, Nag er af, 004 and Sackar o

g 002).

fieet of sowing and transplanting time on growth and herb yickd

Vadivel & o, (1981) reported that the best tinte of planting Mentha citrata &
:_ july @ Kodaikenal arca. The p|anl behaved differently under the climatic
pdition of Jaminu, where the highest herb and oil yield was recorded when planed
Y March (Baivan & o, 1982). Tinwe of planting plays a vital rele in biomass Yield of
whether © & 'meclicingl or aromatic plant. Gemiwn grastissivm on essential of
plant produced the highest yield of heb amd oil under Jorhal {Assam)
when piaited it May followed by April {Chaoudhury ard Bordolol, 1986).
thien gremiolens vas successfully grown under Punjab condition by Planting n
fember (Singh md Randhawa, 1990) and delay in sowing resuited decrease in
_l,hgig-hl. From & experiment & RRL. Jorhat, branch (tanagar, Saha {]992)
od thal February pianting in general and 10" February n particular for Mentha
pita L produced superior vegetative grow th with the highest biomass yield and d|
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fit. The highest percentage of menthol was also obtained when # was planted on
gbruary. However. wnder Jammu condition the optimum fime of planting of the

geies was Jast part of December 10 the end of January.

‘From a field experiment. Sudheendra o o (1993 b) reported that June
'nf celery (Apium praveolens L.y resulied imio significant increase n plant
: 105.67 cm). pumber of branches (8.37). number of umbels (39.70) and early
thig (156.60 days) and also increased the sced yield (25.42 g'ha) than other
mm: viz July. August Sepiember. Ocicber and November sowing. Sowing
'jcd_- significant fole on growth and yiehd antributes and seed »ield of isabgol
filago ovaia) cultivation (Solanki and Shakiawat, 1999). Delay of sowing of
I msulied ® reduction of growth and yield anrtbutes. The resulis of an
enl Of Sowing tme revealed tha planting of Plumbage zewanica w the month
.‘ﬁ fie best time B is cultivation and gave better performance T respect of
_..ilﬂ-d yield parameers than other time of sowing treatments (Tiwan & al,
JO). Significantly higher herb yield and of yield of patchouli were recorded when
i February as compared © March planting under Jorhat, Assam condition
and Kan jilal. 2000).

‘Hom a wo-year field experiment on time of sowing on dill (Anerheun
s L), Kumar er al {20013 reported that sowing of dill on 7™ August resulted
fghest seed yield and aRer 7 August. significantly decreased the seed yield b
: years. Tiwari a «f (2002) reported tha the number of primary and secondary
ghes per plant were the highest in October 15" sown coriander than October 30®
2t Pantnagar. From a field experiment on Aswagandha & Jobner. Agarwal & 4.
:I'_Epnrtﬂ:d that sowing of aswagandha on 20® July prodeced the longest roots
zn_imum diameter, fresh and dy root yield than 3" and 2™ Augusi sowing.
flan trend of result was also repored by Kahar e al (1991) on ashwagandha.
& al (2005 a) reported that early sowing (30" Oct) increased the plant height
Sireek than delsy 6 sowing (I3™ and 30™ Nov). Similar rend of results was
pnrhd by Yadav o af {2001). Earh wransplanting of tomato (10" Deg)
l’u! highest plant height, branch pumber and dry matter produclion mainty
_h_::'a'il-abilit} of sufficient time for vegetative and reproductive phase ensbling

gificient putrient utilization from soil (Singhet af. 2005 b)




\Singh o ol (2006) had recorded significant reduction in seed yield of fannel
) delayed sowing fram 15" November o & December. The maximum plant
it and branch/plant were recorded n case of 15" November sowing. Similar trend
gt was also recorded by Randhawa & af {I1978). Bharpava & of (2007)
that 15" Novernber sowing & 25 am spacing produced highest foliage yield
; quinoa leaves. Lale sowing around the 15" December gave the lowest
[ gnder all spacing. From an experiment on sowing of chickpea a different
‘_ fime Wz, normal {15“‘ November), late (H{I"" November} antd very late [!5“‘
i;cr}. K was revealed that seed vield and seed protein content were significantly
i lae planting. Higher percentage o protein was recorded in lale planting
wed by very lste and normal planting (Singh e «f. 2007), Bhau & of. (2607)
pried that early sowing of green onion 1 the month of Aupust recorded he highest

': gight and number of ieaves than late planting i the month of Seplember.

1 ‘Planting turmeric during middle of May (15" May) proved superior in all the
1'is{ics of prowth and yield & compared b 15" June md 15" July planting
fanian and Chandaragiri, 2008). The 10™ and 20" May sowing of groundnut
d no variation on number of branches. pods per plant and 100 kernel weight,
. gr, with each 10 day delay i sowing from 20" May to 20 June & showed
-ing trends, The 10 and 20" May sowing showed statistically similar yield
f was superior o other late sowing dates. Similar trend of resuk was observed on
jgontent and ofl yield of groundnut (Sardana e af, 2008. Kumare: ar, 2003 and
ikar & af, 2004),

._iu of different harvesting stages on growth and herb yield
.”ngpermi_nt produced the highest essential 0il. menthone and herb yield in July
junder Bangalare climalic condition than April aml October harvest (Leela and
."..1993}, Randhawa & o (1993) reported that each delay i harvesting from
five 1 complete flowering increased the content ofcinecle and methyl chavicol
b oil of french basil (Ocivmm basilicum L.} Morphological characters exhibited
correfation with essential of yield/plant & flowering stage of Cirmbopogon
ks (Sharma ef «f, 2002), The aop Ocimmum species harvesled a full flowering
w- uhed higher herb oil and essential off yieli than the crop hanesied a 0%
o g stage and ten days after full Howering stage. At Tul flowering stage. he
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i e ol vietd of O sancrwm md O basilicum was higher ty 17.9 and 49.4,
ly han the %% flowering stage (Ram e al, 2002).

Field experiment on ashwagandha at Gujrat. revealed no significam difference
g dry vields harvested at 150 and 210 day's afler sowing however, a 210 days it
| narginal increase i total dry root yield (Patel o al 2004). Basi| (()cimum
,-' ) harvested & 75 days afler planting as well as 60 days after frst harvest
sipplied with 8 Kg Nha procuced significantly higher biornass and oil yield
creased ritrogen uptake compared © other treatment (Singh & al. 2004, Pareck
3 1980 and Singh o« al. 1970). Praiibha and Konwar (2005) reported that
bsfing of indigo & liule pod stage increased 20% higher biomass yicld and %
gfier dye conient than harvesting & vegetative and flowering stage. Puttanna & af.
§) repored that Censefla asiviica harvesied a 140 days after sowing produced
: heb yield with highest saponin conient.

iffect on N, P and K Uptake und Organic Carbon ' ontent

" The upiake o nitrogen, phosphorns and potassium by ajowan increased
iy with application of increasing rates of narogen end phosphorus
and Madalageri, 1399), They #is0 reported that faximum uptake of
3 recorded at 100 kg nitrogen ad 50 kg phosphorus por hectare, Nitrogen
gt in seed and potassium content iy straw and seeds increased significantly with
i _: jon of nitrogen and phosphorus. Meenakshi o af {2001} reporied significans
n NPK uptake by turmeric duc 10 increased tevel of NPK fertijjzers. The
menl 150:100:100 Kg Ne P K pef hectare proved superior in NPK uptake of
e Maximum N P ad K content of 119, 069 and 2.11 % in mothey rhizome,
9% and 2.3 % in e finger thizome md 269, 144 and 3.4 % jn oty content
‘meoorded a 150:1 002160 Kg/ha NPK level respectively. Sadapandan mnd
pa (1998) ako reported similar resuls I ginger and rmeric cultivation, The
of N, P and K was more whenever, increased growth and dry matter
uetion were observed.

Different nutrient management pracices failed 10 produce significant variation
N P. K contert of plant & Centella aslatica (Puttanna ¢ al, 2006). They recorded
sst uptake of nirogen due B 50:3030 kgfha NP-K + 10 vha FYM wreatment,
¢ of Pwas highest 100:60:60 hg/ha N:P:K + 10 via FYM treatment, whereas
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'K uptzke was noed in he treatnent H{:60:60 kg/ha N:P:K. Similagly higher
i Rutrients by groundmut was observed due w 10 ones FYM blended with 73
at and 50 per cent recommended doses of ferifizer {Panwar and Munda, 2007}
al (2004) reported highest nutrient upiake {N. P and K} by black mus§ was due
spacing (10 x 10 ¢m) over wider spacing. Cultivation a closer spacing of
inesulted into higher uptake of major nutrient as compared © wider spacing
jamnan and Chandaragiri, 2008, Shashidhar and Sulikeri. 1996).

o al (2004) reported no merked variation i nitrogen concentrastion in
55 due 1 different harvesting time and levels of nikrogen o basil cultivation.
xend of result was also reported byDey and Choudhari, (1984) and Pareek &
). Contrary %o this Pratibha and Konwar (2005) observed that harvesting of
at Nowering stage resulted o highest mitrogen, phosphons and potash
il kv plant than harvesting in vegetative and linle pod stage. The planl nutricm

LN, P and K) increased with application ofchemical nutricnts.

‘Effect of nutrient management, spacing. trunsplanting time and
harvesting swges on quality parameters

‘Rac & al {1990) repored that the quality of geranium yield was not affected
llizer application. Application of N @ 40 kg/ha broughl a significant increase
rbel yield mnd alkaloid content of Catharantus roseus. Application of K @ 20
‘stimulated the alkaloid coment ofthe same herb (Jana and Varghese, (996).
Bh & al (2005) fomn a experiment on Colens forskohlis a Bangalore, reporied
eskolin content of Colews forskohlii did not vary significantly cither due 1o
.  level of FYM and fertilizers or their combinalion. Similar observalion was
Mede with respect © piperine content i Piper fongum  (Rao, 2(02).
jmbahan & af (2005) reporied that alkaloid comtent did not vary significantly
application of inorganic fertilizer Aone of in combination with organic sources.
. no significant difference among the difTerent nutrient management
s on saponin content i Centella asiatica (utanna ¢ ai. 2006). Meenz &
) also reported that increasing level ofnitrogen ferdlization did not show any
dfirct on quality parameters of coriander. Similar trends of result were also
. i by Hornok (1976) and Venkateswarlu o al (1992}, The impact of diff ereny
ic and chemical fertilizes on quality parameters of papaya ie. frt size. Bverage
‘weight TSS were found statistically non significant (Ray & af. 2048),
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From an experiment on influence of N, P and K on the yield snd quality of

“Gherkin, Shivashankaramurthy e af (2007} reported ne significant variation on tolal
isupar content due to different levels of nierogen (0. 125, 175 and 225 Kg N/ha) as well
% phosphorows (0,125 ad 175 Kg P»Osha) and potash 0 and 125 kg K:O/ha). All
 the treatment combinations remained swtistically on par regarding 1otal sugar content.
Reduction in carbobydrate in [atier flowering stage might be attributed to ageing of
leff and depiction of endogenous growth subsitances of the plant. Increase in
carbohydrate from one siage o another and then pradual fall of carbohydrate
comcentration m crop were recorded by Saimbhi and Nardapuri. {19813 Singh & af.
{197 3).

Sowing tme and spacing falled © produce am marked varision ftrizl on
quelity of patchouli, (Sarma and Kanjilal. 2000). However. Patel & & (2003)
reported higher toral alkaloid content in root of ashwagandha die © lower seed e of
4 kg seed par heclare than the higher seed e @ ad 10 kg'ha). Most of the quality
parameters of black musli (Curcuigo orchioides) were improved a closer spacing
than wider spacing (Joy ef al. 2004). They a@so reporied thet starch, ash glucose,
sucrose, crude fibre and crude Fa contents were high it 10 x 10 on and 2 x 10 on as
compared 10 20 x 20 om and 30 x 20 am treatments. Similar results were aso obigined
by Kurian ef o. (2000). kn @ experiment on quality cantroi of Chenopodim guinoa
consistent decrease n carotenoid content was noed with increase row © row spacing.
The highest carctenoid and proiein comtent in Chenopodium guinoa was recorded &
15 an spacing with 30" November sowing treatment {Bhargava o« of, 2007). The
similar trend of resufts was also repored by Shukla e o, (2006) and Yasin & af
{2003,

o & o (1996} reported the seasona wvariaon on alkaloid conten! b
Aconitum juponicum. Chaudhury and Gupta (2002} observed highest total alkatoid
content i Catharanihus rosens during winter sesmson gnd highest amoupl of rodt
alkaloid m Catharantius ofba variety during rainy season in Catharanthus cultivation.
From an experiment Bagchi & ol {2003) reported that the seedlings of Aremisia
wulgaris, ranspianted in the month of January exhibited maximum concentration of
camphor. The seasonal variation of minor tertiary ndole afkaloids of Strychmos-mex-
vomica n gl he vegelative plamt parts was reported by Bandopadhyay and Dey
(2003), They aiso reported he alkaloid of normal series (Strychnine and brucine)
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gradually increased tiHl December {winter season). but remained absent m the month
of July {rainy season), whereas, gradually ncreased m pseudostrychnine guantity
fom the monmth of September and absem @ the month of December. They also
observed that vomicing a predominant N-methyt-sec. pseudo-alkaloid of twigs of
strychnos — mux vomica and the alkalowds remained mighest n (he month of March,
bu decreased wp © July.which agam mcreased i September and decreased p
December. Bapehl ¢ o (2003} reporied there were two peak seasons of vasicine
concentration of Adhatnda vasica ad Adhatodo  beddomeri during March and
Seplember than the other months of the vear. Meena & o, {2006} reported that he
quality of coriander was highly mfluenced by lime of soWing. The maximum
chlorophylt fa, b md total chlorophylly eontent. carotenoids content n leaves and
essential oil conment i seed were higher due © 15" Qctober sowing than 30" Oclober

and 15" November sowing.

Leela and Angadi (1993) reported that menthone content of pepperminl. was
highest in the oil from July harvested herbage and produced a good guahly of
essential oil than October harvest of pipperminl under Bangalore climatic condion.
Analytical work showed that there was no alkalold synthesis n jeaves W o one
month of age however; much variation wss noted n alkalofd confent with age in
diff erent plant parts (Pachori, 1993). Gupta and Shahl {1993} reported that harvestng
of Qcimum a foweting stage resulted highest herb yield a well & quality of yields.
From a field experiment o lemon grass & Barapani, Meghalaya region. Sharma. e al.
{2002) reported that oil quahty was maximum during flowering stage and & could be
ideal stage to harvest the crop. They also reported that elemicin content was
maximum & flowering stage (30%) followed by seed setting and vegetative stage with
482%: and 36.1% respectivel, . Sarmah & af (2000) reported the simular trend of
resulls.

Singh eraf. (2004) reported that ol content and quality n biomass of basil
cemaiied unaffacted due © different harvesting time and levels of nitrogen on bas|
cultivation. Similar rend of resull was aiso reporied by Dey and Choudhari, {1984)
and Pareek et af (1982). Baraiya ¢ o (2005 observed thal prior o 45 days after
sowing of Ashwagandha no alkaloid could be weated analytically in any Piant parts.

Leaves showed the highest percentage of alkaloid & 45 days afier sowing: thereafler §



decreased & each successive growth stage while increase i total alkaloid content

continued wp © 133 days after sowing.

Chemically, presence ofa Mumber of constituenis has been reported © Eclitia
prosirata L. Coumestan wedelolactone and desmethyl wedelolaclone hawe been
identified & active components responsible fr antihepatotoxic activity o ¢he basis of
# vitro siudies on primary cullured ra hepatoacyles against CCl,. galactosamine and
phalloidin induced cylotoxicity (Govindachari e of . 1965. Krishnaswamy er aj. 1966
and Hhargava e al. 1970). From an experiment Singh o of (2001) reported iat e
atcoholic extract of fredh leaves of plant Eofipra aiba fractionaled into three parts,
chemically proved the most bioactive fraction. The fracdon Ea I copuaining
coumestan wedelolactone and desmethylvsedelolactone & Ihe major copstiuens B
responsible For b wvive hepatoprotective activity of £ afba. Howewer, soine
contribution o fraction Ea | comaining phytosierols and oleane triterpenaids fike
stigmasterol and B-amyrin can not be ruled ow fr hepatoprotective activity of Ecjipia

alba.

27 Effect on physico-chemical properties of 5oil

While studying the residual available N, I and K status of soil afier harvesting
of Centebn asiotice, Puttanna o &, (2006) reported no marked varialiogn n thei
content due o varying nutrient treatments. However, the 50:30:30 kg/ha NPK + 1)
tha FYM treatment recorded the highest available K contem of soil ‘which was
statistically superior to other nuifient management trealMents. Kumar & af (2006)
reported ‘that app lication of nitrogel and phosphorus @ 125 kgha each. alopg with
Azospirillum (@ 2 Kg/ha recorded the highest soll available nitrogen &nd potassium
whereas, application of nitrogen and phosphorous @ 125 kg/ha in addition w VAM
@ 2 kg/ha recorded the highest soil available phosphorus T bol Main apd rawon
erops of davana, Similar trend o result was also reported by Singh e . (2004) gn
cultivation of bas L

Kavitha and Vadivel (2006) reported that availability of nugrients especially
nitrogen, phosphorus and polash 11 soil after harvesting of AMucuna pririens and
nutrient uptake by the plant were highest in the inteBrated nulrient treatment
{Cocopeat 5 Uha+ fammyard manure 2.5 ha and jnorganic ferilizers, NPK @

40:30:30 kgsha) than sither alone fenlizer and organic sources of combination

&
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treatments. Sanwal o af. (2007) repored that continuous application of organic
manures resulied i progressive improvement in organic matter siaus over control.
The available nitrogen coment i soil marginally improved with the incorporation of
vrganics over mitial stalus afler harvest of second crops i cofton — whea rotagion.
They reported that application of organic sources of nitrogen showed higher available
P and K rather than direct addition through inorganic sources. Percenlage of carbon
content in soil was statistically higher m FYM and rabbit manure applied ireatmenl
than control and 100 % NPK through inorganic ferilizer in wrmeric cultivation under
Meghalaya condition. Application of vermicompost and farmyard manure with 50 %
recorminended dose of fertlizer had favorabie impact on bulk density. organic carbon
and available nitrogen ad phosphorus in soil (Dass o of.. 2008}

Planting wrmeriz earlier (15 May) recorded the highest uptake of nuirients
mainly N, P and K as compared ¥ laie planting wiz 15% Juoe ad 157 July
(Kandiatnan md Chandaragiri, 2008). On the basis of review of literature,
conclusively & may be summarized that Eclipra prostrasa L which i so significant
and potent medicinal plant has 1 not atracted $e anention of agronomist b
popularize ts cultivation on commercial basis by developing suitable agrotechniques

© obtam higher yield and economic remrn pacicutarly in northeastern region.



CHAPTER - 111

MATERIALS AND METHODS




MATERIALS AND METHODS

A propct entitfed “Development of Agrotechnologies for Domestication and
Quality Aspect of Bhringaraj {Ecfipra prosrara L™ wes carried ou with two field
experiments namely [ Effect of spacing and sources of nutrients with varying doses
on yield am quality of Eclipra prosirata L. and Il. To standardize ke time of
transplanting =nd hanesting stape of Fofipre prosrata L. & the Research-cum-
Experimental farm. Depantmemt o Foresiry. North Eastern Regional Institate of
Science and Technology (NERIST), Nisjuli. Arunachal Pradesh The experiments
were conducted for two consecutive years Le, 200506 and 2006-07 during kharif
segson. [n this chapter. te geographical position of ke experimental site. prevailing
weather condition. physicochemical properties of experimental site. experimental
materials wsed and mehods adoped during the whole cowse of invesupation are
described n detail,

3.l Geographical position and description

The swdy site, Research-cum-Expertmental farm Depanmem o Foresry.
MNorth Eastern Regional Irstituie of Science and Technology {MNERIST). Nirjuli,
Arunachal Pradesh fals n the foothills of eastern Himalayan region. The sie B
located & 27°08°30°N lantude and 93°34" 36" longitude with an altitude of 120 m
from the mean sea level. “The bhnd of the rising sun™ Arunachal Pradesh, recognized
as one of the 25 mega biodiversity “hotspots”™ in e workl, & situated 1 he extreme
northeastern region o India (Myers er af. 2000),

3.2 Weather ceadition

The climatic condition o Niruli, Arunachal Pradesh, as a whele & tropical
warm humid where monsoon normally sets i the first week of June, extends up 0 he
o of Seprember and recedes in October. The she has 4 distinct seasons. namely,
autumn {mid Cctober- November). winter (December-February). spring (March-
April} and rainy (May-mid October). The mean amual maximum and minimum
temperature varies between 37°C and 12°C respectively. More than 8% of rainfiall
occurs during monsoon (June-September) registering abow 60-80% RH. However,

ke fad tha occasional rainfall ako ocours during winser seasen cannot be completely



ruled cut. Daa pertaining w mean daily maximum ad minimum temperature, mean
daily relative humidity. total rainfall and bright sunshine hows of boh the year 2005-
06 and 2006-07 are presented b Appendix 1 and Appendix Il and graphically in Fig.
3.l.a. and Fig. 3.Lb.

3.3 Site selection and cropping history

The experimental ske 5 locaed aong he flood plains of mighty river Dikrong
basin. Geologically, the paremt rock exposed arownd Niuli area & consisted of
glluvium (newer and older terrace deposits). represenied by valley feld deposits,
mainly the sediments. A rectangular shaped medium fand ofplot measuring 46.5 min
length and 8 m i breah oftotal arex 372 ni*“AMivalentio 0.037 hectare for the frst
experiment and 24 min fength ad 0.5 min breath, total area: 252 né equivalent 1o
0.0252 hectare for he second enperiment were selecied, The land was occupied by
kharif maize and winter vegetable {potato) with normal praciices prior © initiation of

the proposed experiments.

34 Physico-chemical praperties of soil of experimen tar site

Before starting the experiments soil samples were collected randomly Eom the
emtire figld up o 30 on depth with the help of sted core (7.5 i inner diameter) and
brought iz the laboratory, mined thoroughly and dhe foreigm materials were discarded
and sieved through 2mm mesh screen mnd divided into two parts. One part was 1sed
n field moist © determine soil pH. moisture content. The cther pat was air-dried then
ground with a wooden roller and finally passed through 2 mm sieve ©r e
determipation of sofl ‘texture, water-hoiding capacity, organic C ad available
Nitrogen, Phosphorus and Potash. The results of the soil analysis for differem
physico-chemical Properties are presented n Table 3.1

35 Composition of farm ysrd manure

The organic sowrces of nuirient fe farmyard manure were analyzed for total
nitrogen by using rapid tdtmvon method and semi-micro K jeldhal apparats,
{Anderson and Inpram, 1993), total phosphorus by calorimetrically molybdenum blue
method (Anderson and Ingram. 1993y and totd potash by fame photometer method
{Anderson and Ippram, !993) method. The values of tlese parameters of Farmyard

manure @e presented in table 3.2,

k3



inpy Inay
pupys uny jyBug § ppuiny surys uny 1y BE 7 Grpjwny
Ay W) e aanejadA wwj [Epuey

SERERFRRE .

