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CHAPTER-I 

INTRODUCTION 



INTRODUCTION 

Exploration of IM' poss,bilities of ··mens sene m corpore sane" i <' •• hcahh) 

mir.d in a healthy body is very in!itincthc in man. H,s insu1iabk quest for life. hulth, 

k1111"·ledgc and beauty inspires him 10 koow more about disease,;, dc;:a} and dnth, 

whkh have 111 ... ays been coexisted "1!h Ii fe. Therefore. the stud) of di�eac>e� Jnd their 

treatment must have also been comempoeneous "ith Lhc da"n of human in1cllc<:1 

Man has bttn amwhcd "ith the pl11n1 sill(:C an1iquity and this bond of man and plant 

has crossed a considerable time frame in human hi!itOr). 

Any plant, 11 hich harbour5 cu ram e clement or propcrnes in one or mon:- of ,1s 

llfi!lll!;. m1y be termed as medicinal plant (Brahmam. 2000). I rom anccm p,.:nod of 

civi!izatiOfl, medicinal plants are lno"n as one of the giH� of nature 10 cul'\' a number 

of diseases and disorders of human beings. Abou1 70-80 per ccn1 of 1hc .... orJd 

population still relics on medicinal plants in the ru111I and rcmo1c areas b) Lhc "'a) of 

traditional S)'Stcm. Tltt.c alarming nse in pcputauon in "'orld. inadequate )uppl) of 

drogs in certain parts of the world. prchibiuve cost of treatments for common 

ailments. side effect of several allopathic drugs and development of n:sisrnnce to 

currencly used drugs for infectious diseases have led to the mcn:ased emphas,s on 1he 

use ofp!ant materials as a source of medicine for a "1de variet) of human ajlmcnt� 

The use of plants as medicines comes from the Rig Veda From then:. n h 

1'CII kno"'" that the Aryans used ·soma· a� a medicinal agent (t..ini�ar and Hasu. 

1934) In A)ur,eda also. abo!ll 800 herbal n:nm.lics have bee,, codified. which arc in 

use at many dlspensanes today (Kumar .:1 11/. 1997) Bur m spnc of resurgence ot 

interest in the stud) and use ofmcd,cmal plants in health cere. a complete i"'cntOI") 

of medicinal plants is noL )Cl even completed in 1h1� count') 

Drugs of herbal origin have greater demand no" -u-da) s in primary health eare 

because of their cnlc11Cy. $11fc1y and lesser or no side effects. About Ill clinicall) 

useful prescribed drup "or!dw1de nn., derived from plants and about 74 per cent of 

1Mm an: manufactured by pharmaceuncal houses (Singh. 1999). According tu 

W .! 1.0. n:pon, medicinal plant eccourus for 20 per cent of all medicinal prescrlpnons 

m ,ndusmal countries and for about 30 per cem in dc,cloping countries On an 

1vcragc 80 per cent of world population reties on traditional medlclnes Of herbal 



medicines (Sandh)a e111/, 2006). Mos! of these med,cina! plants produce bt-0log"all) 

ecnve secondary metabolites li�c al"81o;ds. s1eroids. phenols. na,ono,dcs •.. ,c ... hich 

m: ective principles for eure of various diseases and disorde� (Rai and Sharma. 

1994). 

India is one of the richest countries in m,:djcinal plant Ooni and the largest 

c,po11cr of it. There are about 21.000 plants used for medicinal purpose around the 

world, ouL of which about 2.SOO spe<:ies are found in India. of tbese 2.000 w 2.300 

spccie:s ate used in traditional medicine. while only ISO spc,cics are used 

commertially on a fairly large s.:ale. Cosmetic industries a.s "ell as aromatherapy ane 

two imponant areas where lnd,an medicinal plants. therr extracts and essential oils 

can contribute globally. Medicinal and aromatic plants have a high marL.el polentlal 

,.,th tile world demand of herbal products gro"in.ll al the rate of7 per cent per annum. 

Therefore. more emphasis is essennal on domestica11on of medicinal plants b) 

de�eloping improved method ofcultl\allon rechruque. 

1l1e genus Ecl,p111 (Fam ii)' - Asrereceee) has four species of annual herbs is 

known from time immemorial. Among the four species Ec/1p10 pro,1n:11a L. 

commonly lmo1<-n as "Bhnngaraj" m Sanskn1. false da1S) m English. 1s considered lb 

a very valuable medicinal plant from pre , ... 11,c era. The whole plant is used m 

medicinal industries (Anonymous, 1989) Though £d,p111 had ori;:inaied in the Un11ed 

Sr.ates of America, }Ct tr is widely drstnbored in warmer pans of Africa. As,a. and 

Austr1.lia along with America. 

According to Ayurveda philosophy. Ecltpta rmmro10 1s b,uer. hot faucning 

ahemative anathcmatic and alc�iphnnnic. In scicntlfic studie\ i1 shews good 

an1ifungal ac1ivi1ies. From the medicinal pomt of I lew 11 IS useful in inOammJtions. 

hernia. eye diseases. bronchitis. asthma. lcucotknna. ancm,a. hean and skin diseases. 

night blindness. S)phi\i� lcpros�. uke�. headache. hj pcrtensrcn, fever. toothache. 

etc. and is cermanetlve. diurenc and aphrodis,ac (Shannan al. 2001). The plant 1s 

commonly used in ha,r oil for hcahhy black and long hair all ever lnd,a for its hair 

growih-promcting potential (Kanjilal et al. 1982). Hair growth 1ni1ia1ion lime was 

markedly reduced 10 one tlurd on trea1mem 1<-ith Lhc prepared formulation of Ec/,ptn 

(1//,a in animals trial. The time required for complete hair groMh was also reduced b) 

)2%. 1l1e prepared formula lion also holds potential for treatment of alopecra (Ro) l!I 

al. 2007) The frtsh Juice of reeves i, used for in.:reasing app<'lilc lmprovmg 
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digestion and H a mild bowel !l'gulator. h is popularl) used to enhance memory. 

&/,p1a pros1m10 is also used as gcncrol ionic against dcbili1) tGogatc. 1982). h 

possesses myocardinl depressant and h)po(cnsi,c cITcc1s. h "a� al,o reponcd that m 

,r,., bepetopeorective ac11,it} of ethanclle extract from t'rc,h lcJ,cs of £chptu 

p,wln111, against carboo 1ctrachloridc (CCI,) cures liver injury (Singh t"I nl, 199) and 

Sncna ti o/., 1993). 

The plant is an nc1i,c ingrcdicn1 ofmnn) herbal formulations prescnbed for 

liver ailments and shews effect on li,cr cell gcncrahon. and for the trcaunent of liver 

cirrhosis and infective hepatitis (Anonymous, ! 982) There arc Riso repons of clinical 

1mprovcmcn1 in the rreauneet of snake venom poisonina in Bra,il (Melo rt ol. 19"l4J 

ind septic shock in folk medicine in China (Kobori ,,, ol. 2004) £d/p1a pros1rn111 

reeves showed antih)pcrglyccmic act,.i1) (Anan1h, t'I ol. 2003) lhc roots "en: 

found cffec1i,e in wound healing (Patil ct ul, W04) ,\ numt>cr of w11111c,rnn·1)p,: 

compounds have been isolated from the plants l'I: "cdclolnc1onc. dimtlh)I 

l'eMlolactonc. etc. that arc responsible for 1hc hcpntoprotec11,c ac1i,i1) (f'a1cl nnd 

Mishra, 2006, Wagntret 11/, 1986. Singh ttul. 2001 nnd Franca 1'111/ •• 1995) In ,m, 

tests indk11e 1hat wedelolactone neu1rali1.cs the lethal and myotoxic llCtiv,ues 01 

ninlesnakc venom (Morsel 11/ •• 1989) lhc mcthanolic c.wucis of acriul pans ot 

Ec/,p10 1,//>ll. cxh,bitcd significant free radical sea, en11ing capaci1) for I . 1-d,phcn) l- 

2·picrylh)d�y DPPH and for hydro�yl rndical. l'unhcr. the CMrllCU sho,,.ed 

considerable Inhibition of lipid pcro.,idntion (Anumdha el nl. 2008). The alcoholic 

cxuxt orthe plant has sho"n an11vinil ac11v1ty again�\ runikhct disease. Leef Juice 

mixed with honey is also used for children "i1h upper rc>f!irator) infccuon, 

(Bukaran and Jayaba!an. 2005). t:d,ptu all>ll is "idcl) used in lnd,a as a cholagognc 

and dcobstruent in hepatic enlargement. for ailments oft he gall bladder \Oming 1•111/. 

1980). 

Research on 1hc analgc�ic 1�11, 11) of the 101111 ethanol t\tl'lU:t of 1:.·, 1,pw ulh" 

(Sa"ant r1 tJ/ •• 2004) shewed that both 1hc ethanol e,tract as "ell as 1hc total 

1llaloids. produce good analgesic ac11,·11y in all the diffcn:nl models of nnalges,a 

used. Tiie total alkaloidal fn«:tion was the most efflcacrous in all models tesied. The 

ncurochcmical investlgat ions can unravel the mechanism of action of the plant drug 

"'ith respect to noocropic ecnv 11y and help to establish the plant as nn armamenrenurn 

of nootropic agents (Thakur and Mcngi. 2005). The di) leaf po"dcr of the herb 
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shov,'ti;J a marked reduction in mean ancnal inssure by 15%. tocal cholesterol ( 17%). 

lov,--<knsity lipoproce,n fraction (24%). triglycerides (14%), ver)'•low-<knsity 

hpoprotein fraction (14"-). and plasma hpid pero'l.idei (lll"'o) in supplemcmed group 

of patient ewer control (placebo) group of pahenl (Rangmeni e1 al. 2007). gescns 

•bo re,ealed a remarbble increase, 1n urine ,olume (3�0
-.J. urine sodium {24°0), 

serum , itamin C ( 17%). and .scrum tocophcrols (23°'o) d<K ro the Ecl,p10 group It "D$ 

reported that d1c1.ary intal.e of &l,pta Dlba aqucous leaf extract enhances the non­ 

specific immune responses and disease restsance of On>ochromis mo<U1mb1cu., 

against Acromo""" hydrop/11/a (Christ) bapiia rt DI . 2007). The plant ma) be used in a 

J)ncrgistic way 10 rernediare and restore the n)-ash (FA) contaminated areas by 

=umul.ating various hea")' metals ([ho, ivedi el ol. 2008). The lca,n haH lhc 

"'1tibactcrial and antio:,;idant actiYitics. where the fractionated ethanol extract from 

&l,pta p,wlra/Q oould be used against Safmo,..1/a typh, pathogen \Karth,kumar el 

o/, 2007). Due to high percent.age of saponins and tennins in the leaf c ... tract. 11 can be 

used as enuronmem fricndl) and sustainab� inscc1ic1dcs 10 control Cu/u 

q11Wjulfocimw mosquito lanae (Khanna and Kannabmm. 2007). 

Tntd1tionally. medicinal plants ha,e bet-n obtained from the wlld socrces l'I= 

fon,st and other common lands. Out of the potential quality mcdicinal plants. 40 

percent are available m forest areas. .SO per cent in non-f�t areas and on1) lO per 

cent in cultivated lands (Ravishankar rt al. 1999). Bui 00". efforts are being made m 

change the scenario. 10 obtain 80 per cent med1ein.a1 plants from cultivated field and 

less than 20 per cent ha,e 10 be depended on forest. Majorit) of the prcscm da) 

hcibal indusuy still depends on "'ild strata and indiscnmmate collection b) 

IIIISCi<enhfic and un511si.ain.ablc manner that ,s causing fast deplcuon of pop<1la11on m 

its natural habit.at. This makcs the 1ndustl') to face ihe d11Ticult) in continuous and 

sustai1111ble supply and lack of conlidcncc in genuine ma1enal. Such situation 1s 

already being expenenced in most of the mcdicin.al unils and thi� can not be 1mpr0,ed 

1111less corrective measures DK immediate]} imp�mcn1cd b' domesncation of "ild 

mcd,,:inal plants. It is thus impc111.1i,e to bring eese medidnal plants under 

cuhi,ation to mttt the n.,gular demand of herbal ba5Cd products. The commercial 

cukivation of medicinal plants to enhance the supplies "ill reduce the pressure on 

wild sources depiction which is much higher tit.an 1heir regeneration. At present. 

Gonmmcnt of India has banned the oollccllon of medicinal plants from the jungle a, 
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mosc of Lile species are gomg under th real of endangenncnl due to o,cr explouatlon. 

Therefore. cul!ivation of medicinal plants in fanner"s field is ,ery essential from 

cooservation poml of v,c" and sustainable u11 Hzaucn for future gencrJtion. The major 

hmitation. ho"cver. for the commercial cu\liva1ion of the medicinal plants is lack of 

standard cultivation package or Jgrotcchnolol!) 

In Nonh io.stcm India m0$1 of the w,nicr rice gro"ing areas arc affc.:ttd b> 

flood every }tar. there is ,·as1 scope for culmatmn of t:d,pt« prmlf"i!/11 m flooded 

ueas wi1h a minimum cost The required agronomical parameters for successful 

cultivation of crop ma> be similar or different m neture "ith respect to 1hc diffen:nt 

places of cultivation under vaned agro- climatic cond,tions. Amon11 1hc variou� 

qronomic1I factors, op1imum spacing wi1hout causmg intra and inter compc1>tion. 

op1imum numcnt m:iuin:mcnt for proper growth and development. 1ime of 

transplanting and optimum harvesting stage arc some most important factors. which 
effect Ille production of herb and essential components as active constituents of 

medicinal and aron,atic plams. But till new no "00. has been done on Ille cuhivo1ion 
practices of E:c/1psa proMrm11 L. for its domestlcetion and enhancing it� commercial 

poten111!. Hcl!CC there is need 10 clomcs11catc and developed rhe agro1cchnolol!} of 

E:c/111w pro11ro10 L. to ensure the su�aincd suppl> of dru11 Lo herbal indumies. 

Accordingly Lhc pn:sent in,estigation has been under1akcn 10 develop the: 
egrctecbnologles for domesucaticn and commercralizeticn of BhringaraJ (F.dlpw 

p,W/rol(I L.) with Lhc folio" ,ng objccti, es. 

1. To standardiie the best spacing for cultlveticn of E:d,psa prostrma l.. 

2. To s1andard11c the economic dose of different sources of nuctents for 

cuhivation of Ec/,pu, pro:!.tmw L. 

l To siudy the cffcct of trausplantmg time on growth and )!eld of tr/1p1u 

pr,um,w L. 

4. To find out the best harvesting stage of &hp111 pt"i!ltmw L. 

5. To study the quali!> aspect effected br diffcn:nl agro practices of f:c/ipt11 

prourata L. 
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CHAPTER-II 

REVIEW OF LITERATURE 



REVIEW 01' LITERATURE 

Bhringaraj (Eclipu, proJlrata L) is a VCI') importanl medicinal plant in 

'ayurveda' and modem allopnth) mecrcmes bur still common fanncrs of Nonh - 

Easlem region cormder 11 as a "CW. Therefore. agronomieal siud,es oo culnveucn of 

£tl,p1a prm1ro1a L. has not betn made till dnte. except some chemiul investigation 

on ,.,;)d Ec/1p1a proi1r11111. The hterature relevem to the present investigations is 

h1ghliJhted in this chapter under the following heads. 

2.1 ):ff�! of dlfferenl s11aeing on gro\\lh and hcrb yil'ld 

The closer !ij)llcing 30 x 30 cm was found very suuable fOf rcahmg muimum 

yield potentialities of Arteme.iiu fl{•lftil'i {Oulnti. 1980). Similarly. Smgh and 

R•ndhawa (1990) rcponed 1hn1 30 cm or 40 cm sp;icmg prov«! optimum for A,,.,1lwm 

grtr,'t'd/:,u under Puajab condition. Rao el al.\ 1990) n,r,oned 1hat a closer spacing of 

.10 x IS cm "as found to be optimum for higher yield on Davana than wlder spacing 

of 30 ,. 30 cm or 30 x 45 em. From an experiment on effect of spacing in Ocium 

gm11.islum L. Balyan "' 11/. {1987) n:portcd 1haL 40 cm row spacing produced 

5iJ11iricantly maomum seed yield of Oclmum ,p. al1hou[!.h it "15 111 par with SO cm 

row spadns. They also n:poncd 1ht increasing the row spacing from 40 cm to 60 cm 

•nd 70 cm resulted s1gnif1eant n:duction in seed )ield. S11.ha (1992) reponcd th.al 40 

mi x  O  cm spa.:ing gave the highest biomass yield (12.36 I/ha) and oil yield (109.60 

K�) of Mc,uhti plpui/11 L. followed by 30 cm x O cm spacing. 

Whik: stud) ing the effect of spai:ing on Patchoul 1. Sarma and Kanj1lal (2000} 

ttponcd that wider spacing (90 cm) prosed superior to closer spacins (45. 60 and 7S 

cm) 1n tcnns of herb and oil ) ield. Kasera arnl S�haran {200 I ) rcponed that plnnllltion 

of El'OJl'ulu., 11/$/no/rlrJ L. at 2S x 2S cm spacing with plan1 dens,ty of1hrcc plant� in a 

gfl)llp gave maximum plant growth and biomus yield, Cuhiva1ion of A<poroguJ 

IYICfmQ.IIIJ and AJ{XU'lll(UJ 11tls«-mJ.m.1 al spacing of JO x 30 cm resulted higher root 

)kid as compared to lm,cr plan1 density (Ram e1 n/. 2001). Ramachandra ti of 

(2002) also reported that cultlvatlon of patcheeh with a spacing of 60 x 45 cm 

Ttrorded the tallest plant height. mon: number of lea,cs arnl branches/plant. plant 

ijln:ad though it remnined same "'th 45 x 45 cm �pacing On 1hc other hand. 45 x JO 



cm spacing =onied increased fresh herb )ield. dry yield and oil yield but "'"IS al par 

r,111145 x 45 cm. 

Saini ti r,J (2002) reponed 1ha1 culu,auon of bp.,nesc mint in a ro" spac,ng 

of 45 em produced muimum plant htighl dry htrb yield and es.sc,mial oil )icld and 

mnail!Cd at par "ith 60 cm but pro,ed signifieantl) superior 10 75 cm ro"' spacing. 

From• 1"'0 year eiq,erimrn1 on plam Sp&Cing on herb }icld of Marigold. Singh (2002) 

!?'pOfled thet different plant spa.ing did n<)I inllue- tht )itld and qualil) of 

marigold. Singh cl al. (2002 a.) reponed that the tiller production and root )•eld/plam 

-..ne reconled higher a1 low plant populalion {75 x 60 cm spacing). but tou,1 root and 

oil yield were more at higher plant population {60 x 45 cm spacing) in vctivcr 

cultivation. Thc root and oil yield of vetiver "ilh higher plant population increased 

up10 35 % ever I.I I tones dry root and 15 I kg oil )ieldlha obtained from lower plant 

populatton. Patel cl oJ (2003) reported no significant variation due to vanous seed 

rate or spacing (4. 6. 8 and 10 kg/ha) on groy,1h parameters,·,: plant height, length 

lllCI girth of root and dry root )ield of ash"agandha Agarwal Cf al (2004) also 

reported th.at among tht 4 different spacing ,·,: 20 -c 5 cm. 20 ,.. 7 .5 cm. 25 x 5 cm and 

2S x 7 5 cm. longer roots were obscr>ed "ith 20,.. 5 cm spacing in as,..·agandha 

cultivation and maximum f� and dry root yield "ere obtained due to 20 x 7.5 cm 

Sj*mg. S,milar trend of result was also rcponcd bJ, Abbas ti oJ (1994). From a field 

trill Pal.kiyanathan ti al (2004) reported incrused plan! htigh1. root length and fresh 

"'eight of Ashwagandha with 30 cm x 10 cm whtrcas. more number of leaves "'ere 

� in 30 x 15 cm spacing under H)dcrnb.id climatic condition. The highw htrb 

}ll'kl ,..as �d in closer spacing 30 x 5 cm. Similar result was also reported by 

l'Jtidar ti al. ( l 990) in WS-20 cultivar of A�v. •pndha cultivalion. 

Kmeli (Solam,m .ruf"OlltnM) planted at 60 cm inter-ro" spacing recorded 

significantly higher plant s�ad. numb<:r and length of pr,mal)" and sccondal)" 

bnoc� number of fruits and fruit "eighi.plant and frc� fruit )ield. compared 10 the 

�$ cm inter row spacing (Khandtt,..·11 ti al. 2004). Joy Cl al (2004) l"CJ!(H1ed thal tht 

Vll'l(llt$ gro"1h parameter.; of black musli (C11n-u,go or.-h1oidcs) ,·1:. plant �ighl, 

number of leaves. canop) spread and seeker production "ere not s1gn1ficantly 

influmccd by dilferent spacing. along w11h the 111111 dry matter per p!anl. However, 

dry matter produc1ion was higher in lo"er spectng due to high plan! density. "hcreas.. 

lbt kw,�t spacing 10 cm x lO em m;on;lcd the highest yield and highcSI. har>est 

1 



Index. Joy (2003) also n:poned similar tn:nd of results. From a field experiment at 

Rajffldra Agr1eu!tura\ Univers11y, Pussa.. 8ihar. Anwar and Maurya (200S) n:poncd 

lhi! wider spacing (25 x 30 cm) significantly increased the plan! height of gllldiolus. 

S,milar n:pon was else gi�en by Bhnnacharj«' ,,, nl. (1979) and Maurya (2005). 

Smgh ti al. (2005 a.) ri:poned that closer spac;ng of fcnugrcck n:suhcd sta11siic11!1y 

superior seed yield than wider spacing. Halcsh el al. (2000) also obtained similar 

!mid of n:suhs. 

From an expcrimen1 al Center for Fori:stry Research and Human Resource 

Onclopmcnt, Chhindwara. Mlldh)a Pradesh. V1Jayaragha�an ti nl (200S) n:poned 

Iha! closer spacing 30 x JO cm recorded s1gnific.an1ly tallest plant hc,ghl and biomass 

)ICld per hactare of Andrngraphi., paniculata due to mon: number of plants per unit 

11rta than the wider spacing. S,mi!ar trend of result "as also reported by Ram ti 11/ 

(2001) and Tiwari and Misra (1996). Gnana,el and Kaihin:san (2006). from a field 

Lrial on CoJtus arom/1/icu.r cultiution. al Depanment of Honiculturc. Annamalai 

Uni,ersity. Tamilnadu. observed that closer spac:mg (60 � 30 cm) resulted into tallest 

plant hc,ight. ho" ever. mon: number of branches and plant biomass "en: recorded ,n 

"icier spac:ing (60 x 60 cm) wherees, the medium spacing (60 x 4S cm) sho,.cd 1he 

higm's1 leef erea index. S1m1lar trend of result "as also n:poned b) Singh and Nand 

(1979). Though the higheSI plan! height and seed yield of fennel "en: recorded in 45 

cm ro" spacing as compared 10 22 5 cm am! 30 cm, but the difference n:mamcd 

statistitally QI par among all plant spacings (Singh ti al. 2006). Gosh el ol (2008) 

reported that plant umler closest spacmg m elephant foot yam cultivation recorded the 

longest pscudostem wtth maximum yield. whereas. pseudostem g,nh am! canopy 

co�erage wen: maximum at widest spacing. Planting of tunncric at JO x 15 cm 

spacing iecorded s,gnificantly higher gro"1h charactenstics l.e, leaf an:a index. dry 

maner production am! )icld of turmenc as compan:d to wider spacing treatments ,·i: 

�S x 15 cm and 60 x 15 cm (Kandlannan and Chandaragiri. 2008). Slm,lar trend of 

l"CSIIIIS "as also n:poned b) Med hi and Born ( 1993). 

2.2 Effect or different nutrient sources with nrying doses on growth and 
herb yield 

Rai ,., al. {1977) n:ported that increasing rates of nitrogen apphceuon under 

dilfcrenl agroclimatic conduion increased number of branches and teaves per p!ant of 

Mtnllia an,msis and also s,gmficantly increased the plant height (Kothari and Singh • 
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1987 and Smgh el of .• 1989). Nnrogcn applica11on increased the herti and essential oil 

yicld o( C,ml,apogon mortmi (Sarmah el of. !980 and Chinamma el al .. 1988). 

Halge rt al. ( 19114) reponed th.at incorporation of 120 Kg Nlha signi ficanLly increased 

lbe plant height, plam spread. number of branchcslplan1. number of pods. seed yield 

ll1d seed 10 husk nuio in ambn:ue (Abelrnoschu, masdu,ms). Similar trend ofresuh 

...s 1150 observed b) Balyan et ot, (1987) in Ocm111m 01twrican11m and Ckmmm 

M71um. Applicatioo of 120·60;40 Kg/ha N·f>·K exhibited the highest )icld of biomass 

llld oil in Memha pif!eriw Linn (Saha. 1992) From an experiment on celery (Apium 

grrr.-ealeru L) at llon1cultu111I research station. G.K. V.K .. Bangalore. Sudhccndra el 

al. (1993 1.) reported tha1 higher doses ofN significan1!y increased the plant height. 

number of branch. number of umbels and seed )ield as compared 10 100 and ISO Kg 

N/ha. Sankar (1995) rcponed that application of 200 Kg Nlha gave 6 93 tlha fresh 

herb )lcld bul recorded m par v. ith 150 kg N/ha on Pogo.rtemon pa1choul,. Effect of 

\'UIOUS levels of nitrogen (0. 30. 60 and 90 Kg/ha) "as exam med on Lhc grm,1h and 

yield of 5,upr,gandh.a (Rau,v/fia .n·rp('•lllna) during the yenr 1996 under Bihar 

conditions and it was reponed that 60 Kg Nlha "as found Lo be optimum for higher 

root > 1cld (Maur")a et al • 1999). 

Munshi and Mukherjee (1982) reponed thaL application of phosphonis 

increased the herb yield of Mtntha an<en.11s. Srmrtar trend "as also reponed by 

Kllllwi and Smgh (1987). Neshev and Stevov (1984) observed that phosphorus 

app!,cation increased the herb yield of Memha plp,ri10. Higher doses of P {60 kg 

"1()�) significantly increased the plant height (76.06 cm). number of branch (6.18). 

number of umbels (37 S 1) and seed }ie\d (8.95 q/ha) of celery {Apir,m grmn,feru L.) 

a compared to 30 Kg/ha and control {Sudheend111 et "'·· 1993a) 

In Indian condition. potassium application failed io show marked response on 

Mtmha ur,-,nsis. Balyan and Sobti ( 1990) opined tha1 applicaiion of potassium had 

no effect alone or in combma!ion with nitrogen and phosphorus on dry matter 

lel:umulation ofOdmum �rotsss1rm,m 

From an experiment on fcrnhzcr management on saffron. Badryaln fl fll 

(1993) reported ihat higher doses of N. P and K (No,,P,<;�) brought abou1 significant 

ilnprD1cment in increasing the length of leaf needles. number of leaf needles. total 

1111111ber of !lowers/ha. and dry saffron yield as compared to other rcspccLl\e 

aatments and control. Bhaskar el al (2001) reported that the varying rate of FYM 
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and nitrogen failed to produce s1gnift<.:am variation at first harvcs1 on geranium yield, 

hov.cver, at second harves1. the yield increased significantly. Katumam et al (200 I ) 

ol,$,mal that applicauon of nitrogen 75-225 kg/ha significan1!y enhanced the biomass 

y�ld of Japanese mint es "ell as nitrogen. phosphorus and potassium up111kc The 

crop �cd 10 the application of phosphorus only up to 40 kg/ha Combined 

1ppl11:11ion of 225 kg N "'ith 40 kg P,01 per hectare recorded the highest biomass 

) 1cld and nutrient uptake as compared 10 other treatment combinauons. 

Application of nitrogen@ I 50 lg/ha or 2.5 I.Iha verrmcoenpost + 75 kg N + 25 

kg P:Oi + 25 Kg K,O per h«tare produced sim>lar plant he,ght. herbage and oil yield 

llld proved significantly superior to control t.e. no ferti!i«r. Ho"cvcr, quality of oil 

d11C to different sources of nitrogen rem a med unchanged except mcth) I chav,col per 

cent in oil of s"cct basil (Singh Rnd Ramesh, 2002). From a field e�pcriment, Prasad 

ti ril. (2002) reported that NPK in a mi�ture of 125 Kg/ha in equal proporlion 

enhanced the biomass yield of Meshashirmg1 (Gymnema sysfreslrt'), Apj)lication of 

100 kg Nlha and 50 kg P/ha in Ajo"an (Trachy<f't'rmum amm(j cultivation. resulted 

the iongcsl plant height. maximum number of leaves. plant spread, highest number of 

primary and secondary branches. total di) matter production and ma.ximum seed > ield 

(Knshnamoonhy and Madalageri. 2002) Studies "ith four n,trogen levels (0. 30. 60, 

90 kg Nlha) and three level of phosphorus (0. 25 and 50 l.g P/ha) on gro,.lh and yic!d 

of fennel (Foer,icu/um vulgari,). Rain al. (2002) showed that 90 kg N "Ith SO kg P 

resulted in marked improvement on plant height. number of branchcslp\ant. stem 

diameter. number of lcaveslplan1. length of intcmodes. number of tillers/plant. plam 

spread and seed yield of fennel. Application offYM@ JO 1/ha along with 75 per cent 

m:ommendcd dose, of fertilizer gave higher tuber y,eld of Mudgaparani (PlmMolw 

/rl�bu.r) than the recommended dose, of fernfizer and FYM alone (Ke"alanand, 

2002). 

Yadav cl al. (2003) rcponed that application of nitrogen through urea (25%) 

and FYM (75%) significantly increased the number of l1llers/plan1. plant height and 

dry maner aceumulal1on at all the growth stages and the number of spues per plant, 

gra1n1 per spilc. grain aud >tra" ) ield at hai.est in isabgol (Plumuga 0>(1/a) 

cultiva1ion. Rahman e1 al (200)) reported tha1 among 1he difTerenl levels of NPK 

trntmcnt {N: 0, I 00 and 120 kg/ha. P105 : 0. 60 and 120 Kg/ha. K:0 ; 0. 40 and 10 

Kg/ha). the treatmen1 combination N,D)Pi>CK.o produced the maxlmurn number of 
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I ;he$. yield of frnh leaves and 1ou,I hat>, "'""reas. the u·cauncnt N100P,,,.,K., 
� the maximum dry man« production on Mcnllla culti,ation. 1lK increase in 

.-,.PKIIUS level from Oto 60 kg/ha recorded the highest gro"'"lh and y!C'ld anributing 

dmktc:t5 "'ilh seed yield and highest gross �um. net income and benefit: cost nuici 

• 60 k& P/ha ccse in cultivation ofchandmur (Tiwari and KulmL 200-I). The results 
� intqp'ated nutrient man.ageme-nt trial on muskdana (AM/mouhiu mouhatiu) 

-In! that 111 thce grm,"!h, yic:ld ennbures and seed )ield nccpt plant he1glu and 

hit length were signiflcanll} influcn<.%d b} m1egn.tcd nutrient management 

.-mcnt. The muim11111 seed yic:ld of both main and m.toon crop of muskdana "u 

allmncd under the plots receiving combil!Cd apphcation of 75% NPK + 10 1 FYM + 

biofert,hzcr (Saraf and n ... ari. 200-I). 

From an c:,;perimcnt on Keclanclli (Phyl/amhus amarus) at Agricultun,I 

Colltgc aOO Research Institute, TNAU. Madurai. Balal.umb.lhan cl al. (2005) 
,eponed lllat intcgmtcd nutrient management trcatrnc,nt rtcsul1ed the highest plant 
lieighL number of branches. f=,h ... eight of shoot. dry matter production and r�sh 
lab )idd. Similar trend of resuus were also rtcportcd b) Singh and Ke ... alanand 
(1981) in Mcmha citmtc. Chauhan c1 al. (2005) reported tllat appli<;.,tion of FYM 15 
lta produced root yic:ld of safed musli (Cl,/orop/f)1um bori,·,/mnum) almost on par 

flit combined appli<:ation of FYM 15 I/ha along "ith ,ar}ing rses of NPK. 

sagts1ing that safed mu$h can be gro"n orgamc,ll} .. ,thout loss 1n productivity. 
Similar trffld of rtcsult "as also rtcponcd by Kedia and K,scn, (2006) on Ph}llamhu:, 

j,Mrmu cultivatioo. from an experiment al G. B. Pan1 Uni,·cnity of Agricullurtc and 

Tocbnology. Pantnagar, on rose cultivat10n. Singh (2006) rtcponed that FYM and 
lipcr doses of nitrogen produced superior plant hc,ight and LAI. 

On the ha.sis of a field trial on Co/('u.J aronwtinu. at Dcpamncnt of 

Hortkuhurtc. Annamalai Univeni1y. Tamilnadu. Gnanavcl and Kalhiresan (2006) 
,q,oncd thal higher dose of NPK (100:W:50 Kg/Ila) mulled stat1S1icall) supenor 
f1Mt height. mortc number of bm.nchcs. leaf area index. highest plant bio mns and 

W y1eldlha. Similar trtcnd of �!,Uh also rtcpMed b) Singh and Singh (1979). 

Nlnna c1 ul (2006) rcponed 111&1 a fcnihzer do!iC of 100·60:60 Kg/ha N:P:K or half 
ol1bis dose substituted by 10 ,one FYM pro,·cd best for herb yic:ld "i1hout affc<:ting 
llp(llllll contenl in cul!i,'3.lKHl of Cenltllu m1tmca under Bangalore climatic 
-.litton. Tor in1egratcd nutrient combination. in,ol,ing organic form of manures 

II 



(Cocopcat S tlha + farmyard manure 12.5 tlha) and ir>Orgamc fcnitizcrs (N P·K :: 

40-30·30 kg/ha) $hawed a greater degree of pcsiuve innucncc on the seed yield and 

)�Id anribuiing charac!ers of M11cuna pr11n"em •i: number of flewerszpod. seed 

"c1gllllpod. single pod dry "eight and dry matter production than individual organic 

or inorganic u-eatments (Kavitha and Vadivel. 2006). From a field \rial on grotindnut. 

P111 .. •r arid Munda (2007) reported that iffi" th and ) ,cld auributes of groundnut , /:. 

planl height. number of braochcs and leaves, pods/plant. pod "eight and rest "eight 

Ytere higher ;n l1negra1ed nu1rient treatment plots as IO tlha FYM supplement with 7S 

pc! een and SO per cent ,�-commended doses of NPK over other mtei:ra1cd or 

1ndMd�I nutrient treatments. LL "as also concluded that application of 10 tlha FYM 

or pi11 manure 111 combmation with SO per cent recommended dose ofNPK fernlizers 

1-e1lstercd highest yield and economic return Similar results "ere also recorded b) 

KadlOI et al. (2001 ). Ray e, ul (2008) rcponcd that organic cultivation of pnpaya 

pn,dllCCI! statistically similar yield m comparison to numents through OT!lanic ,•/: 

fllnTI yanl manure, poultry manure or chemical fertilizers. Application of SO% 

recommended dose of feniliurs supplemented with vermicompost alone@ S tlha or 

Ytit� vermicempost and farmyard manurc@2 S tlha and S tlha. respec1;,e1y produced 

s1amf,ean1ly taller plan1 height, brorn:h/plant. di) matter accumulation. root 

characteristics and yield of tomato. {Dass el (J/. 2008. Nng e1 ul. 2004 nnd Sarkar et 

al. 2002). 

2.J Eff«1 or sowing 11nd trllnspl�ntlng time on gro\\th And herb yield 

Vadi,cl et of. (1981) reported that the besL time of planting Me,r/lK1 ci1ro10 is 

lur,e-July at KodaikBnnl area. The plant behaved differently under the climatic 

cond�iOll of Jammu, "here the highest herb and oil yield was recorded "'hen planted 

In Marth (Balyan et al .. 1982). Time of planting plays a vital role in biomass yield of 

I crop v.hcthcr it is me<hcinal or aromatic plant. Ocn,l11m grastlu/11m an c55ential oil 

bearing plant produced the highest yield of herb and oil under Jorhat (Assam) 

condition "hen planted in May followed by April (Chaoudhury and Bordoloi. 1986). 

Antthum grmialt1is was successfully grown under Punjab condnion by planting in 

Sepiember (Singh and Randlut"a· 1990) and delay in sowing resulted decrease in 

pllllt height. From an experiment a1 RRL. Jorhal. brarn:h Itanagar. Saha (1992) 
i-eponcd 1hal February planting m general and 10 .. February in particular for \leml,a 

J11ptr110 L produced superior vegerauve gro" th wah the highest biomass yield and oi I 
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«inlml llic: highest percernage of menthol was •lso obtained "hen It was planted on 

JO"' ffbnwy. However. under J•mmu ,;ondition the optimum time of planting of the 

smnc. ipccies was i.st pan ofOc<:ernOO' \0 Ulf "'11 of Janiwy. 

FrQm • field experiment. Sudheendra ti al (1993 b.) reported that June 

s,...,,ng of celery (Ap1um grmy0/tm L.) resulted mto significant Increase in plant 

ilf>&IK (105.67 cm). number of branches (8.87). number of umbels (59 70) and early 

marunng (156.60 days) and also increased the seed }icld (25.42 qlha) than other 

stll',mg tune yiz. July. August. September. Octoba' and November so"ing. Sowing 

dak pla)ed significant role on gro"th and ) ield anributes and seed )ield of isabgol 

{PlaN"!fO o,ma) cultiution (Solanki and Shakta,.at. 1999) Dda� of so"ing of 

1S11bgol resulted in reduction of gffl"th and )icld anributcs. The result� of an 

�""'nt on sowing time re,caled thal planung of Plumbogo :t11omco in the month 

of July is the best time for its cultivalion and gave better performance 1n respe<:t of 

l"l"lh and yield �etS than other time of so"·ing trealments (Tiwari rl al, 

:?(lOOJ Significantly higher herb yicld and oil )icld of patchouli wese rttOrdcd when 

planted in February as compared to Man:h planting under Joriuu. Assam condition 

(Samu and Kanjilal. 2000). 

frQm I two-year field experiment on time of so"ing on dill (Ane1/i(,um 

�tlfS L.). Kumar ti al. (2001) reported that SO"ing of dill on ..,. Augusi resulted 

the highest seed yield and allc,r f" August. sigmfican1J) decreased the seed )icld in 

both the )C31'$. Ttwert ti al (2002) reported that the number of primary and sccoodary 

lnnchcs per plant "ere the highest m Ooceer is• seen coriander than oeioeer Jo" 

SOWll II PantnagaT. From a field experiment on As"-agandha al Jobncr, Agar"al ti al 

(2004) �ported that so"' mg of as"agandha on 20"' July produced the longest roots 

1tith ma.�imum diameter. fresh and di) root )icld than s• and 2<f' AuguSI sowing. 

Sun,Lar trend of result was also rcponed by Kahar �, al. (1991) on a�"agandha. 

Singh cl al. (2005 a.) reported that early sov,ing (Jo" Oct.) increased the plant height 

offtnugreck than dcla) in 50"-ing (Is• and Jo• Nov). Similar trend or resuus "as 

1150 reported by Y!ldav ti al (2001). Earl) 1ransplan1ing of tomato (to• Dec) 

lfwnlcd the highest plant height. bnn,;:h number and di) maner produc11on mainly 

dlit to a,"11labilit) of sufficient time for 1egcta1i,c and reproduc1i,e pha;.c: enabling 

the wfficicnt nutrient u11li1:111ion from soil (Singh�, al. 2005 b). 
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Singh ti al. {2006) had m:ordcd signilicam redoction ,n sw:I y,eld of fennel 

.. IQ dtla)ed sowing from 15"' November to 6"' D««mbcr. The mB>.imum plant 

llnpu lnd \mmch/planl were m:ordcd in case of 15"' November sowing. Similar trend 

r/ l\'Slllt wu also recorded by Randhawa rl (J/. (1978). Bhargava el <1/. (2007) 

flll'Ol"kd lhat 15., November sowing at 25 cm spacing produced highest foliage y;cld 

flClw1IOf"l'lim quinoa leaves. Late sowing around lhe lS"' !hcmbcr gave thl' lowcsl 

yield \lllder all spacing. From an experiment on so.,.,ing of chickpea at dilforent 

pllnting time viz nonnal (15111 November), late (30"' November) and VCf) late {IS"' 

Doccmber), it was revealed that seed yield and seed protein content "en:: significantly 
lil&hcr in late planting Higher percentage of protcm "as recorded m late planting 
il!Jo,.cd by ,cry late and nonnal planting (Singh el 11/. 2007) Bhatt el "/. (2007) 

iq,orted that early so" ing of green onion in the mcmh of August recorded tile highest 
pllnt height and number oflca,es than late plamlng in the month of September. 

Planting tunnenc during middle of May ( 15"' May) proved supenor in all the 

INl"ICtcrisiics of gro"1h and yield as compared to 15"' June and 15"' Jul} planting 
(Kaldiamwt and Chandaragiri. 2008). The 10111 and 20., May so"ing of groundnut 

tqistered no variation on number of branches. pods per plant and 100 kernel "ei11ht. 
llii,:,omcr, "ith each 10 day delay in sowing from 20"' May to 20"' June it sho"ed 
dmw;ing rrends. The 10"' and 20• May sowing sho"ed statistically similar )ield 
Mitch was Sllperior IO other late so" ing dales. Similar trend of rcsu It was observed on 
Oil CQ11ltn1 and oil y1dd of groundnut (Sardana el 11/, 2008. Kumar,., al. 2003 and 

IC.lnln11l.ar ti al. 2004) 

14 Effect of different harvesting stages on gro"th and herb yield 

Pcppennint produced the highest essential o,I. mcnthonc and herb yield m July 
lllnnt under Bangalore clima1ic condition than April and October harvest (Leela and 
• Allpdi, 1993). Randhawa ti (J/, (1993) reported that each dela) in harvesting from 

"fCl*li� to complete Ilcwering increased the content ofcmcole and methyl chavicol 

llbcrb oil offrench basil (Ocimum bruilicum L.). Morphological characters exhibited 

lipiftcat1t correlation "ith essential o,1 yield/plant at flo"ering stage of CJ mboµogon 

,.,_,,ws (Shanna ti 11/. 2002) The crop Oc,mum species harvested at full Ilowering 

- mulled higher herb oil and essenual o,I }•eld than the crop har.esied et 50"/o 

Bov,-rring stage and !en days after full flowering stage. Al full flowering stage. the 



inmaSt'. in the oil yield or O .roncrum and 0. ba.ul,c11m "as higher by 17.9 and 49.4. 
�i,dy than the 30% n""cring stage (Ram ti ol, 2002). 