BEBEEgEREE.

2 i
m :
& z = R
& = - | N 2
__ S ._. BN 3
* = |
— w m ) ] m.
§d . g #% T1l. #
mm 32 & 25 NN i3
L e 2 3 & L2 =
3 w y3 5 & E m SONNNNNNNNN -0 =
g = = e | N\ | _ = i
tt 3 g $+ T/én?é.ﬂ//////////xw N E
[
= : - g SN & m
= g = \ | = = |
E £ 2 ¥ £ SR 2 z
1 : 14 j: 1
£ | 2 2 w
[« = I
N4 A8 e WY 2 2
_ = o L = i
5 i " 3 @b
2 &8 &§ 3 w v ° ° = § B8 8gwee =20 ==

ﬁuLEEE.nn ey {9, Jaamesadwa)




3.6 Details of the experiments

3.6.8 Experiment |. Effect of spacing and sources of putrients with varying doses
onyied and qualiry of Edipia prosirata 1..

There were three different spacing and six different nutriem? management

treaiments with total 18 different ireaoment combinations i this experiment. The

detsiled technical programme of the experiment & given below:

Experimental Design
Meain plot

Sub plot

Nuomber of total treatment
Combinations

Number of replication s
MNumber of total plots
Plot size

Met plot size

(ap between plots

Gap between replication
Total tength snd breath
Total arca

: Sphi pat

: Spacing- 3 spacing wir. §- 20 an x 20 om, Sy 25 om
x2femand S - 3 om » 30cm

: Bix nuirient management treatments viz. B — NoPdKo,
Fi-NwPxKio, F2 = NuPaKzo, Fi— NaPeoKio, F— 10 t
FYMha md Fr NeoPoKso+ 5t FYM/Ma

: 18

i ]

54

2mx2m

:1.8mx |.8m

: 50 m

: Im

46 Sm and 8 m respectively

37 ot

3.6,1.1 Technique for imposing ir eaiments

In this experiment spacing was considered & first fador and assigned 1o main

plot whereas, sources of nutrients were considered as second factor and were kept in
sub plots. After finat tand preparation lay ou of he experiment. was done (Fig.3.2}.
The reguired amount of Fertifizers (urea, single super phosphate and muraie of potash)
and fam yard manure were weighed as per treatments, The full doses of phosphons
and potassium was applied a he time of finat land preparation, however, he required

amownt of farmyard manure as per treatments were applied after preparation of plots,




Table 3.1 P*hysic o-chemical properties of the experimental field

Particuelars Y ear Te xtural
2005-06 2006-07  class/rating

Method adopted

Ao Mechanicnl nnalysis

Sand(%) £3.36 112
Silt(%a} 9.93 10.31 Loamy send
Clay{%) 6.71 6.57

Moisture 15.65 16.08 -

contenl (%g

Water holding 41,59 41.95 =
capacity
Bulk  density 203 1.58
(g/om’)
H. Chemical anulyvis

Soil pH 5564 5,70 Acidic
Organic carbon 0.66 0.87 Medium
(%o}
Avaitable N 26547 268.23 By
{Kg/ha)
Available POy 21,56 22.54 Low
{Kg/ha)
Available KO 97.53 98.25 10wy
{(Kg/ha)

Bouyoucos  hydrometric
method {Allgn, 1939}

Gravimetrically by oven-
drying 10 g fresh soil fur
24hatIf5°C

Keens box method using
copper cups of 56 an
inner diameter and 1.6
em height (Piper. 1942)

Cravimetric method
(Allen. 1989)

Digital pH meter

Walkey and  Blacks
method (Jackson, 1973}

Alkaline  permanganate
method  (Subbia  and
Asija, 1956}

Bray's | method,
(Jackson, 1973)

Flame photomelric
method. Uackson. 1973)

Table 3.2 Composition of farmyard manuye

Organic sources  Toial  Nitrogen Total Phosphorous Tatal Pomsh (%9

(%e) (%a)

IFarm yard

0.75 0.2
manure

0.5




Urea was applied n two equal splits. First split of urea was applied during tinal land

preparation and second split was top dressed & full vegetative growth stage of Eclipta
prostrdg 1. However, n the control treatment no fertilizer and farmyard manures
were applied. The seedlings of Ecfipter prosiresto were transferred o three different
spacing as per treatments wiz, 20 x 0 em, 25 x 25 om and 30 x 30 em with proper
treatment combinations of fert lizers. Thinty deys old seed lings were transfizrred on &

June in both the years, Harvesting was done by uproofing the whole plants.

3.6.1.2 Detuils of treatment comwblnations
There are total 15 numbers of trealment eombinalions N this (irst experiment
of spacing and sources of nutrients with varying rates. The details of the treatment

eombinations with their Symbols are given in fie fable 3. 3.

3.6.1.3 Amount ofuren. SSP, MOP and farmyasrd mannre per plot

The required amount of urea. single super phosphate. murate of potash and
Fannyard manure were calculated and weighed m clecronic balance according b he
treatrnents far each and every plot. The required amount of these Fertilizers and

manures per plot ae¢ presenled in the table 3.4,

3.6.2 Txperiment 2 Standardization of the time of iranspianting and
harvesting stage of Ecligre prosrrare L.

There were four dilferent transplanting times and three different harvesting
stage with total of 12 treatment combinations in this second experiment. The details of

technical programme of the experiment ae given below:

Experimental Design : Split plow Design

Main plot : Time of transplanting, 4 tremsplanting time ve.
ST 15" April, $T;-15" May, ST:- 15" June and
ST, 15™ July

Sub plot ; Harvesting stage — 3 harvesting stage Wz,

14- Vegetative stage, H-50 % flowering stage and
Hs- Maturity stage

Fertilizer dose : 60:40:20 kg/ha N: P K respectively
Spacing B om x2S on
MNumberof total treatrnent g

combinations



Mumber ofreplications '3

Number ofiotal plots 13

Plot size 2mxim

Net plat siz . 8mxi&m

Gap between plois 1 S5oem

Gap between replication ' im

Totd length and breath : 24 mand 10.5 m respectively
Totd area L 252 ot

3.6.2.1 Technigque for imposing treatments

In this experiment, transplanting tme of Exliptr prossrato Lo was considered
as first Tactor and laid out i main plot and harvesting stage was considered as second
facior and was kepi n sub plot. After final land preparation ky out of the experiment
were done (Fig, 3.3). The required amount of ferfilizers par plot {urea 39.13 g single
super phosphate 75,00 g and murare of potash 10.00 g) was weighed for each and
every weatment. The whole amount of fenilizers ve. urea. single super phosphate and
muriate of potash were applied a5 basal & the time of final land preparation one day
befisre transplanting of seedlings and mixed well in soil. The seedlings were
translzred A e Spacing 25 am X 25 com, The scedlings were transferred & [ow
diffizrent dates & per ireatment and harvesting of the plant was done by uprooting

plants & three particular growth stages according © treatments.

3.6.2.2 Details of trcatment combinations
There @e total 12 numbers of trealment combinations i this experiment. The

detai b of the treatment combimations with their symbols are presented in the table 3.5,

A7 Description of the selected erop Bhringaraj (Eciipfa prostrara L)
Bhringaraj, botanically Exfipfa prosfreter 1, '8 a very importanl medicinal
plant under Asteraceae [amily. This & annual water loving medicinal herb about 90 -
% days duration with average dry herb yield of 4.3 tha. naturally grow in swampy
areas, Botanically the siems and branches are strigose and hairy, leaves ae 25 - 7.5
an long, opposite, sessile. oblong-lanceolate: strippse and hairy, flowers are white i
heads, involucral bracts, axillary, ray flowers ligulate: disk ones tubular. heads are
about 6-8 mm n diameter contains 903-120 numbers of seeds. The plants ae erect o

© some extent spreading in nalure, about 2 et in height.
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The whele plant 5 sed Br medicinal purpose. The plamt contains a
medicinally impostant alkaloid eclipiine. Oter chemicaly  identified are
wedelolactone, wedelic acid. apigenin, lueolin, B-amyrin, resin, erc. The roots ae

very rich in thiophene acetylenes. The plant & a goodsource of thiophene derivatives.

Table 33 Treatment combinations with symbols of spacing and sources of
mu trient with varying doscs experiment

8. Treatment Expression of treatment combinations Symbol
No, combinations
ol SF3 {20 on x A om) (NePsKo} T
02 SiF) {20 om x A om) (NxpPuKio) Tz
i} SiF (20 cm x N cm) (MNepPuokan) Tz
o4 SiF; {20 an x 0 em) (MNeoPeokag) Ta
{5 5F ¢ (20 cm x 3 cm) (19 1 FYM/ha) Ts
06 S5Fs (20 an x 206cm) {(NegPwKx+ 5t FYM/Ma) Ts
a7 52Fo {25 em x 35 cm) (NP Kob T;
1.4 52F (25 cm x 25 cm) (NuPxKio) Ty
09 SaFz (35 cm x 25 cmn) Neof wkiazo) T
10 5;:F3 {25 on x 5 am) NP 0Kag) Tio
Ll 5F, (25 on x 25 con) (10 t FYM/ha) Ty
12 $F, (25 om x 25 cm) (NeoPasKzo+ 5t FYM/ha) T
13 SFi (30 an x 30 cm) (NP Ka) Tiz
14 S3F) {30 om x 30 cm) (NagP2Kip) T
15 SaF2 (30 cm x 30 cm) (NaoPspKag Tis
16 S3F3 (30 cm x 30 cm) (NeoPuoKan) Tis
17 S:Fs {30 cm x 30 cm) (19 t FYM/Ma) Tia

8 5aFs (30 cm x 30 cm) (NeoP Ko+ 51 FYM/ha) Th




Table J4 Required amount of urea. single super phosphate. murate of potash
and Tarmyard manute per plot

Doses Ureaig} SSP () MOP(g} | Farmyard
manure (Kg)

0:0:0 kg/ha NiP:K 0 0 0 0
30:20:10 kg/ha N:PK 19.50 37.50 500 0
60:40:20 kg/ha N:P:k 1913 75.00 19.00 0
H160:30 kg/ha N:PIK 8.0 N2.50 15.00 0
10t FYM'a 0 0 0 100
60:40:20 kg/ha N P 3913 7500 1564 .50
K+ 5 1t FYM/ha

Table X5 Treatment combinations with symbols of transpianting time aml

harvesting stage experiment

Sl. Treatment  Expression of treatmest combinations Symbeol

No.  combination

ol STiH, (15" April transplanting) (Harvesting & T
vegetative stage)

STiH: (15™April transplantingHarvesting 2 0% T2

flowering stage)

3 S$TiHy (15  April ansplanting} (Harvestiing = T
maturity stage)

04 STiH, (I5"  Mm  tramsplaning) (Harvesting & T
vegetative slage)

0% ST:H: (15" May transplanting) (Harvesting 2 0% Ts
flowering stage}

06 ST:H; (15" May transplanting) (Harvesting 2 matufity Ty
stagif}

o7 STiH, (15" June tramsplanting) {(Harvesiing a T
vegetalive stage)

08 STiH: (15" June transplanting) (Harvesting & 30% T
flowering stage}

9 STiH; (15" June ransplaning) (Harvesting a maturity Ts
stage)

10 STiH, (15" July rransplanting) (Hanesting a Ty
vegetative stage)

1 ST.Ha (15™Juty transplanting) (Harvesting a 50 % Ty
flo wering stape}

12 STk (15" luly mransplanting)} {Harvesting & maiurity Ty

stage)
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38 Agronomi¢ practices

3.8.1 Nursery for razising seedlings

The raise nursery bed of size 2 m length and 1.25 m breath and 25 em height
was prepared n the nursery, Department of forestry, NERIST. Nirjuli. Arunachal
Pradesh. After first spading 5 kg well decomposed cow dung was applied on bed
Fully matured collected seeds were sown i well-prepared nursery before one month

of transplanting. The Dursery bed was kept in moist condition and kepl ¥ weed free

3§.2 Land preparstion

The main field was first ploughed by tractor drawn disc plough followed by
harrowing. Then the same field was ploughed by bullock drawn deshi plowgh and
leveling was done by laddering. Lay ouw of ihe experiment was done as per

Treatments.,

38.3 Other agronomic practices

All the agticultural practices were done as per proper schedule. The schedules
of operation of works of the first experiment are presented in details in the appendix
18 for the vear 2005-06 ard 2006-07 respectively and the schedules of operations of
he second experiment is shown B delals n he appendixes IV © VI fr boh the

YEATS.

3.9 Transplanting of seedlings

Ore month old Eclipta prostraia L seedlings were transplanied in well
prepared plots. Afler transplanting of seedlings light irrigation was done. b the frst
trial seedlings were wransplanted a 3 different spacing viz. 20 x 20 em 5 x 25 am
and 30 x 3) on according o the reatments. On the other hapd i second tria) all
seedlings ‘were transplanted i a uniform spacing of 25 on x 25 cm, whereas,

transplanting date varied according ko the trealments,

3.1¢ Gap filling
After transplanting some seedlings were dumaged by cutworm and few could
ot survive. Gap filling was carried owt with mew seedfings within a week of

transplanting.



31.11 Waler management

Generally Eclipie presrara L & grown as rainfed crop however, light
lrrigation was given just afler transplanting of seedlings. Subsequent ‘mrigation wes
done d 3 days interva up 0 establishment of seed ings.

3.12 Weed management
Both he nursery and main fidd was kept weed free. Two manual weeding was
done m oursery & 10 days md in nain Field & 20 - 24 days interval .

3.13 Plant protection measures

No serious peds and discases were observed during the cultivation of Eckpra
prosirars . However, st after transplanting few seedlings were cn down hy
cutworm. Malathion dust was applied surrounding the seedlings as a control measure,
The qop was slightly affecied by fungat disease afier flowering stage during the fist
year of cultivation. Bavistin was applied 10 overcome this problem.

3.14 Observation recerded on crop
The observations on the following parameters were taken & three diffierent
growth stages wr ‘egetalive stage % flowering sizge and maturity siage by

appropriate methods.

3.14.1 Plant height

The observation of plant beight was measwed in centimeter (cm) fom the
base of the plant © the tip of be plant, From each plot, plant height was recorded
fom randomly selected En plants and average of these ten plants was considersd as

plant height of the parficular treaiment.

3.14.2 Number of primary branch
The mverage number of branches produced fom he main plant of 10
randomly selecied planis Fom cach pktl were counled and the awerage value was

tonsidered as number of primary branch.

3043 Number of secondary branch
The average number of laterals/branches. come ow fom the primary branches
of 10 randomly selected plants fom each plot were counted and he average was

considered a5 number of secondary branch.
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3.14.4 Number of leaves
The number of leaves of 10 selected planis of each plot was recorded. The

average value was worked out ard expressed as number of leaves per plant.

3.04.5 Dry matter production {%3)

The plant samples were collecied fom each and every plot. The samples were
cleaned by removing soil attached © root kepl fix some fime © evaporate the
adhering water, ¥ any, and weighed and recorded as fresh weight. The fresh sampjes
were air dried fir 34 days, then dried n oven & 70°C till 2 consiant weight was
obtained and expressed as dry weight. Per cent of dry matier production was obtained
by the following formmula

Dy weight ofthe sample (g)

Per cent of dry mafier production X 100
Fresh weight {g)

3.14.6 Leafarea index
Twenty five number of leaves were taketr from each and every randompy

)

selected 10 plants fram each plot and leaf area was measurad (-;:m2 with digita] |eaf
area meter {Sysironics), The average velue was calculated and expressed as leaf area
of individual leaf. The total leaf area of plant was calculated by multiPlication of
individual leafarea mnd total number of leaves, The ground ares covered by he same
selected plant was measured with a scale, and the average value was considered #s

ground area covered {cm®). The leafarea index was obtained by the following formula

Total leafarca
Cround cover

Leafarea index

3.14.7 Number of primary root
Ten randomly selected plants were wprooted from each plot and washed care-
fully without damaging rool and rumber of rools was calculated. The average vajue

was considered as number of roots.

314.8 Root length
The length of roct of uprooted plants wes measured with a scale, ad the
average value of 10 randomly selected roos of each and every uprooted plant was

congidered & roou Jength {cm).
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3.14.9 Stem and secondary branch diameter

The diameter of he main stan and secondary branches arises from primary
stan was measured i three position with the help of verniear scale and the average of
these three positions were considered. Thus the average value of all the stems and
secondary branches of 10 randomly selecied plants of cach plots were expressed as

stem diameter and secondary branch diameter and expressed in mm,

3.14.10 Number of Mlower
The total pumber of flowas a full blooming stage of 10 randomiy selected
plants from each plot were counted and the average value was considered as number

of flower pe plant.

3.14.11 Numberofhead
The total pumber of heads & maturity stage of 10 randomly selected plants
Fom each plot were counted and the average value was calculated and considersd as

numnber of head pe plant.

3.14.12 Harvvesting

Harvesting was done by uprooting the plants by judging visual maturity of
plant (blackening of leaves and head) for the first experiment. For the second
experiment harvesting was done as per trealmenls /2 & vegetative, &8 30 % flowering
stage and & maturity stage. At first, boarder plants from pre-dermarcated ara for yeld

assessrment were removed. Afterwards. ret plots were harvested ad properly tagged.

3.14.13 Totat biological yield

The net plot was harvested after removing the boarder plants. The et plot
produce was wsed b record the total biological ykld after removing the soil attached
o rodt and cleaning. There after the plant & kept 1 open fir some time © evaporate
the adhering water, weighed and recorded as herb vield per plot The yield pe plot
was converted i terms of quintzls per hectare, Multiplication of fi-ush weight with dry
matter production gave dry herb yield of the crop.

3.15 Determifiation of total mtrogen uptake

Samples of whole plants were cotlected afier harvesting, dried, ground and
analyzed separately for nitrogen content by using rapid titration methed and semi-
micrp Kjeldhal apparatus, (Anderson and Ingram. 1993). The total uptake of nitrogen
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was estimated by multiplying the nitrogen content of pant and dey herb yield and

expressed n kilogram per hectare.

116 Dretermination of total phosphorus uptake

After harvesting,sample of whole plants was collected dried, ground and
analyzed separately for phosphorus content by subjecting 1o acid-digestion and were
eshimated calorimetrically using molybdenum blue method (Anderson and Ingram,
1993). The uptake of phosphorus was estimated by multiplying the phosphorus
cortent of plant and dry herb vield and expressed in kilogram per hectare.

3.17 Determ ination of total potassin m uptake

Samples of whole plants were collected afler harvesting, dried, ground and
ané1vzed separately for potassium content after acid-digestion and K contents were
estimated using flame-photometer {Anderson and Ingram. 1993). The uptake of
potassium was estimated by multipiying the potassium content of plant and &y herb

yield md expressed i kilogram per hectare.

3.18 Dretermination of plant organic carbon
The ash content was determined by igniting | g ground sample a 350°C ®r 6
how in a2 muffle fumace and a total of 0% of the ash-fTee mass was calculated as the

organic carbon ¢ontent (Allen er &, 1974) and expressed as percentage.

3.19 Detefmination of total alkaloids

The plant samples of Eclipve prestram L. were shade dried properly as per
treatment ground and extracted i organic solvent methanol using soxhiet extraction
apparatus %r 20 hours till the colourless extract came out. The solvent was recovered
from ke extraction by rotary evaporimeter distillation unit. This methanol extraction
was made acidified by adding 3% citric acid and stired in electrically heated stirer
or about 5 hours. The filtrate was made alkaline by adding ammonia, solution and
then further extracted with chloroform. The organic chloroform part was Stparated by
separating funnel and made alkaline free by extraction with water. The pure
chloroform part was dried and added with anhydrous sodium sulphate to remcve
moisture if any, and the fight yellowish dried part was considered as tolal alkaioids
content of the sample (Sawant & &, 2004). Ths chloroform extract was checked fix

presence of alkalords by using Dragendroff reagent.
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3.20 Determination 0fsugar

3.20.1 Determination of red ucing sugar

The whole plant samples were uprooted, initially cleaned, air dried and grownd
n Wiley mill. 5 gm of grounded material was weighed  m electronic balance, $%
alcoho! was added with CaCO, ® neutralize any acidily, boiled $r ore howr i a
sitam bath, cocled and filiered m © a volumetric flask and further washed with 80%
alcohol © adpust the volume & roan tempereture, (0 il of the prepared aliquot was
purified by using equal volume of 3% Ba{OH), and 2% Zn 80, followed by fiiration
md further adjusted to 50 ml volume in a volumetric flask & room temperature. The
aliquot was used 1 estimate the reducing sugar following the Shaffer-Somogy micro-
method {Anon, 1984).

3.20.2 Determina tion of 10tal sugar

The teial sugar was estimaied by hydrolyzing the purified extract with 02 ml
of concentrated hydrochloric acid and then beiled for half hour, cooled and
nentralized the sofution with Na;COy crystals. This aliguot afler acidifying with 0.5 N
acetic acid was wsed p estimale the total sugar following the same procedure as that
of the reducing sugar.

3.20.3 Determination of non-reducing Sugar
Non-reducing Sugar was calculated by subtracting the value of reducing sugar

from towal sugar.

3.2t Soil parameters
3.21.1 Determination ofasailable N, P and K costtent in soi

The sl samples were collecled from 0-30 an depth of each ireatment with
soil amper and marked properly. Soil samples were dried under room  condition,
ground, passed through 2 mm mesh sieve and anmalyZzed Pr available soil nitrogen.
phosphorus and potassium. The available mitrogen content of s0il ‘was determined by
using modified K jeldahl method {Subbia and Asija. 1956). available phosphorus was
determined by Bray's | method, (Jacksom. 1973) ad available potassium was
determined by Flame photometric method, (Jackson, 1973) and expressed n kilogram

per hectare,
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3.21.2 Determ inshion of organic carbon content i soil
50il samples collected for determination of available N, P and Kin soil were
wilso 18ed for determination of organic carbon content In soil. The organic carbon was
estimaied by Walkey and Black's method (Jackson, 1973) and expressed as

percentage.

322 Economic indices

3.221 Cost of & ffzrenl treatments

Cost of all tremments were worked ot 2nd ¥ was calculated & cost per
bectare for each treatmenl by taking all the operational cost, variable inputs and
labowr wages in account {Appendix VI

3.22.2 Gross petum of different treatments
Cross retwn & the value of the economic yield e herb yield of Ecfpra
prosirata L., calculated o prevailing market price. For both the experiments gross

relurn was celculated separately for g1 the treaiments,

3.22.3 Net return of different treatments
Net return was worked oof by sublracting the cost of cultivations fran gross

refurn.