Field experiment on ashwagandhii at Gujrat. revealed no sigmftcant difference 
in IOUI dry )'iclds llar,1e-stcd at ISO and 21 O da) s after sowing tio-,. ever. at 210 da)�,it 
thc>,\cd marginal increase in cotal dry rool )lcld (Patel ti al. 2004). Basil (Onmum 

M1/�um) har,csted 11 75 da)'!I af\cr planting as "ell llS 60 days af\er first har,1cs1 
duly supplied "ith 80 Kg Nllla produced signif,cantly higher bioma.ss and oil )icld 
11111 increased nitrop upU.ke complllW to 111her treatment (Singh r:1 ol. 2004. Pareck 
rt al. 1980 and Singh ti al. 1910). Pmibha and Kon"ar (200S) repone<I that 
har,cs11ng of indi110 11 link pod stage increased 20,,. higher biomass )icld and 46% 
h1pc!" d)e content than har,1cS1ing at vegctativ., and flo"cring stage. Pum,nna ti al 

(�) reponcd that Ctmtlla us,aticu hllr,1cstcd at 140 days after so"ing prod�cd 
rrw1mum herb yield with highell saponin content. 

1.5 Eff«I on N, P anti K Uplakc anti Organic C1rbon Content 

The uptake of nitrogen. phosphorus and potassium by ajowan incrcas,cd 

SIJJl•ficantly l'ith application or increasing rates of nitrogen and phosphon.is 
(l.nshnamoorthy and Madalagcri. 1999). They also rep()flcd that maximum uptake of 
,PK WI$ r«ORkd 11 100 k11 nitrD&Cn and SO kg phosphorus per hectare. Nitn>gtn 
contcn1 in seed and potassium contem in 11raw and seeds increased signifiean1ly with 
1pplic.iion of nitrogen and phosphorus. Mecnakshi t1 oJ (2001) reponcd significant 
111Cn:11SC in NPK uptake by turmeric due to incn:ascd jevel of NPK fenilizcrs. The 

tttatmcnt 150:100:100 K11 N: P: K per hccmn: pro,cd superior in NPK uptal.:e of 
turmenc Mu.imum N. P and K contcnc of 1.19. 0.69 and 2.11 "'• in mocher rhm>mc. 
151, 0.75 •nd 2.l % in the finger rhilO!llc and 2.69, 1.44 and 4.4 % in total content 
-.-as �oroed at 1�0:100:100 Kgil,a N:P:K jevet rcspcc1h·cly. Sadanandan and 
Hlmu (1998) also reponcd similar results in ginger and turmcri<: cultiv.iion. The 

l!pllkt of N. P and K was mon: "hcnc,·er. increased growth and dry maner 

Pf0duc1ion were obscn·cd 
Different nutrient management pnc11«1 failed IO produce significam -ariation 

on N. P. K content of plant in Ctnttllo mlatico (Punanna ti al, 2006). They recorded 
highest uptake of nitrogen due to S0:30:30 kgil,a N:P.K + 10 I.Iha FYM trea1m�n1. 
upW.e of P ... as highest in 100:60:60 �glha N:P:K + 10 t/ha FYM treetmeor. "h�reas 
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llifmt I. uplllkc was noted m thc �,umcnt 100:60.60 kglh.a N.P.I.. Similarly higher 

-.r of nu�ts by &r00odnu1 "'as observed due, 10 10 tones FYM bkndcd with 7S 

.. ctn\ .id SO per cent m;ommcodc:d dosa of fcrtil�r (Pan,.·ar and Munda. 2007). 

lo) rt al (2004) reported hight-st nutncnt uptake (N. P and K) by black mus Ii ""as due, 

•cklwr spacing (10 � 10 cm) over ,.idcr s.pacing. Culu,·ation al clOKr spacing of 

•w.c:,,c resulted into higher upcakc of major nutrient as compared to wider spacing 

(llnd1&nnan and Chandaragiri, 2008. Sllashidliar and Suhkeri. 1996). 

Singh et al. (2004) reported no marted variation in nitrogen concen1n11ion in 

w.iass dur to different han.esting time and le,cls of nill"Ogcn in basil cultivation 

lillllilu trend ofrewh was 11$0 reported by�) aod Choudhari, (1984) and p..,.,ck rl 

II. (1912). Cont�') to this Pra1ibha and Kon,.ar (2005) obser>ed that harvesting of 

ildito at no..ering stage rnulted into hijplCst nitrogen. phosphon.,s and potash 

-.:ni 1n plant 1Nln harvesting in ,ege'lative and hule pod stage. Tiie plan1 nutrient 

.-m (N. P 1od I.) loereesed with application ofd,emical nutncnts. 

1' Effttl of nutrient man11gcmcnt, sparing, tninsplanting lime ind 
hnesting s111gc, on qualily panimc!fn 

Rao tt ol. (1990) reported that thc quality of geranium )ield ""115 not affttlcd 
'Y fen1lu:cr application. Applica1ion of N @ 40 kgrlla brough1 a signlf,canl increase 
II hnbal yield 1od alkaloid content of C(lfhaNmthiu rostr,1 Application of I. @ 20 
..... scimulated the: alkaloid rontcm ofthc same hcrb (Jana and Varg:hc:.c. 1996). 

SoiMlth r, ol (200$) from an c�pcrimcnt on Coltiufo�siolrld al Bangalore. reported 

• forskolin content of Co/rus fonkohlti did not vary significantly cithcr due to 

4Hfefcn1 level of FYM and fertilizers or thcir combina1ion. Similar observation 1'15 
IIICI made whh respect to pipcrinc content in r,,�, /ont:r,m (Rao. 2002). 

llllkumbaNln ti ol (200�) reported thal al�aloid content did nol \If) $ignif,cantl) 

111111 application of inorganic fertilizer alone or in combinauon .. ith organic sources. 

1ki,: "'-u no significant difference among thc diffel'l'll1 nutrient managcmcnl 

�nts on saponin content in Ctn/el/a osiatleo (l\inanna ti al. 2006). Mccna et 

,L (1006) also reported that increasing le1cl ofnit�n fcnilization did no1 show any 

llflilicant cffttl on quality paramcters of coriander. Similar trends of result were 11$0 

ilpiAkd by Hornak (1976) and Vcnkatcs..,1rlu ti al. (1992). Tiie impact of different 

Clll'lic and chemical fenilizcs on quality p;uamcters of papaya It fruit size. 11·emgc 

hit ..-cighl TSS were found statislicall> non significant (Ray e1 al., 2008). 
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From an experiment on influmcc: of N. P and K on the yield and quality of 

Ghm:in. Sheva5hankaramurth} ti al. (2007) rq,onecl no significant variation on t�I 

sugar content due 10 different revers of ni1rogcn (0. 12S. 175 and 22S Kg N/ha l as "ell 

1s phosphorous (0.12S and 17S Kg P,Oy1,a) and potash (0 and 125 kg K,0/ha). All 

the 11eatmen1 combmauces remained StRlistically on par regarding total sugar content. 

Reduction in carbohydrate in lancr flo"ering StRge might be attributed to ageing of 

leaf and depiction of endogenous grov,1h substanr;cs of lM plant. Increase in 

,;art,oh)dralt from one stage to ano1her and then gradual fall of carboh)drate 

o;onccntration ,n crop "ere m;orded by Saimbhi and Nandapuri. (1981 ). Singh ti ul. 

(1973). 

5o,. ing time and spacing failed to produce In} marl.ed van at ion trial on 

quality of patchouli. {Sanna and Kanjilal. 2000). However. Patel ti 11/ {2003) 

reponed higher toial alkalotd content in root ofash"agandlut due 10 lo"er seed rate of 

4 kg seed per �tare than the higher seed n11e (8 and 10 �g/ka). Most of the qua lit)' 

pan!Itleters of black musli {Curcuigo orcli,oi'*'s) "ere impro,·cd al closer spacing 

than wider spacing (Jo) n al .• 2004). They also reponed that stan:h. ash. gleccse, 

suerosc. crude fibn: and erudc fat contents were high in 10 x 10 cm and 20 x 10 cm as 

compared to 20 x 20 cm and 30 x 20 cm nearments. Similar results "ere also obtained 

by Kurian ti o/ (2000). In an e;,;pcrimcnt on quality control of CMnopodim qumoo 

consistem decrease in caroltnOid content was noted with increase: row to row spacing. 

The highest carotcnoid and protein content in CMnopod1um qurrlOO was re«>nled at 

IS cm spacing with 31f' NO\-cmbcr so"ing treatment (Bharg1>·a ti al. 2007). The 

similar trend of results "u also reponed b} Shukla ti al (2006) and Yasin cl al. 

(2003). 

Ito cl al (1996) reponed the seasonal varia1ion on alkaloid content in 

Aronilum Japonicum. Clutudhury and Gupta (2002) observed highest total alkaloid 

contenl in Ca1har11111hus ro!lt'us during "imer season and highest amount of root 

alkaloid in C 01horimtl,us alba ,·am-I) during rain) se.i.son in Catharanthus cultiution. 

From an c;,;pcrimem Bagchi ti al. (2003) reponed that the seedlings of Aremisra 

vulgar,s. transplanted in the month of January exhibited maximum conccntralion of 

ca.mpt.or. The seasonal variation of minor tertiary ,ndole alkaloids of Str')'C'hrtru·nux­ 

vomica in all the vegetative plan\ pans "as reported b) !hndopadhya) and De) 

(2003). They also reponed the a!lalrnd of normal §efies (Stl)chnir.e and brucme) 

17 



gradually increased till December (winter season). but remained absent in the month 

of July (rainy season). "hcreas, ivaduall) increased in pseudost')chnine quantit) 

from the month of September and absent in the mon1h of December. They also 

observed that vonticine a predominant N-methyt-sec. pseudo-alkaloid of twigs of 

strychnos - nux vomica and the alkaloids remained highest in the month of March. 

but decreased up lo Jul)."hich again increased in September and cecreased in 

December Bagchi el ul (2003) reponed there "ere twc pea� seasons of vasicinc 
eoncerureuon of Adhti1odo vostco and Adlu,1od11 beddomn, dunng March and 

September than the other months of the year. Mecna el al {2006) reponed that tbe 

qualny of coriander was highly influenced by time of sowing. The maximum 

chlorophyll (a. b and total chlorophyll) content. caroteno,ds conten1 in leaves and 
essential oil content in seed "ere higher due to l 5"' October sowmg 1han 30°' October 

and 15°' November sowmg. 

Leela and Angad1 (1993) reponcd that mcnthone content of pe�mtinl wes 
highest in the oil from Jul) harvested herbage and produced a good quality of 

essential oil 1han October harvest of p,ppemtinl under 8Jngalore ctrrnauc cond,tion 

Anal)tical wor\ showed that there "as no alkaloid symhesrs Ill leaves up to one 

month of age hoy,evcr, much ,·ariation was noted in alkaloid content "ith age m 

different plant pans (Pachon. 1995). Gupta and Shah1 ( 1999) reported that harvesting 

of Ocimum at flowering stage resulted highest herb yield as "ell as qua lit) of yields. 

from a field expcnmcnt on lemon grass at Barapam. Mcghalaya region. Sharma et al 

(2002) reponed that oil quahty was maximum during flowering stage and il could be 

ideal stage to harvest the crop. They also reported that elcmicin content was 

maximum at flo"ermg stage (50%) fo\lo"ed by seed setting and vcgerauv e stage with 

48.2'Y. and 36.1% respcctivcl) Sarmah el al, (2000) reported the similar trend of 

resuhs 

Smgh et"' (2QO.I) "<'portcJ that oil content and quality in biomass of basil 

reman-.ed unaffected due to different harvesting time and levels of nitrogen on basil 

culuvation. Similar 1rend of result "as also reported by Dey and Choudhari. {1984) 

and Pareek �, al. {!982) Baraiya t'I al. (2005) observed that prior to 45 da)S after 

sowing of Ash"agandha no alkaloid could be treated analytically m any plant pans 

Leaves showed the highest percentage or alkaloid at 45 days after sowing: thereafter 11 
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decreased a1 each successive growth stage while increase in total alkaloid ccnteru 

continued up to 135 days after sowing. 

Chemicall). presence ofa number of constituents has been reporied in Ec/1pto 
pro!l/rato L. Coumestan "edelolactone and desmcth)\ "cdclolactone ha,c been 
identified as active components responsjble for an1;hcpai01oxic activjty on the basis of 
/,r ,·i/ro studies on primar) culLured rat hcpahJC)tes against CCI,. galac10�mme and 
phalloidin mduced cytotoxtclty (Govindachari et al .• 1965. Krishnas"am) el al. 1966 
and Bhargava el al. 1970) From an experimenr Singh el al. (2001) reported that the 
alcoholic extract of fresh leaves of plant Eclfpta alba fractionated into three parts. 

chemically proved the most bioective fraction. The fraction Ea ll containing 
ccumesten wedelolactone and desmethyh•edelolactone as the major constituents is 
responsible for In ,·im hcpatoprotect1vc activity of E alba. llo..,,c,cr. some 
contnbu!ion of fraction Ea I containing phytosterols and olearll: trherpenoids like 
stigmastcrol and J}-amynn can not be ruled out for hepatoproteeLive ac1iv1t> of &llpta 

alba. 

2.7 Efffi:l on ph}sico-chemkal propcr1ies of soil 
While stud)ing the residual available N. P and K status of soil a Iler harvesting 

of Ctm1el/a ostosico. Punnnna et al (2006) reporied no marl<ed vanation III their 
content due to vary,ng nutrient treatments. Ho"ever. the 50:30 30 kg/ha NPK + 10 
I/ha FYM treatment recorded the highest available K content of soil "·hich was 

statistically superior to other nutrient management tn:atmcnts. Kumar e1 al. {2006) 

reported that a pp heat ion of nitrogen and phosphorus @ 125 kg/ha each. along with 

Azospirillum @ 2 Kg/ha recorded the highest soil available nitrogen and potassium 

whereas. application of nitrogen and phosphorous @ 125 kg/ha in addition to VAM 
@ 2 kg/ha recorded the highest soil available phosphorus in bo1h main and rntoon 
crops of davana. Similar trend of resu!! was also reporied by Singh fl al (2004) on 
culuv at ion of basi I. 

Kavitha ar>d Vadivcl (2006) reporied that availabihty of nutrients especially 
nitrogen. phosphorus and potash m soil after harvesting of Mucu= pn,rieru and 
nutrient uptake by the plant "ere highest in the integrated nutrient treatment 
{Cocopeat 5 I/ha+  fannyard manure 12.5 tlha and inorganic fert1li1ers. N P K @  
40:30:30 kg/ha) than euher alone fertilizer and organic sources or ccmbmation 
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tn:atments. Sanwal e1 al (2007) �ed thal continuous application of o,-ganic 
manures resulted in progressive impm,emcnt in organic matter status OYer control. 

The available nitrogen content in $Oil m�in.ally improved with the inoorporation of 

organics over initial status after llarvnt of second crops in COiion - ... heat rotation. 

They rcponed that a1111lication of organic sources of nitrogen sho"'ed higher available 

P and K rather than dime• addilion lhl'Otlgh inorganic sources. Pcn:entage of carbon 

content m soil was s1a1151icall) higher in FYM and rabbit manure applied treatment 
than control and 100 % NPK thl'Otlgh inorganic fenilizer in turmeric culti,·a1ion under 

Mcghalaya condition. Application of vmnicomposl and fannyard manure "'ifh 50 % 

recommended dose of fcnilizcr had favorable impacl on bulk dcnsl!y. organic carbon 

and available nitrogen and phosphorus in 5011 (Dass cl aL 2008). 

Plan1ing turmeric earlier (15• May) recorded the highcsl uptal.c of nutricnlS 
mainly N. P and K as compan=d to late planting ,·i;. is• June and 15• July 
(Kandiarman and Chandaragiri. 2008). On the basis of review of literature. 
ccoclusrvely it ma) be summanzed that frl,pw pro51roto L. which is 50 significant 

and potent medicinal plant has }� 00! annw:-tcd the anention of agronomi51 10 
popularize 11S cultivation on commercial basis by dc,eloping suitable egrotechniqces 

to obtain higher yield and economic return panicularly in nonhcastem region 

lO 



CHAPTER - III 

MATERIALS AND METHODS 



MATERIALS AND METHODS 

A project cntitkd ··Dc,"Clopmcnt of Agmtechnologies for Domesti<.:ation and 

Quality As�t of Bhringa .. j {Ecllp,a prru1ram L).- was c&mcd 001 v,ith 1 .... 0 field 

operimcnts namdy I. Effect of �mg and sources of nut�nis wnh Vlll)mg doses 

oo yield and quality of Ec/Jp10 prwlrola L and ll. To Slalldardizc the time of 

transplanting and harvesting stage of Ecltp1a prru1ro1a L at the Research-cum­ 

Expcrimental farm. Deparnneru of Forest(). Nonh Eastern Regional Institute of 

Sci<:n« and Technology (NERISl). Nirjull. Arunachal Pradesh. The experiments 

were conducted for two coeseeutne years I e 2005-06 and 2006-07 during kharif 

season. In this chapK"r. 1hc grographical positioo of the experimental sue. prevailing 

weather condition. physico-chcmical properties of experimental site. experimental 

matcnals used and methods adopted dunng the "hole course of invcs11gauon an: 

described in <ktail, 

3.1 Geographical posilion and de!icriplion 

The Sludy sue, Rescarch<um-faJXflmenu,.I fann. Dcpanm<'nt of Fom.try. 

Nonh Eastern Regional JnS1i1t11c of Science and T,:,;hnology (�ERJSD. Nirjuli, 

Arunachal Pradesh falls in the foochills of eastern Himalayan ri:gion. The siie is 

located at 27"08'JO"N latitude and 93°44' 36"E longlnide with an al1itudc of 120 m 

from the mean sea leYel. -Toe land of the rising sunH Arunachal Pradc:!ih, recognized 

as one of the 25 mega biodi,ersity-holspotsH in the "'Ol'ld. is situated in the esireme 

nonheasicm ri:gion of India (Mycn rr o/ .• 2000). 

J.2 \Veathcrcondi1ion 

The cllmauc condition of Nirjuli. Arunachal Pradesh. as a "hole is tropK:al 

warn, humid "here mon<;000 normally SCIS in the first "eek of June. e�tends up 10 the 

end of Scp1cmbcr and l'l:«O('S in ()c:1•r. 1lle srte has -4 dl51incl seasons. namely, 

autumn (mid Oc:tober· November), "in!cr (Dccember·Fcbroary). spring (Man:h­ 

Apn[) and rainy (Ma)·mid ()c:1obcr). The mean annual maximum and minimum 

tcmpcraturi: ,·arirs between 37°C and 12°C rcsp«1i,·ely. More than 80% of rainfall 

occurs during monsoon {Junc-Scplcmbcr) registering about 60-80% RH. However. 

the fact that occasional rainfall also occurs during "inter seasoe cannot be completely 



ruled 001. Data pc11aining 10 mmn daily maxrmum ind mimmum temperature. mean 

daily relative humidit�. !Otal rainfall and bright wnshinc hours of both the year 200S- 

06 and 2006-07 arc presented in Appendix l and Appendix II and graphicall) in Fig. 

3.1.a. and Fig. 3.1.b. 

3.3 Site seledion and cropping hi.story 

The experimental site is located along 1he flood plains of mighty river Oibong 

basin. Ckologically. the pan:nt nxk e>-posed around Nirjuli area is consiSled of 

alluvium (ne"er and okkr temce dcposiis}. rq,n:scnted by ,alll') field deposits. 

maml) the secrmems. A rec1angular shapnl medium land ofploi meas,.,ring 46.S min 

length and 8 m in bmuh oftOlal area: 3n m1equi,alen110 0 037 he,;i.,rc for the first 

experiment and 24 m m  length and 10.S min bmilh. 1otal area· 252 m1 equi,·alcnt to 

0.0252 hectare for the second e.,pcriment "ere selected. The Land was occupied b� 

kharif maize and winter vegetable (p<Mato) with normal pra.t�s prior 10 initiation of 

the proposed expcrimenlS. 

3.4 Physico-cheru ical properties of soil of uperimen 1111 sill' 

Before starting the cxpcrimenis soil samples .. ere collected randomly from the 

entire li,:,ld up to 30 cm depth ""ith the hdp of Slttl con: (7.5 cm inner diameter) and 

brought to the laboratory. mned thoroughly and the foreign materials "ere discarded 

and sie,cd through 2mm mesh screen and di�ided into two parts, One part "tu used 

in field meet to dctcnninc soil pH. moisture content. The other part "as air-d�d then 

ground with a wooden roller and finally passed through 2 mm sieve for the 

determination of soil tc\ture. "ater-holdmg c.apacit). organic C and available 

Nnrogen, Phosphorus and Poiash. Thc results of the soil analysis for different 

physico-chemical Properties arc prn;cntcd in Table 3.1 

3.5 Composilion of Iarm yard manure 

The organic sources of nutrient i e fann)ard manure "ere analyzed for !otal 

nitrogen by usmg rapid iitnition method and semi-micro Kjcldhal apparatus, 

(Anderson and Ingram. 1993). total phosphorus by calorimctrically mol)'bdcnum blue 

method (Anderson and Ingram. 1993) and IOIIII pou.sh by flame pho!omcter method 

{Anderson and Ingram. 1993) method. Tllc \'Blues of d1esc p11ramcters of fann)ard 

manure an: presented in table 3.2. 

22 



=-(mm) 

• 

- " u 

.... 

i 15 

! 10 

' 
• 

Month• 

Fis. 3.1. a Weather panunttcrs during 2005 

��------ 

� 

• 

{" 
�­ 
i  15 

• 

. " 

Jin FIIC M• N,f May .u1 .U Aug Sap Ocl lb Dec 

Month• 

Fig. 3.1. b Weather parameters during 2006 

"' 
"' • 

"' 
.s 

• • 
• •  

.. • •  
• •  
• •  

"' t.c � 
' .. .., I! .: 0 

-·· 
.. -- 

•• .- ,., 
_, 

: �  
,oo • 

• 



3.6 Ddail5 of the upcrimtnlS 

J.6.1 E1perlmen1 I. Effttl or spacing .nd M1urca or nulrinU with ,1ryiog dosn 
on) icld .nd qualiiy or F.c/ip,a prollrala L 

Then: "en: three diffenenl spacing and six different nutricnl management 

m:a1mcnts wnh toial 18 diffenent 1reaunc,n1 combinations in Lhis experiment The 

dcuulcd technical prognmme of the experiment is gi>'en below: 

Experimental Design 

Mam plot 

Sub plOI 

Number of total teeaimem 
Combinalions 

Number ofn:plications 

Number oflotal plots 

Plot size 

Net plot size 

Oap between plotS 

Gap between replication 

Tocal lcngth and breath 

Tocal an:a 

: Spht plot 

: Spa,:ing- 3 spacing ,,1:. S,- 20 cm x 20 cm. Si· 2S cm 

"Ucm and S1 - JO cm A 30cm 

: S,x nu1ricn1 man.agcmcnt treatments vlz, Fo - NoPoKo. 

r.. N"'Pi,-,Ks, Fi N"°P..,K;io. F,- N�t<1Kx, F..- 10 t 

l"YM'lla and F,- NooP.oK:o+ 5 t FYM/ha 

: 18 

:2mx2m 

:  l.8mx I.Sm 

: SO cm 

: Im 

: 46 Sm aod 8 m n:spccto\cly 

: 372 m! 

3.6.1.1 Technlqut for lmpollinit 1rn1mcnls 

In thi$ experiment spacing ... -u considered as fim factor and ass,rncd to main 

plOI "'hcn:as. sources of nutrients "'en: consodcttd as second factor and ,,.·en: kepi in 

sub plois. After fin.al land pn:paration lay 001 of the CApcrimcnt 11,1, done (Fig.3.2). 

The n:quin:d amoont of fcrtilQCfS (un:a. single super phosphaic and mura1c of potash) 

and fann yard ma nun: were "'eighed as per treatments. Thc full doses of phosphorus 

and poeassium "as applied at the time of fin.at land pn:paration. however, the n:quin:d 

amoon1 offonn)ard manure as per tn:atmcms were applied after preparation of plots. 



Tabk J.I f'hysk�hemiul properties or Che nperimcnt1l field 

f'ar1iculars Year Te atural Method Ydop!cd 
200S.06 2006-07 cl1ss/raung 

Sand(%) 

Sill(%) 

Clay(%) 

Moisture 
content W•) 

W•ter holdina 
capacity 

Bulk density 
(glcm1

) 

83 36 

9.9) 

6.71 

15.65 

4 l 59 

2.03 

83.12 

10.3 l 

6.57 

16.08 

41.95 

\.98 

Loamy sand 
Bouyoucos h)dromcLric 
method (Allen, 1989) 

Gravimctrically by oven­ 
drymg \0 g fresh soil for 
24ha11os•c 

Keens box method using 
copper cups of 5.6 cm 
inner diameter and 1.6 
cm heigh! (Piper. 1942) 

Grnv,mctric method 
(Allen. 1989) 

Soil pll 

Organic carbon 
(%) 

, ... 

0.6' 

5.10 

0.87 

Acidic Digital pH meter 

Medium Walkey and Blacks 
method (Jackson, 1973) 

Available 
(Kg/ha) 

N 265.47 

21.56 

268.23 

22.54 

Low 

L-0• 

Alkalioc permanganate 
method (Subbia and 
Asijn. !956) 

Dray's me1hod. 
(Jackson. 1973) 

Available Pz01 

(Kg/ha) 

Available KiO 
(Kglha) 

97.53 L<>w Flame pllotomc1ric 
method. (lad.son. 197J) 

Table J.2 Co11,p,osi1ion of rarmyyrd manurt 

Organic sources Tota! Nitrogen Total Phosphorous Total Potash W•l 

% " 
Fann yard 
manure 0" 

25 

0.2 o., 



Urea was applied in twc equal splits. firs1 split of urea was applied during tinal lar.d 

preparauon and second splil "as !Of! dressed at full vegetative gro"·th stage of &llpta 

prostrfJ/11 L. llo"cver. ,n the control treatmcn1 no fcnilitcr and farmyard manures 

were applied. The sccdhngs of &l,pta pros1r111<1 "ere transferred 111 1hrce different 

sp.1:ing as per treatments ,·iz 20 x 20 cm, 25 x 25 cm and 30 x 30 cm \\ilh proper 

treeirnenr combinations of fern lizers Thirty days old seed I rngs "ere 1mnsfcrred on 6• 

June in both the years Harvesting was done by uprooting ihc whole plants. 

l.6.1.2 llelails of treatment comblutlons 

There are tot.a\ 18 num�rs of treatment combinations in this lirst experiment 

of spacing and sources of nutricn1s with varying rates. The details of the trea1ment 

combinations with their symbols are given in the table 3. 3. 

l.6.1.l Amounl ofuru. SSI', MOP •nd farmyBrd manure per 11101 

The required amount of urea. single super phosphate. muratc of potash Md 

furm)ard manure v.crc calculated and weighed in electronic balance according to Lhc 

treatments for each and every plot. 1 he required amount of these feniliicrs and 

manures per plot are presented in the table l.4. 

3.6.2 Experiment 2. Standartlitation or the time of lran,planting 11nd 
harvesting stage of t:clipta prastr11ta L. 

There were four diffcrem 1n1nspl1111ting times Md three different har,ts1lng 

stage with total of 12 trea1ment comblnatioes in th,s second experiment Tile de1ai!s of 

technical programme of the experiment are given below: 

· Splh plot Design 

: Time of1ransplanting. 4 lnmsplantlng 1ime w: 

STi· 15"' April. STi-15• May. STJ· 15"' June and 

ST,· 15.., Juty 

: llar,csting stage - J harvesting stage ,i: 

Hi· Vegetat;,e stage, H,.50 % Ilcwenng stage and 

Hi· Maturity stage 

Fen Hizer dose : 60:40:20 kg/ha N: P: K respectively 

Spacing : 25 cm x 25 cm 

Numberoftotal treatment : 12 
combinations 

26 

Sub plot 

Main plot 

Experimental Design 



3.6.2.2 Details oftrulmenl rombinations 

There are total 12 numbers of treatment combinations in this experiment The 

deta1 Is of the trcatmrnt combmations "Ith their s}mbols are presented m the table 3.5. 

3. 7 Uescri phon of the selected cro11 Oh ringaraj (Er:/1pta prOl'lril/11 I...) 

Bhrmgaraj, botanically Ecl,pm prrulrn/11 I.. is a ,·ery important medicinal 

plant under Asternccae family. This is annual warer loving medicinal herb about 90- 

9S days duration wilh a,·cragc dry herb yield of 4 5 lllm. naturally grow in swampy 

an:as. Botanically the stems and branches are strigosc and hairy, leaves are 2.5 - 7.5 

cm long. opposite. sessile. oblong-lanceolate. smgose and hairy. flowers are "hitc in 

heads. invo!ucral bracts. axillary. ray flowers ligulatc: disk ones tubular. heads are 

about 6-8 mm in diameter contains 90-120 numbers of seeds The plan� are erect or 

10 some extent spreading in nature. about 2 feel m height 

3.6.2.1 Tcchni'lue for imposing treatments 

In this experiment. transplanting 11me of Ecl,pta prru1ro111 L. '-'BS considered 

as firs1 factor and laid out in main plot and harvesting stage was considered as second 

factor and "as kept in sub plot Aller final land preparahon lay out of the exp,:rimcnt 

"ere done (Fig 3.3). The �uired amount of fe11ilizers per plo1 (urea 39.13 g. single 

super phosphate 75.00 g and muratc of potash 10.00 g) was "eighed for each and 

every ircatmcnt. The "hole amount of fc11ilizcrs w: urea. single super phosphate and 

munne of potash "ere applied as basal at the time of final land pn:para11on one day 

before transplanting of seedlings and mixed "ell in soil. The seedlings were 

transferred at the spa.ing 25 cm x 25 cm. The seedlings "'ere transferred at foor 

different dates as per treatment and harvesting of the plant was done by uprooting 

plants at three parncular growth stages according to treatments. 

:2 m ;,; 2 m  

: l . 8 m � l . 8 m  

:  50cm 

: Im 

• 2� m and 10., m respectively 

• 252 m
1 

, ,  

:  36 

Net plot size 

Gap between plots 

Gap between replication 

Total length and breath 

Total area 

Number ofreplicahons 

Number oft01al plO!s 

Pio! size 



The "hole plant is used for medicinal purpose:. The plant contains a 

medicinally important alkaloid ,:,,;liptinc. O!hcr chemicals identified an: 

"cdelolac:tooc. wnkhc acid. apigenin. lutrolin. p..amynn. =in. tic. The l'OOlS all: 

very rich in thiophene �tylenes. Thc plam is a good� ofth1ophcne derivatives. 

Table J.J Trntment rombin.hons ,.itb symboh or spacing and soorm of 
nu frient ..-i1h ,·a11 ing doses UJ)C'riment 

SL Treatment Expression of treatment combinations Symbol 

No. combina1ions 

OI S,Fo (20 cm i< 20 cm) CNoPoKo) T, 

02 S1F1 (20 cm x 20 cm) (NJ�10) T, 

03 S1Fi {20 cm x 20 cm) (N...,S'..,K;,o) T, 

04 S1F1 (20 cm x 20 cm) {NJ�»> T, 

05 S,F, (20 cm x 20 cm) {10 t FYM/ha) T, 

oe S,F, (20 cm x 20cm) (NooP,oK211+ 5 I FYM/ha) T, 

07 S:Fo (25 cm x 25 cm) {NoPoKo) T, 

08 S:F1 (25 cm x 25 cm) {NJC1Pl'OK10) T, 

09 S:fz (25 cm x 25 cm) {NooP,oK"1) T, 

lO S,F1 (25 cm x 25 cm) CNooP6(1i<»J T,o 

" 
SiF• (25 cm x 25 cm) (10 1 FYM/ha) T,, 

12 s.s, (25 cm x 25 cm) {NooP.aKlll+ St FYM/ha) T,: 

13 S;Fo (30 cm x 30 cm)(NoPoKo) Tu 

14 S1F1 (30 em x 30 cm) {N»!'»Kto) T,. 

ll S1F1 (30 cm x 30 cm) <N,,oP..oK10) T,, 

16 S1F1 (JO an x 30 cm) <Niol'.aKJ1J) T,. 

17 S1F, (30 cm x 30 cm) (10 t FYM/ha) T,, 

" 
SiF, (30 cm x 30 cm) (NooP..-.1<211+ S t FYMlha) T,. 

" 



T•bk J.4 Rcquittd •mo11n1 or urea, single super phosphaie, mu.-.ie or po1u� 
nd rarmyud manue per plol 

"""' 
Urea{&) SSP {&) MOP(g) 1 FDnn)ard : manure (K&) 

0:0;0 kglh,. N:P:K 0 0 0 0 

30:20:10 kg/ha N:P:K 19 so 37.SO 5.00 0 

60:40:20 kg/ha N:P:K 3913 75.00 10.00 0 

90:60·30 kg/ha N:P:K SS 69 112.SO 15.00 0 

IOI FYM.lha 0 0 0 3.00 

60:40·20 kg/ha N: P; 3913 75.00 IOOO I.SO 
K + S  t  FYM/ha 

Table J..S Tttatmenl rombiaa1ioH ,.;,h symbob or 1.-.aspl•nting 1ime nd 
han·es1ing slage npnimnl 

SI. 
N,. 

OI 

01 

03 

04 

05 

06 

07 

08 

09 

10 

I I  

12 

Treatment 
�ombina1ion 

ST,H, 

Expression of t1ea1Jm"nt combina1ions 

(IS April transplanting) (Har..-esting al 
, cgeu,ti..-c stage) 
(JS.April transpl.ln1ing)(HaneS1ing a1 50% 
no .. ering mgc) 
(ls• April transplanting) (Han·esting at 
maturity Slage) 
(15• Ma) 1ransplan1ing) (H8n·esting 81 
\"egctati\C SlaJlC) 
(1s• May transplanting) (Han·csting at 50% 

no .. ering Stage) 
(1 s• May transplanting) (HancSling at maturity 
�fl 
(1 S June transplanting) (llarvesting 81 
vegetative Slage) 
(15• June transplanting) (Han·csting at 50% 
Oov,ering siagc) 
( 1 s• June 11ansplan1ing) (Hancsting at maturity 
�fl 
(15 Jul} transplanting) (llancsting at 
• egetative stage) 
(15•July transplanting) (Han-csung ac SO % 

no .. mng stage) 
( 1 s• July 1ranspl.lnting) (Han·e-sting at maturi� 
� <l 

" 

Symbol 

T, 

T, 

T, 

T, 

T, 

T, 

T, 

T, 

T,o 

T., 

T., 
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Fi gun: 3.2 Layoo1 oflir5t experiment 
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Figure 3.3 Layout of'leCOOd experiment 
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3.8 Agronomic pnetkes 

3.8.1 Nursery for raisin it Sttdlings 

The raise nursery bed of sue 2 m length and ! 25 m breath and 25 cm height 

was prepared in the nursery. Departmenc of forestry, NERIST. Nirjuli. Anmachal 

Pradesh. After first spadi11g S kg well decomposed cow dung was applied on bed. 

Fully matured collected s,:,:ds .... ere sewn in well-prepared nursery before one month 

of eansplanting The nursery bed was kept in moist ccndnion and kept it .... eed fr�. 

J.8.2 Land preparation 

The main field was firs1 ploughed by nactcr dra"'n disc plough follo"'ed by 

harrowing. Then the same field was ploughed hy bullock dra"'TI desh1 plough and 

leveling was done by laddering. Lay out of the experiment was dooc as per 

jreatmenrs. 

3.8.J Other agronomic praclkes 

All the agncultural prachces were done as per proper schedule. The schedules 

of operation of works of the first expcnment arc presented in details in the appendix 

I!! for the )Car 2005-06 and 2006-07 respectively and the schedules of operations of 

the =nd experiment is sho"'n in d,eta,ls in the appendixes IV to VII for both the 

years. 

3.9 Transplonting of seedlings 

One month old Ecl,pm prostl'll/0 L. scedli11gs were transplante,:l in well 

prepared plots After transplanting of seedlings light irngation "'as done. In the first 

trial seedlings were transplanted at 3 different spacing ,•i: 20 x 20 cm. 25 x 25 cm 

and JO x JO cm according to the treatments. On the other hand in second trial all 

seedlings were transplanted in a unifonn spacing of 25 em x 25 cm, whereas. 

transplanting date vaned occording to the treatments. 

3.10 Gap filling 
After transplanting some sccdlmgs .... ere damaged by cutworm and few could 

not survive. Gap filling was carried out with new seedlings withm a w«k of 

transplanting. 

)2 



J.11 W11er managemenl 

G,:nm1lly E:clip,a pro.ttn11a L. is gro,,,n as rainfed crop. however, light 

i!Tigation "as gi,en just allcr ITlnsplanting of s«d1ings. Subscqllfflt 1!Tiga1ion was 

done 11 3 days mLcr, al up to estabhshmcm of sccdl ings . 

.1.12 weed managcmcnl 

Bolh tile nu�r, and main rttld was k� .. ttd free. Two manual "eedin1 was 

done in nursery a1 10 dl)S ind in main lield 11 20 - 24 da)"S interval . 

.1.1.1 Planl proteetlcn mtasurts 

No scriO\ls pests and di.sc1ses "ere observed during 1h,c: cul1iv11ion of &lipta 

pros1ro1a L. However, juSI after Lransplan1in1 few seedlings were cut down by 

eutwcrtn. MalBthion dusi "'as applied surrounding the seedlings as a rontrOI measure. 

The crop "'as slightly effected b> Fungal disease after llol'>cring sbge during the: lirsl 

year of cult1>·ation. Bavistin 1\15 applied to O\CKOmc this pn;,blcm . 

.1.14 Observation rcc:ordcd on crop 

Thc observasions on thoc: follOl'.ing paramdcrs were taken at three different 

gro"'1h suigcs ,·i::. ,cgctati,·e stage. 50% llol'>cring Sllgt and m11uricy stage by 

nppropriatc methods 

J.14.1 Pl1nl height 

The observation of plant height was mcasum:1 in centimeter (cm) from the 

base of the pl11nt to the tip of the plant. From each plot. plant height was rcoonlcd 

from randomly selected ten plants and a>crage of these ten plants \\!IS ronsidem:I as 

plant height ofthc particular trea1mcnt. 

J.14.2 Number or prim..-r branch 

The 1,cragc number of branches produced from the main plant of 10 

randomly selected plants from each plot \\ere counted and the a,er,.gc value was 

considered as number ofprimlll)" brunch. 

J.14.J Nurnbc,r or�cond.ry branch 

The a,crage number of latcral§lbranehcs. come out from the primlll)" bnlnches 

of 10 randomly scl,:,:tcd plants from each plol \\ere counted and the avm1gc was 

considered as number of secondary branch. 

)) 



l.14.4 Number of leaves 

The number of leaves of 10 selected plants of eoch plot "85 recceded. The 

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

3.14.!I Dry matter production (Y•) 

The plant samples wen: rollccted from each and every plot. The samples were 

cleaned by removing soil anached !O root. kepi for some 11mc to evaporate the 

adhering water. 1f any, and weighed and m:oroed as fresh "eight The fresh samples 

"en: air dried for J-4 days. then dried in oven at 70"<: till a constant "eight wa.s 

obtained and e.�pressed as dry "eight. Per cent of dry matter production was obtained 

by the following formula 

Per cent of dry man er produc!ion - 
Dry "eight oft he sample (g) 

F rcsh weight (g) 
X 100 

l.14.6 Leafuea indu 

Twen!y live number of leaves were taken from each and every randomly 

selected 10 plants from each plot and leaf area was measured (cm1) with digital leaf 

=a meter (Systronics). The average value was calculated and expressed as leaf =a 

of individual leaf. The total leaf an:a of plant was calculated by mulupllcation of 

individual leafan:a and total number of leaves. The ground area covered by the same 

selected plant was measured ,,,;th a scale. and the average value was considered as 

gTOund an:a covered (cm\ The leafan:a index was obtained by 1he following fonnula 

Lcafan:a index - 
Tomi leafarca 
Ground cover 

3.14.7 Number of primary root 

Ten randomly selected plants "en: uprooted from each plot and washed care­ 

fully without damaging root nnd number of roots was calculated. The average value 

was considered as number of roots 

3.14.8 Root leng1h 
The length of root of uprooted plants was measured with a scale. and the 

average value of 10 randomly selected roots of each and every uprooted plant was 

considered as root length {cm). 



J.14.9 Siem and secondary branch diameier 

The diameier of the main stem and secondary branches arises from primary 

stem was measured in three position "ith the help ofvem,ear scale and rhe average of 

these three positions we"' considered. Thus t� average value of all the stems and 

secondary branches of 10 randomly selected plants of each plots "'e"' expressed as 

stem diameter and secondary branch diameter and expressed in mm, 

J.14.10 Nom�r of no .. er 

The total number of no .. ers at full blooming stage of IO randomly selected 

plants from each plot were counted and the average value "as considered as number 

cf flower per plant. 

J.14.11 Numberofhwd 

The total number of heads al matunty stage of 10 randomly selected plants 

from each plot were counted and the average value was calculated and considered as 

number of head per plant. 

J.14.12 Har•oes1ing 

Harvesting was done by uprooting the plants by judging visual maturity of 

plan! {blackening of leaves and head) for the first experiment. For the second 

experiment harvesting "as done as per treatments i e at vegetative. at 50 % flowering 

siage and at maturity stage. At first. boarder plants from pre-demareated area for yield 

assessment "ere removed. Afkrwards. net plocs "en: harvested and properly tagged. 

J.14.IJ Total biological yield 

The net plot 11as har,,estcd afler removing the boarder plants. The net plot 

produce was used to record the total biological ) ield after removing the soil anachcd 

to root and cleaning. There after the plant 1s kept in open for some time to evaporate 

the adhering water. "e1ghcd and recorded as herb yield per plot. The yield per plot 

was cooverted in terms ofquintals per hectare. Multiplication of fresh "eigh1 with dry 

matter production gave dry herb yield ofthe crop. 

J.15 Determination of total nitrogen uptake 

Samples of whole plants "ere collected after harvesting. dried. ground and 

analyzed separately for nitrogen content by using rapid titration method and semi· 

micro KJcldhal apparatus. (Anderson and Ingram. 1993). The total uptake of nitrogen 



wes esumated by mulllplying the nitrogen cement of plant and dry herb yield and 

expressed in kilogram per hee1are. 

J.16 Determination or toial phosphorus uptake 

After harvcsting,sample of "hole plants was colteeted dried. ground and 

anal)l2;ed separately for pho5phorus content by subjecting to acid-digestion and were 

es1imated calorimetricall) using motybdenum blue method (Anderson and Ingram. 

1993). The uptake of phosphorus "as estimated by multiplying the phosphorus 

content of plant and dry herb yield and expressed m kilogram per hectare. 

J.17 Determ ination or tolal pota�siu m uptake 

Samples of whole plants were collected after harvesting. dned. ground and 

analyzed separately for potassium content after acld-digestlon and K contents were 

estimated using flame-photometer (Anderson and Ingram. 1993). The uptake of 

potassium was estimated by mul1iplying the potassium content of plant and dry herb 

yield &nd expressed in kilogram per hectare 

3.18 Delcrminalion of plant organic carbon 

The ash ccnrent "as detennined by igniting I g ground sample at SSOOC for 6 

hour in a muffle furnace and a total of 10% of the ash-free mass "as calculated as the 

organic carbon content (Allen er al 1974) and expressed as percentage. 