3.22.4 Bepefil « Cost ratio of the treatmen i
For the both experiments i was cal culated by the fdlowing Formula,

Net retrn of The treatment
Tola | cost of he 1reatmenl

Benefit ; Caost

323 Siavistical annlysis

The data recorded from both the experiments conducted during 2005-06 and
200607 were statistically analy;zed under split plot design adepting the procedure of
*Analysis of Variance” owt lined by Tisher and Yates {1963). Whenever. variance
ratio (F)  significant, Critical Difference (C.0.) reported a15% level, otherwise only

5 Ed & mentioned,
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EXPERIMENTAL FINDINGS



EXPERIMENTAL FINDINGS

Two field experiments were conducted % 3mdy the effect of varying spacing,
sources and rate of nutrients; date of transplanting and stages of harvesting a growth,
yield, quality and economics of Eclipia prostrata Lin two consecutive years 2005-06
and 2006-07 & NERIST, Mirjuli. Arunachal Pradesh. The results of the investigations

of both he trials are presented in this chapter under follawing heads.

4 1 Spacing and nutrient management triul

4.1, 1 Growth

Variation on the growth of Edipw praspwo |, due o dilterent treamments of
spacing and sources and rate of putrientowere observed i terms of plant height,
mumber of primary and secondary branches, diameter of mein stem gnd branches,
mumber of leaves and leaf area index, number of roos and root length, dy matter
production & vegelative, flowering and maturily stages. Resulis thus obtained were

subjected for statistical analysis and conclusions drawn are described here under.

4 L L 1 Plant helght {cm)

The resull of plant height {(cm) of both the years 2005-06 and 2006-07 are
presented in Tabie 4.01.). and the gradual increase in plant height i expressed
diagrammatically in Fig. 4] and Flg. 4.2. Daa revealed that boh the variables
produced significant variation on plant height. However, the plant height gradually
increased with increase o plant spacing 8 all the three stages of growth, The iallest
plant height was recorded under 3 x 3 onm spacing = all the slages { & 19.55 ad
2063 cm & vepetative stage, 42,06 ad 42.84 an o 50 % Nowering stage, 47.15 ad
48.43 cam & matrity stage, respectively in both the years and remained ar par with 25
x 25 om spacing, bul proved staiistically superior o the reatment 20 x 20 cm Spacing.

Sources and rates of autrient alsc brought about significant variation on plant
height over control. Application of N P K @ NeoPsaitio, 0t FYM/a, and"ecPeakyg
+ 5t FYM/a were proved stalistically «f por, but recorded statistical superiority over
other treatments viz. NP oK and NgoPaoKao Similarly application of NesPeKag
proved statistical by superior © the treatment NaPaghl g 8t d | the three growth stages in
bot the years. The tallest plant height was recorded i the treatment MagPaokzx + 5t
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FYMma as 22.19 and 23.17 om a vegetative siage, 43.02 and 4368 an at 50%
flowering slage and 48.06 and 4955 an & matwrity stage n boh the yeas

respectively.
The interaction effizet of spaeing and Fertiizer was found not significant & all
Stages.

d 1 L 2 Primary hranches

The data on number of primary branches/plant (Table 4.1.2} revealed
significant increase & successive growth stages. B gradually increased with every
increase h planl spacing fom 20 X 20 am 1o 30 x 30 cm. The highest number of
primary branches (642 and 740 & vegewmlive stage. 1658 and 17.59 o 50%
fAowering siage end 18.62 and 19.68 & raaturity stage) n both the years 2005-06 and
2006-07 respectively were recorded due o 30 x 30 on spacing, which remained
statistically similar o 25 x 23 an spacing. However, both spacing proved siatistically
superior © 20 x 20 cm.

Nutrient applied treatments produced significant variation irrespective of
sources afld doses and remained supericr © control. Highest number of primary
branches (7.18 and 8.08 M bolh he years respectively) were recorded due to treatment
MNecPuKzs + 51 FYM/ma which was stafishcally a par with the treatment NegPsoKao
bt proved supeficr o other trealments The treatment NgoPuKzo apd 10 t FYM/a
also established its statistlcal superiority over NMigP2oK o  Production of  primary
branches a flowering and raaturity stage were recorded maxitnum: due © NeoPeoKa +
51 FYM/ha during both the years and proved statistically sirailar o the treatinent 10 1
FYM/Mhe and NeoPsolao b superior © other ireatments. The trealment NeoPaokas was
superior 1o the treatment N3P:oK,, a0 maturity stage but a flowering stage both

remained same.

The ifteractiofl effect of both he spacing and nutrient raanagement Ireatments

failed © produce significant variation n bok the years.

4 1 1 3 Secomlary branches

The daa on secondary branches/plant (Table 4.1.3) revesled that ar vegetalive
stage, no significant difference could be observed among the various Spacing
treatments on bhringaraj cultivation h both the years. At flowering and maturity

stages however, 30 x 30 em spacing treamment produced highest number of secondary
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branches closely followed by 25 x 25 cm, bit both proved statistically superior D the

treatment 20 x 20 an spacing irrespective of years.

All the nutrient management treatment recorded significant superiority over
control. At vegetative stege tie treatments MeoPaokizs + 5t FYM/ha and 10 1 FYM/ha
though produced statistically similar number of secondary branches but proved
superior 0 he treatments NooPaolkae MeoPaka and MNagPooK . However, & flowering
md maturity stapes the treatments MNgPul; + 5t FYM/mMa, 10 t FYMMa ad
MNeoPeoKyp proved statistically similar on production of secondary branches bu

superier © the other treatments.

The interaction between spacing and nutrient management treatments faied o

bring any significant effect on secondary branches/plant in both the years,

4.1. 1. 4 Stern and branch diameter{tata)

The data (Table 4.1.4 and Table 4.1.5) m stem and branch diameter (mm)
revealed significant improvement only on flowering and maturity Stage, whercas a
vegetative stage all the spacing teatments were found stalistically ar par A
flowering and maturity stages, spacing 30 x 30 an and 25 x 25 an though remained
o par bt proved superior o the treaiment 20 x X) om spacing for both attributes.
The maximum stem diameter (524 and 527 nm a 50 % flowering stage, 5.29 and
530 mm a maturity stage) and branch diameter (3.08 and 3.12 nm a 50 % flowering
stage, 3.13 and 3.17 mm a maturily stape) were recorded respeclively i boh fhe
years 2005-06 and 2006-07 under 30 x 3) an spacing foliowed by the treaiment 25 x
25 an (slem dizmeter: 4,99 and 5.05 mm a 3% flowering stage. 5.0% and 5.10 nm
a matusity stage, branch diameter: 289 and 293 mm a 3% flowering stage, 299
and 3.0t mm & maturity stage respectively in both the years). The lowest value of

stem and branch diameter was recorded in the spacing X) x 20 cm,

The data on nutrient management (Table 4.1.4. and Table 4.1.3) revealed their
significant superiority over conirol & all e growth stapes on stem and branch
diameter (mm} Among the nutrient incorporation, NeoPsoKsn, 180 t FYM/Mha and
MNeoPigKsp  + 5 t FYM/ha remained stalistically of par but proved superior b the
treatments NiPyKig and NgoPuKss & vepetative stage However, & flowering and
maturity stages nutrient application@ NggPscKin, 10 t FYM/ ln and NeoPuKz + 5t
FYM/ ta and NeoPooKgo treatments were found statistically similar bul supertor o the
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treatment NaoPyKe The highest stem diameter 320 and 3.46 mm & vegetative stage,

§.27 and 5.31 mm a Powering stage and 332 and 5.33 mm a maturity stage n both
the years respectively were recorded i the treatment Fi- NeoPaoKzn + 5t FYM/ha.

Branch diameter remained wnaffected due o  application o nutrient
irrespective of rates & vegetative stage. But & flowering and mawrity stage, & showed
significant effect. Treatment F— NeoP yoKzo + 51 FYM/ha recorded the highest brandh
diameter (3.20 and 3.23 & 30 % flowering stage; 3.27 and 3.29 a maturity stage 0
both the years respectively) but remained statistically similar © Fi— NeoPaKso (3.08
md 312 4 90 % flowering stape; 3.21 and 3.23 a maturity stage) and proved
superior 0 other treatments. Similarly ncorporation of I t FY M/ha produced branch
diameter of 292 and 295 mm & X % fowering and 299 and 3.0 mm & mawrity
stage respectively during both the years a well as NeoPacKzo with 2.81 and 286 mm
& 5% flowering stage; 2.91 and 293 mm branch diameter & maturity stage wee
statistically similar but proved superior © F) - N3gPaoKip (2.63, 267 and 2.69 2% n
both the vears and stages respectively) on branch diameter,

The combined effizct of spacing md ferilizers 'n all treatment combinations

were found mn significant an branch diameter,

4 1. L 5 Numher of leaf

The data on number of leaves/plant (Table 4.1 6 and Fig. 43, Fig. 44)
revealed marked variation i production of leaves. Highest number of leaves were
produced due © 30 x 30 cm spacing & all the stages of observation ie. 7019 md
71.64 &t vegetative stage; 255.08 and 257.83 a 50% flowering stage and 257.42 md
247.66 & maturity stage n 2005-06 and 2006-07 respectively, and remained
statistically & por with 25 x 25 om spacing. However, both these spacing recorded

superior number o leaves 0 20 x 2 om spacimg.

Varving rates and $rm o nurient application produced significant
improvement in production of leaves over comtrel (Fp} & all the growth stages. Xk was
dso observed that application ofNgPyKye +5 t FYM/ha, NooPsoso and 10 1 FyMsha
though remained statistically o par bu showed their marked superiority over
NeoPsKao and NuPyKin. Al vegetative growth stage the later two remained equaliy
effective. Similarly a flowering and maturity stages i@ was observed that the
treatments Fi— NggPagas + 5 t FYM/ ha, Fa— NeoPsoKae, Fa— 10 t FYM/ ha and Fz‘—
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NsoPsolz were statistically on per m producing leaves but proved superior 1o the

Ir=atment Fj = M 3Pl

Production of number of leaves/plant remained unaffected due b the
interaction effeat of spacing and nutrient management krespective of stapes of growth
and year of cultivalion.

4.1.1. 6 Number of root and root length {cm)

All the experimental variables brought sbout significant variation on the
production of roots/plant as well as their length. Scanning of the dala (Table 4.1.7 and
Table 4.1.8} revealed that the nurnber of roots/plant and roat length (cm) irrespective
of spacing a vegetative stage remained e par. Motwithstanding, spacing produced
marked effizct on these atribules & fowering and maturity stages. Spacing of X x X
an recorded the highest number of root/plant {73.71. 75.346: 77.08. 77.74) as well as
lonpest roa {1624, 16,57 amd 18.67, 19.07 cm) a flowering and malurity stages
during both the years respectively. Spacing of 30 x 30 an and 25 x 25 cm. however
proved equally effective but esiablished their marked soperiority over 20 x 20 ¢m.

Almost all the nutrient management practices proved much effective in
increasing the number of roolfplant and root length & all the stapes and proved
significantly superfor i contrel. Perusal of datz on number of roots/plant indicated
differential response due o different nutrient wreatments. By and large incorporation
of Fi- NeoPeKze + 5t FYMMa s well as F—NooPeoKig proved equally effective in
increasing the production of roois per plam & all the stages. However, a fowering
axl mawrity stages Fee © | FYM/ha also showed marked effect o par to sbove

trealments, but all recorded significant superiority over F; — NgpP20Kig and control
{NoPaKL).

Daa oo lenpth of root {cm), revealed that among he nutrient applied
reatments, the treaiment Fi- NgoPyuKon + 5 1 FYMMa, F— NogPgoKsp, Fo 10t
FYM/Ma and F; — NeoPyKae produced statistically similar roct length tut reccrded
superior © F; — NjpPxKy a vepetative stapes. However, a flowering and maturity
stapes treatment Foe NeoPygKoe + 5t FYM/Ma, Fr NogPwkie and Fe— 10 ( FYM/Aa
were slatistically af peor bt recorded marked superiority over other two trealments
Wi By — MNsgPapkag and F) — N3yPasKie which were also remained o0 poe The longest
root was recorded in the treatment Fe- NegPyKop + 51 FYMY Ra (10,47 and 10,84 o
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# vegetative stage, 17.18 and 17.80 on & flowering stage, 20.00 and 2043 on &
maturity stage in both the years respectively) followed by 10 t FYM/ha.

The interaction effect of spacing and fertilizer on number of roots/plant &nd

root length failed o bring any significant difference in all the combinations.

4 1. L 7 Number of flower

Study of data on number of flowers per plant (Teble 4.1.9} revealed effictiviry
of spacing 25 x 25 an which produced maximum number of flowers 78.21 and 79.84
in both the vears respectively, though & wes statistically & par with spacing 3 x 3
an (7606 and 77.24) a fbwering stage. Both these mwo [reatments were proved
statistically superior 0 the closer spacing 20 x 20 cmi. Al maturity stage all the three

spacing ‘were found statistically similar.

Dasz further revealed significanl superiority of all the nutrient treatments over
conteal & all the growth stages. Among the nutrient treatments, Fr— NoPsolis, Fu—i0
t FyMma and F— NeoPoKse + 5t FYMha though remained similar -ttt proved
superior B Fy — NeoP oKz and F1-NyoPyoK . At maturity stage.effictivity of all the

nutrient treatments were statistically similar i both the years.

The interaction effizcts of spacing and ferfility was found statistically similar
on number of flowers in 2005-06 and 2006-07.

4 | 1, 8 Number of head

The data on number of head (Table 4.1.9) revealed that & flowering dage no
sipnificant difference in all the three spacing trial could be observed Whereas, a
maturity stage the spacing 25 x 25 an (76.16 and 77.81) and 30 x 30 an (724 md
73.73) remained statistically sirailar in bath the years respectively tut proved superior

ip closer spacing 20 X 20 on in production of heads.

k was also observed that all the nutrient treatments produced statistically
superior nurber of head in comparison © control However. no significant difference
could be esimblished due © varying nutrient treatments a flowering stage. On
comtrary & maturity stege, the treatments Fi— NeoPacKso, Fe- 10 t FYM/Ma and Bs-
NeaPioKon + 5t FYMma though remained statisticaly o pa bul proved superior B
Fo— NegPaoKopand Fi—NioP oK.

52



JUESIUELS UON = §N nueil preduun.f = WA Y

SN SN SN SN SN SN (%) a'D
AVE e 08'F FeE £E°S L'y . (#)'pa°s
(4 ¥ §) wopmuajog
01 08'€ 6F't 21 6L9 vLS (948) ‘c1 D
19¢ 981 0TT ST 80°€ 13T F) P4 °S
VAAL 1S
gec8 0L IR £0'6L 60°'RL S LiES + BTN =5
09°6L YERL bl 9L LE'SL 8LCH i THNAL Y01 T
I6RL RO8L i £1'¥L G 6F 198 i goan —.4
Z0'tL LEEL arbe §1'69 R6'6E I 6¢ UENITN T
21T 68 1L 66'89 PRLO HeLE PEEE LS L L NEER
6F°€9 LYTO £L68 £L°8S €98 ST THIIN =0
-aﬂnr--.:- Jo saKi(]
09°€ 19'€ T TET SN SN (CAS IS (e
0El 0g' 80 £8°0 £L°1 0Ll (F17pd 'S
yLLL $0°LL 95SL |L'EL T 61Tk WD OF % W 0 - *§
6t LL $L0L IFEL 142 ST Tr 981 b W g7 X WD £ -7
9L 0L 69 $6'59 €269 61°8f 95°LE W OF X w3 o7 'S
. Bupedg
L0-9002 90-S00T  L0~900Z 90-S007 LF900Z  90-S007
Fms Qunivy P Um0y Faus OANMIIBAA SluAmnad g,
safiee raoadl jualagip

1€ yue|d/51004 Jo I3quInG 10 FI03L A0 J0 $PFE] PUR 5201005 snopaes pur Sugnads jo 0o L1F dqel,




e s UON = SN “Mnuew paeiule] = A J

SN SN S SN SN SH (2253 'AD
£l’l L] 1 £50 ELD L90 Fpasg
[ X §) DGpawIda]
&6t | 617 £Ek FLO 980 6l (568)aD
gL 250 90 ERL ¥ 680! {(API’S
ey ALl &
£F D 000% DTLl - WA :4H LV DI + EHTYON 54
LE6l L¥'6l gCLl COLl LE0l c0'0l B/WNALI G TS
Fe61 681 gLl B9 1901 €501 PEHPL0SN -1
gl L L] 91 B el 61701k PRO R i L VRt |
65 LI IT4L oysl LLFI LT6 6’8 Gigotgeing 14
EFEl LOE] i £9'01 £0 3 S0°L i L W
SEALIINE JO FIS0(]
03'd 30 91°1 0l 5N 5N (2:6) "D
627 ot’0 Zra LED 610 601 (F}Pa°S
Loal L9831 LG9k FL 9l 90l 16°6 W g X W gf -ig
£V Bl LA o5l 339 | g8L'6 w6 W) g7 X wd g7 -Ig
BOO 1991 19°%1 2lFl 196 LT W3 07 X U hr -'5
Buliedg
LIFHHT 95007 L0907 o0-<007 L0OT S-500¢
28ES uniegy 35¥)5 SULIZMOL] F3EIS AAEIATI A S TELTLEY ]
$98egs dﬁ.._-rﬂ—hu.

1231 1p 1€ 19 tdA W) 1130] 1004 L0 SHIALINT J0XI)6] PUE SITIN0S SNOEA PUT Suiyeds J0 123g)q g 1°F 219EL




All the combination of spacing and nutrient applied treatments remained
ineffective in increasing the number ofheads per plant in both he years

4 L 1. 9 Dry matter production (%)

Progressive increase in dry mater accumulation was noed fom earfier stage
to maturity (Fig. 4.5 and Fig. 4.6). The daa on dy matter production/plant (Table
4.1.10) showed no significant variation due % various spacing on drvy matter
production & vegetative stage. The widest spacing 3o x 30 on prodiced highest dry
matier production {14.28 and 14.54) & flowering stapes and {15.06 and 15.18) &
malurity stage respectively in bot: the years, but remained statistically similar 0 25 x
5 om spacing. Both the wider spacing however, produced superior dy matter to the
spacing 20 x 20 cm.

All the nutrient applied treatments proved superior 1o control on dry matter
production. Among the nutrient applied treatments, the treatment F— NgPakag + 51
FYMmz produced he highest dry matter production (11.28 and 1162 a vegetative
sigge; 15.89 and 16.06 at flowering stage: 16.70 and 16,74 & maturity stage in both
'the years 2005-06 and 2006-07 respectively) bu were recorded statistically similar 1o
the treatment Fi— NooPeoKso though they proved superior © Fe 10 1 FYMMa, F -
NeoPwKzo and Fi — NaoPxoKeo. The lates wo (F; and Fly treatments ajso remained
statistically @ par in dry matter production.

The dry matter production in all the reaiment combinations of spacing and
fertilizers were found suatistically similar & alt the growth stages during both the
years 2005-06 and 2006-07.

4.1.1. 10 Leafarca and gromd cover(cm’’

The data on leaf aea (Table 41.11) revealed that there was no significant
differerce among the three spacing tmespective of year of cultivation and growth
stages on size of leaves. Spacing of 10 x 3o om resulted iMo the largest ground cover
(am’) a ali ‘the stages ie. 10.84 md 1082 o’ & vegelalive stage 20.96 and 2127
o’ & flowering sage; 2340 and 24.16 oo a1 maturity stage b both the years 2005
06 and 2006-07 respectively and remained similar w 35 x 25 om spacing b proved
statistically supefior o the closer spacing20 x 2 om (Taide 4. 1.12).

33



WEDLLITIS VO = §N "UNUEL peeAlLe] = W Ad

SN | SN SN SN SN SN 5N (%) aD
76'9 05y £8°0 £L'0 LS°0 65°Q 99°9 189 (F)Pa’s
{4 ¥ §) oy PRI
Gl oo B&0 680 Lo oL'0 s34 E0g (a:8)Q°D
B6'C it BEg £ £E0 L% 8t £4't (FI'FA°S
LU LT PR
66'tR 08 06’5 £E6 1#8] LLL] BC'La LO'TH + FATITN 44
0. 08 £0r6s or' s ]6'8 10°8] LTL Fa’le £]1'06 BUNAL 1 0] "4
38 054l LT6 16°8 CL'Rl T8 £8°08 FrER PN -t
PO £L6Y i £8°8 L8] §TL) 11 L RN -
1L'99 {959 1£6 £2°8 38°L1 Bl'ZIl I 2519 ITGOEN] — 1
8ss L bL [ FE9 ZE] Pl FE05 956k Sty =%
SIOALEH IR JO S3500]
arr 8t SN SN 5N SN 2% 10 {226 QD
21l 10| 2L FAN] gD rral AN | -l {¥)'P1'8
LT A 69°6 Fl'é v il 94'8] FTLL 9094 D Of % Wagg - i
I8°LL L9 A AN S £l i85 5T [T8L W3 Cr s WA LE -8
[890 ZL8Y 09°¢ FOB voil oS, £6'CL L& [L WagE ¥ tua iy -'g
dyardg
LO-HOL 935007 LO-900T g-500T  L07900Z 90-500C  LU-900T 9001

288)S AR MEW 2de)s BULIPMO[] aZEIs {3 ARIELY 3TEIS GO IMO[

Eji3migadf
SPEAY J0 Jaquun] SLIAD] fO 2200 AA]

SIBEIS M0sB Juddayp 1o
% pEpdspeal pUE SI3un])] [0 JAEIUND Bo Si0ann Jo 531ed puu 5304005 SUoLEA PIE duraeds jo oy &1'F A9EL




All the ferilizer management practices significanily increased te leaf area
over contrel & all the stages of growth. Though highest leaf area was found associated
with incorporation o Fy. NgPyKzy + 5t FYM/ha producing leaf area of 222 and
227 cm? & vegelalive stage; 2,23 and 2.Y7 cmz & flowering stage; 2.21 and 2.25 oma
g maturity during both the years respectively, however, ik remained @ par with he
treatments Fi- NooPsokap, Fe i t FYM/ha and Fr NegPaoKon, but recorded significant
superiority over Fy - NaoP 20K0.

Similar trend was also observed due 1o nutrient Ureatment on ground cover,
where all nutrient treaimnents produced marked superiority over ¢ontrol & all the
growth stages. At vegetalive slages the treatment Fr— NegPaolae + 51 FYM/ha, Fa-10
t FYM/mMa and Fi- NeoPsoKso had similar ground cover but were superior 1o the other
tvo equally effecive treatments £ ¢ B — NggPyKso and Fi = NapP2oKio AL flowering
and maturity stages, the treaiments Fs- NygPagKze + 51 FYM/ha, Fe- 10 1 FYM/Ma,
B- NooPeolsn and By — NegPuwKio resulted simitar ground cover bui were proved
supetior o F; — NyPypK g The largest ground cover 11.41: 11.30: 22.09; 22,8 and
2432 2533 e’ was recorded due 10 the treatment Fs— NgpPopKsp + 5t FYMAa i
boh the years and all growth stages respectively.