3.19 Determination of total alkaloids 

The plant samples of Eclip,a pros/rota L. were shade dned properly as per 

treatment ground and extracted in organ,c solvent methanol using soxhler cxtracuon 

apparatus for 20 hours till the colourless extract came out. The solvem .... as recovered 

from the extraction by rotary evaponmerer drsnllation unit. This methanol extraction 

was made acidified by addmg 5% citric acid and stirred in electrically heated stirrer 

for about 5 hours. The filtrate .... as mOOe alkaline by adding ammonia solution and 

then funher extracted wnh chlorofonn. The organi, chloroform part was separated by 

separating funnel and made alkaline free by extraction "'ith weter. The pure 

chloroform part was dned and added "'ilh anhydrous sodium sulphate to remove 

moisture if any. and the light )Cllowish dried part .... as considered a.s 101al alkaloids 

content of the sample (Sa,..,ant et al •• 2004). This chloroform extract was cheeked for 

presence of alkaloids by usmg Dragendroff reagent 

J6 



J.20 Determination ofsugar 

J.20.l Determin11 lion of red udng sugar 

The "hole plant samples "ere uprooted, ;n,hally cleaned, air dried and grm,nd 

in Wiley mill. 5 gm of grounded material was weighed in an electronic balance. &CW. 

alcohol was added with CaCOJ to neutralize any acidity, boiled for one hour in a 

Sleam bath, cooled and filtered in 10 a volumetric flask and funher "ashed with 80% 

alcohol to adjust the volume at room tempenuure. lO ml of the prepared a!iqoot was 

J)IIJ"ified by using equal volume of 5% Ba{OHh and 5% Zn SO, fellowed by filtration 

and funher adJusted to 50 m! volume in a volumemc flask al room temperature The 

aliquot was used 10 esnmare the reducing sugar following the Shaffer-Somogy micro­ 

method {Anon, 1984). 

J.20.2 Dctermina lion of 101al sugar 

The total sugar "as estimated by hydrolyzing the purified extract wlth 0.2 ml 

of concentrated hydrochloric acid and then boiled for half hour, cooled and 

neutrallztd the solunoe wnh NaiCOJ crystals. This aliquot afler acidifying with 0.5 N 

acetic acid was used to estimate the total sugar following the same procedure as that 

of the reducing sugar. 

J.20.J Determination of non-.-Wudng sugu 

Non-reducing sugar was calculated by subrrecnng lhe value of reducing sugar 

from total sugar. 

J.21 Soil parameters 

J.21.1 Dl'lermination ofa,·ailHble N, P and K content in .roil 

The sc11I samples "ere collected from 0-30 cm depth of each treatment with 

soil auger and marked prop1:rly. Soil samples were dried under room condition, 

ground. passed through 2 mm mesh sieve and analyzed For available soi! mtrogen. 

phosphorus and potassium. The available nitrogen content of soil "as detennined by 

usins modified Kjeldahl me1hod {Subbia and Asija, 1956). available phosphorus "as 

determined by Bray's I method. (Jackson. 1973) and available potassium was 

determined by Flame phmometric method, (Jackson, 1973) and expressed in kilosram 

per hectare. 
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).21.2 Deir rm inahon of organic c11rbon content in !IOil 

Soil samples collected for detennination of available N. P and Kin soil were 

also u$ed for determination of organic carbon content ,n soil. The organic carbon was 

�imated by Walkey and Black"s method (Jackson. 1973) and expressed as 

percentage. 

J.22 Economic indice� 

3.22.1 Coit or di rrertnt trutmcn11 

Cost of all trea1mems "ere worked out and it was calculated as cost per 

� for each m:ntmen1 by taking all the opcratioMI cost. variable inputs and 

labour "ages in account (Appendix VIII). 

3.21.2 Cross rc1u rn or differtnl trtllmtnts 

Gross return is the value of the economic yield t.e. herb yield of Ecllpto 

prru,row L.. calculated al prevailing market price. For both the experiments gross 

re,um was calculated separately for al I the treatments. 

3.22.J Net rrtu rn or d irfe�n, treatments 

Net return was "orkcd out b) subtracting the cost ofcul11vations from arms 

return 

J.22.4 Benefit • Cost n1 tio of I he lrutmcn ts 

For the bOlh experiments it was cal cu lated by the fol lo" ing formula. 

Benefit : Cost '" 
Net return of1hc treatment 
Tola I cost of the treatment 

J,lJ Statistical unaly�iJ 

The data recorded from both the experiments conducted during 200$·06 and 

2006·07 were statisticall) analried under split plot design Bdopting the procedure of 

RAnalysis of Var,ancc·· out lined b) Fisher and Yares (1963) Whenever. variance 

111tio (F) is significant. Critical Difference (C.O.) reported at�% level. otherwise only 

S. Ed. is mentioned. 

JS 



CHAPTER-IV 

EXPERIMENTAL FINDINGS 
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EXPERIMENTAL FINDINGS 

Two field expcnments were conducted to study the effect of varying spacing. 

SOllrccs arid rate of nutrients: date of transplanting and stages ofharvcsting on growth, 

yield. quali1y and economics of Edipla pro31rata Lin tv.o consecutive years 2005-06 

and 2006-07 at NERIST. Nirjuli. Arunac:hal Pradesh. The results of the investigations 

of boch the trials arc presented in !his chapter under following heads. 

4. I Sp11cing ,uu.l nulricnt management trial 

4.1. I Growth 

Vnrintion on the gro"'th of f:Clipto pro51r11m L. due to different treatments of 

spacing and sources and rate of nutricn11."crc observed in terms of plant height, 

number of primary and secondnry bninchcs. diameter of main stem and b=hes. 

number of leaves and leaf area indeK, number of roocs und root lcng1h, dry matter 

production at vegetative, floy,cring and maturity stages. Results thus obtained were 

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

4. I. I. I Pl•nt htlghl (cm) 

The result of plant height (cm) of both LIM: years 2005-06 and 2006-07 ire 

presented in Tobie 4.1.1. and 1he grlldual tncrease in p!ant height is expressed 

diagrammatically m Fig. 4.1 and F1g. 4.2. Data revealed that both the variables 

produced significant variation on plant height However, the plant hetght gndually 

increased with increase 1n plant spacing al oll the three stages of growth. The tallest 

plant height was recorded under 30 x JO cm spacing at all the smgcs I c 19.55 and 

20.63 cm ot vegetative stage. 42.06 DS1d 42.84 cm at 50 % !lowering stage, 47.15 and 

48.43 em ot maturity slD.ge. respectively in both the years and remained III par with 25 

x 25 cm spacing, but proved statisLieally superior to the treatment 20 x 20 cm spacing. 

Sources and rates of nutrient also brought about significant variation on plant 

height over control. Apphcotion ofN P K @ NwP.oKJ.O. 0 t FYMlha. and"60P60Km 

+ 5 t FYM/ha were proved statisncelly al p,,r. but recorded statistical superiority over 

other treatments vtz. N10PmKrn and NocP6CK:io Similarly application of �P6CK:IO 

proved stotist,cal ly superior to the treatment NioP:IOK 10 at al I the thrtt growth stages in 

both the years. The tallt:si plant height "as recorded in the treatment N<,c,P6CK10 + 5 t 



, 

- ' • 

' 
� � ' - • ' ,; ' - • - • N 

• • � •. • • 
N 

• 
N 

• • • ; • � • - - ci - • ' • • • ci z 

; • • • • - • • • • • 
• 

N 

- ·E • 
- E • 

"' 
• • 
- � • N • • ' - � - � • • N < � • - ' : • • � � • N � N N 

• z 
·i g ci • - - • • • • - • • • • • 
• 

N 

• • 
'a ' 

i 3 • • N � 
N 

• � N - ' ' � • • N 
- • 

N N 

• • ' • ' N ci N ci N N 
• - 

ci z 

• 
; N • • 

N 

- • • • • • 
N 

• . , 
' - 
., 

• 
• • • 
- ' � N 

• � N • - • N 

' ' N ' � - ' N N 

• 
N N N 

• � ci 
N � N • z 

� 
• - 

N ci N N N 

• • • 
N 

• • N N • • • • N 

• 
• 
• 

! ' l - 
N N • • ' • ' � ' • - • 

N 

- � N N ' • • ' • N • 
• • • ci ci ci • ' • 

N N N ci z 

] 
' 

• 
N N N N N 

N 

• 
• 

·� � 
• • > 

�i 
N  

• 
N  

• 
N  

- '  - 
N  N  

• ' '  •  s  
•  

N  N  •  N  N  N  �  �  • • �  N  • 
•  - • •  ci  ci  •  " 

z  z  
•  N  N  N  

•  N  

•  • •  z  ., 

t • Ii 0 

- 
e • 

- 
• • 

'•  c •  

ii  i  a  

'  '  • e  
u  u  u  •  •  •  •  

l " '  
N  • ;,  �  •  • N  N  

'  '  • 
, .� 

"' " • 
N - � � �, 

• •  •  <  

',2 
�  >  • 5 - • l: £: s { it l: .:? - l: 

- • ·' ' ' " - -· " 

" 
- . .; 

' 
• u u u 

- 
N 

'• ' ' 
, _  

- •  · -  •  "  
-  ·-. • • - 

i :.:: 
z z • - ' . 

- • u 
• "" 

N  N  • c 
z Z •  �  ci .� ci  a  u  

• •  "  '  '  ..'  '  
a  

•  •  0  -  
-  -  u  Q  .z  ,;:  -  u  •  •  

..  ..  •• • • • " " " • -· 
u  >  

"  



, 

FYMl'ha as 22.19 and 23.17 cm at vege1a1i� stage, 4).02 and 43,68 cm at SO% 

no,.ering stalli' and 48.06 and 49.55 cm at maturity suige in both the years 

respectively. 

The intcmction effect of spacing and fertili1.cr was found llOI signiflCMI .i all 

sages. 

4. I. I. 2 l'rlm11ry bn1nchc1 

The data on number of primary brun.ehcs/plant (Table 4.1.2} revc•led 

signiflcam increase et successive grow1h stages. lt gmdually increased with cvcry 

incrnse in plant spacing frorn 20 11 20 cm to 30 lt JO cm. The highest number of 

primary branches (6.42 and 7.40 at vegcuitive stage. 1658 and 17.59 at S O %  

nowering $!age and 18.62 and 19.68 at maturny stage) in both 1hc yeus 2005.()6 ilt>d 

2006-07 respectively "ere recorded due to JO 11 30 cm spacing. which remained 

statistically similar to 25 x 25 cm spacing l\o"ever, both spacmg proved st11tistieally 

superior to 20 x 20 cm. 

Nutrient applied treatments produced significant variation irrespective of 

sources and d05eS and remained superior 10 control. Highest number of primary 

branches (7.18 and 8.08 in both Lile years respectively) were recorded due to treatment 

N6CP00K20 + 5 t FYM/ha which was stamucally as par with the treatment N\lOP6CK:io 

but proved superior to other treatments The treatment NooP,oK20 and 10 t FYM/ha 

11$0 established its stat1S11cal superiority over N>0P20K ro. Production of primary 

branches at flowering and maturity stage "ere recorded ma.ximum due to �P«1K10 + 

� L FYM/ha during bolh 1hc years and proved statistically similar to the treatment 10 1 

FYM/ha und N110l'ooK>0 but superior to other treatments. The treatment NooPooK20 was 

superior to the treatment NlOP20K1o at maturity stage but at no"crins stasc both 

remained same. 

The intemclion effect of both tile spacing and nutrient management Lrcatmcnts 

failed to produce significant varia11on in both Lhe years. 

4. I. I. J S«onduy br11ochts 

The dot.a on secondary bmnchcs/p!ant (Table 4.1.3) revealed tha1 at vegellllive 

stage, no significant difference could be observed among the various spacing 

treatments on bhringamj cultivation in both the years. A! nowering and maturny 

stages however, JO x 30 cm spacing treatment produced highest number of secondary. 
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Fig. 4.1 Effect of$f!Kini on plant height at different growth stages 
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branches closely followed by 25 x 25 cm, bt.it both proved staListically superior to !he 

treatment 20 x 20 cm spacing irrespective of years. 

All the numeru management 1rcatmcn1 recorded signifiean1 superiority over 

cootrol. At vegeuitive stage tJ,ie treatmetns N,;,,PooK:zo + 5 t FY�1.lha and 10 1 FYM/ha 

though prodoced stat1s11caUy similar number of secondary branches but proved 

superior to the treatments N...,P60KJO. N60PooK:o and N,o.l':ioK 10 •• I lo"ever, at fio"ering 

and maturity stages the treatments N,,..,P00K;.,., + 5 t FYM/ha, 10 t FYM.lha and 

N,oP60KJO proved smtistically similar on production of sccoodary branches bt.it 

supcrior lo the Other treatments. 

The interaction bet"ecn spacing and nutrient management treatments failed to 

bring any significam effect on secondary brancheslplam in both the years. 

4.1. I. 4 Stem and branch diametcr{mm) 

The data (fable 4.1.4 and Table 4.1 5) on stem and branch diameter (mm) 

revealed significant improvement only on flo"ering and maturity stage, wterees al 

vegetative stage all 1he spacing treatments "ere found statiSlica!ly as par. At 

llo"ering and maturity stages. spacing JO x JO cm and 25 x 25 cm though remained 

on par but proved supenor to the trcaLment 20 x 20 cm spacing for both anribt.ites. 

The maximum stem diameter (5.24 ar>d 5.27 mm at 50 'Yo flowering stage, 5.29 and 

5.30 mm al maturity stage) and branch diameter (3 08 and J.12 mm al SO 'Yo flowering 

st.age, 3.15 and 3.17 mm at matunty stage) were recorded respectively in bolh the 

years 2005--06 and 2006-07 under JO x 30 cm spacing fellowed by the 1rea1men1 25 x 

25 cm (stem diameter. 4 99 and S.05 mm at 50"/o flowering stage, S.OS and S.10 mm 

at maturity stage; branch diameter 2.89 and 2.93 mm at SOo/o flowering stage, 2.99 

and 3.01 mm at matunty stage res�tively in bolh the )Cars). 1llc lowest value of 

stem and branch diameter was recorded in the spacing 20 x 20 cm. 

The data on nutrient management (fable 4.1.4 and Table 4.1.5) revealed their 

significant superiority over ccmrcl at all the growth stages on stem and branch 

diameter (mm). Among the nutrient incorporation, N...,P60K)O, 10 t FYM.lha and 

N,;,,PooKzo + 5 t FYM/ha remai� statfsucally at par but proved superior to the 

treatments NJOPioK,0 and N60J>...,Kio at ,egctati,c stage. However. a1 flo"cring and 

maturity stages nutrient applica11on@ NooP60KJO, 10 t FYMI ha and N60P...,K20 + S t 

FYMI ha and NoaPooK:io treatmerus "ere found statistically similar but supcnor 10 the 
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treatment NlOP20K,o ll!c highest stem diameter 3.20 and 3.46 mm at vegetative stage, 

5.27 and 5.31 mm at flowering stage and 5.32 and 5.33 mm at maturity stage in both 

the �ars respecnvely were recorded in the treatment F1- NooP,oK;,o + 5 t FYM/ha. 

Branch diameter remained unaffected due lo applic.at1on of nutrient 

irrespective of rates at vegetative stage. But at flowering and maturity stage. it showed 

ssgniflcant ctTcct. Treatment Fr- N60P.oK20 + 5 1 FYM/ha recorded the highcsc bmm::h 

diameter (3.20 and 3.23 at 50 % Ilowertng stage: 3.27 and 3.29 at matunty stage, in 

both the years respectively) but remained s1.atistically simila.r to Fr N90P60Kio (3.08 

alld 3.12 al 50 % flowering stage; 3.2! and 3.23 at maturity stage) and proved 

sup,:rior to other treatments. Similarly incorporation of IO t FY Mina produced branch 

diameter of 2.92 and 2.95 mm at 50 % flowenng and 2.99 and J.01 mm at maturity 

stage respectively during both the years as well as N6<1P...,K]O with 2.81 and 2.86 mm 

at 50% flowering stage: 2.91 and 2.9) mm branch diameter at maturity stage were 

suusncally s,m,lar but proved superior to F 1 - NJC1P20K10 (2.6), 2.67 and 2 69, 2. 70 in 

both the years and stages respectively) O!l br.mch diameter. 

The combined efTcc1 of spacing and fertilizers in all treatment combinations 

were found nO!l significant on branch diameter. 

4. I. I. 5 Number of leaf 

The data on number of leaves/plant (Table 4 l. 6 and Fig. 4.3, Fig. 4.4) 

revealed marked variation in production of leaves. Highest number of leaves were 

produced due to 30 x 30 cm spacing at all the stages of observation l.c 70.19 and 

71.64 at vegetative stage: 255.08 and 257.88 at SO% Ilowenng stage and 257.42 and 

247 66 at maturity stage in 2005-06 and 2006--07 respecnvely. and remained 

statistically at par with 25 � 25 cm spacing. However. both these spacing recorded 

superior number of reeves to 20 x 20 cm spacmg. 

Varying rates and form of nutrient application produ�d significant 

improvement in production cf leaves over control (Fo) al all the growth stages. It was 

also observed that application ofN6<1P.oK]O +5 t FYM/ha. NwP6<1Kxi and 10 t FYM/ha 

though remained stauslically at par but showed their marked superiority over 

NJ...,K]O and NxiP:ioK111. At vegetative growth stage the later two remained equally 

effective. Similarly al flowering and maturity stages it was observed that the 

treatments Fi- N6<1P.0K:!0 + S t FYMI ha, Fi- N9C1Pli<lKxi. f4- lO t FYMI ha and Fi- 
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N11<1PooKlO "ere statistically on por i11 producing leaves but proved superior to the 

treatment F1 - N.iof'20K10 

Production of number of leaves/plant remained unaffec1ed due: to the 

interaction effect of spacing and nutrient management irrespective of stages of growth 

and year of cultivation. 

4.1.1.  6 Number of root and root lenglh (em) 

All the experimental variables brought about significant variation oo the 

production of roots/plant as well as their length. Scanning of the data (Table 4.l.7 artd 

Table 4.1.8) revealed 1hat the number of roots/plant and root length (cm) irrespective 

of spacing at vegetative stage remained on par Notwithstanding. spacing produced 

marked effect on these attributes at flo"cnng and maturity stages. Spacing of 30 x 30 

cm recorded the highest number ofl'OOl/plant (73.71. 75.36: 77.08. 77.74) as "ell as 

longest root {16 24. 16 97 and 18.67, 19.07 cm) at flo"ering and maturity stages 

during both the years respcctivcly. Spacing of JO x JO em and 25 x 25 cm. howe�r 

proved equally effecnve but established their marked superiority over 20 x 20 cm. 

Almost all the nutrient management practices proved much effective in 

inerusmg the number of root/plant and root length at all the stages and proved 

significantly superior to control. Perusal of dlua on number of roots/plant indicated 

differential response due to different nutrient treatments By and large incorporation 

of Fr N60PooK20 + 5 t FYM/ha as well as FrNooP11<1KJO proved equally effective in 

inereasing the producuon of roots per plan1 al all the stages. llov.cver. at flo"ering 

and maturity stages F,- 10 t FYM/ha also showed marked effect nl por to abo� 

treatments. but all recorded significant superiority over F1 - NJC1P:icK10 and control 

{NoPoKo). 

Data on length of root (cm). revealed that among the nutrient apphcd 

treatments, the treatment Fr N60P.oK:ic + 5 t FYM/ha. Fr NwP60KJD, F,- 10 I 

FYM/ha and Fi - N60P,oK20 produced statistically similar root length but recorded 

superior to F1 - NJOP?CK,o al vegetative stages. However. at nowcrmg and maturity 

stagcs,treatment F,- N60P.ooK:i,,, + 5 t FYM/ha. Fi- N90PooKJD and F.- IO t FYM/ha 

were sllltistically m par but recorded marked superiority over other two treatments 

,·i:. Fi - N011P.0K,o and F, - NioP:,oK1o which were also remained on por The longest 

root was recorded in the !r,,,atment Fl- N00P.oK:ic + 5 I FYM/ ha (10.47 and 10.84 cm 

49 



, 

' M 

� ' • 0 M 
" ' -� �  • "  M  • • '  "  - N  00  

'  
. o  •  '  ;  M  M  •  .;  �  

"  
M  

M  

"  
z  M  

•  "  -  "  "  '  '  M  M  . o  M  M  M  M  M  M  M  
a  • M  

•  
0  -c  

' 
•  

•  '  8  "  • M  

- "  "  �  •  
l  

, 
�  �  • "  • "  •  M  

- 
M  M  

"  .,, 
M  ;; ai �  

" 
M  • • 

00  
$  M  $  z  

- 
g  M  

"  " "  "  •  
M  •  0  M  M  M  M  M  M  M  M  M  M  

-  
M  

' '  •  '  "  �  - 8 
0  

"  �  "  0  

·1 
M  

- 
0  

" • • - • 
M  

�  '  0  • • 
00  

0  

!! M  

" " $  8  - �  z  0  
•  "  - "  •  '  •  M  • o  M  

•  M  

•  ' M  
M  M  M  M  M  M  M  M  

0  

-!  0  
., 

• • •  
•  < o  

!  -  '  - $  
!  

•  M  0  
•  •  

-  
.s  .,,  M  0  •  N  •  

M  

i  - •  M  00  

-  
0  • g  "  "  • M  M  .  

z  M  

"  " "  
0  "  • '  

M  •  �  M  M  M  M  M  M  M  M  M  M  
M  

'  •  0  

•  '  
!  l '  '  �  • 8  '  •  •  M  

"  - •  • - M  M  "  - • " 
N  00  

• • z  • •  - 
M  

e "  " •  - 
-:  

'  
•  

0  •  • '  •  • '  '  '  

'  
M  �  

•  0  
•  0  

·if 
' 
' 

e ' - • M � - • • s M 

s " - .! s • � $ • • : M � 
00 

• • • " M 

- 
0 M 

• � z 
0 

E " • ' • • ' ' ' • • 00 •• % 
· -  -  '  

'  ' '  •• • 

- 

"' ' 0  0  

' 
a s = a 

- ' • • • 0  • + • 
l '�  -!  • 

•  0  "  
0  e  

• ,• 

"' 
" .• 

M M M 

• a 
•• = •  •  •  •  0  

�  " " >  
,, 

0  

e  
• 

0  

•' '  
s  

" 
i: 

., 

{ ,:! 
" it - 

, 
·� fl 

, 
• - -· : - e • • " 

o -  

' - " " c. 0  •  
- - 

J! ' 
,_  

- - · -  •  ·- 0 " 
0 

� z z z 
0 

z ..., ci3 ' . • • O M  M  M  
0  0  �  i'.3  0  •  

' 
•  •  •  •  

'  
, 

• '  '  ' .  e  
0  -  

-  -  �  ,j  -i:  ,;:  .: ,j  0  •  ,j  >  •  00  00  
" "  "  "  

00  -  00  
e  " 



200S-06 2-006-07 
Mat ... i1y 51qc 

r,F2-� 

••>-�·Jorn.<'la 

200S-06 2006-07 

flov,�n& ...._&• 

•FI-N-\0 

OF ... IOIFYMII• 

se tdl) '11 
• 

2005-06 2(l(l6-07 
,oo,.., ,,,,.., 

2005-06 
,....,, 

Vqttath'C >lag< FlowcrinJ ""I" Matu,ily S1aa< 

Fig. 4.3 Effect ofspa<:ing on number of leaves at different growth stages 

0 0  

Fig 4.4 Effect of sources and rates of nutrient on number of leaves at different 
growth stages 

• 

,=  
s  

'  '" 
J ,. I 

,. 

• 



at vegetative stage, 17.!8 and 17.80 cm al no=ring stage. 20.00 and 20.43 cm at 

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 and 

root length failed to brmg any significant difference in all the combinations. 

4. J. I. 7 Number offlo"'tr 

Study of data on number ofnowers per plant (fable 4.1.9) revealed t1Tcc1ivity 

of spacing 25 x 25 cm wh,ch produced maximum number of nowcrs 78.21 and 79.84 

in both the years respectively. though it was sta\lstically at par with spacing JO x 30 

cm (76.06 and 77.24) at no .. ering stage. Both these two treatments were proved 

statistically superior to the closer spacing 20 x 20 cm. At matunty stage all the three 

spacing were found statistically similar. 

Data further revealed sigmlicanl superiorny of all the nutncnt treatments over 

control at all the growth stages. Among the nutrient treatments, Fr NwPl!<IKlll F,-10 

t FYM/ha and Fr- NooP,oKic + 5 t FYM/ha though remained similar but proved 

superior to Fi - NMP ..oK:zo and F 1-NJOPl<IK 1Q.. At maturity stage.effectrvity of all the 

nutrient treatments were statistically s,milar in both the years. 

The interaction effects of spacing and fertility was found stanstically similar 

on number ofnowcrs in 2005-06 and 2006-07. 

4. I. I. 8 Number of head 

The data on number of head (fable 4.1.9) revealed that at no .. ering stage no 

significant difference in all the three spacing trial could be observed. Whereas. at 

maturity stage the spacmg 25 x 25 cm (76.16 and 77.81) and JO x JO cm (n.4 and 

73.73) remained statistically similar m both the years respectively but proved superior 

to CIO$CT spacing 20 x 20 cm in producuon of heads. 

It was also observed that all the nutrient treatments produced statistically 

supenor number of head in comparison to control. However. no significant difference 

could be esw.blished due to varying nutrient treatments at Ilcwering stage. On 

contrary at maturity stage. the treatments F:r NwProK:oo. F,- 10 t FYM/ha and Fs­ 

Nw'""IK;,o + 5 t FYM/ha thOtJgh remamcd statistically at par but proved superior to 

Fi� NMP,oKioand F,-NxiPioK,o. 
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All the combination of spacing and nulricnt applied untmcnts m-naincd 

incffectiw: in increasing the number ofhads per plane in both the: years. 

4. I. l. 9 Ory m1ttu productKlo (%) 

Progre$sive increase in dry maner accumulation was IIO(e,:I from o:arlier stage 

to maturity (Fig. 4.5 and Fig.. 4.6). The data on dry matter productioN'p!ant (T1ble 

4.1.JO) showed no signiftcant \'ariation due 10 various spacing on dry mancr 

production at vegetative stage. The widest spacing 30 ,t JO cm produced highe:st dry 

matter production (14.28 and 14.S.4) at flowering Mages and (IS.06 and lS.18) at 

maturity stage respectivdy in both the: years. but remained statistically similar to 25 >t 

25 cm spacing. Both the wider spacing ho"·ew:r, produced superior dry matter to the: 

spacing 20 x 20 cm. 

All the nulricnt applied treauncnts prm'N superior to oontrol on dry matter 

production. Among thc: nutrient applied ueatments, the treatment Fr N.oP,oKIO + S t  

FYM/ha produced tbe highe:st dry matter prodio;;tion (11.28 and 11.62 at vegetatiw: 

stage; 15.89 and 16.06 al llo"'ering stage:; 16.70 and 16.74 at matunry stage in both 

the years 2005-06 and 2006--07 rcspcc1ivety) bul were rcconkd statistically similar to 

the treatment Fr NJ.d<lll thoogh thc:y proved superior to F.- 10 t FYMlha. Fi - 

NJooK111 and F1 - NioPioKu, .. Thc later two (Fi and F1) treatments also remained 

.statistically 01 p<Jr in dry maner production. 

The dry matter prodoction in all the: tmttmc:nt combinations of spacing and 

fertilizers were found statistically similar at all thc: groy,1h stages during both the: 

years 2005-06 and 2006-07. 

4.1.1 .  10 Ulfarca and ground ro,·u(cm1) 

The data on leaf area (Table 4. l.1 ]) revealed !hat thc:re was no significant 

difference among the three spacing inespcxtiw: of year of cultivation and growth 

stages on size of leaves. Spacing of JO x 30 cm resulted into thc: largest ground cover 

(cm1) at all Ille stages i.e 10.84 and I 0.82 cm2 at vt"ge1111i\� stage:; 20.96 and 21.27 

cml at nowering stage; 23.40 and 24.16 cm1 a1 maturity stage in both the years 2005· 

06 artd 2006-07 respectively and remained similar to 25 x 25 cm spacing but proved 

sta1istically superior to tht- closer spKing20 x 20 em (Table 4 J.12). 
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All the fenilizer man.agcment practices significan1ly increased the leaf an:a 

over control at all the stages of growth. Though h1ghcS1 leaf area was found associated 

with ,ncorporation of Fi- NwP.oKm + S t FYM/ha producing leaf area of 2.22 and 

2.27 cm1 at vegetative stage: 2 23 and vn cm1 al flomering sUlgc; 2.21 and 2.25 cm1 

1t maturity during both the ycan respcchvely, ho,.cvcr, it remained 01 par with the 

trutmcnts F1- N90P61lK.io. F,- 10 t FYM/ha and Fi· NMlPooK:!O. but recoreed significant 

superiority over F, - NJCPlOK,0- 

Similar trend was also observed due !O nutrient treatment on ground cover, 

where all nutrient treatments produced marked superiority over control at all the 

growth stages At vegetative stages the treatment F,- N..0PooK10 +S t  FYM/ha, F.-10 

t FYM.llia and F,- N90Pt,0K.Jo had similar ground cover but "ere superior to the other 

two equally effe<:tive treatments I. e. Fi - NroP.oKliO and F1 - NJCP20K10 AL Oowcrina 

and maturity stages, the treatments Fs- NooPooK:io + 5 t FYM/ha, F•- 10 t FYM/ha, 

Fr- N,cPooK,o nnd Fi - N,oP.wiK:zo resulted similar ground cover but were proved 

superior to F 1 - NJGP20K 10 Tltc largest ground cover 11.41 ; 11.30: 22.09; 22.13 and 

24.32; 25.33 cml was recorded due 10 tltc treauneru F1- NooPooK20 + 5 t FYMJha in 

both the years and all growth stages respc<:tively. 

The lntcrac\lon c1Tect between spacing and nutrient management treatments 

was round non significant on leaf area and ground cover. 

4 . 1 . 1 . 1 1  Lufaru lndu 

PeruSIII of the data on leaf area index {LAI) (Table 4, 1.13 and graphically in 

Fi&, 4,7 and Fig. 4.3) revealed 1ha1 all the spacing treatments remained Ntistically"' 

par at vegetative. llov.ever nt Itowering nnd maturity stages the wider spacing 30 )l 30 

cm produced highest LAI (25 76 and 26.09; 22.97 and 22.07 in 2005·06 and 2006-07 

at both the stages rcspec11vely) though ii remained almost (J/ par with 25 x 25 cm 

i.pacing (25.0 I and 25 .211; 22 45 and 21.59) but recorded marked superiority to closer 

$p1Cmg 20 )l 20 cm. 

Nutrient appl�ation brought about significant improvcmenl on Lh,s anribute 

over control. Among the nutrient application treatments. Fr NooP«1K20 + S t 

FYM/ha recorded the highest LAI at all the stages I c (14.28 and 14.83) 11 vegetative 

stage, {27.41 and 28.03) at fio"ering stage and (24 31 and 24.22) at maturity stage in 

both lhe years of cultivation, and observed to be statistically similar to the treatments 

F.- 10 ! FYM/ha. Fr NwPooK.lll and Fi - NooP,ioK20. All these fourtrca1ments proved 
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Fig 4.6 Effect of sources and rates ofnulri,:m on dry m;mer produc1ion at 

different growth su,ges 



superior to thc treatment Fi- NJOl>lOK,o at all thc growth stages 

'The mteraction effect of spacing and fet1ili«r on leaf !U'Ca index was found 

�tis:ti,;ally tJt par at 111 thc ifO"th stages irrespecti,e of�ar ofcutuv111on. 

4. 1. 2 Yield (q/h1) 

'The data (fable 4.1.14) on fresh and dry hem yield (qlha) revealed that the 

spacing of 25 x 25 cm and JO x JO cm mnained cq111Hy effective on yield. The 

maximum fresh hem yield of 187 60 and 188.57 qllia and dry herb )ield 2SJ7 and 

28.82 qlha wcre � due: to 25 x 25 cm spacing folio...cd by 30 x 30 cm spacing 

)lfOducing 186.22 and 187.27; 28.29 and 28.67 qlha in both the years 2005-06 and 

2()06.()7 respectively. NOO'oitl!Slanding thc!;c 1\1,0 treatments cstabli!ihcd !heir 

significant superiority over closn- spacing 20 x 20 cm. The pancm of yield produced 

is diagrammatically repeeseraed by Fig. 4.9 and Fig. 4.10. 

Incorporation of fet1ilizcr wnh or "llhout organic sources proved much 

effective in increasing the fresh and di) herb }ields during both the years over 

control. The treatments Fr- NJ.oK,o + 5 t FYM/ha, FJ - NgoP.oKJG. F,- 10 t 

FYM/ha and Fi - N�ooKio though remained cq111lly effccti,e in producing � 

herb yield but recorded their superiority over F, - NJioK,o Regarding dry herb 

yield, it was noted that thc �atment Fr- NJ.oK::o+ 5 t fYMnia (32.93 and 33.20 

q.'M) and Fr NwPool<J0(3 t.25 and 3 l.JS qllu,) remained on par but proved superior 

to the treatments F.- 10 t FYMlha. Fi - N"°P.oK20 and F1 - NJ10K10 Thcsc later 

three treatments were statistically at par. 

The interaction effect of both spacing and nulrient management treatments oo 

msh and dry herb yield "as found lo be non significant in both the yeatS of 

cul!iva11on. 

4.1.3 Nu1ricn1 content of plan I 

4.1.3.1 Total nitrogen, pllospborus and po lash coueat or plan I(%) 

The data on nutrient content in plan1 (fable 4.1.15) revealed chat there was no 

significant variation in content of niuogen. phosphorus and potash due to the various 

spacing treatments. 110\\cvcr. highest nitrogen content (1.70 and 1.79%), phO:sphorus 

content (0.44 and 0.46%) and poWI, content {l .57 and l.61%) "ere recorded at 25 x 

25 cm spacing during 2005-06 and 2006--07 rcspa:li�cl). 
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Regarding Lhc effect of different sources of nutrients with varying doses on 

nutrient content in p!ant Edipta pros/rlllu. ii was observed that all the nutrknt 

rn:atments proved statisltcally supcnor to control. Among the nutrient managemo:n1 

treatments Fi- N110P,;,,KX1 F,- lO t FYM/ha and Fj- N,..,P,ic,Kl() + S t  FYM/ha "en: 

statistically similar but superior to the treatment F, - NJOP10K,a and Fi - N'°"ooK». 

whereas Fi and Fi wen: also proved similar. The treatment Fs- Nt,0P,ic,K20 + 5 t 

FYM/ha n:corded the highest nitrogen (1.97 and 2 05%). phosphorus (0.50 and 

O 51%) and potash content (\.70 and l.74%) in both the years respectively, followed 

by the treatment F,- 10 t FYM/ha (nitrogen: 1 90  and l.9Wo, phosphorus: 0.49 and 

0.50%. potash: 1.67 and l.70%) whereas the treatment control rttorded the towes 

nitrogen, phosphorus and potash content. 

The interaction effect of spacing and fertili�rs was found at por on nutrient 

content in plant of E pros1ra1u Lin both the years. 

4.1.3.2 Organic carbon content in plant or£. prastrala (0/o) 

The data on organic carbon content (Table 4.1.15) n:vcaled that all the spacing 

!Jcatments remained stat,st,cally at por on organic carbon content (%) in plant of E. 

prostrata in both the years. 

Regarding nutrient management tn:atments, it was observed that all the 

nutrient applied tn:atmcnls .... ere statistically superior to comm! Among the nutnent 

apphed treatments. Fr Nt,0PoaK10 + 5 t FYM/ha recorded the maximum organic 

carbon (42.91 and 43.11%) follo .... ed by F,- lO t FYMlha (42.37 and 42 77%) m both 

the years respectively. Both these two treatments remained sransticelty at par but 

proved superior to the other three numcnt 1n:atments {F 1. Fi and Fi), 

The interacuon effect of both spacing and nutrients showed that all 

combinations failed to bring any significant diffen:ncc on organic carbon content. 

4.1.3.3 Nitrogen, phosphoru and potash uptake (Kg/ha) 

Regarding N. P and K uptake (Kg/ha) by Lhe plant (fable 4.1.16). the 

tn:atments Sz ·25 x 2S cm and S1 - 30 x 30 cm found statistically similar but supenor 

to the treatment 20 x 20 cm. The treatment 25 x 25 cm n:corded the highest uptake 

ofmtmgcn (49.72 and 53.07 kg/ha), phosphorus (12.95 and U 31 kg/ha) and potash 

(4S 43 and 46.35 kg/ha) in both the )ears respectively and the lowest was recorded in 

!he treatment 20 X 20cm {41.21 and 43.56. I l.27 and 11.66. 39.64 and 40 67 Kg/ha N. 

6) 
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Fig. 4.7 Effect of spacing on leaf area indcit 111 diffen:nt grm>th stages 
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Fig. 4.8 Effect of sources and rates of nutrient on leaf a,ea index at di1Ten:n1 
growth stages 



T•ble 4.1.14 Eff«I of spacing •11d , a rious sou rees and rates of nutrients on 
fresh and dry )idd (qlh) at maturlly slagt 

Treatments Frtsh .)'idd {glba} D� .)'itld (g/hl) 
2005-06 2006-07 2005-06 200, .. 17 

Spa dog 
S1- 20 cm 11 20 cm 182.78 133.80 25.14 24.71 

S1-25cm1125cm 18760 188 57 28.37 28.82 

Si-30cmx30cm 186 22 187.27 28.29 28.67 

s. Ed.(±) 1.17 1.1 s 0.80 0.65 

C. D. (5%) 3.25 3.29 2.22 l.82 

1)05£$ or nulrltnH 
Fo- NoPoKo 148.08 148.91 17 31 17.44 

F, - N:ioP10K10 184.14 185.18 26.84 26 77 

F1- N"°P,oK;,c !93.47 194 47 27.62 27 51 

Fr N"'lP.oK:io 195.90 197 00 31.25 31.38 

F.-101 FYM/ha 194.52 195.58 27.65 28.19 

F,- N"°PooKzo + 197 08 198.13 32.93 33.20 
5 t FYM/ha 

S. Ed.(±) 1.97 1.94 0.88 0.91 

C. D. (5%) 4.02 3.97 l.80 186 

lnternclion (S l f) 

s. Ed.{±) 3.41 J )8 l.53 us 

c. 0. (5%) NS NS NS NS 

FYM - Farmyard manure. NS - Non significant 
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Fig. 4.9 1!1Tect of spacing on herb yield (qlha) 

Fig. 4.10 Effect of sources and doses of nutrient on herb yield {qlha) 
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P ind K respecnvely) m both the years of2005.()6 and 2006-07. 

On the other hand all dilTcrt,nt nutrient treatments significantly incruscd 1hc 

uptake of N. P and K over no nutrient applied treatment. Among the nutrient 

treatments, Fr Nr.;>l'ooK20 + 5 t FYM/ha brought about highest uptake ofN. P, K hilt 

weft' statistically al par wnh F4 - 10 t FYM/ha on N uptake. The rreauneru FJ - 

N'IOPo0K.10 was also proved superior on N uptake to the tl't'atmen1 Fi - NeoP,oK20 and 

F1 - N.10P20K10, whc"" F1and F1 recorded al pt1r. The treatment F.- 10 t FYM/ha also 

resulted into superior uptake of P and K th111 F1- N'IOP.oKJO but lhey proved superior 

10 other nutnenl rreatmems. The highest upw.ke of N (65.28 and 68.46), P (16.45 and 

16.91) and K (56.IJ and 57.38) was recorded under the treatmenl Fr No0PooK20 + 5 t 

FYM/ha followed by F1 -10 t FYM/ha{59.74 and 61.71, !5.47111d 1584, 52.24 and 

5l.2l kg/ha N, P and K) in both rhe years 2005-06 and 2006-07 respect1,ely. 

Combination effect of spacing and nutnent management ireaunents proved 

tllllt all tile tre:umenl combinations failcd lO bring any significant varia1ion on N. P 

ind K uptake. 

4.1.4 Quullty 11uumcters 

4.1.4.1 Total Alkllold Conltnl (0,1,) 

The data ofTable 4 .1.17 revealed that tile COUil alkaloid contenl (%) of Ec//p1a 

prostro/11 L failed to show marked vanation due to lhr't'c different spacing treatment$. 

The IOI.II! alkaloid content was 0.27 and 0.28 % in 20 11. 20 cm. 0.28 and 0.28% in 25 11. 

25 cm and 0.28 and 0.28'Yo in JO 11. 30 cm ireeunem during both the years respectively. 

All the nutrient treatments proved staustical sepericrhy on total alkaloid 

eontent of 1he planl over control. However, the cffcctivity of all the nutrient 

management treatments proved equal on alkaloid coment. 

In the in1erac1ion efTc>cl of spacing and nutrient management treatment it was 

found that all the combination treatments "ere u1 pur on alkaloid content. 

4.1.4.l Tolal Alkaloid yitld (Kg/ha) 

The total alkaloid yield [fable 4.1.17) oould not show marked variation due lo 

wider spacing of JO:,,; 30 cm and 25:,,; 2, cm treatments but proved superior to the 

closest spacing 20 11. 20 cm. The treatment 30:,,; JO cm spacing recortlcd the maximum 
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alkaloid yield (8 22 and 8.12 kg/ha m both the years respectively) followed by 2S x 2S 

cm (8.18 and 8 12 kg/ha). Both these rwo rreetrnems were a, par hue showed their 

wpniority over 20 x 20 cm (7.0l and 7.18 kg/ha). The pattern of alkaloid yield was 

flllphically reprcscmed by F1g 4.11  and Fig. 4.12. 

All Lhc nutrient applied crea1ments produced statistically superior alkaloid 

yield over control. Among the nu!ricnl treatments. Fi- NroP.cK:io + S t  FYMllla 

prodoccd the maximum alkaloid yield (9.79 and 9.77 kg/ha in 2005-06 and 2006-07 

�lively) which was recorded Slllhstically similar to the treaunent F...- IO t 

FYMlha but superior to the other nutrient applied treatments , �- Fr N90P60K10, F1 - 

NJooK:io and F1 - N,oP:ioK,o The later three treatments also remained Sllltistically 

similar in both the years. 

The interaction effect of both the spacing and fertilizer proved non significant 

on the yield of total alkaloid and Its content. 

4.1.4.J Sugar content (0/o) 

Data on sugar content prescnced in Table 4 1 18 revealed no significant 

variaLion on account of three spacing treatments on total sugar as well as reducing 

sugar and non-reducing sugar content (%) in plant during both the year of 

experimentation. 