The interaciion effect between spacing and nutrient managemenl treatments

was found non Significant on leaf area and ground cover,

4.1.1.51 Leafarea index

Perusal of the data on leaf aree index (LAl} (Table 4.1.13 end graphically n
Fig 4.7 and Fig. 4.8) revealed that all the spacing treatments remained statistically ar
par & vegetative, However o flowering and maturity stages the wider spacing 30 x 3
gn produced highest LAL (25,76 and 26.09; 22.97 and 22.07 in 2005-06 and 2006-07
& boh the stages respeciively) though & remained almost of por with 25 x 25 em
spacing (25.0! and 25.28; 22,45 and 21.59) but recorded marked superiority to closer
- spacing 20 X 20 ¢m.

Nutrient application brought aboul significant improvemenl cn this atiribule
over control, Among the nulrient application treatments. F— NeoPswoKm + 5t
FYM/ha recorded the highest LAl a all the stoges fe (14.28 and 14.83) & vegetalive
stage, {27.41 and 28.03) & flowering stage and (24.31 and 24.22} & matwrity S182¢ i
boh the years of cultivation, and observed % be siatistically similar & the treatments
Fe- 10 t FYM/Ma, Fi— NooPsoKso and B — NeoPioKzo. All these fourtreaiments proved
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sperior © the reatment Fi— NygPyK & all the growth stages

The interaction effict of spacing and ferifizer on leaf arca index was found
swtistically af por &t all the growth stages irrespective of vear of cuttivation.

4 L 2 Yieid (g/ha)

The data (Table 4.1.14) on fesh and dry herb vield (g/ha) revealed hat the
gpacing of 25 x 25 om and 30 x 3 an remained egually effective on yield. The
maximum fresh herb yietd of 187.60 and 188 57 g/ha and dry hat yield 28.37 and
2882 g/ha were recorded due 0 25 x 25 cm spacing followed by 30 x 30 an spacding
producing 186,22 and 187.27; 28.29 and 28.67 gq/ha in boh the years 2005-06 and
2006-07 respectively. Notwithstanding these two treatments established their
significant superiority over closer spacing X x 20 cm. The patiern of yield produced
g diagrammatically represented by Fig. 49 ad Fig. 4.10.

Incorporation of Fertilizer with or without organic sowces proved ouch
effective in increasing he fesh and dy herb sields during both the years over
gontral. The treatments Fi— NgoPwKzx + 5 t FYM/Ma, Fy - MNogPeoKyg, Fee 1001
FYM/Ma and F; — NgoPsgio though remained equally effective in producing fresh
herk yield bu recorded their soperiory ower F| - NypPyKp Regarding dry hab
yield,  was noted that the treatment Fi— NegPapKao+ 5t FYM/Mba (3293 and 3320
ghal and F5— NooPeoKan(3 1.25 and 3138 g/ha) remained o par ba proved superior
io ke treaiments Fi— 10 1t FYM/Ma Fr — NegPwKog and F; — NyPxoKe These laer

three treatments were statistically of par.

The interaction: effect of both spacing and nutrient management treatments on
fresh and dry herb yield was fownd © be non significamt n both the years o

cultivation.

4.1.3 Nutrient content of plant

4.1.3.1 Total nitrogen, phospborus and potash content of plant{%)

The data on nutrient content in plant (Fable 4.1.15) revealed that there was no
significant variation in content of nitrogen, phosphorus and potash due © the various
spacing treatments. However, highest nitrogen comtent (1.70 and 179%), phosphorus
content (0.44 and 0.46%) and potash content {1 .57 and [.61%%) were recorded a& 25 x
25 am spacing during 2005-06 ad 2006-07 respectively.

60



Wwrestiud(s WON = §i "MNUEW plednre] = WA

SN SN Sh SN SN SM (%8 aD
£1°0 €10 ZT0 €10 clQ £10 (F)pg’'s
(q 2 &) uapIBIYUT
gD S1'D 92’0 S1'0 £1°0 £1'0 (%) 1D
LO'0 L0°70 £1'D 100 R00) LGO (F)'pa s

BywALLg
STt Fars ia'T £2C LT e + THorg® N 54
§TT Figo ¢B'T e T g1'T BY/N A1 0] —'d
2T §T'2 il i a1t 81T £1'C LS JOOR] ~£ |
61'c b1°Z 04T §1°Z P17 01'z ITNOr O — T
Q0 96° 1 [ d 1y | £6) 0L YUEJOEN — by
€L’ 6Y' vO'T 69°| $0°| 99| OHOJUN — O
a.-zu_hﬁznunu r_u__un_n._.
SN SM SM SN SN SN {248) Q"D
20°0 £0°0 1 8070 8O0 8070 (#)p4's
b1'Z RO'T €8T 01'T LO'T PO'T W g X W Of - 'S
b1z FIT i8'T 4 b d 01'2 S0 WD ¢7 % wd 7 -5
PO'T e ST 00'T b0’ T 10z W3 §7 X wa o7 -'§
Bududy

LO900T 90-510Z L9001 90-500% LO9p0T 90-5007

28018 A MBI adEls Juilaao]] TS AT SIUMLEN ],

s2de)% Ym0l

24351 P 12 (I03) BIIE SEI] LU SIUSLNL JO SHEI PUE SIJINUS SROLITA PUlL durzeds o ey 110F IMEL



e |s BON = SN ‘amuew prdue ] = A4

SN SN SN SN SM SN (=5)'Q D
060 g8°0 ra g/ £2°0 LED 8E°0 (F}pa°s
(4 1 8) uspraesnU)
o] £0°} 960 260 €0 <SP0 (%) 'a D
750 0s0 Lo 817D Iz0 T0 {(r3P3°S
A
€167 8T 8T H0'ZE 0t 11 ¥ L L LN
BT oF T A\ I W Vil LE11 911 B/ AL 10 4
16+ SR 8f1Z 1 it 1011 HEJOS JU6K —£ 4
P DSET BRIZ 67 1T L¥0] +01 v A L N |
£LLE €712 £761 96l €i'nl 6001 ClyoT vy 19
8181 ZEL g1°¢Y Py el €18 £4°8 0gon — 04
EHISLIINE JO 500
9] 61 gE 1 tT 1 L0 ] (%) dD
o 9t'0 £5°0 bt D L1°0 910 (T} 'pa-s
TN 0FET Firdl b 96'0T 801 t3°01 WD §f X W3 pf 15
€L IRTT LL0T IFoc SO0 £901 W g7 X w2 ¢z -7g
be1E LViz 06°8¢"! o061 0101 cIDl L {7 X Ui 37 -1g
dnppedg
LO-906T 95007 L0-0007 9S00 LO0-900T 90-5 001
20815 UNIER 38EIS oALRMOL] 33eys A EIatap sImAge |
sadeys Uy podd

JUAIILNIP 3% {I03) 19403 PUNGIE U0 S1H 01 JO SR DUR SADIN0S SNGIEA PaE 30apds J0 323003 71717+ 214EL




Regarding the effizet of different sources of nutrients with varying doses on
nutrient content n plant Eclipta prosirofa, § was observed that all the nutrient
reatments proved statisfically superior 1> control.  Among the nutrient management,
treatments Fy- NogPeKsg Fi— 10 t FYM/Ma and Fie NegPuklsn + 5t FYM/Me were
statistically similar but superior © the treatment F| — NyPxKg and B — NeoPakon,
whereas F and ¥, were also proved similar, The treatment Fm NegPakzo + 5t
FYM/ha recorded the highest nitrogen (1.97 and 2.05%), phospherus (D50 and
(.51%) end potash content {1.70 and 1.74%) in bath the years respectively. followsd
by the treatment Fy- 10 t FYM/ha ({nitrogen: 1.90 and 197%. phosphorus: 0.49 and
0.50%, potashe 1.67.and L70%) whereas the treatment control recorded the lowest
nitrogen, phosphorus and potash content.

The interaction eftect of spacing and fertilizers was found o par o nutrient

centent W plant of £ prostrata Lin boh the years.

4.1.3.2 Organic carbon eontent in plant ofE. proswrate (%)

The data cn erganic carbon content {Table 4.1.15) revealed that alt the spacing
teatments remained statistically of per on crganic carbon content (%) in plant of £.
prosirdfa in both the years,

Regarding nutrient management treatments, & was observed that all the
nutrient applied treatments were statistically superior © control. Among the nutrient
gpplied treatments, Fs— NgPaoRee + 5 t FYM/ha recorded the maximum arganic
carbon (42,9 and 43.11%) followsd by Fi- 10 t FYM/ha {42.37 and 42.77%) in bath
the years respectively. Both these two treatments remained statistically a por but
proved superior © the olher three nutrient treatments (F F; and F3).

The interaction effizet of boh specing and nutnents showed thar all

combinations falled w0 bring ary significant diff erence o organic carbon content,

4.1.3.3 Nitrogen, phosphorus and petash uptake (Kg/ha)

Regarding N, P and K uptake (Kg/ha) by the plam (Table 4.1.16), the
treatments S -25 % 25 om and % - 30 x 30 an found statistically similar but superior
o the treatment 20 % 20 cm. The treatment 25 x 25 am recorded the highest uplake
of mitrogen {49.72 and 53.07 kg/ha), phosphorus (12,95 and 13.31 kgtha) and potash
{45.43 and 46.35 kg/ha) in both the years respectively and the lowest was recorded in
the treatment 20 x 20cm {41.21 and 43.56. 11.27 and 11.66, 39.64 and 40.67 Kg'ha N,
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Table 4.1.14 Effect of spacing and various soun rees and rates of notrients oo

fresh and dry vicld {g/ha) at maturity stage

Treatmeats Fresh yield {g/ha) Dry yield (g/ha}
2005-06 2006-07 2005-046 2006 -
Sym cing
S- 2 an x X an 182.78 18380 25.14 24.71
5:-25cmx25cm 187.60 188,57 28.37 2882
§3-30cmx30cm 186.22 187.27 28.29 28.67
S Ed.(1) 1.17 1.18 0.80 .65
C D (5%48) 323 30 222 .82
Doses of putrients
F 3~ Mol sKg 148.08 148.91 17.31 17.44
F, = MyPagkie 184.14 18518 26,84 X, 7T
Fi— MeaPasKzo 193.47 194,47 27.62 27.51
F— NooPaakosn 195.90 197.00 31.25 31.38
F 10t FYM/ha 194,52 195.58 27.65 28.19
Fi— NeaoPsoRzo + 197.08 198.13 3293 3320
51 FYM/ha
5 Ed.(1) 197 1.94 0.88 0.9]
C B (%) 402 3.87 1.80 186
‘nternction S x F)
S Ed{+) 3.41 3.38 1.53 .58
C. D (5%) NS N3 NS NS

FYM = Farmyard manure. N&

Non significant
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Pand K respectively) in both the years of 2005-06 and 2006-07,

On the other hand all diffizrent nuirient treatments significantly increased the
wptake of M. P and K over 0 nutrient applied treatment. Among the nutrient
treatments, B— NegPyoKas + 5 t FYM/ha brought about highest uptake of N, P, |k bu
were statistically & par with F4 — 10 1t FYM/ha en N uptake. The treatment Fr —
Neg'soK 50 was also proved superior on N uptake 0 the treatment B — NaoPygKao and
F = Nagl* ;K0 where Fzand F, recorded o por. The treastment F- 10 1 FYM/a also
resulted into superior uptake of P and K than Fy- NgoPsoKyg but they proved superior
i other nutrient ireatments. The highest uptake of N (65.28 and 63.46}, P (16,45 and
16.91) md K (56.13 and 57.38) was recorded under the treatment Fi— NggPywKap +51
FYM/Ma followed by F, -10 1 FYM/Mha{59.74 end 61.71, 15.47and 1584, 5234 and
53.2t kgfha N, Pand Ky in both the years 2003-06 and 2006.07 respectively.

Combination effizct of spacing and nutrient monagement |reatments proved
the sll he treaiment combinations faded © bring any significamt variation on N P

md K uptake.

4.1.4 Quality parameiers
4141 Totat Alkatoid Content (%)

The data of Table 4.1.17 revealed that he total alkaloid content (%} of Eclipra
prosiraia L taied w show marked variation due to three diffierent spacing trealments.
The total alkaloid content was 0.27 and 028 % in 2 £ 20 om. 028 and 0.28% in 25 X
25 on and 0.28 and 028%% n 20 x 30 cm reatment during both the years respectively.

All the nutrient weatments proved stalistical superiorily on total alkeloid
content of the planl over control. However, the effectivity of ol the nutriem

management Ireatments proved equal on alkaloid content.

In the inleraction effiza of spacing and nutrient nanagement treatment i was
found thal all the combination: treatments were @ par on alkalowd content.
41.4.2 Totab Atkatoid yield (Kg/ha)

The total alkaloid yield (Table 4.1.17) could not show marked variation due to
wider spacing of 30x 30 on and 25x 25 an treavnems but proved superior & the

closest spacing 20 x 20 cm. The treatment 30x 30 an spating recorded the ma<imum
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dlkaloid vield (8.22 and 8.12 kg/ha in both the years respectively) followed by 25 x5
cm (8.18 and 8,12 kgtha). Both these two treatments were o por but showed their
superiority over 28 x 20 an (7.01 and 7.18 kg/ha). The pattern of alkaloid yield was
graphically represented by Flg. 4.11 and Fig, 4.12.

All the nutrient applied reatments produced statistically superior alkaloid
yield over eontral. Among the nutrient treaiments, Fo— WNgPswpKss + 51 FYM/a
produced the maximum alkaloid yield (9.7% md 9.77 kg/ha n 2005-06 and 2006-07
respectively) which was recorded statistically similar o the treatment Fi— 10 t
F¥Mfha bu superior to e other nutrient applied treatments ie Fi— NooPskao B -
MNagPyRzn and Fi — NagPgKye The later twee treatments ako remained statistically
similar in both the years.

The interaction effizet of both the spacing and fertilizer proved non significant
on the vield of total alkaloid and Tts content

4.14.3 Sugar content /%)

Daa on sugar content presented m Table 4.1.18 revealed no significant
varidlion on account of three spacing treatments on tofa] sugar @ well a5 reducing
sugnr and non-reducing sugar content (%) B plant during both the year of

gxperimentation,

Regarding fertility management practices once agan they showed their
marked superiority over control treatment (Fy) in increasing total sugar and reducing
supar. However, the ¢ontent of non redueing sugar remained unaffected by all nutrient
treatments including control. Maximum nen reducing sugar was found associated
with F- 10 t FYM/ha treamment (1.39 and 1.38% i both the years respecfively}
folowed by the treatment Fo- NgoPoKoe + 5 t FYMMa (136 and 1.35%). The
treatment 10 t FYM/ha reeorded the highest total sugar (682 and 6.88% in bath the
years respectively) and remained statistically of par with the treatment NegPalzp + 5
L FYM/Ma {6.7% and 686%:). Both these two treatments were found superior to he
other three (F; — NygPowoKin, F — NeoPasKzoand Fr— NooPsoliag) treaiments which were
stalistically similar among themselves. All the five nutrient applied treatments were
statistically «f par on reducing sugar content but proved superior B control.

All the treatment combinations statistically proved non significant on tota

supar content including reducing and non reducing sugar in both the years.

N
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Table 4.1.17 Effeet of spacing and varicus sources and rates of nutrients en
to4a) alkalgid comtent (34) and total atkateid yield (ke/ha)

“Treatments Total alkaloid content (%)  Total alkaloid yield (Kefha}
2005-06 2006-07 2005-06 20:06-07
Spacing
S§,-20cmx20em 0.27 0.28 7.0t 7.8
§;-25cmx25em 0.28 0,28 8.18 312
$3;-30cmx30cm 0.28 028 822 g1
S Ed.(1) .01 0.0 .31 0.28
C D (5%} N8 NS 0.87 0.77
Duoses of
oufriznis
Fo—MNoPoka 024 024 4.29 4.24
Fi-NyP2Kio 0.27 (.28 7.33 T
Fr— WsoP40K20 0. 0.2x% ga2 200
B NaolPacKa 0.29 0.29 809 8.07
E— 10 t FYM/ha 0.29 0.8 8.29 92,01
Fe— NegPspKae + 029 0.29 9.79 0.77
5t FYMMha
8 Edi{zt) 0.01 0.01 046 0.36
C. D (5%) 0.02 0.02 0.95 0.74
interaction (Sx
F)
S Ed.{t) 0.02 0.01 0.80 063
C D (5%) NS NS NS NS

FYM = Farmyard manure, NS= Non significant
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4.1.5 Soil parameters

4.1.5. 1 Avaitable Soil Nitrogen, Phosphorus, Potash (Kg/ha)

The data (Table 4.1.19) e avaiiable residual nitrogen in soii (Kg/ha) after
harvesting of crop revealed marked variation on this attribute due b different spacing,
Spacing of 20 x A on resuited into maximum availabie Nin soi (280,03 and 276.02
kp/ha respectively in boh the years) however, t remained ar par with 30 x X om
{279.06 md 27559 Kg/ha) buw proved superior o 25 x 25 an (277.89 and 274.03
Kg/ha). Residuai avatiability of P;O; and K;O remained unaffiacted by spacing
réaiments and showed almost equaily effective. However, spacing of 30 x 30 em
recorded the maximum avaiiabie Pyl (2774 and 27.74 kp/ha) whereas A) x 2o am
showed maximum  availobie KO (Bo0J2 and 7643 Kg/ha) n boh the years
respectively.

Nutrient applied treatments significantly increased the residuai Fertiiity in
terms of availabie N, P20 K0 and proved superior © control afler each harvest, The
treatinent Fi— 10 t FYM/ha recorded the maximum avaiiabie nitrogen (288.21 and
284,47y and sveiiabie KO (83,02 and 78.89) Kp/ha in boh the years respectiveiy and
remained  statisticaiiy o por with fie reatment Fe~ NPl  + 5 1 FYMha
(aveiiabie N: 287.35 and 283.84 kg/ha and available KO 82,67 ond 78.55 Kg/he in
bot the years respectiveiy). Availabie POy however we recorded maximum due 10
Fr~ NeogPsokzn + X FYM/ha (3120 amd 27.04 Kg/ha) Fe- 10 1 FYMMba (30.75 and
26,33 Kg/ha) respectively in both the years. These two treatinents fe. By and E
staistically proved superior © the other three nutrient wrealments (F; F and Fi) in
bolly the years, however he treatments Fy F and Fy reinained on par.

The interaction «ffect of both the spacing ind [t iizer treatmenl reveaied no
significant differences amony diffzrent Ireatment combinations an available N RO

g KO in s0ii after harvesting o he crop.

4.£5.2 Organic Carbon Confent (%) in soil

The dala on soil organic carbon content (Tabie 4.1.!9 reveaied no significant
varation duc t© various piant spacing on sofi organic carbon content. Howewer,
spacing 20 % ) an produced higher soil crganic carbon (0,69 % and 0.67 % h bodh
the years 2005-06 and 2006-07 respachiveiy).
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Content of soil organic carbon significamly increased duc 1o all nutrient
management practices over control. Application of Fi - 10 t FYMMha and F5 -
NegPaKzo +5 1 FYM/Ma though remained statistically af par bu proved supetior to
Fi- N3P0, F- NeoP 15Kz and Fr- NooPsoKao. Similarly he treatments Fy, Fz and Fy
proved equally effective. The treatment Fi- 10 t FYM/a recorded highest soil
organic carbon content (0.72 and 0.70%) folowed by the treatment F— NeoPuoKzo +35
t FYM/ha (0.72 and 0:69%) in bath the years respectively. The lowest sol organic
carbon was recorded under control ie. Fp- NgPgKowith 0.64 mul 0.63% respectively
f both the years.

The interaction efect of bob the spacing and nutrient managemenl treatments
faled o produce significant variation on sol organic carbon content.

4.1.6 Economic indices

The economic indices {pooled daa of 2005-06 and 2006-07) were presented in
the Table 4.1.20. From the Table it is revealed that the total st in the trial increased
with successive decrease n spacing. The maximum totd cost of Rs 9,09%Mha was
recorded due 0 20 x 20 an spacing followed by 25 x 25 an spacing (Rs. 8,989/ha).
The highest gross income (Rs. 28.595/ha) and net income (Rs. 19 606/ha) was
recorded i the weatment $; - 25 x 25 an followed by the treaiment S — X x 30 an
(Rs, 28,480Ma ed Rs.19,601/ha as gross ncome and nat income respectively). The
highest benefit cost ratio {2.21:1) was nokd i the treament Sy— 30 x 30 om followed
by the treatment S;- 23 X 25 an (2. 18 1)

Regarding nutrient management treatments the highest cost (Rs. 9.981/ha) was
abserved 1 the treatment Fi— NogPeKso followed by be treatment Fi— NeoPaoKaot 51
£¥M/Ma (Rs. 9.530/Ma). The highest gross income (Rs. 33.605/ha} and net incoms
(Rs. 23,526/Ma) were recorded under the wreatment Fi— NeoPyKao + 5 1 FYM/ha
folowed by the treatment Fi- NePgoKse (Rs. 31.315/ha and Rs, 21,334/he s Lross
and net income respectively). The maximum benefit : cost ratio (2.47: i) was recorded
dic © the treatment Fs— NgoPaoKoo+ 5 1 FYM/Mha followed by the rreatment Fo— 0 1
FYM/ha (2.44: Ly
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Table 4.1.20 Effect of spacing and various souwrces and rates of nutricots
on ecanomle indices

31 FYM/ha

“Treatment Total cost Gross Net Benefit :
{Rs/ha) income in cenne Cosgt ratio
- (Rs/ha) {Rs/ha)
Spacing
S 20 x X am 2499 24925 15826 1.74
$;-25x25¢m et i 28595 19606 2,18
Sy-30x30cm #R79 28480 19601 2.
- Doses of nutrients
Fo— NoPoKo F005 17375 10370 1.48
A - NP zRkie 90 26805 18808 235
Fi=-NgPwKzo 8569 27565 18576 2.07
Fi— NogP oK Bogl 31315 21334 2.14
Fa-10 t FYM/Mha 8105 27920 1981 5 244
NepPuKzo + 0539 33065 23526 2.47




4 2 Date of tFansplanting and harvesting stage tfial

4.2.1 Growth

Effectivity of experimental variables [ different date of lransplanting amd
harvesting stage of Eclipra prosiame L. was measured n terms of plant height, rumber
of primary and secondary branches, diameter of main stem and branches, number of
feaves and leaf area index, number of roots and rod length, and dry matter production
during bah the years 2005-06 and 2006-07,

4.21.1 Plant beight (cm)

Daa on plant height (em) presented in Table 42.] revealed significant effisct
of dite of transplanting, Transplanting of Ecfipia prostaie L. seedlings on 15 June
produced tallest and statistically superior plant height ($3.10 and 46.56 am durng
boh the years respectively) & comparsd w other transplanting times. closely
folowed by the 15" May transplanting (33.88 and 40.25 cm). Transplanting on IS™
May also proved superior © 15" April and I5™ July, Effedt of later two remained
stalistically @ per. The pattern of inerease in plant height due @ these ovo variables

are graphically represented n Fig. 4.13 and Fig. 4.14.

Late harvesting of erop eoinciding maturity stage produeed tallest and superior
plant height (46,96 and 51.37 cm) it both the vears respectively = against harvesting
d flowering and wvepetative stages. The shortest plant heighl was recorded due ©
harvesting & vegetative stage (22.46 and 23.73 cm). Aceordingly harvesting a 30 %
Rowering stage {4058 and 43.52 ent) remained statistically superior 0 harvesting a

vegetative stage.
The interaction effect of transplanting times and harvesting stages was fiound

satistically simidlar on plant height.

4,2.1.2 Primary branches

Diff erent dates of tramsplanting brought abewt signifieant variation n the
production of primary branches {Table 4.2.]). The 15™ June Trinsplanting treatment
recorded fie maximum number of primary branebesfplant (15.15 and 17.37 n 2005-
06 and 2006-07 respectively) and proved stalistically stiperior o other transplanting
dates. Simitarly 15" May and 15" July transplanting treatments were equally effictive
bu showed their superiority over I3 April transplanling e production of primary

branches.
79




Varying date of harvesting also proved marked variation n the production of
primary branches. Harvesting of crop a malurity stage produced maximum number of
primery branches je 14.23 and 16.37 respectively during first and second year bu
remained statistically & par with the harvesting a 5% flowering stage bu both the
stages proved markedly superior © harvesting a vegetative Stage producing lowest
number of primary branches (3.67 and 6.24) n respective years.

The interaction effzet of time of transplanting and harvesting stage falled w
bring any significant differences on production of number of primary branches per
piant n both the years 2005-06 and 2006-07.

4.2.1.3 Secandary branches

Perusal of Table 4.2.1 exhibited highest number of secondary branches {24.44
g 26.08) per plant when planted on 15 June during 2005-06 and 2006-07
respectively and proved superior ® 13" May vansplanting {19.93 and 19.07),
Production of secondary branches/plant markedly decrcased due 0 very early md 00
uic transplanting on 15™ April (10.09 and 13.65) and 15" July treatment (12,40 and
1516) during both the years respectively. Whereas I5™ April and 15™ July

gransplanting remained statistically af par.

Data furiher revealed thal harvesting a maturity stage recorded the maximum
pumber of sccondary branches (24,56 and 26.82 respectively in both the years) bu
remained & por with harvesting al 30 par cent flowering stage (19.69 and 23.59}.
However, & proved superior © H, — harvesting & vegctative stage (4.39 and 507 n

first and second year respectively).

The interaction between transplanbing time and harvesting stage was non

significant on preduction of secondary branches.

4.2.1.4 Stem and branch diameter (mm}

Scanning of the data (Table 4.2.2) pertaining % stem and branch diameter
revealed that }3" June iransplanting treatment recorded the highest value of stem
diameter {472 and 5.91mm) during both the years respectively and proved
statistically superior ko the other reatments followed by ST ;- 15" May transplanting
(455 and 526 mm). Similarly, 15" June transplanting recorded the maximum value
ofbranch diameter {220 and 2.30 mm) during 2005-06 and 2006-07 respectively and
remained statishcally similar 0 15" May transplanting, however, proved superior ©

&
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Fig 4 13 Effiect oftransplanting time on plant height {cm}

@H1-Yigelabvesage O H2 - 50 % Fiowenng piage [HI— Maiutty siaga

Fig 4.14 Efct ofharv-esting stages on plant height {cm)




150 April and 150 July iransplaniing treatments. These 153" April and I5n July
transplanting remained statistically & pa bl faded © bring significant increase n

stem and branch diameter during both he years of cullivation.

Harvesting of Eclipta prosirata & maturity slage recorded the hphest stem
diameter (530 and 5.82 mm) & well &5 branch diameter (2.19 md 2.24 mm) n the
yar 2005-06 and 2006-07 tespectively, bu remained statistically on pgr with
harvesting a 50%o flowering stage (5.04. 573 and 2.23, 2.33 mm stem and branch
diameter n both he years respectively). However, they proved markedly superior b

harvesting al vegetalive stage.

All the treatment combinations of Lrensplanting times and harvesting stages

falled © bring any significant varistions on slem dismeler and branch dismeter,

4.2.1.5 Nomber ofleaves

Produclion of leaves varied significantly due 0 varying dates of ransplanting.
From the data (Table 4.2.2), & was cbserved thal 5Ty ~ (5w June 1ransplanling
resulted inte the production of maximum number of leaves per plant (169.96 od
179.2% n the year 2005-06 and 200607 respectively), and proved markedly superior
10 the other treatments, lollowed by STy - Ii'h May transplanting (141.39 and
144.98), Teansplanting on 5™ July and 15% April showed the lowest production of

leaves bul remained ar por.

Dala further revealed thal harvesting a 50 % lbwering stage, recorded the
highest produclion of number of leaves {8735 and 19552 in both the years
respectively and remained stalistically superior © harvesting & maturity stage. The
lowest leal” number (57.42 and 53.9]) was rccorded due W harvesting a vegetative
stage,

The interaction effect of lime of transplanting and harvesting stages were
found non signi Cicant i production o leaves pumber,

4.2..6 Number of foo1 and root length (om)

Data on number of roots/plant and length of roots {cm) are presented in Table-
42,3 Examination of data showed that 15 June transplanting produced maximum
rootnumber/plant (S0.97 and 54.26) a5 well s roat length (15.15 and 1689 com)
during both the years. k proved markedly superior © the other dates of iransplanting
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in respect of number of roots but remained @ par with 15" May transplenting in case
of roct Jength, The lowest root number md root length were recorded o 15™ Juby

closely followed by 15" April transplanting, though later two were statisticalty af par.

Again harvesting a maturity Stage produced maximum pumber of roots/plent
{50.74 and 55.43) along with longer rowt length (15.32 and 17.98 c¢m) respectively
during both the years, However, harvesting & 30 % fowering stage (rool number-
4309 and 54.79; root length- 14.41 and 16.00 cm) proved equaslly effective. Both
these two treatments remained superior & harvesting @ vegetalive stage (root
nimber-21.09 and 31.13; root length- 1189 ond 12.16 ¢m).

The treaiment combinations of sowing time and harvesting stage revealed that
there was no significant effect on number of roots per plant and roo! length of £

Proserane L.

4.2.1.7 Dry matter production

The data o dry matter production (Table 4.2.4) revealed that transplanting on
15" June produced the maximum fresh weight/plant (3183 and 33.01 g) oy
weight/plant (8.85 and .48 g as well es dey matter production (25.65 md 26,46} in
2005-06 and 2006.07 respectively, and established its superiority over oOther
treatments followed by trensplanting on 15 May (fresh weight 26.96 and 28.57: dry
weight 6,76 and 7.57; dry malter production 23.26 and 24.40 respectively n boh the
years). ‘Transplanting e crop on 15" July and 15" April resulled into he Jowest
values of these parameters and remained stalistically ar par i their effectivity in
respect of fresh weight, dry weight and dry maiter production. The graphical
representation of dry matier production B presented in the Fig. 4.15 and Fig. 4.16.

Similarly harvesting ot S0 % Mowering Stage recorded ®e maximum fresh
weight/plant (36.7t and 38.68 g), dry weight/plant (9.92 and 10.99 ¢ and dry matter
production (26,26 and 27.8) respectively i bolh the years and proved statistically
superior lo ofher harvesting stages. Concurrently harvesting & maturity stage proved
next best producing fresh weight: 28,33 and 29.73 g dry weight: 6.42 and 7.15 g and
dry matter production- 22.24 and 23.66 respectively i both the year. The lowest
valne of fresh welght {1 0.65 and 1172 g), dry weight (1 88 and 2.14 g) and dry matter
production (17.52 and 18,25} were recorded in case of harvesting the cop &

vegetative stage.



Table 4.2.3 Effect of transpla nting time and ha rvesting stages on number of
root/ptant and roatlength {om)

Treatments Number of root/plant Root iength {mm)
2005-06 2AH6-07 2005-06 200607

Transplanting time

8Ty 15™ April 36.69 40.30 12,45 14.19

8To 15" May 4532 49.38 14.89 16.70

STy 15™ June 50.97 54.26 15.15 16.89

ST 15 July 40,24 4453 12.99 13.74

S Ed. (1) .83 1.96 029 0.24

C D (%) 4.48 4.79 0.72 0.59

Huarvesiing Stngey

H: — Vegetative 3106 313 .89 1216
stage

Ha~ 0 % 48.0% hE Nl 14.41 16.00

Flowring stage

Hy— Malurity 50.74 55.43 15.32 17.98
slage

8 Ed () 332 in 1.16 1.10

C I» {5%) 7.05 7.01 2.46 234

inferaction

T x It}

S Ed 1) 6.65 6.62 2.32 2.21

C D {5%) NS NS NS NS

N %= Non significant




The interaction effect of time of transplanting and harvesting stage faled 0

produce significant variation on these parameters o either year

4.2.1.8 Leaf area, ground cover amd total leaf area {r:m:]

The data on leaf area (Table 4.2.5) clearly showed no Significant variation due
b diff erent time of transplanting  and harvesting stages of Eofimia prosiraia L during
bot the years of cultivation. However, in respect of ground cover and totat leaf area
(Table 4.2.5) signif icant variations were observed. Trunsplanting o 15 June brought
about highest ground cover (27.55 md 29.88 em® and total leaf aea (35831 and
444,00 cm? in 2005-06 and 2006-07 respectively, and proved statistically superior to
the other treatments followed by 15" May transplanting (ground cover- 23.34 and
2493 em® total leaf area- 290.32 and 330.3) on’ in boh the years respectively). The
trestments 15" April and 156 July transplanting resulted e lowest ground cover and
tatal leaf area and their eff ectivity remained stalistically similar.

Harvesting of crop & various stages showed nc marked variation on individual
leaf area. Notwithstanding Hp- harvesting a 30 % flowering stage recorded relatively
higher ground cover (2552 amd 29.12 em’ in boh he yearsrespectively) closely
folowed by harvesting & maturity (24.85, 27.23 am? but both these two stages
proved siatistical superiority over harvesting = vegetative stage. On the other hand
harvesting & 50% fMoweting siage proved statistically superior in total leaf aee
{390.59 aml 453.73 an’ n boh the years respectively) followed by harvesting
maturity stage (336.44 and 391,10 cm?). The lowest total Jeaf area (108.68 and 138.66

cmﬂ was observed a vegetalive stage.

The treatnent combinations of transplanting time and harvesting stage
revealed that there was no significant difference due © their combination on leaf

arealleaf, total leaf ama and pround cover/plant.

4.2.1.9 Leaf area Index {LAL)

Data on LAl {Table 4.2.5) exhibited significant variation due b diffizrent dates
of trisnsplanting during both the years. Crop transplanted on 15" June recorded
highest leaf area index 12.35 and 14.26 in both the years respectively. However, &
remained & por with 15" May transplanting (12.00 and 13.66), but proved markedty
superior o 15 April and 13w July transplanting trestments. The later two dates of

trnsplanting proved equally effective.
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@ST1- 150 Api DIST2- 15N May B5TE 15h e BEST4: 15t Juy

Fig 4.15 Fffect oftransplanting time on dry natter production (%)
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Fig 416 Hfict of barvesting stages on dry matter production (¥q)



Harvesting of oop a 350 % Fowering stage produced maximum leaf ares
index {15.38 and 15.73), though & was fond & par with harvesting a maturity stage

(13.46 and 14.58), bu showed statistical superiority over harvesting a vegetative
stage (6.8] and 8.86). The effect of wanuplaming dates and harvesting stages on leaf
area index is diagramnsatically represented b Fig. 4.17 and Fig. 4.18.

Leaf ares index could not show marked wvariation dee 10 interaction &¥ect of

transplanting dates and harvesting stages.

4.2.2 Yield (g/ha)

Perusal of daa on yield (Table 4.2.6) clearly showed that earlier as well as lae
tratisplanting proved detrinental on yield. Maximum fesh heab yicld (196.94 and
20130 g/hn) as well as dry hab yield (52.07 and 55.05) respectively during 2005-06
md 2006-07 were recorded due 1o transplanting of aop on 15% June {Fig. 4.19) and
proved statistically superior ©© cther transplanting dales. Next in order of performance
i increasing herb yieid was 15™ May tansplanting (fresh yield -184.06 and
I88.41g/ha, dry yield- 43.55 and 4687 g/a in boh he years respeclively). Mo
significant improvenent in e production of fesh and dry herb yield could be
established due 1 transplanting the arop on 15 July and 15% April and hey remained
equally eflective,

Harvesting the crop a différent growih stages produced significant variatosn
on vield (Fig. 4.20) of fresh and dy herk Harvesting & 50 % flowering stage
recorded the maximum fresh herb vield (203.82 and 2081 ) g/hay & well as dry herb
yield (54.00 and 5831 g/ha) respectively i first and second year of cultivation and
proved significantly superior 0 other harvesting stages. Concurrently harvesting &
maturity stage produced comparable fresh herb yield (191.23 and 194.8] g/hs) and
dry herb yield (42.90 ad 46.42 g/ha) respectively i both he years, esiablishing s
marked superiority overothers. Lowest fresh herlr yield (152.66 and 156.63 g/ha) and
dry herb yield (2671 md 28.60 g/ha) were recorded due 0 harvesting & vegetative
stage during both the years respectively.

The imteraction effect of transplanting times and harvesting Stages remained
statistically szmilar on ¥esh and dry herb yield izespective of years of cultivation.
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4.2.3 Nutrient content of plant

4.2.3.1 Total nitrogen, phosphorus and potash comtent of plant

Significant improvement i the content of N, P and K i plant of Edipr
prosirgia L. was recorded due 1o transplanting of scedlings on 150 June which proved
marked superior (Tabie 4.2 7) » the other transplanting dates, producing highest plant
nitrogen content of 1.35 % and 1.39% during boh the years respectively. The ober
irec dates of transplanting remained & pa pertaining o N content. Simitarly 15%
June transplanting produced highesi piant phosphorus {0.41% and 0.42%} and piamt
potash {1.41 % ard 145 % n both Ihe yewrs, However, & was found statistically a
par with the treatment 150 May transplanting seedlings n case of P and K
{phosphorus-0.40 and 0.40, potash 1.38 and 1.43 i both the years respectively) but
superior o the other two, ie 15w Aprit and 15" July transpianting seediings.

On study of harvesting stages, i was revealed that harvesting of aop & 50%
flowering stage produced highest value of planl nitrogen content (1.50 % and 1.54
%), planl phosphorus (0.46 % and 0.46 %9 and plani polash {1.48 % and 1.52 %)
2005-05 and 2006-07 respectively and proved statistically superior B e other
Ireptments closely followed by harvesting & malurity Stage {plant nitrogen 123 ad
1.27%, phosphorus- 0.37 and 0.38%, potash .1.41% and 145% @I boh the years
respectivelyd. The lowest value of these parameters was recorded due 0 harvesting of

@op & vegetalive Stoges,

The interaction effiect belween transplanting time and harvesting stage
showed that all the Ireatment combinations remained statistically mon significant

pertaining lo nitrogen, phosphorus and polash content of plant,

4.23.2 Orgunic carbon content of plant ()

The Ireatment transplanting of seedling on 15k June brought about highest
C organle carbon comtent n plant (40.16 and 4047 %) followed by is™ May
transplanting seedling (39.50 and 39,77 %) md recorded s marked superiority over
oher two treatments (Table 4.2.7). Transplanting on i Juiy & well & 5% Aprii

proved almost equal n respect of organic carbon content of plant.

Harvesting of crop a 5 % flowering stage recorded the madmum vaiue of
plant organic carbon (42,18 and 42.43 %) respectively during both the years and
jproved statistically superior © harvesling & maturity stage (39.33 and 39.60 %) The

%



Table 4.2.6 Effeet of transpla oling time and ha rvesting stages oo fredi and dry
hert yield {g/ha)

Treatments Fresh herb yield {y/ha) Dry herb yield {g/ha)
2005-06 200607 2005-06 2006-07
Transplanting time
8T,-15" April 173.19 177.02 34.20 38.43
ST- 15™ May 184.06 188.41 43.55 45.87
ST3-15™ June 196.94 20136 52.07 55.05
STe 15™ July 176.10 179.34 350 37.43
5 Ed (1) 1.91 1.82 0.62 0.96
C D {5%) 468 4.46 1.5 2.34
Harvesting stages
H - Vegetative 152,66 156.83 26.73 28.60
stage
H:-50% 203.82 208.11 54.00 38.31
Flowering stage
%~ Maturity 191,23 194.8] 4250 4642
stage
5 Bd. (1) 506 505 250 303
C D (3%} 10.72 10,7 530 6.42
Interaction
ST x H)
S Ed.(t) 10.12 10.09 500 606
C. D {5%) NS NS NS NS

N8 = Non significant
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lowest value of organic carbon was fund assodated with harvesting at vegetative
stage.

The plant otganic carbon remained unchanged due 1 interaction efict of
transplanting time and harvesting stage.

4.2.3.3 Uptake of mitrogen, phosphorus and potash by plant from soil {Kg/ha)

The data of Table 428 revealed statistical superiority of 15® hme
wansplanting seedlings i increasing Nitrogen, phosphons and potash uptake by
Edlipta prosirata irrespective of year of culiivation. The highest uptake of nitrogen
{73.40 and .68 kgha) phosphons (22.47 ad 22.78 kg/ha) and potash (76.05 and
78.29 kg/ha) respectively during 2005-06 and 2006-07 were recorded due to 15® June
transplanting followed by 15" May transplanting (Nitrogen -57.39 and 64.05 kg/ha,
phospherus- 18.03 and [8.29 kg/ha and potash- 61.59 and 63.71 kg/ha). The treatiment
15 April and 5 July transplanting trestments remeined statistically ar par
nitrogen, phosphorus and potash uptake from soil.

Harvesting @ 50 % flowering stage recorded the highest nitrogen uptake
(81.69 and 9054 Kg/ha), phosphons uptake (25.08and 2542 kg/ha) and potash
wptake (30.77 and 83.07 kg/ha) in both he years respectively and proved statistically
superior I the other lreatments followed by harvesting & matrity stage (nitrogen -
5335 and 5932 kg/ha, phosphorus -16:20 and 16.44 kg/ha and potash — 60.81 and
6262 kg/ha). The lowest uptake of nuirients was recorded i the treatment harvesting
& vegetative stage with nitrogen 29.51 and 32.99 kg/ha, phosphons- 9.56 and 974
kg/ha and potash.32.71 and 3405 ke/ha respectively in both the years The variation
of uptake of N, P and K due to different transplanting times and harvesting stages are
diagrammatically represented by Fig. 4.21 and Fig. 4.22.

The interaction efect of transplanting times and harvesting stages produced no
significant effect on nitrogen, phosphorus and potash uptake by the plant.

4.2.4 Qualicy aspect

4.24. I Totae akaloid content (%%)

The results on total alkaloid content(%) revealed iNeffectivity of four different
seedling transplanting dmes on lotal atkaloid contem during both the vears of
“cultivation (Table 4.2.9).
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Fig 4.22 Effear of harvesting stages on uptake N, Pand K (kg/ha}



Variation o harvesting stages produced sighificant effect on alkaloid content,
Harvesting of crop a 30 % flowering stage recorded te highest total alkaloid comtert
(0.32 and 0.31 % in 2005-06 and 2006-07 respectively) which proved statistically
supericr o the other treatments, closely followed by harvesting & maturity stage (0.27
and 027 %} The lowest value on tota! alkalotd content wes recorded 11 case of
harvesting & vegetative stage {0.12 and 0.11 % n both the year respectively).

A|l the interaction combinations of transplanting times and harvesting stages
were found statistically non significant o total alkaloid content.

4.2.4. 2 Total atkaloid vield {Ke/ha)

The total alkaloid yield (Kg/ha) wes recorded highest (Table 4.2.9) under 15%
June transplanting treatment (14.16 and 13.49 kg/ha), which was statistically superior
1o the other treatments followed by 150 May transplanting (11.62 and 11,28 kg/ha).
The 15™ April and 15" July transplanting treatments resulted into lowest value and
remained statistically similar in respect of total alkaloid yield {Fig. 4.23).

Rarvesiing of Eclipta prostraa & 50 % flowering Sage showed the highest
alkaloid yield (17.67 kg/ha and 16.90 kg/ha N both the years respectively) and proved
smtistically superior w0 the other treatments followed by harvesting & maturity stage
(11.95 and 11.74 kg/ha). The lowest alkaloid yield 3.9 and 3.1 kg/ha} was recorded
die 1 harvesting & vegetative stage Pattarn of alkaloid yield afficied by diff srent
harvesting stages & diagrammatically represented by Fig. 4.24.

The interaction effect of trensplanting time and harvesting stage proved
ineffective: on total alkatord yield,

4.24.3 Total sugar, reducing sugar and non-reducing sugar content (%}

The data (Table 4.2.10) revealed ro significant variation due o different
transplanting treatments of Eclipta prostraie L. on total sugar and non-reducing sugar
content{%). However, 15" June transplanting seedlings produced the highest total
Sigar (6.69 and 6.75%). Similarly non-reducing supat content was highest on 15t
Aprit transplanting seedlings (.75 and 148 % during 2005-06 and 2006-07
respectively). The treatment STz — 15™ May and STs 15" June remained statistically
Similar o reducing suga’. whereas both showed higher value dthan other two
treatments ie. STi- 15" April and STy 15" Iuly. The highest reducing sugar was
recorded die w transplanting on 15" May (5.22 and 5.35%) Followed by transplanting
on I5* June (5.17 and 5.3 199 respectively n bath the years, '
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Among the different harvesting stage treatments, harvesting a 30 % ffowering

stage recorded he maximum ftotal sugar content (7.63 md 7.69%) and non-reducing
sugar (206 and 1.89%). and proved statistically superior %o other hervesting stapes
followed by harvesting & maturity stage (total sugar- 6.68 md 6.60 % non-reducing
sugar— 186 and 1.62% during both the year respectively). Regarding reducing sugar
harvesting & 50 % flowering stape produced the highest values (5.58 md 580)
establishing superiority to other ireatmenis ie. harvesting & vegetative and Maturity
stage, where lasi two stages were stalistically simifar.

k was alsc observed that all he treatment combinatiens of transplanting time

and harvesting stage Tailed © bring any significant differences on these parameters.