Regarding fertility management practices once again they showed their 

marked superiority over control treatment (Fol in increasing total sugar and reducing 

Sligar. However, the content of non reducing sugar remained unaffected by all nutrient 

untments including control. Maximum non reducing sugar was found associated 

wtth F,- 10 t FYM/ha treatment (1.39 and 1.38% in both the years respectively) 

follo>1<ed by the trcaunent Fs- N60P.oK:io + 5 t FYM/ha (1.36 and 1.35%). The 

treatment 10 t FYM/ha recorded the highest total sugar (6.82 and 6 88% in both the 

)'Clll'S respectively) and remained statistically al par with rhe treatmenl NJ.0K10 + !i 

t FYMlha (6.79 and 6.86o/.J. Both these two treatments "ere found superior to the 

other throe (F1 - N.ioP:ioK,o. F1 - NJ.oK:zoand Fr NooProKJCI) trea1ments which were 

sta1istically similar among themselves. All the five nutrient applied 1reatments were 

statistically at par on reducing sugar content but proved superior to control. 

All the treatment ccenbtnanons stansncally proved non significant on total 

sugar content including rcdueing and non reducing sugar in both the years. 
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Tablr 4.1.17 Effect or spacing and urious source! and r•trs of nuuients on 
101al alkaloid content ("lo) and lolal alkaloid yield (kg/ha) 

Trutments To1al aU,aloid content j%! Total alkaloid �·ield (Klfb•} 
,oo,_,,. 2006-07 200S-06 200(H)7 

Spacing 
S,-20cmx20cm 0.27 0 28 7.01 7.18 

Si-25cmx25cm 0 28 0 28 8.18 • 12 

Si-30cmx30cm 0 28 0.28 8.22 8 II 

s. Ed.(±) 0.01 0.01 0.31 0 28 

C. D. (5%) NS NS 0.87 0.77 

l>oses or 

nutrienll 

Fo-NoPoKo 0.24 0.24 4.29 4.24 

F1-NJOP20K,o 0.27 0.28 7.33 7.72 

Fi- N60P.oKM 0 29 0 29 8.03 8.00 

Fr Nool'61lK10 0.29 0.29 8.09 8 07 

F,- 10 t FYMfha 0.29 0 28 9 29 9.01 

F,- NooPooK:,o + 0.29 0.29 9.79 9.77 

5 t FYMlha 

s. Ed.{±) O Ol O.Ol 0.46 0.36 

C. D. {5%) 0.02 0.02 0.95 0.74 

lnter,iction (SJ 

F) 
s. Ed.(±) 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.!!i. I A\'1ilable Soll Nl1rogtn, Phosphorus, Potash (Kg/ha) 

The data (Table 4.1.19) on available residual nitrogen in soil (Kg/ha) after 

harvesting of crop revealed marked variation on this attribute due to d,ffen:nt spacing. 

Spacing of20 x 20 cm resulted in10 maximum available N m  soil (230.0J and 276.02 

k&fha rcsp«:tively in both the years) however, it n:mained w par with JO x 30 cm 

(279.06 and 275.59 Kglha) but proved superior to 25 x 25 cm (277.39 and 274.03 

Kg/ha). Residual availability of Pi(), and K� rernarred unaffected by spacing 

tn:aunents and showed almost equally effective. However, spacmg of 30 x 30 cm 

rcconled the maximum available PiOi (27.74 and 27.74 kglha) 1,hen:as 20 x 20 em 

showed maximum available KiO (80.12 and 76.13 Kg/ha) in bo1h The yem 

respectively. 

Nutrient applied treatments significan1ly increased the residual fertility In 

1enns of available N, PiO,, KiO and proved superior lo control ancr each harvest The 

treatment F.- 10 t FYM!ha m:ordcd the maximum available nitrogen (288.21 and 

284.47) and availnble KiO (33 02 and 78.89) Kg/ha in both the )tars respectively and 

n:maincd statistically m par with the 1n:umem F,- N60P.0K20 + 5 t FYM/ha 

(available N: 237.35 and 283.84 kgiha and available KiO 82.67 and 78.55 Kg.,1Ja in 

both the years n:spcctively). Available PiO, however was recorded maximum due IO 

Fr N.0P.0K1<1 + St FYM/ha (31.20 and 27.04 Kg.,1JaJ F,- 10 t FYM/lla (30.7S 11r1d 

26.83 Kg/ha) respectively in both the years. These two treatments i.e. F, and F. 

511tistically proved superior to the other thn:e nutrient tn:a1ments (Fi. Fi and F1) in 

both the years, however the tn:atment$ Fi. Fi and FI n:maincd 011 par. 

The interaction effect of both the spacing and ferti li1.er treatment revealed no 

significant differences among different 1n:atment comblnattcns on available N. PiO:s 

111d KiO in soil after har,es1mg of the crop. 

U.!!i.2 Organic Cubon Content (%) in soil 

The data on soil organic carbon content (Table 4 LI 9) n:vealed no significant 

variation due to various plant spacing on soil organic carbon content. However, 

spacing 20 x 20 cm produced higher soil organic carbon (0.69 % and O 67 % in both 

the years 2005-06 and 2006--07 respectively). 



, 

Content of soil organic carbon s1gnifia1111ly incttaSed due to all nutrient 

management practices o,er control. Application of F• • 10 t FYM/lla and F, - 

NJ..cK:NJ + S t FYM/lul though remained Slalisti<.:ally at par but pro� superior to 

F1- Ni,oP20K10. Fi· Noc,P.oK20 and Fi- NooPooK,o. Similarly the trcabMnts F,. Fi and Fi 

proved equally cfTe<:tivc. The trcauncnt Fr 10 t fYM/1,a recorded highest soil 

organic carbon eon tent (O.n and 0.70%) follov,� by the treatment Fr- N.oP.oKxo +, 

t FYM/ha (0.72 and 0.69%) in both the )'Cat5 respcc1ivdy. The lowest soil organic 

carbon was rc,;;onk,;I under conltOI i.e. Fo- NoPoKowith 0.64 and 0.63% respecti....:ly 

in bolh lhe years. 

The intcntCtion effect of both the spacina and nuuicnt management uaunents 

failed to produce significant varia1ion on soil orpnic carbon to11tent. 

4.1.6 Economic lndktt 

The eeonomic indices (pooled data of200S-06 and 2006--07) were presented in 

the Table 4.1.20. From the Table it is revealed that the total cost in the trial increased 

\\ith successive &:crease in spacing. The maximum rou.l cost of Rs. 9,099fha wu 

rcconkd due to 20 x 20 cm spacing follo"ed by 2S x 2S cm spacing (Rs. 8,989111,). 

The hi&hest ifOSS income (Rs. 2l.S9Sibl) and Mt income (Rs. 19.606/ha) wu 

recorded in the treatment Si - 25 ,c 25 cm follo,ocd by the tm11mc:nt Si - 30 x. 30 cm 

(Rs. 28,480/lia and Rs.19.601/ha as gross income and net income respe,cti�ly). The 

highest benefit cost ratio (2.21 :1) was IIOlcd in the treatment SJ- 30 ,c 30 cm followed 

by the treatment Si- 25 x. 25 cm (2. l I: l ). 

Regarding nutrient management treatments the highest cost {Rs. 9,911,.,,.) wu 

obs,ervcd in the treatment Fr Nwf'60K:,o followed by the treatment F,- NJoof<:io-1- S t 

FYMllia (Rs. 9.S39/ha). The highest gross income (Rs. 33,60Mia) and net Income 

(Rs. 23,526/ha) were recorded under the treatment F,- NJ.oK:111 + S t FYM/ha 

followed by the treatment Fr N110P60K. (Rs. 31.315/ha and Rs. 21,334/ha as gross 

and net income mpectivdy). The maximum bcMfil : cost mio (2.47: I) wu nx:ordcd 

due to the treatment F,- NJeK:io+ 5 t FYM/ha follo"'ed by the treatment F.--10 t 

FYM/ha (2.44: I). 
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T1ble 4.1.20 Effut of spacing and various wu� and rares or nutrl�nts 
on e,,onomk Indices 

Trntmtnl Total cost G= 

"" 
Benefit : 

(Rslh•) Income lnwme Cost ratio 
(Rllh•J jlWh•) 

Spacing 

S1· 20 x 20 cm 
- 

24925 15826 1.74 

Si-25x25cm 8989 28595 
""'' 

2.18 

S1-30x30cm 8879 28480 1%01 2.21 

Doses of nutrients 

Fa- NoPoKo 7005 17375 10370 l.48 

F1 - N>0P:ioK10 
"'' 

26805 18808 'll 

F1-N60P.0K:io 8989 27565 18576 2.07 

Fr N,,P.0K>0 9981 31315 21334 2.14 

F,-10 t FYM!lia 8)05 27920 1981 S 2.44 

rN60P«1K10 + 9539 33065 23526 2.47 
5 t FYM/ha 
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4. 2 Date or transplanting and harvesting stage tria 1 

4.2.1 Growth 

Effectivity of expcrimcmal variables I.e. different date of transplanting 11nd 

harvesting stage of E:clipra pros1a1a L. "as measured in terms of plant height. number 

of primary and secondary branches, diameter of main stem and branches. number of 

leaves and leaf�a index, number of roots and root length. and dry mailer production 

during both the years 2005·06 and 2006-07 

4.2.1.1 Planl height (cm) 

Data on plam height (cm) presented in Table 4.2 I revealed significant effect 

of date of transplaoung. Transplaming of Echpta pros/ala L. seedlings on is• June 

produced tallest and statistically superior plant height (43.10 and 46.56 em during 

both the years respectively) as compared to other transplanting times. closely 

fellowed by the 15'" May u,msplammg {38.88 and 40.25 em). Transplanung on 15"' 

May also proved superior to 15111 April and 15111 July. EITccl of later two remained 

statistically at par The paucm of increase in plant height due to these two variables 

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

Late harvesting of crop coinciding maturuy stage produced lllllest and superior 

plan! height (46.96 and 51.37 cm) in both the years respectively as against h31Vesting 

at flowering and vegetative stages. The shonest plant heigh1 was recorded due 10 

harvesting at vegetative stage (22 46 and 23.73 cm). Accordingly harvesting at 50 % 

flowering stage (40.38 and 43.52 cm) remained statistically superior to harvesting at 

vegetative stage. 

The interaction efTcct of transplanting times and harvesting stages was fcend 

statistically sinular on plant height. 

�.2.1.2 Primary branches 

D11Teren1 dates of transplanting brought about significant vartanon in the 

production of primary branches (fable 4.2.1). The 15"' June 1nmsplanung treatment 

re(:orded the maximum number of primary branches/plant {15.15 and 17.37 in 2005- 

06 and 2006-07 respectively) and proved statistically superior lO other transplan1ing 

dates. Similarly l 5"' May and 15111 July transplanting treatments "ere equally effecnve 

but showed their superiority over 15111 April transplanting in production of pnmary 

branches. 



Varying d31e of harvesting also proved marked variation in the production of 

primary branches. Harvesting of crop a1 maturity stage produced maximum number of 

pnmary branches i.�. 14.23 and 16.37 respectively during first and second year but 

remained statistically at par with the harvesting al 50% no,.ering stage but both the 

stages proved markedly superior to harvesting at vegetative stage produdng lowest 

number of primary b111nchcs (5.67 and 6.24) in respective years. 

The interaction effcc1 of ume of transplanting and harvesting stage failed to 

bring any significant differences on production of number of primary branches per 

plant in both the years 2005-Q6 and 2006-07. 

,.2.l.J Secondary branche, 

Perusal of Table 4.2.! eKhibited highest number of secondary branches (24.44 

and 26.08) per plant when plamcd on 15"' June during 2005-06 and 2006-07 

respectrvely and proved superior to 15,. May transplnnting (19.93 and 19.07). 

Production of secondary branchcsfplant markedly decreased due to very early and too 

late transplan1ing on 15'" April (10.09 and 13.65) and 15"' July treatment (12.40 and 

15.16) during both the years respectively. Whereas 15'" April and is"' July 

transplan1lns remained statistically m par. 

Data funher revealed that harves11ng al maturity stast recorded the maximum 

number of secondary branches (24 56 and 26.82 respectively in both the years) but 

remained 111 p11r with hat\lcsting al 50 per cent flo,.cring stage (19.69 and 23.59). 

However, it proved superior to 111 - harvesting at vegetative stage (4.39 and 5.07 in 

first and second year respccuvely). 

The interaction bet,.cen transplan1mg time and harvesting stage was non 

significant on production of secondary branches 

4.2.1.4 Stem •nd branch diameter (n,m) 

Scanning of the data (Table 4.2.2) penaining to stem and branch diameter 

revealed that l S'" June trsnsplanting treatment recorded rhe highest value of stem 

diameter {4.72 and S.9lmm) during both the years respectively and proved 
513tistlcally superior to the other 1rea1mcnts followed by ST 2 - l 5°" May transplanting 
(4.55 and 5.26 mm). Similarly, 15u, June transplnntins recorded the maximum value 
ofbraneh diameter (2.20 and 2.30 mm) durmg 2005-Q6 and 2006-07 respectively and 

remained statistically similar to I 5.., May transplan1ing, however. proved superior to 
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1S111 April and IS111 July transplanung treatments. These IS"' April and IS111 July 

transplanting remained statistically at par bill failed lo bring significant increase in 

stem and branch diameter during 00.h 11>e years of cultivation. 

Harvesting of &f/pta prw1rota at maturity stage recorded the higheSI stem 

diameter {S.30 and S.82 mm) as .... ell as branch diameter (2.19 and 2 24 mm) in the 

�ar 200S-06 and 2006-07 11$pectively, but remained statistically on por with 

harvesting at SO�. flowering stage (5.14. S.73 and 2.2), 2.)) mm stem and bn.nch 

diameter in both ll>e years respectively). Ho .... ever, they proved markedly superior to 

harvest in¥ al vegetative stage. 

All the treatment combmntions of transplanting times and harvesting stages 

failed to brin; any �igmlicam variations on stem diameter and bn:anch diameter. 

4.2,l.5 Numlltr orlu,·cs 

Production of leaves varied significantly due to varying dntes of transplantina. 

From the data {Table 4.2.2), it wes observed that STJ - 15111 June transplanting 

resulted into the production of maxlmum number of leaves per plant (169.96 and 

179.27 in the year 2005-06 and 2006-07 respectively), and proved markedly superior 

to the other trcn1men"- fellowed by STi - 151� May transplantina (141.39 and 

144.98). Transplanting on IS"' July and IS., April showed the lowest production of 

leaves but remained 111 p11r. 

Data funllcr revealed that harvesting al SO % no ... ering stage, recorocd lhc 

highest produe1ion of number of leaves 187.35 and 195.52 in both the ycm 

respectively and remained suuistical!y superior lo harvcs1in11 at maturity stage. The 

lowest leaf number {H.42 and 63.91) was recorded due 10 harvcscing al vegetative 

The intemction effect of time of transplantins and harvesting mases were 

found 11011 signi ficaot in production of leaves oumbo:r. 

�.2.1.6 Numlltr ofroo1 and root length (em) 

Da1a on number of roots/plant and length of roots (cm) arc presented in Tablc- 

4.2.3. Examination of data showed lhal IS"' Juoe tn:ansplaoting produced maximum 

roo111umbcr/plaot (50.97 and 54.26) as well as root kngth (15.15 and 16.89 cm) 

during both the yeees. Jt pro, ed markedly superior to the other dates of transplanting 



• - • • ' N 

- ' • N N 

• • i • • N 

- & • • 0 • N 

- ' • � • - • 
E 1 

N • • N � - 
• • • - 

z 
N • ' 

e 

- • • ' E > N 

- • • • • 
- • • E • � 

N 
• � � • 0 . , 

J � N e 

• 

- 
• • � •. N • • 

' 
N � N 

s � � z 
• s • • N 

' ' ' - 
• 

• • • 
• z N 

' • < 
' 

• l • N 0 

' ' ' ' 
e 

• N • • • N - • 
0 • 

- 
N N g E • g ... N 0 • 

N N • 0 
z 

' • N 

• • 
E E 

� ., 

" 8  
•  •• s 0  

- - 
0  N  e  •  e  

- '  • 
•  0  N  N  0  N  e  �  g N  z  0 0  

N  N  0  0  N  0  0  e  � �  •  
"  
• 
• 
•  -� 

- • • • e � N s N 

- • • N • • N 

• • - � • z 

' 
• • • • 0 0 e • • 0 0 

" • 
• � 
• • E 

" " 
• • 

g 
E 

• 
• • N 

• • • 0 • 0 

- ' • • ·; 

' - • N e 0 

- � z 
• • " 

• • • .; 0 0 e • • • 0 

• 00 N 
·; - 
• • 
••  - . 
•1 • c ;. 

• 
a 

- 
-· •  - 

- 
'  - ,_ 

E  ,.a • 
• J 

. , • - . ·; 
• � 1<. �i ·- 

" . .§ ' • - . 
-� " ·;: -" 

., ·:::; 

·E' - . • • 
" 

E • i <  
,  

•  •  
- •• 

� 
'i 

• 
'i • • - - , � !'ii , • - � N 

• • •• • • • E • " 
E 

' � E •• • • • • ' . - 
• . - - 0 , 

- ·�  
- z  

;  •  • Q  '� • �  c  Q  

�  �  
•  •  • • ' ' !;; 

w w a w  

• •  

-� u 
. - 

"  • u 
00  �  = :i::  " " 

u 
• •  

• " 
00  -  00  z 

" 



in respect of number of roou; but remained at par w,th IS"' May transplanting in case 

of root length. The lowest root number and root length wen: recorded at 15• July 

closely followed by IS"' April transplanting. though later two wen: suuistically III par. 

Again harvesting al maturity stage produc«l muimum number of roc>Wplant 

{S0.74 and 55.43) along with longer root lenglh (15.32 and 17.98 cm) respectively 

during both the years. 1101<-evcr, harvesting at SO % 1101<-cring stage (root number- 

48.09 and 54.79: root length- 14 41 and 16.00 cm) proved equally efTcc1in. Both 

these two rreetmerns remained superior to harvesting at vegetative stage (root 

number-31.09 and 31.13; root length- 1 l .89 and t 2.16 cm). 

The treatment combinations of sowing lime and harvesting stage revealed that 

there was no significant efTect on number of roots per plant and root length of E. 

Prw1ra1Q I... 

4.2.1.1 Dry maun 11roductlon 

The data on dry matter production (fable 4.2.4) revealed that transplantina on 

1s• June produced the maximum fresh weight/plant {31.93 and 33.0l g). dry 

weight/plant (8.85 and 9.48 s) as well as dry matter produclion (2S.6S and 26.46) in 

2005-06 and 2006-07 respectively, and established its superiority over other 

treatments followed by transplan1in11 on 15"' May {fresh weight 26.96 and 28.57: dry 

weight 6.76 and 7.5'; dry mauer production 23.26 and 24.40 respectively in both the 

years). Transplanting the crop on lS"' July and IS" April resullcd into the lowest 

vetues of these parameters and remained statistically m par in their etTcccivity in 

respect of fresh weight, dry weight and dry maiter producuon. The graphical 

n:pn:scmation of dry man er production is presented in the Fig. 4.IS and Fig. 4.16. 

Similarly harvesting al 50 % flowering stage recorded Lhe muimum fresh 

weighllplant ()6.71 nnd 38.68 g). dry .... eighllplBnt (9.92 and 10.99 g) and dry matter 

production (26.26 and 27.8) respectively io both the years and proved sta1ist1cally 

supcr,or to other harvesting stages. Concurrcn11y harvesting at metunty stage ptO\'ed 

next best producing fresh weight; 28 33 and 29.73 g; dry .... eight; 6 42 and 7.15 g and 

dry maner production· 22.24 and 23.66 respectively in both the year. The lowest 

value of fresh wc1gh1 {I 0.65 and 1 l.72 g). dry .,.,cighL (I .88 and 2.14 g) and dry maner 

production (17.52 and 18 25} were r«ordcd m case of harvesting the crop 11 

vegetative stage. 

8l 



T11.blt 4.2J Effefl of tnnspla nling lime and ha nttling 5!11.gtl on number of 
root/plan• and roo11tngth (cm) 

Trtatmcnt5 Number or rool/211101 Root lengtb {cm} 
2005--06 ,.,._.,, 200S·06 2006-47 

Transplanting time 

ST1· 15"' Apnl 36.69 40.30 12 45 14 19 

ST1· IS"' Mny 45.32 49.38 14.89 16.70 

ST1· IS"' June 50.97 54.26 15. I 5 16.89 

ST,· IS'' July 40.24 44.5) 12.99 IJ.74 

S. Ed. (tl 1.83 1.% 0.29 0.24 

C. D. (5%) 4.48 4.79 0.12 0.59 

H11.nl':Slin11: siagl':S 
H, - vegetative Jl.09 J \.13 11.89 I 2. I 6 

stage 
lh- 50 % .... 54.79 14.41 16.00 

Flowering stage 
Iii- Maturity 50.74 55.43 15.32 17.98 

Slagc 
s. Ed. (t) 3.32 3.3 l l.16 1.10 

C. D. (5%) 7.05 7.01 2.46 2.34 

ln1cr11.ctlon 
(ST J 11) 
s. Ed. (t) 6.65 6.62 2.32 2.21 

C. D. {5%) NS NS NS NS 

NS• Non significant 



The inteT'll(:tion dTect of time of transplanting and harvesting stage failed to 

produce significant variation on these parameters in either year. 

4.2.1.8 Le.f uea, ground cever ud total leahrea (em1) 

The data on leaf area (Table 4.2 5) clearly showed no significant vanation due 

to different time of trans.planting and harvesting stages of EcUp,a pro11nua L. during 

both the yean of cultivation. llowever, in respect of ground cover and total leaf area 

(Table 4.2.S) significant variations "ere observed. Transplanting on is• June brought 

about highest ground cover (27.95 and 29.88 cm1) and total leaf area (358.3 l and 

444.00 cm2) in 2005-06 and 2006-07 respectively, and proved statistically superior IO 

!he ocher treatments followed by IS"' May transplanting (ground cover- 23.34 and 

24.93 cm1: total leaf area- 290.32 and 330.31 cm1 in both the yean respectively). The 

11ea1mcnts IS" April and I 5111 July transplanting resulted the lowest ground COVCT and 

Iota] lenf area and their efTeetivily remained statistically srm ilar. 