4.2.5 Soil paramecters

4.2.5. 1 Avaitable Soll Nlirogen, Phospherus, I'otash (Kg/ha)

Available soil N POy and KO (kg/ha) produced due o 15™ April and 157
May wransplanting though remsined statistically similar but proved superior © other
transplanting <dates irrespective of year of cultivation (Table 4.2.11). I was ko
observed that 15" May transplanting produced statistically higher sdl N POy and
KO than 15" June transplanting seedling, The highest mvailable soil N {281.31 md
278.40) 'was recorded under STi- 15 April transplanting. whereas highest availzble
soil Py0Os (26.30 and 23.17) and K0 {71.52 and 68.52) ware observed due 0 15% July
transplanting. The lowest value of N P20y and KO were recoded due o 15" June
transplanting (N- 26195 and 25936, P,O. 21.77 and 18,99, KO- 5507 end 53.06
kg/ha) respectively n 2005.06 and 2006-07,

Data on harvesting stages showed lower values of soit N, P:Osand K.O due to
harvestng a 50% llowering and malurity siages it comparison i harvesting a
vegetalive stage. Maximum residual soil N (292.59 and 289.45) and KO (79.26 and
7628 n both the years respectively) were recorded due 0 harvesting & vegetative
stage and proved superior © harvesting a 0% flowering and maturity Slapes,
whereas later two remained o par 0 respect of N and K00,  Notwithstanding,
harvestittg = vegetative stage resulted into highest available soil POy {27.97 and
24.79 kg/ha) followed by harvesting d maturity stages (23.82 and 20.77) in both he
years respeclively and proved superior © harvesting &t 50% flowering stages.
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The interaction effed of transplanting lime and harvesting stape showed no

significant variation m soil N P:0s and KA in either year.

4.2.5.2 Opganic Carbon content {%s}
Regarding soil organic warbon content, all he fowr different umes o
rransplanting remained statistically similar in their effeciivity {Table 4.2.11)

Harvesting o vegetalive stage recorded e maximum soil organic cabon
content (0.68 and 0.68%) n boh the yeas respectively and proved superior © Hx-
harvesting & 0% fowering stage and H;- harvesting a maturity stage. The later
two (H; and H;) also remained an par.

All tresiment combinatipns of transplanting times smd harvesting stages

falled 90 bring any significant differences on content of soil grganic carbon.

4.2.6 Economics of the experiment

The average value of both the years on economic indices vz total cost,
gross income, net income and benefit costratio of diff zrent transplanting times and
harvesting stagesare presented in Table 4.2.12. The data revealed that he lotal
cost (Rs. 8,985/ha) remained almost similar irrespective of treatments. However,
§Ts-15h June transplenting produced the highest gross income (Rs. 53.56%/ha). na
income (Rs 44,575/ha) and benefit-cost ratios (4.96:1) followed by the reamment
§T- 15™ May transplanting producing Rs. 45,210/ha, Rs. 36,225/ha md 4.03:h

gross income, net incorme and benefit-cost ratio respectively.

Harvesling # 50 % flowering siage resulied the highest gross income (Rs.
56, 155/Ma}, net income (Rs. 47,170/ha)} and benefit cost ratio (5.25:1} followed by
hie treatment Hi-harvesting a maturity stage. whereas harvesting a vegetative

stage resulted the lowest values on economic indices.
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Table 4.2, 12 Efect of triansplan ting 6 me aml ha ryvestlng Stages on total cos
gross income, net income and beaefit @ codl ratio

Treatments Total cose (ross Net Benelit:
{Rs./ha) income income Cost ratio
(Rs/ha) { Rs/hn)

Transplanting time

ST\ 15" April RO8S5 36315 27330 3.04

ST ;-15" May 8985 45210 16225 4,03

STy 15" June 8985 53560 44575 496

ST+ 15" July 8985 36220 27235 3.03

Hary esting stages

H, - Vegetat ive 2085 27665 18680 2.08

stage

Hy- 50 % ROES 56185 4170 523
Flowerng stage

H;= Malurity 985 44660 35675 197

sage




CHAPTER-V

DISCUSSION




DISCUSSION

—_——

Findings of the presest investigation entiled “Development of
Agrotechnologies Br Domestication and Quality Aspect of Bhringaraj (Eciipta
prostraia L) carried out under wo fidd experimeats have bem described in details
on the basis of swatistical significance i the preceding chapler of experimenizl
findings. An oTort has been made i this chapter to explain the possible causes of
variations brought about by diffizrent experimental variables on the basis of scientific
fags to draw the valid conclusions wel supported by earlier reports pertaining ©
effect of spacing and nurient management and dales of transplanting and harvesting
stages on growth, herb yield and quality of Edipta prostrata L, 5o as to optimize: the
varicus agronomic requirements related to spacing and nutrient management pracices
and standardize the Bme of traasplanting and karvesting stages for proper growth and
development, yield and quality of Eclipia prostraa L

5 1 Effect of spacingand autrient Management

5.1.1 Effect on Groweh
(%) Spacing

The plant height and aumber of leaves per pant of Bhringaraj were
significantly affzcted by differeat spacing treatments. The wider spacing 30 x 30 an
and 25 X 25 om recorded the longest plant height than he dosest spacing X x 20 cm,
which indicated tha the wider spaciag prowdes more light 3 photosynthesis and less
competition fr nutrients, water and space. Maurya (2005) and Bhatiacharjee & al
{1979) also reported the superior growth chamacieristics i wider spaced crop
cultivation. Closer spacing Might have created severe competition among plants fr
nutrients, moisture ad light, resulting in poor piant growth and devefopment, This
result supported the findings ofBhati (1988) on Feaugreek cultivation and Singhes al
{(1995) on garlic cultivation.

Number of primary and secondary brinches per plant, stem and branch
diameter, number of roots and root length were found associated with wider spacing
(30 x 30 an and 25 x 25 em) of Eclipra prostrasa L. cultivation than the closer
spacing which indicated better availability and absorption of biotogical resources Jike

solar radiation, [ght intensity, soil Mutrieat, waler, afc. i wider spacing. These results



confirmed the findings of Singh & af (1999) ad Gnanavel and Kathiresan (2005) on
Mantha arvensis cultivation, All the spacing treatments remained statistically similar
n case of secendary branch, stem and branch diameter, number of root and root
length & vegetative stage, This might be due o lack of shoriage of scil nutrients and
tess competition far dilferent inputs up © the vegetative stage of Bhringaraj, which

fails 1o bring any significant diff erences among he spacing Lreatments.

{b) Sources and doses of nutrients

All the nutrient management practices imespective of sources md doses
proved instrumental in Increasing the growth and yield characters wiz. plant height,
number of primary and secondary branches. stem and branch diameter, mnnber of
leaves and roots, root length, number of lowers and heads. dry matter production,
leaf area index, firesh hab yield and dry herb yield, ere. over conwol, indicating better
avallability and ullizalion of plant nutrienls in nutrient applied plots. Balakumbahan

a o (2008) also repored the superior growth end yield characters through nutrient

management against control.

Among the nutricnt management treaiments. the plant height, number of
leaves, number of roots and root iength were recorded maximum due 1 application of
NecPwKan + 51 FYM/ha, Though ik remained stalistlcalty similar w the treatment Fe
10 1 FYM/Ma F.NOoBP6) Ky ond Fr NegPeoKao, bt superior o he weament Fi-
NagPzK irrespective of growth siages, which indicated that relatively higher doses
of N, P and K either through application of farmyard snanure alone or iniegration of
organic and inorganic fertilizer showed positive effect on plant height, number of
legves md fool por plant, h could be atiributed o the faat that after proper
decomposition and minerafization, the Tarmyard manure supplied adequate guantity of
available nuirient along with igher doses of fertilizer directly © the plant and ako
had solubulizing effizct on fixed firm of nutrients in soil. Such observalion was also
made by Singh and Ramesh (2002) and Sinha e . (1981).

Relatively higher doses of fertilizer application & the rote of NooPsoKao
integrated treatment NePpKy + 51 FYM/ha or FYM alone applied treatment (10 t
FYM/ha) resulled higher number of primary and sccondary branches per plam and
stem and branch diamzier. The increase in number of primary and secondary branches
may be attributed due to enhanced vegetative growth, increased cell division and
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meristematic cell elongation in auxitiary buds which i wrn trigged the various
activities and increased the supply of photosynthates under adequato nutrient
availability. As a result increased lateral growth & found & ocour due to amest of
apical dominance (Torry, 1950). The response of FYM application slone or in
combination with inorganic fertilizer can be anributed due © better nutrient
availability, proper absorption and assimilation i addition o lavorable dfect on
physical and biological properties of soil resulting 'n increased stem and branch
diameter. Such Favorable effizct of FYM alone or in combination with NPK and higher
doses of nutrients had been reported earlier by different workers i various medicinal
plants viz Kedia and Kasera (2006} on Phyllauhus fratermus, Cheughan and
Nautiyal (2005} on MNardostachys jammeons, Shrivastava and Jha (2002) o
Andrographis panicufara and  Harinkhede e ol (2001) on Plumbago 2eyianica

cultivation.

5.1.2 Effect on dry matter production

{#) Spacing

The dy matter production per plant of Edipie prostrame L. gradusly
Increased with cvery increase i spacing fom 25 x 25 an © 30 x 3 an then he
closest spacing (20 x 20 ¢m) a all the growth siages except the vegetative stage. Al
vegetative siage, ail the spacing trestments remained swtistically simitar in dry matter
produgtion. At this stage competition of requited inputs remained very less due » low
rate of growth and devclopment. Accumulation of dry weight & directly rejated ©
fresh ‘weight production. Marked increase n fresh weight might be attributed due to
enhanced vegetative growth induced by availability of more nutrients, light and water
b he plant & wider spacing. Plants with luxuriant growth brought about increase oy
weight of plant, proportionatcly and resulted intc more dy matter production o
flowering and maturity siage. Patidar er ol {1990) also reported the similar trend OF

results.

{b) Sources and doses of nutrients

The data on dry matter production revealed thal the integrated wse of OTganic
manure and inorganic fernlizer (NegPaoKyx + 5 1 FYM/ha) and highest dose of N, P
and K {Nonp,, Kio) produced max.mum dry matter. Concurrently it wes folowed by
FYM alone (10 t FYM/ha) and NePuwKzp treatment. The incressed dry metrer
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production due to integrated ireatment with higher doses of nutrient not only
increased availability of N P, K and other micronutrienss but instrumental in making
available from farmyard manure n proper amoun. Higher availabilily of essential
nutrients produced luxuriant growth with increased photosynthesis and translocation
of photosynthates 1 required site and thus increased the dry matter content, The
significant effect of nutrient management on dry matter production was also reported
by Balakumbahan e af (2005) on Phyflanthus amarus and Singh md Kewalanand
{198 1) in Menrha cirraiz cultivation,

£.1.3 Effect on leaf area index

in) Spacing

Though the individual leal arca was not significantly influenced by differem
spacing treatments ye1 the wider spacing treatment found associated with higher leaf
area index then closer spacing in Ecfipia prostrara L. cultivation. The increased leaf
area index in wider spacing treament might be duc ® prolific sprouting and
stimulated growh of auxillary shoos and better population dynamics providing more
room r canopy coverage. The significant increase n leaf area index due ® higher
spacing was also reported by Gnanavel and Kathiresan (2006) on Colews aromaticus

cultivation.

b} Sources and doses of nutrients

Relatively higher doses of N P, K applied either through FYM alone or i
combination with inorganic Temlizer treatment produced significantly more leaf area
aud |eaf aren index than the lowest re of N, P and K (NigPyKp) & all the growh
stages of Eclipra prostrata L. Increase availability of adequate nutrients under higher
rie of fertilizer incorporation may be anributed as the main factor fr production of
higher primary and secondary branches and leading to increased production ofleaves
as well as leaf area index # higher doses of nutrient applied treatments irrespective
of sources. This confirmed the findingsof Sinclair (1994),

5.1.4 Effect on Mowers and heads

(8) Spacing
The number of flowers a flowering siage and heads a Maturity stage Was
found statistically higher under wider spacing than closer spacing, which might be



due © superior performance of vegetative characters in wider spacing of bhringars |
cultivation, This result & also in conformity witlt the findings of Singh md Chauhan
(2001).

(b) Sources and doses of nutrients

Production of flowers and heads coinciding flowering and heading stage
markedly increased due to incorporation of higher rates of N, P and X either through
fertilizer or integrated with organic manure over low rates of applications. Adequate
amount of avai lable autrients (ltrough owt he plant growth period without any ‘nutrient
sress brought about proper prowth and developmen: of plant n respect of plant
height, number of branches, ltglt leaf area index and thus proved responsible for
higher production of number of flowers ard heads per plant. The significant effect of
nuirient management treatment on number of flower and head bas been repored by
Kavitha and Vadivel {2006) and Sudheendra & @ (1993a.) on Mucuna prurims and

celery caltivation respectively.

515 Effect on herb yicld

(a) Spacing

The fresh and dry herb yield per hectare gradually increased with increase n
spacing. The 30.x 30 am and 25 X 25 an spacing treatment resulted superior firesh and
dry lterb vield © tite ciosest spacing 20 X 20 cm. mainly because of proper vegetative
growth and development as well as reproduction and yield contributing characters
under wider spacing, The better availability of rescurces like solar radiation, light
intenstty, soil nutrient, water, e, under wider spacing treatments morzased ‘the
growth and yield components and ultimately herb yield of Eclipta prosirata. The
increase i vield due kb wider spacing was earlier reported by Singlt er &l (2002 a) on
vetiver cultivation, Sarma and Kan'jilal, {2000) on paichouli and Gosh & af (2008) o

elephant fot yam cultivation,

{b) Soufces and doses of nutrients

Increasing rates of nutrient incorporation proved instrumental i increasing
herb yield. All the nutrient applied treatments irrespective of sources produced higher
fresh herb yield, most probably due © superior growth and development of plants

under higher doses of nutrient application. k & well established that nitrogen & amain
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censtituent of chlerophyli and involved in various imporiant metabolic activities like
photosynthesis and protein synthesis bringing about increased vegetative growth
along with fresh yield production at higher nutrient concentrafion (Poth and Arora,
1986). Higher doses of phosphorus played key rode in mot development, energy
sransformation and many other metabolic processes of plants. ks ample availahility 2
successive growth stages perhaps resulied in greawr synthesis and translocation of
photosynthates {Tisdale ef ol 1995). Adequate asailability of photosynthates & well
as enezgy conservation i one well known fadors directly related o higher hiomass
yield of cop (Hedge and Srinivas, 1989). Similar trend of results were ako obtained
by Yadav ef of. (2003) and Rai e al (2002).

Similar © fresh weight production, dry herb yieid also markedly nereased due
b increasing rale of nutrient application. Application of NePaoKaot+5 1 FYM/ha and
NeoP'soKy ptoduced the highest dry herb yield over all other nuirient treaiments.
Integrated nutrient management proved much effeciive than fertilizer done in
increasing higher dry malter production. AddRion of organic manure lower downed
he soil bulk density. improved soil appregation and aeration by adding organc
amendments and various humic fracions (Kadalli @ o/ 2000 which increased he
soil microbigl and enzymatic activity dee to combination of farmyyard manure with
inorganic fertilizer (Mukharjee e «f, 2000). Rabman & af (2003) also reported the
significant increase in dry herb yield dee W improved putrient management practices

on Mantha arverstsoulivation,

5.1.6 Effect on outrient content @1 plamt

{a) Spacing

The results of experiment showed that nitrogen. phosphons, potash and
organic cabon content i Eclipte prostraie faled w show marked variation
irmespective of different spacing treamments mainly because of lack of over crowding

ard minimum competition Hr nutrients.

{b} Sources of nulrients

All he nuirienl managemenl treatments imespective of sowrces markedly
increased the content of nitrogen, phosphons. polash and organic carbon conient n
plant over control. This might be atiributed © beter availability of plant nutrients in

soil and their better ulifization by the crop. However, integraied nutrient management

113




shawed better elTectivity over Fertilizer alone. Among the different nutrient

management treatments, incorporation of NegPaoKzo + 5t FYM/ha, 10 ¢ FyMMa and
NeoPsoKzo induced improvement on N, P md K coment in Ediipta prosirata over
NeoPaoKzo and NsoPxoKio. Under low soil Fertility increased level of applied nutrient
through organic or inorganic sources resulted in increased absorption of clements by
plant, which in turn resulted i higher concentration of N P and K in plant biomass,
Meenakshi & & (2001) also reported the similar wend of resuns.

Regarding plant orgatic carbon content.it 'was observed that FYM application
either alone or n combination with iNorganic fertilizer, recorded the highest organic
carbon comtent over all chemical fertilizer appiied treatments, probably due

addition of more carbonageous Materizis through application of FYM in soil

£.1.7 Effect on nutricnt uptake by plant

i{a) Spacing

Uptake of nitrogen, phosphorus and potash markedly increased & 25 x 25 on
spacing followed by 30 x 30 cm. Lower spacing of 20 x 20 an proved jeast effective.
With increased plant population in closer spacing,growth and development of pjang
reduced, causing relatively low nutrient Uptake. Relative increase in plant population
due 0 25 % 25 am spacing than 30 x 30 am ‘increased the herb yield and thus resuped
into higher nitrogen, phosphorus and potash upteke from soil. This finding is also n
conformity with the findings of Kandiannan and Chandaragiri (2008).

() Sources of nutrients

On the basis of equal amount of nutrient applied through organic sowce 2s
well & integrated with firt §izers proved much effective in increasing the uptake of N,
Pand K Accurdingly application of NeoP Kot 51 FYM/Mha a8 well as 10 t FYM/Mha
showed marked increase n uptake of nirogen over other treatments. Similarly
NeoP wKap+ 5t FYM/ha showed highest uptake of phosphorus and potasy followed by
10 t FYM/Ma and NeoPscKso. Higher fitrogen uptake resulted i integrated treatment
¢ D stimulated microblal activity ad improved roa growth on accoump of
favourable soil physico-chemical properties created bty fam jard manure
(Anandswarup e a.. 1998). Phosphorus uptake was mcreased under this treatpent
because organic manure reduced the capacity of soif mineral w fix phosphorus and

increased is availabifity due o its release fram organic sources. Increase in uptake of .
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nutrient might be tie oculicome of increased availability of nutrients © plants in
addition © decomposition of farmyard manure. These results are B conformity with
the findings of Prutbha and Konwar (2005), Sadanandan and Hamza {1998) md
Kattimani e @ {2681) who reported the increase & nutrient content and their uptake

on indigo, turmerie and japanese mint cultivation. respectively.

5.1.8 Effect on guality parameters
5.1.8.1 Effect on alkaloid content and alkaioid yield

{a} Spacing

All spacing fdled ® cause marked variation on total alkaloid content of
Eckipla prostrata L. All spacing {e. 20 x 20 cm. 25 x 25 an and 2o x X an remained
o par © each other. However, total alkaloid yield increased under wider spacing 25
%25 em and X x 30 an as compared ® the closest spacing 2 x X cm. This might be
due © higher dry herb yield in wider spacing, which confirms the findings of Patel e
al. {2003) on ashwagandha coltivation.

{b) Sources of nuirients

All the nutrient management trealments proved superior in respect of alkaloid
content and total alkaloid yield of Edfipra prosrrate L. 0 control. Among the nutrient
management treatments, he alkaloid content did not vary sipnificantly either due to
organic of inorganic fertilizer alone, or in combination indicating their inefTectivity m
alkaloid content. Mo significant effisct of ferflizer o integrated nutrient management
on alkaloid content was alse reported by Balakumbahan & &, {2005) and Puttanna &
al 2006 o Phyflamttus amarus and Centefla asiativa cultivation respectively.
Though the nutrient management trealments proved o par effzct o their alkaloid
comtent but the treatment NeoPioKzs + 5t FYM/ba and 10 t FYM/ha recorded the
highest alkaloid yield followed by NyPegKas ad NeoPaKao. This might be de ©
superior dry herb yield under FYM alone or in combination © fentlizer application
plots. This confirmed the Findings of Jana and Varghese (1996). Organic or inorganic
sources of nutrient were found equally efficient not only in higher crop production bu
also in respect of quality parameters which help © get higher market price (Sanwai af
al, 2007).
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3.1.8.2 Effect on sugar con tent

{a} Spacing

The data on total sugar. reducing and nom reducing sugar contenl of Eeffpra
prostrata L. revealed that all the spacing treatments faled to bring any significant
diff erences among themselves. This finding & in line with the findings of Sarma and
Kar jilal (2000).

b} Sources of nutrients

All the nutrient management treatments recorded superior result on total sugar
ard reducing sugar content m Eclipia prosrrara L. over control, indicating positive
effizct of fertilizer ard FYM on sugar content. Notwithstanding, all the trestments
remained statistically @ par o non-reducing sugar comtent. FYM application
treatmentis either alome @ 10 t FYM/ha or in combination with fertilizer @ 5 t
FYM/ha with NeoPaKag recorded statistically higher total supar content than only
fertilizer application treatments irrespective of doses. This might be die © presence
of other micre nutrients in FYM including carbon, which & an important component
of sugar. played important role ik increasing totd sugar content. Al the nutrient

management treatments showed the similar result on reducing sugarcontent.

51.9 FEffeet on Soil Parameters

5.).9.1 Effect on available soil nilrogen, phosphorus and potash

{8) Spacing

The result of the experiment showed higher available soll nitrogen boh i the
dosest and widest spacing trearments than medium spacing of 23 x 25 an which
might be dvoe © more uptake of soil nitrogen i this treatment. On the other hand, the
vafue on available P20s and K;O revealed that all the spacing remained statistically of
par and fialed to produce any significant diff :rences.

h) Sources of nutrients

Sod parameters wz available soil nitrogen, phosphorus and polash increased
a all nuirient management Lreatments irrespective of sources over control, mainty due
Io better availabi lity of plant nutrients b soil through application of Fertilizer or FYM.
Puttanna & af. (2006) also reported the similar results on soll parameters duz o

nutrient management treatment over coatrol after harvesting of Centella aslatica.
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Application of FYM either alone or in combinaifon with WPK resulted in the
highest available nnregen in soil. which proved superior W other inorganic Fertdizer
treatments. & might be due o application of organics alone or n combination wih
inorganic which afier subsequent decomposition resulted in gradual buld w0
available nirogen on accoum of direct addition of nirogen. Presence of organic
sources increased the multiplication of Soi  microorganismt  which  proved
advantagecus in mineraiization of organically bound nitrogen @ morgank fHm
{Mathur, 1997). Applicaton of organic manure aiso favowred ihe retention and
accumulanon  of exchangeable cations i soil exchange complex. Inorganic
fertilization could not contribute much n the build-up of avafiable nutrient pod of
s0il because of thelr poor retention capacity.

K was aiso recorded tha applicahon of organics showed higher availabilicy of
phosphorous and potassium over direct addition through inorganic sowrces. Ths
might be due 1 the faa that the organic malerials form a cover on sesquioxides,
reducing the phosphate fixing capacity of soifl and solubiiization of msoluble
phosphorus fracuons resulting inio release of more available phosphorus. Highef
availability of potash in soil due 1o organic could be ascribed wo addition of potash to
the available pool of soil, besides reduction in potash fixaion and release of potash

tkie 10 interaciion of organic matter and clay {Sanwal & af, 2007).

5,1.9.2 Effect on soif organic carbon content

(&) Spacing
The resulis showed mo significant effect on soil orgamic carbon content due ©

different spacing reaimenis. Contem of soil organic carbon remained aimost same in

all he thres spacing.

{b} Sources of nutrients

All the sources of nutrient imespective of vafious rates, recorded marked
variaion on soib organic carbon contenm ovef control. Increasing raies of nutrients
mcreased he contem of soil organic cabon which & mainly due w0 better availability
and highef amount of organic components m soil through application of fertilizef or
FYM. Incorporation of organic sources ie FYM either alone or in combination with
Fertilizer produced higher soil organic carbon content in comparison to ihorganic

fertilizer alone. This rmght be due © addiion of more carbonaceous materials n soil
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through famward manure. Gupta & af (1999} md Kalita and Deka (2001) nlso
reported significant increase it organic carbon content of soil due b applicsion of
diff erent organic scurcesof mutrient n comparison ® chemical femitizer.

5.1.10 Effect on Economic indices

(a) Spacing

The closest spacing (20 x 20 cm) recorded the highest cost of cultivation
which might be due © inoease in labour cost Hr transplanting and other intercubtural
operations, as more number of seediings were wrooted and transplanted. b the
widest spacing treatment (3 x 30 cm), low cultivation cost was recorded due to low
tabour cost. The maximum gross income and. nel income was recorded in the
treatment 25 x 25 om spacing, which might be due o more dry herb yield in this
treatment. Though 25 % 25 an spacing recorded e highest gross and net ncome bu
Kk faled © show the highest benefitcost ratio. The treatment 30 x 3 on spacing
recorded the highest benefit-cost raio which might be due © relatively lower labowr

required coupled with almost similar net income associated with this treament.

(b) Sources of nutrients

The fesults on economic attributes revealed that increased doses of inorganic
firtilizer treatments recorded he highest cost of cudtivation which might be due ©
higher priee of chemical fertilizers. The integration of NPK and FYM tremtment (Fs—
NegPaoKze + 3 t FYM/Ma) recorded the maximum gross setrn and nat income
Foflowed by the highest dose of NPK applied treatment (Fy— NopPeoKae). Statisticady
higher dry herb yicld in hese two treatments & responsible for maximum pross retum
and na income, The treatment Fi- NPk + 5 t FYM/Ma recorded the maximom
benefit-cost mmtio followed by the treatment FYM [I(0W/ha, which might have more dry

herb vield and relatively low cost of cultiv-ation.

3 2 Effect of transplanting time and harvesting stape

5.2.1 Effect on growth
(@) Transplaating i me

Ptanting on 15 June brought abowt significant improvement in all prowth
aitributes viz. plant height, primary branches and secondary branches, stem diameter,
leal number and number of roots per plant during both the years over other umes of



transplanting closely followed by 15n May transplanting, which eko recorded
significant superiority over 15™ July and 15% April transplanting. Better perfiormance
o wop due o 15" June transplanting may be attributed due to favoursble climatic
vonditions and eguitable distribution o other parameters throughout the growh
period, These resulls are in congruity with the findings of Bhatt e ar, (2007), Maurya.
(1990}, Sharma and Prasad (1990) and Mehajan & ai (197%). The I15% June and I5%
May transplanting treatments were o par on branch diameter and root length but
proved statistical superiority over 15" July and 15" April transplanting. The climate
required pertaining to branch diameter and roct Jength probably remained similar,
which resulled « pa branch diameter al root length i June and May transplanting
(Kandiannan and Chandaragiri, 2008).

(b Hurvesting stage

Diffareny stages of crop hatvesting alse showed marked effea on warious
growth atiributes. k was obsened lhat the growth parameters like plant height and
number of primary braches proved superior when harvested a maturity stage
followed by ‘harvestng & 50 % flowering stage. Bul. boh showed  their
significant superiority over harvesting & vegetative Stage. Notwithstanding,
harvesting & maturnity stage & well & 30 % flowering Sage proved similar on
production of number of secondary branches. stem and branch diameter, number of
roos ad rool lenglh but proved superior © harvesting a vegelative siaige. The
increase in growth pararmeters due © harvesting & 50 % flowering sd maturity
stages might be dug © well-known lag of conlinucus increase habit of growth of gop
up 1 the malurity stage, Accordingly harvesting o 50%% ilowering stage recorded fhe
highest number of leaves followed by harvesting & maturity stage. This might be due
© senescence of [eaves a maturity stage, coupled with initiation of complete leaves a
0% flowering stage than vegelalive Stage.

5.2.2 Effect on dry matter production

(a) Transplanting Time

The highest dry matter production of plant was recorded due © 15y June
transplanting in both the years 2005-06 and 2006-07 and proved statistical superiority
over other transplanting treatments followed by 15" May. 150 June transplanting

produced highest dy matter producing attributes wiz fresh weight and dry weight of
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plant, which & responsible for increased dry matter production in this treatment. This
result confirmed e findings of Agarwal e a {2004) and Kahar & o {1991},

{b) Haryesting stage

Harvesting a 50 % flowering stage recorded the highest fresh weight, dry
weight and dry matter production per plant and proved superior to he other
harvesting treatments. The peak growth and development of plant with highest
accumulation of plant nutrients and other chemical constituents & 0% flowering
stage might be responsible for highest dry matter production h e same stage. Singh
@ d. {2004) also reported the superior results on dry matter production flewering

stage on Indian basil cultivation.

5.2.3 Effect on leal area index

(@) Transplaoting Time
Regarding individual leaf area. all the treatments irrespective of transplanting

time showed statistically similar values, which indicated ng effect of diffizrent
transplanting times on individual leaf area. However, the highes( leaf area index was
recorded under STs- 15w June and ST |50 May transplanting treatmems, ‘which were
superior in comparison ‘o other two transplanting treatments, On account of this fac
more number of leaves and total leaf area n May and June transplaating plots were
produced. The findings of Solanki and Shektawat (1999) ae ako i the same line.

{h Harvesiing stage

All ‘the harvesting stages produced slmost similar ‘indjvidual leaf area thus
showed their ineffectivity on leaf size. However, marimum total leaf ares md highest
ground cover were recorded in the treaunent He- harvesting & 50 % flowering stge
which proved superior 1o other treatments followed by H; - harvesting o maturity
stage. Fuil crop growth with maximum number of leaves & 50 %% flowering stage was
responsible for increase ‘in tolal leafarea and ground cover. Similarly he highest leaf
@ea index was observed due b harvesting & S0 % lowering stage thal wis of px
with harvesting a maturity stage but proved superior o harvesting # vegetative stage.
Though individual leaf area Was similar & all harvesting swges but leaf area index
increased at 50% flowering stage which might be dye Ip highest wotal leaf area.
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5.2.4 Effect on herb yield

{(a) Transplanting Time

Transplanting of seedlings on 15" June recorded the highest fesh and dry
berb yield and proved statistical superiority over other transplanting times followed
by 15™ May transplanting in both the successive years, Superior results of almost &l
the growth and yield attributing parameters due © 15w June transplanting might be
responsible for highest fresh and dry herb yield in the same treatment. Prevalence of
Favourable ‘weather conditions in June transplanting coupled with higher temperature
as well @ hotter and drier climatic condition with heavy and even distribution of rain
during the growth period might have helped © increase growth and development. and
ultimately herb yield. Similar trad ofresults were also reported by Singh & af (2002
b) ad Randha%a & o (1994} on green onion and french basil cultivation

respectively.

by Harvosting stage

Harvesting @ 50 % flowering stage recorded the maximum fresh and &y herb
yield fallowed by harvesting & maturity stage and both proved statistically superior to
harvesting & vegetative stage. Almost ail he growth characteristics of he plants wz.
number of leaves, active stems and branches. higher leaf area index and &y matter
production were associated With harvesting & 50 % flowering stage. Thus induced the
highest fresh and dry herb yield i this treaiment than early and delay harvesting
stages. The significant increase n berb yield a 30 % flowering stage was also
reported by many scientists (Sharma e af, 2002; Gupta and Shahii 1999 and Pareck
a d., 1980).

£.2.5 Effect on nutrient content in plant

{ay Traasplanting Time

I was observed that nitropen, phosphorus, potash and organic carbon coment
in Eclipta prosirate L were recorded highest due o 15" June transplaniing followed
by 15" May and proved superior © 15 July mnd 15" April transplanting. As the
growth and development and production of photosynthates was more in 15" June
transplanting treatinent, therefore, it leads ® uptake more nutrients fram soil and more
concentration of plant nutrients were more in this treatment. This finding & in he

same line With the findings of Kandiannan and Chandaragiri (2008),
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{by Harvesting stage

Diffizrent harvesting steges showed sipnificant dfect on nitregen, phosphorus,
potash and plant organic carbon content o plant. The highest plamt nitrogen,
phosphorus, potash and organic carbon comtent were recorded due to harvesting 2 50
% flowering stage. Absorption of more plant nutrienls 1t this Stage might be
responsible fir increased nutrient content in plant. Moreover, the accumulasion of
these plant nutrients and other chemical constituents were more inside the plant &
50% flowering stage than matrity or vegetative stage. The significant increase of
plant nutrients & 5} per cent flowering stage were also reporied by many other
scientists {Pratibha and Konwar, 2005 and Ram er oif, 2002).

5.1.6 Effect on nutrient uptake from soit

{a) Transplanting Time

The uptake of nitrogen, phosphorus and potash by plant was recorded more
due & 15" June transpianting foliowed by 15n May. All the growih parameters were
faund superior in 15" June transplanting treatment, indicating more reed of nutrients
wo fulfill thelr requirement fir more growth and development. Therefore, T leads ©
uptake more nutrients from sail. Kandiannan and Chandaragici {2008) also reported

similar tead of result.

{b) Harvesting stage

Harvesting @ 0 % flowering stage recorded significantly more uptake of
nitrogen, phosphorus and potash fram soil. Due © maximum growth characteristics
associated with 50 % harvesting stage coupled with higher leaf arca index and more
dry matter production increased the uptake of more nutrienis o fulfilt the need of
maximum nutrient rEquiremem whereas, a vegetative and maturity stage the nutrient
requirement remained low. Pareek ef o {1980) reported significanl increase in uplake

of nitrogen, phosphorus and potash from soil & flowering stage of crop.
5.2.7 Effect on quatity parameters

5.2.7. 1 Effect on alkaloid content and slkaloid yield
() Transplanting Time
All the treatments imespective of different transplanting times faled © bring

significant variations ar percentage of total alkatoid content of Eclipta prostrata,
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indicating no dTect of wransplanting time on alkaloid concenration, Sanma and

Kagjilal (2000) also repored no significam ofect of different sowing times on
alkaloid concentration on paichouli cultivation. Though all Ireatments were: similar n
alkaloid content but 15" June transplanting proved superior resull on alkaloid yield
followed by 15" May transplanting. Production of superior dry herb yield n this
treatment was responsible for higher alkaloid yield. This & in conformity with the
findings of Minami & of (1997} and Reda e 4. (1978). The influences of
environmental factors on hab and quality aspects of medicinal and aromatic phnts
were also well documented earlier (Singh & al, 1991; Burbott and Loomis, 1967).

{b] Harvesting stage

The alkaioid contem i Eclipie prostrata was significantly influenced by
diffzrent harvesting stapes, Harvesting & 50 % flowering stage produced the highest
alkaloid comtem that might be dse © presence of more mitrogen, carbon snd other
chemical constiluents at this siage, which are important components of alkaloid,
Diversion of photosynthates © seed formation amd fal of dder leaves in ghsence of
energy support due w the mobilization of pholosynthaies fom lower leaves ©
meristamatic pars were responsible Br lower alkaloid content & maturity stage. This
result ¥ in conformity with findirgs of Sharma e af (2002), who reported significant
higher content of alkaloid & flowering stape. As no alkaloid synthesis was held i
leaves upto one month of age coupled with varsation N alkaloid content with age in

different plant pants proved lower alkatoid conlent at vegetakive stage (Pachori, 1995).

Similarly. harvesting a 50 % flowerng stage proved statistical superiority on
alkaloid yield over other stages. Maximum alkaloid coment alonp with production of
highest dry berb yield a 50 % flowering stage was responsible o increased alkaloid
yield n this stage. Baraiya & ol {2005) ako reported significant increase of alkaloid
yield with increasing age of plant wp to flowering stage,

5.2,7. 2 Effect on sngar content

{a) Transplanting Time

All the wansplanting times showed similar resulls on total sugar and nom
reducing sugar comtent. However, 15" hme and 15% May wansplanting proved
statistical superiority on reducing sugar over 15™ july and 15® April tansplanting.
This may be due © production of more photosynthates i June transplanting plant.
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(b} Harv esting stage

Harvesting & 50 % flowering stage recorded the highest oial sugar. reducing
sugar and non reducing sugar and proved statistical superiority over other harvesting
stages. Production of more plant organic carbon which is an important component of
carbohydrate along with production ofmore photosyntales and dry herb yicld due to
harvesting & 9% flowering stage might be the possible reasons for higher sugar
content & this stage. Moreover, fdl of carbohydrate after flowering stage due o
apeing of the leat and depletion of he endogenous prowth substances of the plam
were tesponsible for lower sugar coment @ maturity stage. Increased carbohydrate
production from one stage © another up to flowering stage and then gradual fall of
carbghydrale concentration i crop were recorded by Saimbhi and Nandapuri {1981},
Singh & al. {1973) and Davlin {1975).

5.2.8 Effect on Soil properties
5.2.8.1 Effect on available soil nitrogen, phosphorous and potash

(8) Transplanting Time

Highest available sol mitrogen, phosphoms and potash were recorded dae to
I5™ Aptil transplanting proved statistically af par with 15 July bhu both these two
were superior over 15™ June and 15" May tansplanting. Less upiake of primary
nutrients viz N, P and Kon 5" April and 15™ July transplanted plots might be the
possible reason for higher availability of these atrbutes in soil after harvesting of

acp.

(b) Harestingstage

Harvesting of qop a differem stapes showed significant effect oa available
soil Nutrients. Harvesting al vegetative stage showed highest avadable sol nitrogen,
phosphors and potash than oter harvesting stages. The aop was harvested affer 33-
35 DAT in harvesting & vegetative stage, whereas another one and two imonths
required fbr barvesting & 5% flowering and maturity stages respectively, therefore,
uptake of different plant nutrients reduced and resufted into ‘more available mtrogen,
phosphorus and potash in soil due © hanvestng of crop & vegetative stage.
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£.2.8.2 Effect on soil organic carbon

() Transplanting Time
All the transplanting times showed Statistically similar organic carbon content
h soil after harvesting of oop which indicates no effect of different transplanting

times on soil arganic carbon content.

{b) Harvesting stage

The treatment H,. harvesting & vegetative stape showed maximum soil
organic carboh than harvesting & 0% Howering and maturity stages. This might be
due © less uptake of organic carbon from seil for shorter growth period in harvesting

& vegelative stage as compared © other Iwo stages.

529 Econontic indices

{a) Transplanting Time

Total cost of culiivation was similar 1 &l the transplanting treatments, which
might be due & invoivement of equal input, labours and managemenl practices.
However. 15™ June transplanting recorded e maximum gross return, net benefit and
benefit cost ratio. Production of highest dry herb vield & responsible for higher

economics i this treatment,

by Marvesting stage

Similar cost of cultivation was recorded irrespective of harvesting treatmenis,
which might be due o involvement of equal inputs, labours and management
practices. Though all the ireatments were similar n total cost of coltivation but
harvesting & 50 % flowering stage produced highest gross income. net benefit and
benefit cost ratio. More production of dry herb yield in this treatment & responsible

for higher economics & compared © harvesting & maturity and vegetative stage.
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CHAPTER-V ]

SUMMARY AND CONCLUSION




SUMMARY AND CONCLUSION
Eaae—————

The investigation entited “Development o Apgrotechnologies Sr
Domestication and Quality Aspect of Bhringara] {Eclipra prostrata L)" was carried
ou a the Rescarch-cum-Experimental Farnn, Department of Foresiry, Notth Eastern
Regional Institute of Science and Tecknology {NERIST), Nirjuli, Arunachal Pradesh
during 2005-06 and 2006-07 1o domesticate an imporiant medicinal wild herb
Bhringaraj (Eclipta prosirarg 1) by developing its cultivation techniques mainly the
optimum spacing, doses of nutrients with varying sowrces, tine of transplanting and
the optimum harvesting stage To siuly the offect of differem spacing, sowrces of
nutrient with varying doses, transplanting tme and different harvesting stages on
growth and develepment, hert yield and qualty asped of Bhnngarmj, wo field
experiments were conducted under split plot design with three replications. To find
out the opumum spacing and doses of nutrient fom variows sowces, the frst
experimeat was laid ow with three different spacings wi= S- 20 x 20 om, §- 25 x 25
an and Sr 30 x 30 om between row 1 rew and plant to plant respectively considering
as main plot and six different doses o nutrients wz. Fy — NoFyKg, Fr-NuPaKip F —
MNooPaoKan, F— NeoPsoKuo, Fi— 10 ¢ FYMa and Fi— NgoP Koo+ 5t FYM/ha assigned
1o sub plot with total I8 treatment combinations and 54 number of ploss.

The secomd experiment was conducted © find ou the suitable tme of
transplanting and harvesting stages of Ecfipra prosirata L, taking transpianting teme
& man fador with four different transplanting times wz. ST,-L5% April, ST,15
May, ST;-15" June and ST,-15" July transplanting treatments and harvesting stage as
sub factor with three diffirent harvesting siages vz, Hi- Vepetalive siage, H:-50 %
flowering  stage and Hz- Maturity stage with total of 12 treatment combinations and
% plots.

The effect of diffieremt treapments of both the experiments on varicis

parameters were recorded r the studies and summarized under the following heads




L Effect of spacing

A Growth and herb yield

L

The diffizrent spacing Ireatments proved iheir significant effects on growth and
vield attributes, Comparalively wider spacing significantly increased the
growth characters of Eclipre prostrata L than closer spacing in bofh the year
of cultivation, The treatment 30 x 33 om and 25 x 25 an spacing recorded
statistically similar plant height, number of primary brenches, number of
leaves & all the three growth stapes wiz. vegetalive, flowering and maturity
stage, which recorded stafisfically superior © 20 X X ot spacing. Reparding
number of secondary branches per plant, stem and branch diameter, number of
root and rod length, e treaiments 30 x 30 em md 25 x 25 an spacing though
remained «f par but proved statistically superior s the closest spacing 20 x 20
cm & flowering and maturity sfages. Whereas, & vegetative stage all the three
spacing treatments were slatistically a par on hese atiribuses.

Comparatively wider spacing resulted into superior reproductive characters
than closer spacing. The lreatments 25 x 25 an and 30 x X em produced
maximum nvmber of flowers and heads a flowering and maturity stage
respectively than the closest spacing of 20 x 20 om.

Wider spacing recorded the highest dry matter production including fresh
weight and d&y weight per plant of Edlipia prosirata L then closer spacing.
The 1reatments X x 30 on and 25 x 25 an Spacing proved statistical
superiority on fizsh weight, dry weight and dy matter production over he
closest spacing A x 2} om & flowering and maturity stage. But at vegetative
stage all the Spacing treatments showed their similarity on these atiributes.

All the spacing treatments showed statistical similarity on individual leal area
a all Ihe three growth stages. However, wider spacing fe. 30 x 30 om and 35 x
25 am recorded superior leal area indeX © the closest spacing 20 x 0 on &
maturity and 33 % flowering stage. But & vegetative stage, among he
diff erent spacing treatments no significant variations could be established.
Comparatively wider spacing recorded higher fresh and dry herb yield than
closer spacing. The treatments 25 x 25 gn and 30 x 30 an spacing showed
statistical similarity bt proved superior in fresh and dry herb yield © the
spacing 20 X 20 cm. |
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B Nutrient content and its uptake

L All e spacing treatments showed swatistically similar o major nutrient

content of Eclipta prosirata |, Nitrogen, phosphorus, potash and OTEanic
carbon coptent o plant proved statistcally ar par irrespective of diffisrent
spacing.

2, Comparatively wider spacing resulted more uptake of major nutrients by plant

fom soll than closer spacing. The nitrogen, phosphorus and potash uptake
temained similar in 25 x 25 em and 30 x 30 oM spacing but proved superior I
the closest spacing 20 x 20 on,

C. Qualty parameters

. All the treatments pertaiing b diff zrent spacing viz. 30 x 30 om, 25 x 25 an

and 20 x 20 em recorded statistically similar total alkaloid comtent n Eclipra
prasrraia L

Regarding total alkalod wield, relatively wider spacing produced more
alkaloid yield than closer spacing. Though the treatments 30 x 30 om and 5 x
L an spacing remained o per but proved statistical superiority over 20 x 20
om Spacing.

All the spacing treatments produced similar sugar content. The spacing 30 x
X em 25 x25 an and 20 x 20 an were statistically @@ pa n production of

total sugar, reducing sugar and non-reducing sugar,

D. Soil parameters
l. The widest (30 x 30 cm) md closest (260 x 20 cm) spacing produced

statistically superior results on higher available soll mtrogen after harvesting
of crop than medium (25 x 25 cm) spacing.

All the spacing treatments viz. 30 x 30 em, 25 x 25 am and 20 x 20 an proved
statistically similar in available phosphorus, patash and organic carbon content

in soil after harvesting of crop.

E. Econotmics

i,

The closest spacing 20 x 20 om recorded the highest cost of cultivation (Rs.
9,099/ha) than relatively wider spacing Followed by 25 x 25 am (Rs. 8,989/ha).
Tie lowest cog of cultivation (Rs. 887 Wha) was recorded under the spacing
30 x 30 cm.
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2 The highest gross ncome (Rs. 28 595/ha} was recorded due 0 25 x 25 am

spacing, which was dose o ¥ x Jo an spacing (Rs. 2B,480/ha) and the
lowest (Rs, 24.925/ha) was recorded in the dosest spacing 2 x 20 cm,

The spacing 23 x 25 ¢m produced the maximum net retam (RS, 19,606/ha)
which was very close 10 ¥) x Jo an spacing (Rs. 19,60)/ha). The highest
benefit cost mtio (22 1:1) was recorded i the reatment 30 x 30 an spating
followed by 25 x 25 on (2.18:1). The spacing X x 2o on recorded the lowest

values of all he economic indices.

Il. Effect of nutrient management treatments

A Growth and herb yield
1

All the nutrient application treatments irrespective of difTerent sources and
doses proved statistical superiority on growth characieristics over control fe.
no nutrient applied treatment & alt e growth siages vie. vegetalive, flowering
and maturity stage in both he year 2005-06 mnd 2006-07.

Among he¢ nutrient applied treatments, integrmtion of FYM and chemical
ferilizer. FYM alone and highest doses of Teniizer (Nagl'sK30} treaiments
recorded the tallest plant height than lower doses of Tertilizer & all the growh
stages of Edlipra prosiraia L. The weatments NPk + 5 1 FYM/ha, 10 ¢
FYMma end NoP oKy remained statistically similar bu proved superior on
growth characteristics vz, number of primary and secondary branches, stem
and branch diameter, number of leaves, number of rools and root Jength a
flowering and maturity stages than oOther low Terilizer applicd treatment /e
MNP aoKan and NigPeX g, On the other hand & vegetative stage. the reatment
NooPeoKss and NegPuKse + 5 1 FYM/ha recorded e highest primary
branches, NygPuKse + 5t FYM/Ma and 10t FYM/Ma recorded e maximum
secondary branches, NeoPuwKax + 5 t FYM/Ma, 10 t FYM/Mba and NeoPyKsg
1reatments produced highest stern diameter and oumber ofleaves.

In case of reproductive characters, the reamment NygPiypkao+ 51 FYM/ha, 10t
FYM/Ma and NgP oKy though produced stalisiical Similarity on number of
flowers and heads a Nowering and maturity stages respectively bul proved
statisfical superiority over lower doses of fertilizer application treatments viz
NeoPoKao and MNPk



4,

Integration of MNgPasoKxn + 5 t FYM/Mha and highest doses of ferilizer
{NooPsoK3s) produced staristically similar dry matter and proved stperior
ather nutrient applied weatments ar ak the growth stages of the qop.
Incotporation of 5t FYM/Ma aleng with NegPyoky though produced  highest
leaf area and leaf area index ut proved statistical similarity with other putrient
mmanagement treatment excluding NagP xKm

All ‘he nutrient management ftreatments except NygPxKyg produced
statistically simifar but proved superior in fresh herh yield over comibrol
Notwithstanding, NeP 19K+ 5t FYM/Ma and NegPgKsg recorded statistically
@ par &y heb yield bt prodeced superior resulls over NyoPuKao and
NioPnKio and only FYM applied treatment.

B. Nutrient content and ¥s uptake

l.

Major nutrient content w=. nitrogen. phesphons. potxh and organic carbon of
Eclipia prostrata L. and uptake were recorded swatistically superior in all the
autrient applied treatments over control.

The organic sources of nuirient either abne (10 t FYM/ha) or in combination
with inorganic fertilizer (NgpPuwKag + 5 t FYM/ha) and the highest dose of
fortilizer (NogPooKae) showed higher nitrogen. phosphoruss and potash content
over lower doses of ferilizer application wz. NgPioKxand NyP oK

In case of plant orpanic carbon coment, FYM applied treatments either done
or in combination with inorganic fertilizer was similar bua proved superior to
other chemical feridlizer applied rearments irespective of doses

Regarding bptake of plant nutrients the treatenents NeoPyKzo + 5t FYMa
and 10 t F¥YM/ha produced statistically af por on nitrogen uptake fom soil but
proved superior © other nutrient apphed meamments followed by NogPyoKa.
On the other hand, plant phosphorus and potash uptake were highest n
integrated treatment iz NeogPiwKs + 51 FYMMa and proved superior to 6e
other nutrient applied treatments followed by K t FYM/a.

C Quality parameters

L.

Alt the nutrient applied treatmenis recorded statistically superior total alkaloid
content of plant, alkaloid yield and sugar content than control i both the

cultivation years.
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2 Among the nutrient applied treatments wrespective of sources and doses, no

signi ficant varianons were recoded on tolal alkaloid content.

Regarding total alkaioid yield, FYM applied treatments cither alone or I
combjration with ferilizer (10 t FYM/Ma and NgPwKyg + 5 1 FYM/ha)
showed maximum effectivity and superior result than other fertilizer applied
treatments irrespective of doses.

The maximum toal sugar was observed in e tremments NyP Koo + 5t
FyM/ha and 10 L FYM/ha, which were siatistically similar b superior © the
other chemical fenilizer application treatments vz, NegPaoKsn, NenP Kaoand
NuwPnKie All he nurrient applied resiments were slatistically «f per on
reducing sugar content, while nonseducing sugar remained unaflected by all

lhe treatments including control,

B, Soil pargmeters

I

All the putrient management tremiments were superior in soll parameiers viz
aveilable soil mitrogen, phosphorus. potash and sol organic carbon content
over contral Je. o nutrient applied Ireatment after harvesting of the crop.
Among the nutrient ntanagement ireatments, FYM applied treqiments either
alone (10 t FY M/ha) or in conthination with chemicel Tertihzer (NyP oK + 5
L FYM/hay Though rempined similar on all soll porameters bul both proved
superior © other lertilizer applied treaunents (NgPuKy NuPoKs and
Naol* Ko},

I\ E¢onomics

The treatment NeoPsokso recorded the highest cost of culivation (Rs, 9 981ha)
Followed by NeoPagKan + 5 1 FYM/ha (Rs. 9.539/ha) and fhe lowest cost of
gultivation (Rs. 7.005/ha) was recorded ‘a control Ireatment,

The highest pross income (Rs. 33.065/ha) and nel income (s, 23 526/ha) was
recorded due B MNgaPyKae + 5t FYMha Dollowed by NyPooKy (Gross
income ; ®s, 31,3 15/ha and net income: Rs. 21.334/he)

Regarding per rupee investment NealPsoKao+ 5 1 FY Mfha recorded the highest
benefiv-cost ratio (2.47:1) followed by 10t FY Mha 3 244 | and e lpwest

par rupee Investinent 1.48: | was recorded in control (NgPok,l
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IIl. Transplanting lime

A. Growth and herb yield

. The maximum growth chamacteristics wz plant height, secondary branches.
stern  diameter, pumber of jeaves and mumber of roots were reconded
statistically superior due to 15% June transplenting folowed by 15® May. 15®
April and 15" Juby treatments were stagistically simitar md showed lowest
values on these growth characters. Regarding oumber of primary branches 15"
June transplanting recorded superior results folowed by the (5® May and 15®
April transplanting, where the laker two showed statistically af par but proved
superior i 15 July wansplanting, 15® June and 15 May transplanting
treatments produced statistically similar branch diameter and root length bit
proved superior 1o 15" July and 5™ Aprit ransplanting.

2 The treatment I5® June transplanting recorded maximum and statisfically
superior fesh weight, dry weight and dry matter production per plant followed
by 15" May transplanting. The treatments 15» April and 15® July
lransplanting were statistically similar on hese atiributes.

3. All the teansplanting times of Eclipre prosgrata produced no significant dfizct
on individuz] leaf area Reparding totd leaf arez and gromd cover per plant
I5™ June transplanting proved superior 1 other time of transplanting fallowed
by 15m May. Notwithstanding, 15* kme and 15" May transplanting proved
statistically @ par on led area ndex bu proved superior over oher two
similar treatments wz. [5n Aprit and 15% July.

4. Regarding fresh and dry herb yield. 15% June transplanting treatment produced
the highest and superior result over other transplanting times foliowed by 15™
May transplanting. The other two treatments wz. 15" April and 15™ July were
statistically & por and produced lowest fesh and dry herb yield.

B. Nutrient content and its uptake

1. Nirogen coment of Eclipta prostrate L recorded masimum on 5% June
transplanting and proved superior to the other times of transplanting, where
he remaining three treatments were statistically at par.

2 Regarding phosphorows and potash content, 15® June and 15" May
transplanting treatments though remained similar but proved statistically
superior © 15 July and 15" Aprit transplanting treatments.
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3 Plant organic carbon coment was fownd maximum dic w0 5% June

transplanting which was superior © other treatments followed by 15% May
wansplanting.  15®  April and 5% July transplanting treatmenis were
statistically siumilar and proved lower in organic carbon content.

Regarding uptake of nitrogen, phosphons md potash fom soil, the maximum
uptake of nuirients were recorded dse w0 15™ June wransplanting and proved
statistically sperior to te other teatmems folowed bty 15* May
transplanting. The 15® April and 15" July wansplanting treatments were finind
a par on hese attributes.

C. Quality parameters

Different transplanting times faled 10 produce significant ncrease on 101
alkaloid content in plant during both the years,
The maximum total alkaloid yield was recorded on 15® June transplanting

weatment followed by 15® May transplanting md proved sperior © the

treatments 15* July and I5™ April transplanting,

All the transplanting treatments showed no variations on total sugar and nogr
reducing sugar content of Eclipia prostrata L.

Thowh 15% May and 15" June transplanting prodiced statistically af par
reducing sugar, but proved superior 1 15" July and 15" April transplanting,

where the later two treatments were stzfically similar.

D. Soil parameters

[

After harvesting of cop the residual soil nitrogen, phosphorus &nd potash
were found statistically similar due to 15 April and 15" July transplanting
and showed statistical superiority over other treatments followed by 15™ May
transplanting treatment.

Regarding s0il organic carbom content. all he treatments irrespective of

transplanting time were statistically similar.

E. Economics

1.

Total cost of cultivation (Rs. 8.985/ha) was similar in all e transplanting time

treatments.

2 The maximum gross mcome (Rs. 53 56{ha), net income (Rs. 44.575/a) and

pet tupee investment {4.96) were recorded due % 150 June transplanting
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treatment Followed by j5ih May (Rs. 45,210/ha, Rs 36225/ha and 4.0%] as
gros income, nel income end benefit cost ratio, respectively).

IV. Harvesting siage

A. Growth and herb yield

l.

Harvesting s maturity stage recorded the 1allest plam height, maximum
number of primary branches per plami and proved superor © the other
harvesting stages foliowed by harvesting & 50 % flowering stage. The highest
number of leaves was recorded due 0 harvestng a 50 % flowering stage
which was superior © the other harvesting stages followed by harvesing a
maturity stage. Though harvesting & 50 % flowering and maturity Stapges
remained some o stem ond branch diameter, number of secondary branches,
number of roots and reot length, but proved superior © harvesung &
vegelalive slage.

Harvesting o 50 % fowering stage produced maximum fresh weight, dry
weight aml dry matter production and proved siatistically superior 1 he other
treatments followed by harvesting & maturity stage,

All the harvesting swmage treatments Falled o bring significant varigtions on
individual leal ares, Regarding 1otal leaf area and ground cover per plant.
harvesting a 50 % Mowering stage recorded the superior results followed by
harvesiing & maturity sige. On the other hand, hsrvesung & 50 % flowering
and maturily Stages produced similar results oo leaf aren index i proved
superior o harvesting o vegetalive stage.

Harvesting & 30 % flowering stage recorded the highest fresh and dry herb
yield and proved superior £ the other harvesting siages followed by
harvesling at maturity stage. The lowest fresh and dry herb yield was recorded
dug © harvesting o vegelative Slage.

R Nuirieni content and #s upinke

I

The major nutrient comlenl of plant viz. nitrogen, phosphorous, polash and
organic carbon were founld maximum due D harvesing & 3 % flowering
stage and proved superior 1 the other treatments followed by harvesting a

maturity stage.
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25

Harvesting a 50 % flowering stage recorded the highest and superior nitrogen,

phosphorous and potash uptake from soil than other treaiments followed by
harvesting & (naturity stage Teaunent.

C. Quality parameters

The treatment, harvesting & 30 % flowering stape recorded the maximuin
alkatoid content o Edfipya prosirata L oand totsl alkaloid yield ad proved
supericr © other harvesting stages followed By harvesting a maturity Stage.
The lowest alkalOld content and alkaloid yield was recorded due © harvesting
d vegetative stage.

Regarding totat and non reducing sugar content. the treatment harvesting a 50
% flowering stage recorded superior results folowed by harvesting & matueity
stage.

Harvesting a 30 % flowermg stage recorded the superior resolt on reducing
sugar coritent than Other two statistically siimilar treatments viz. harvesting a

maturity Stage and vegelalive stage,

D. Soil parameters

Regarding residual soil paraingters wz available soil nitrogen, potash ard
Organi¢ carbon, harvesting & vegetalive Sage showed the highest vatses on
these parameters and proved superfor © other harvesting stages. The
treatments, harvesting & 3 % flowering stage and maturity stage remnained
statistically simitar.

Harvesting & vegetative siage recorded maximuin available soil phosphorus
and proved statistically superior © other reatments foltowed by harvesting a
maturity stape. The lowest available phosphorous was recorded de

harvesting & 50 % flowering stape.

E. Economics

2

Total cost o cultivation was sinilar (Rs. 8.985/ha) a all the harvesting stage
treatments.

The maximuin gross income {Rs. 56,155/ha), net income (Rs. 47, 170/ha) and
per nupee investmen] (3.25) was recorded due to harvesting & 30 % flowering
stage followed by harvesting & maturity stage {pros mcome Rs 44.660/ha,
net income Rs. 35,675Ma. and per rupes investment 3.97),
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CONCLUSION

The following conclusions may be drawn from the results of t he investigations.

Cultivation of Eclipm prosirara L. & the spacing of 25 x 25 an md 20 x 30
em produced similar fresh and dry herb yield slong with higher alkaloid yield,
although Fom pa rupee invesiment point of view the 36 x 30 an Spacing
proved optinum for cultivation. In the areas where labour B available and
cheap, the spacing 25 x 25 om may be considered 1he most effective for
commercial cultivation of hg herb singe pross income and net income 5 Found
highest in Lhis (reaiment,

Fram the nul_rienll management point of view integration of organic sources of
nutrients along with inorganic fertilizer @ 5 thm (aroard manure and
60:40:20 kg/ha NiiK respectively proved the best i increasing herb yield,
quality and economics.

Transplanting of seedlings n the mid June was found o be he optimum time
for cultivation of Edfipta prestratg L. r higher herb ahd alkaloid yield along
with morc pross end net income and betler return on po rupee investment.

3 por cent flowering stage proved the best stage for harvesting of Edfipra
prostrota L and produced highest herb and alkaloid yield with begter quality

gnd more return from 1S cultivation.
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APPENDIX-]

Monthly weather parametcrs during the experimentation period 2605

Menth Temperature (C) Rain fall Relative Bright sun
Minimum Maximum {mn} humidity(%) shine howr
Jan*{5 21.0 1140 540 [A 102.24
Feb'0s 226 15.0 100.8 i 60.30
March"05 23.0 18.0 213.3 8l 28.36
Aprii'03 26.6 19.9 i54.8 X .48
May'05 279 215 357.4 & 8054
June’05 309 252 ¥9.0 85 106,36
July"05 3 237 505.2 & 113.24
Aug'05 305 26.1 760.2 7o 165,24
Sep’05 30.8 216 90.8 3l 150,48
Oct'0s 325 248 218.8 [ 165.24
Nov'05 26.7 15.9 1.6 2 163.00

Decs 248 10.] 6.0 o8 183,12




APPENDIX-II

Monthly weather parameters during the experimentation period 06 .

Month Temperature (°C) Rain £ Relative Bright sun
Minimum  Maximum {mm}) humidity (%)  shine hour
Jan0e 23.0 102 9.4 72 165.54
Feb'6 2.8 15.1 2334 80 100.54
March’d® 79 (6.9 378 7 180.36
Aprirdé 280 206 204.8 = 127.30
May'06 332 238 3752 75 166,36
A 30.8 253 881.0 3 §3.24
ik 133 270 515.6 0 121,48
Aug'06 335 2.0 211.8 i 196.54
SEpis 31,5 244 2013 79 130.18
Ocros 302 204 100.9 M 186.06
Noa'le 25.6 156 102.8 7 114.18
Bleci 234 13 244 7 157.48
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APPENDIXAII

Important cultural practices in first experiment during 2005-06 and 2006-07

Sl.  Particulars of operation Date of Operation
No. 20035-06 Hos-07
0l Preparation of nursery bed and application of 26.04.05 to  24.04.06
well decomposed FYM 28.04.05 27.04.06
@  Final nursery bed preparation and Sowing of 06.05.05 050506
seed
B3  Weeding i the nursery bed 150505 & 130506 &
25.05.05 24.05.06
04  Main field preparation 30.04.05 28.04.06
6  Final land preparation 26.05.05 26.05.06
06  Lay ow of plots m the main feld 280505 & 270506 &

20.05.05 28.05.06
07  Application o well decomposed farmyard 29.05.05 28.05.06
manure [as per treatment)

08  Basal application fertilizer {as per trealment} 04.06.05 04.06.06

09  Transplanting of seedlings 05.06.06 03.06.0&
10 Application of walathion dust suirounding the 11.06.05 10.06.06
seedling

Il Gapfitlingofseedlings 14.0605 13.06.06

12 First weeding 250605 24.06.06

13 Second weeding 18.07.05 13.07.06

4  Top dressing of urea as per treatment 21.07.05 21.07.06

I§  Application of fimgicide (Bavistin) 25.07.05 -

16  Harvesling 16.0805 & 15.08.06 &
170805 16.08.06

m




APPENDIX.IV

Important culteral practices on 15™ April transplanting treatment

9.  Pariculars of operation Date of Operation

No. 2005-06 2006-67

| Preparation of nursery bed and application of 28.02D5 26.02.06
well decomposed FYM

{2  Final nursery bed preparation and sowing of 14.03.05 15.03.06
seed
08 Main field preparation 01.03.05 28.02.06
04 Final land preparation 86.04 (06 08.04.04
05 Lay out of plots i the main field 08.0405 & 050406 &
£49.04.05 10.04,06
06  Basal applicalion o fertilizer 14.04.05 14.04,06
07 Transplanting of seedlings 15.04.05 15.04.06
08  Application of malatliion dust surrounding the 12.04.03 18.04.06
seedling
09  Gup filling of seedlings 21.04.05 21.04.06
13 First weeding B3.05.05 05.05.06
1 Second weeding 26.05.05 28.05.06
2 Application of fungicide (Bavistin) 0206.056 -
I3  Harvesting a vegelative stage (H) 19.05.05 20.03.06
14 Harvesting a 30 % flowering stage (12 02.06.05 09.06.06
15 Harvesling & maturity stage (Hi) 30.06,03 {22.07.06




APPENDIX-Y

Important cultural practices o 15™ May iransplanting treatment

8. Particulars of operation Date of Operation

No, 2065-06 2006-07

01 Preparation of nursery bed amd application 26033.05 25.03.06
of well decomposed FYM

{¢  Fioal oursery bed preparion and sowmg of  14.04.05 14.04.06
seed
3  Main field preparation - 01.63.05 28,0206
04  Layout of plots i the main field 080405 & 09.0406 &
09.04.05 10.04.06
5  Final land preparation 07.05.05 08.05.06
06 Basal application of fertiizer 14,05.05 14.05.06
07  Transplanting of seedtings 15.05.05 15.05.06
8  Application of malathion dust surrounding [8.05.05 17.05.06
the seedling
09  Gap fiding of seedlings 21.05.05 20.05.06
10  First weeding 08.06.05 10.05.06
1 Second weeding 30.06.05 29.0606
[2  Harvesting a vegetative stage (H) 20.06.05 12.06.06
I3  Harvesting & 50 % flowering stape (Hz) 10.07.05 1.G7.06
14 Harvesting a maturity stage {H3) 02.08.05 02.08.06




APFENDIX-Y1

Important culiural practices on 15 June tramsplsnting treatment

5L Perticulars of operafion Date of Operation
No. 2005-06 2006-07
&l Preparntion of nursery bed and application 01.05.05 02.05.06
of well decomposed FYM
02  Final nursery bed preparationand sowing of 15.05.05 15.05.06
seed
¢ Main field preparation 01305 28.02.06
04  Lay out of plots n te main field 08.04.05 09.04.06
09.04.05 10.04.06
05  Final land preparation 06.06.05 03.06.06
06  Basal application of fertilizer 14.06,05 14.06.06
07  Transplanting of seedlings 15.06.05 15.06.06
8  Application of malathion dust surrounding 18.06.035 17.06.06
te seedling
09  Gap fiilingof seedfings 2.06.05 21.06.06
10 First weeding 06.07.05 07.07.06
Il Second weeding 28.07.05 29.07.06
12 Harvesting & vegetative stage (H)) 19.07.05 20.07.06
13 Harvesting & 50 % flowering stage (H2) 08.08.05 9.03.06
14  Harvesting & maturity stage (Hi) 010905 31.08.06




APPENDEX-VII

Important cultural practices on 15" July transplanting treatment

S1 Particulars of operation Date of dperation
Na. 2005-06 2006-07
0 Preparation of nursery bed and application 03.06.05 05.06.06
of well decomposed FYM
Final norsery bed preparation and sowing of  14.06.05 15.06.06
seed
B3 Main field preparation 01.03 .05 28.02.06
04  Lay out of plots in the main field 08.0405 & 09.0406 &
09.04.05 10.04.06
05 Final land preparation 06.07.05 08.07.06
06  Basal application of fertiizer 14.07.05 14.07.06
{7  Uprcoiing and transplanting of seedlings 15.07.03 15.07.06
(8  Application of malathion dust surrounding 19.07.08 17.07.66
the seedling
08  Gap filling of seedlings 21.07.05 2207.06
0 First weeding 07.08.05 09.08.06
1 Second weeding 28.08.05 2 .08.06
12 Harvesting & vegeiative stage () 1908.05 19.08.06
13 Harvesting a 30 % flowering stage (Hy) 1009.05 {19.0%.06
14 Harvesting & maturity stage (H;) 30.09.05 30.0%.06

ki



APPENDIX-VII

Cost of cultivation in details for spacing and sources of nuirients with varying
toses (first) experiment

.. Com mon cost for all the experiments

[tem Unit/quantity Rs./ha
A _Raising of seedlings
a  Nursery bad preparsition 3 man days 165,{K)
b FYM | thela 40.04)
¢ Seed collection and sced sowing 3 mmn days 110.00
d Uprcoting of seedliBgs 3 man days 165.00
B._Main_figld_preparation ard input
a Land preparation (Ploughing, harrowing 100030
leveling etc.
b Feriilizer application 2 man days 110.00
& Gop Blling 2 man days 110.00
d  Weeding (Two limes) 20 man days 130,00
e ‘Top dressing 2 man days 110,80
f Irrigation 4 man days 220,00
g Cost of plant protccion chemicals 350.00
h  Application of insecticides 3 man days 165.00
i Harvesting and transportation I8 man days 99000
b} Cleaning 10 man days 550.00
k  Drying and begging & maB days 330.00
1  Miscellaneous expenditune 500.00
Total (A+ B) 6015.00
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3, Cost of cultivation in details lor transplanting time and harvesting stage
{Second} experiment

[tem Unit/quantity Rs/ha
A, Raising of seedlings
a Mursery bed preparation 3 man days 165.04
h FYM 1 thela 40.0d}
¢ Seed collection and seed sowing 3 man days 10.00
d  Uprooting of seedlings 3 man days 165.04
B,_Main field preparation and input
a2 Land preparation {Ploughing, harrowing 1000.00
Jevelilg eic.
b Fertilizers
i. Urea 130.43 kg 717.36
ii. SSP 250.00 kg 1000.00
iii. MOP 3333 266.64
c.  Fertilizer application 2 man days 110.04
d Transplanling of seedlings I8 man days 490,00
¢ Gap filling 2 man days 110.04
d Weeding (Two times) 0 man days 1100.04
e Topdressing 2 man days 10.00
f rrigation 4 man days 220.00
g Cost ofplam protection {chemicals} 350,00
h.  Application of insecticides 3 man days 165,00
1  ltlarvesting and wransportation 18 man days 99000
3 Cleaning 10mandays 350.00
k. Drying and begging 6 mam days 330.00
L  Misceltaneous expenditure 500.00
Towl (A+ B) §985.00

NB: Cost of input {Rs.): Urea= 5.50/kg, SSP = 4.00/kg, MOP= 8.00/kg, FYM =
110.004. t man day= Rs 55.00, Sde price of Eclipta prosirata Rs. 10.00/kg &y

herh
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