Harvesting of crop at various stages showed no marked variation on individual 

leaf area. Nocwithstandlng I Ii- harvesting at 50 "• nowerlng stage recorded relatively 

higher ground cover (25.92 and 29.12 cm1 in bo1h the yeal\respective!y) closely 

followed by harvesting at maturity (24.85, 27.23 cm1) but both these two stages 

proved statistical superiority over harvesting at vegetative stage. On the ocher hand 

harvesting at 50% flowering stage proved statistically superior in tocal leaf area 

(390.59 and 455.73 cm1 in both the years respectively) follo"ed by harvesting at 

maturity stage (336.44 and 391.10 cm\ The lowest total leaf area (108.68 and 138.66 

cm2) 
was observed at vegetative stage. 

The treatment combinations of transplanting time and harvesting stage 

revealed that there was no significant difference due to their combina1ion on leaf 

area/leaf, total leaf area and ground cover/plant 

4.2.1.9 Ltaf Uta lndu {LAI) 
Data on LAI (Table 4.2.5) exhtbned sigmf1eant variation due to different dal<:S 

of tnmsplanling during both the years. Crop transplanted on 15• June recorded 

highei;t leaf area index 12.35 and !4.26 in both the years respectively. lto"ever, it 

remained a1 par with 15111 May transplanting (12.00 and 13.66), but proved marl;:cdly 

superior to 15111 April and 15111 July transplanting treatments. The later two dates of 

transplanting proved equally effecuve. 
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Fig 4.15 Effect oftransplantmg time on dry matter producuon (%) 

2006-07 2005-06 

Fig 4.16 Effect of harvesting stages on dry matter production (o/•) 
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Harvesting of crop at SO % Oov,cring stage prod� maximum luf are. 

index { l 5 38 and 15. 73), though it ,,,as found at par with harvesting 11 maturity stage 

(13.46 and l4.S8), but sho"ed stausuc:al superiority over harvestin8 at vegetative 

Slllge (6.81 and 8.86). The cffc,;1 of uam;planting dates and han·l'Sling stages ort lc:af 

area index is diagrammatically reprnen!Cd in Fig. 4.17 and Fig. 4.18. 

Leaf �a index could !IOI show marli:ed variation due to interaction effect of 

tram;planting dates and harvesting Stages. 

4,2.2 Yield (q/ha) 

Perusal of data on yield (fable 4.2.6) clearly shewed 1ha1 carher as well u late 

transplanting proved dclrimenial on yield. Muimum frcl, herb yield (196.94 and 

201.30 qlha) as "ell as dry herb yield (52.07 and SS.OS) �$f)C'Ctively during 200S-o6 

and 2006.07 were m:onkd due to transplancing of crop on is• June {Fil- 4.19) and 

proved statiscically superior to other llllnsplanting d11es. Next in order of performance 

in increasing herb )"ield "as 15• �ily transplancing (fresh yield ·184.06 and 

181.41q/lla, dry yield· 43.SS and 46.17 q/ha in bolh the yean rcspcc1ively). No 

significant improvement in the production of frc511 and dry herb yield could be 

established due to llllnsplanting the crop on is• July and is• April and they �maincd 

eq11ally effective. 

llar.·estin& the crop 11 differmt IV0"'1h stages prodl.lCed sigriift«nt variation 

Oil yield (Fi&. 4.20) of frcl, and dry hcrll. llarvescing 11 SO % Oo"'crin& stage 

recorded the maximum fresh herb )"icld (203.82 and 208.1 l q/ha) as "ell as dry herb 

yield {S4.00 and S8.3 I qlha) �lively in first and second year of cul1iv11ion and 

proved significantly superior to othtJ harvesting stages. Concurrcntly harvesting at 

maturity stage produced romperablc frcl, herb )ield (191.23 and 194.81 q/lla) and 

dry herb yleld (42.90 and 46.42 qlha) respectlvely in both the yell'$. esWlliJhing illl 

marked superiority over� Lo"esc fresh herb >ield (152.66 and I S6.63 qlha) and 

dry herb yield (26.73 and 28.60 qllia) were m;orded due to han<esting at vcgct.ltivc, 

stage dunng both the years respectively. 

The intenic1ion effc,;t of tnmsplanting times and han·csting stages remained 

statistically similar on fresh and dry herb yield i�pcetive of yea.,; of cultivation. 
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Fig 4.17 Effect of transplanting lime on Leaf area index 
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Fig 4.18 Effect of harvesting stages on Leaf area index 



4.2.J Nutrient content of plant 

4.2.J.1 Total nitrogen, phosphor11s nd potash con1tn1 ofplanl 

Significant improvement in the content of N, P and K in plant of &/ipu:1 

p,w1ro10 L. was recorded due 10 transplanting of !ittd!ings on I 5111 June which proved 

mari,;cd superior (Table 4 2. 7) to the other transplanting dates. producing highest plant 

nhrogen content of 1.35 "• and 1.)9% during both the years respectively. The other 

three dates of transplanting rcmaincd 01 por pertaining to N content. Similarly 15• 

June transplanting produced highest plant phosphorus (0.41"• and O 42%) and plant 

poWh ( 1.41 % and 1.45 %) in both the )'Cars I [o,.cvcr, it "as found statistically m 

por with the trcatmcnt 15111 May transplanting seedlings in cast of P and K 

(phosphoros-0.40 and 0.40, potash 1.38 and 1.43 in both the years rcspcetivcly) but 

superior to the other two. I e. 15111 April and 15" July transplanting s«dlings. 

On study of harvesting stages, it was revealed that harves1ing of crop at 50 % 

flowering stage produced highest vefue of plant nitrogen coment (l .50 "• and l.54 

%), plant phosphorus (0.46 o/o and 0.46 %) and planl potash (1.48 % and l.52 %) in 

2005-06 and 2006-07 respectively and proved statistically superior 10 the other 

treatments closely followed by harvcstin11 at maturity stage (plant nitrogen 1.23 and 

l.27%. phosphorus· 0.37 and 0.33%, potash ·1.41% and 1.45% ln both the year$ 

rtspechvely). The lowest value of these parameters was rc<:orded due to harvestina of 

crop at vegetative stages. 

The interaction effect between transplanting time end harvcstmg stage 

sho,.cd that all the treatment combinations remained statistically non significant 

pertaining to nitrogen, phosphorus and potash content of plant. 

,.2J.l Organ le carbon content or Ill on t (0.4) 

The ireaimem transplanting of Kalling on 15111 June brought about highest 

o,pnle carbon content in plant (40.16 and 4047 %) followed by 15" May 

transplanting Sttdling (39.50 and 39.77 %) and recorded its markcd superiority over 

other two treatments (Table 4.2.7). Transplanting on 15°' July as well as 15" April 

provcd almost equal in respect of organic carbon con lent of plant. 

Harvesting of crop at 50 % flOl',tnng stage recorded the maximum value of 

plant organic carbon (42 18 nnd 42.4) %) respectively during both the )tars and 

proved staustically superior 10 harvesting at maturity stage ()9.33 and )9 60 %). The 

9) 



T 1blt: 4.2.6 Effttt or 1raos11la oting tin1c and ha r,esiing s1agl'!I on fush and d ')' 
herb )lcld {qlha) 

Trtalmtn!S Frnb herb yield {qlhl) D!:l' bub l'ield jg/ba) 
200S-06 2006-07 2005--06 2006-07 

Tran�plancing time 

ST,-15,i, Apnl 173.19 177.02 34.20 38.43 

STr 15"' May 184.06 188.41 43.55 46.87 

ST1-15"' June l96.94 201.30 52.07 55.05 

ST,- 15,i, July 176.10 179.H 35.0l 37.43 

s Ed (±) I 91 1.82 0 6l 0.96 

C. D. (5%) 4.68 4.46 I l1 

'" llarvl'!lting stages 
H, - Vcgetacive 152.66 156 63 26 73 28.60 

stage 
Hi-50% 203 82 208.11 54.00 58.31 

Flowering stage 
Hr Maturity 191.23 194.81 "90 46.42 

stage 
S. Ed (±) S.06 

'" 
2.50 J.03 

C. 0. {So/•) 10.72 !O 70 5.30 6.42 

lntcradion 
{ST x II) 
s. Ed.(±) 10.12 10.09 ,.oo 6.06 

C. D. (5%) NS NS NS NS 

NS- Non significant 
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Fig 4.19 Effect oftransplwuing time on fresh 1U1d dried herb yield (q/ha) 

, . 

,,.._,, 

Dry herb yield 

2005-06 2006-07 

Fresh herb yield 

• I 
2005-06 

• 

Fig 4.20 Effect of harvesting stages on fresh and dried herb yield (qlha) 



lowest value of organic carbon was found llSSOCiated with h.atvesling at vcgetlltive 
stage. 

The plant organic carbon remained unchanged due 10 in1enc1ion effect of 
tnmsplanting time and har.esttng stage. 

4.2.J.J Uptake of nitrogn, phosphorwi and polasb by plant from snil (Kgfll1) 

The data of Table 4.2.8 revealed stalistical superiority of is• June 
uansplantmg seedlings in increasing nitrogen. phosphorus and potaSh uptake by 
&l,pto pronrtua im:spcctive of �ar of cuhivation. The highest upllke of nitrogen 
(73.40 and 79 68 kg/ha). phosphorus (22.47 and 22.78 kg/lw) and poWh {76.05 and 

78.29 kg/ha) respc,;uvely during 2005-06 and 2006-07 were rcron:led due IO is• June 
transplanting followed by 15"' May transplanting (Nitrogen -57.39 and 64.05 kg/ha, 

phospt,on,s. 18.03 and 18.29 kg/Ila and poWh- 61.59 and 63.71 kg.ilia). The uutmcnt 

15111 
April and 15111 July transplanting treatments mnamed statistically a1 f'OT' in 

nitrogen. phosphorus and poWII uptake from soil. 

Har.csting al 50 % flo.,-ering stage m;ordcd the highest nitrogen uptake 
(81.69 and 90.54 Kg/ha). phosphorus uptake (25.0ltand 25.42 kg/ha) and poWh 

uptake (80.77 and 83.07 kg/ha) in both 1hc years respc,c1i,-ely and proved statistically 
S11perior to the ocher treatments followed by harvesting at maturity stage (nitrogen • 
SJ.JS and 59.32 kg/ha, phosphorus -16.20 and 16.44 kg/lw and potash - 60.81 and 

62.62 kg/ha). The lowest uptake ofnulricnts "'115 recorded in the treatment harvC$ting 

at vegetative stage with nitrogen 29.51 and 32.99 kg/ha. phosphorus- 9.56 and 9.74 

kg/ha and pocash-32.71 and 34.05 kg/ha rcspc,;1ively in both the years. The variation 

of uptake ofN, P and K due to different transplanting times and harvcst:ing SUigcs arc 
diagrammatically represented by fig. 4.21 and fig. 4.22. 

The interaction elTe,;t of transplanting limes and harvesting stages prodlJCCd no 
significant effecr on nitrogen, phosphorus and potash uptake by the plant. 

4.2.4 Quality upcel 

4.2.4. J Total alkaloid conttnt ("lo) 

The results on total alkaloid content(%) rc,-ealcd indf«tivily or four diff�nt 

seedling transplanting times oo total alkaloid content during both the )'Caf'S of 
tultivation (Table 4.2.9). 
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2005-06 2()()6.()7 

POIIMI up111ko 

a H3 • Matunty stage 

2005·06 2()06.()7 

2006-07 

2006·07 

Phosphorus up11�• Nitros•n uptllk• 

Ni1l'O&tn up1ake 

2005-06 2006-07 2005-06 

2005·06 2006-07 2005-06 

Fig 4.21 Effect of transplanting time on uptake N, P and K (kg.Iha) 

Fig 4.22 Effect of harvesting stages on uptake N. rand K (kg/ha) 

, l!I H1 • Vegetetiw 11a,ge a H2 • 50% ftowering stage 



Variation in harvesting stages produced significant effect on a!luilo1d content. 
Harvesting of crop at 50 % flowering suige recorded the highest total alk..aloid content 

(0.32 and 0.31 % in 2005-06 and 2006-07 respectively) whi-:h proved statistically 
superior to the other treatments. closely followed by harvesting at maturity suigc (0.27 
and 0.27 %). The lowest va!ue on total alkaloid content was recorded in case of 
llarves1ing at vegetative stage (0.12 and 0.11 % in both the year respectively). 

All the interaction combinations of transplanting times and harvesting stages 
were found statistically non significant on total alkaloid content. 

4J:.4. 2 Toral alkaloid yield (Kg/ha) 

The total alkalord yield (Kg/ha) was recorded highest (Table 4.2.9) undc:r ts• 
June transplanting treatment (14 16 and 13.49 kg/ha). which was statistically superior 
to the other treatments fellowed by 15111 May transplanting (11.62 and 11.28 kglba). 
The IS"' April and IS"' July transplanting treatments resulted into lowest value and 

remained statistically similar in respect of total alkaloid yield (Fig. 4.23). 

Harvesting of Edipta pro,11ro10 at SO % no,.ering stage showed the highest 
alkaloid yield (17.67 kg/ha arnl 16.90 kg/ha in bo1h the years respectively) and proved 

statistically superior to the other teeennenes followed by harvesting at maturity stage 

(11.95 and l l.74 kg/ha). The lowest alkaloid yield (J 08 and 3.01 kg/ha} was recortled 

due to harvesting at vegetative stage. Pattern of alkaloid yield affected by different 

harvesting stages rs diapmmatically represented by Fig. 4.24. 
The rmerecuon effect of transplanting time and harvesting stage proved 

ineffective on total alkato,d y,eld 

4.2.4.J Total sugar, reducing sugar and non-redudng sugar conlent {%) 

The data (Table 4 2.10) revealed no significant variation due to different 

transplanting treatments of &lip10 prostrata L. on total sugar and non-reducing sugar 
content{%). However. l5"' June transplanting seedlings produced the highest total 
sugar (6.69 and 6.75%). Similarly oon-reducing sugar content was highest on 1!i11 
April transplanting seedlings (1.75 and 1.48 % during 2005-06 and 2006-07 

respectively). The treatment STi - Is"' May and ST1- 15"' June remained sta\lstically 
similar on reducing sugar. whereas both showed higher value than other two 
treatments 1 .. ST,- 15'*' April and ST •. 1s'*' July. The highest reducing sugar was 

�cd due to transplanting on 15'*' May (5.22 and S.35%) fellowed by transplanting 
on I 5"' June (5.17 and S.J 1 o/o) respectively in both the years. 
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Among the different harvesting stage tn:alments. harvesting at SO % !lowering 

stage recorded the maximum !otal sugar content (7.6S and 7.69%) and non-reducing 

sugar (2.06 and 1.89%). and proved statistically superior 10 other harvesting stages 

fellowed by harvesung at maturity stage (total sugar- 6.68 and 6.60 %, non-reducing 

sugar- l.86 and 1.62% durin& both the )Car respectively). Regarding reducing sugar 

harvesting at SO ¥0 flowering sia.i;e produced the highest values (S.S8 and S.80) 

establishing superiority to other rreaimerus i.e. harvesting et vegetative and maturity 

stage. where las1 two stages were statistically similar. 

It was also observed !hat all the treatment combinations or transplanting time 

arid harvesting stage failed to bring any significant differences on these parameters. 

4.2.5 Soil parameters 

4.2.S. I AvaUable Soll Nl1rogcn, l'hosphorus. t•otash (Kg/ha) 

Available soi! N. l'10i and K10 (kglha) produced due 10 IS"' April and IS" 

May 1ransplanting though remained statistically similar but proved superior to other 

transplantin& dates irrespeetivc of year of cultivation (Table 4.2.11). II 111u also 

observed that Is• May transplan!ing produced scatistically higher sod N, PzOi and 

Kz() than IS"' June transplanting seedling. The highest available soil N {281.)1 and 

278 40) was recorded under ST1 • I S"' April transplanting . .,.. hereas highest available 

soil P101 (26.30 and 23.17) and K10 (71.S2 and 68.52) were observed due to Is• July 

transplanting The lov.est value or N. Pi01 and Ki() were recoded due to is• June 

transplanting (N- 261.9S and 25936, PiO,· 21.77 and 18.99. Kl<)- SS.07 and S).06 

kg/ha) respectively in 2005·06 and 2006.07. 

Data on harvescing stages shewed lower values or soil N. Pi0.1and Ki() due to 

harvesting al 50% flowering and ma1uri1y Stages in comparison 10 harvesting at 

vegetative stage. Maximum n:sidual soil N (292.59 and 289.45) arid Ki() (79.26 and 

76.2& in both the )CDrs respcctivcly) were recorded due 10 harvesting at vegetative 

Nge and proved supc,rior to harvesting at 50% flowering arid maturity stages. 

whcKas later two remained at por in respect of N and Ki(). Notwithstallding. 

harvcscing at vegetative stage n:sulted 11110 highest available soil P:zOi {27.97 and 

24.79 kg/ha) followed by harves!ing at maturity stages (23.82 and 20.77) in both the 

years respectively and proved superior to hervestmg at 50% flowering stages 
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TilC interaction effect of transplanting time and harvesting stage showed no 

significant variation on soil N. PiOi and KiO in either �ar. 

4.2.S.2 Organic Cubon <'Ontent {Y•) 

Regarding soil organic carbon content. all the four different times of 

1ransplanting remained statistically similar in their effecuvity (Table 4.2.11 ). 

Harvesting at vegetative stage recorded the maximum soil org11nic carbon 

content (0.68 and 0.68%) in both the years respe<::ti,ely and proved superior to H1- 

h.arveS1ing at 50% flowering stage and Hi- harvesting at maturity stage. TilC later 

two (Hi and H1) also remained on par. 

All treatment combinations of transplanting times and harvesting stages 

failed 10 bring any significant differences on content of soil organic carbon. 

4.2.6 Economics or the experiment 

The average value of both the ye� on economic indices wz. !otal cost. 

gross income. net income and benefit cost-ratio of different transplanting times and 

harvesting stages� presented in Table 4.2.12. TilC data revealed that the total 

cost (Rs. 8.985/ha) remained almost similar irrespective of treaunents. However, 

STi-15111 June transplanting produced the highest gross i!lCOme (Rs. 53.560/h.i), net 

income (Rs. 44.575/ha) and benefit-cost ratios (4.96: l) followed by the treatment 

STr 15.., May transplanting producing Rs. 45.210/ha, Rs. 36.225/ha and 4.03:l; 

gross income, net income and benefit-(:OSt ratio respc,::tivcly. 

Harvesting at 50 % flowering stage resulted the highest gross income (R.5. 

56. l 55/ha), net income {Rs. 4 7.170/ha) and benefit cost ratio (5.25: 1) follov.ed by 

the treatment Hi-harvesting al matumy stage. whereas harvesting at vegetative 

stage resulted the lowest values oo economic indices. 
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Table 4.2. l 2 Effect or I nmsplan ting !I me II nd ha rnstlng ,iag"" on total rost 
gross income, net Income and IJ.cnefil : emf ratio 

T�almtnls Total cosl G,= N" Bucnt: 
(lulha) income income Co�t 111110 

{Rs/ha) {Rs/li•l 
TransplAnling time 

ST,· 15"' April 8985 36315 27330 ).04 

STi-15'" May 8985 45210 3622S 4.0J 

STJ· 15"' June 8985 53560 44HS 4.96 

ST,· 15"' July 8985 36220 272H J.OJ 

llan·Cll1ing st11gl'll 

H 1 - Vegeun ive 8985 27665 18680 2.08 
stage 

fh- 50 Yo 8935 56155 47170 5.25 
Flowering stage 

Iii- Maturity 8985 44660 35675 3.97 
sta e 
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DISCUSSION 

Findings of the pr=nt investigation entitl.ed MDcnloprnnlt of 

Agrotechnologies for Domcstica1ion and Quality Aspect of Bhringanj (&lipla 

proslro/a LT carried out under two field experiments have been de�bed in details 

on the basis of statistical signif,eance in the preceding chapter of experimental 

findings. An effort has been made in this chapter IO c11pl.ain the po5$ible ceases of 

variations brought about by different experimental ,ariables on the basis of scientific 

fa,cts to draw the valid com::lusions l''CJI supponcd by earlier reporu pertaining to 

cffe<:t of spacing and mnrim1 management and dates of tmisplanting and harvesting 

slllges on gr(l\\1h. herb yield and quality of &lipto prosrmta L, so as to optimize the 

various agronomi<: requirements n:Lated IO spacing and nutrient management practices 

and standardize the time of transplanting and han'eSling SlagC5 for proper growth and 

development. yield and quality of Edip(u prr,strola I... 

S. l Effec:1 ohpacingand nu1ricn1 management 

S.1.1 Effecl on Gro,uh 

(a) Spacing 

l1tc plant height and number of leaves p,:r plant of Bhnng11nj "ere 

significantly affec!Cd by different spacing trcauncnts. The "icier spacing 30 x 30 cm 

and 25 :ii: 25 cm recorded the longest plant height than the closest spacing 20 :ii: 20 cm, 

which mdicated that the wider spacing provides more hght for photosynthesis and less 

compclition for nutrients, water and space. Maurya (2005) and Bhau.acharjee "' al. 

{1979) also reported the superior gro','th characteristics in v.ider spaced crop 

cuhivation. C�r spacing mighl Nlve created severe compclition among plants for 

nutncnts, moisture and light resulting in poor plant growth and development This 

result supported the findings ofBMti (1988) on Fcnugrcck cultivation and Singh"' al. 

( 199�) on garlic cu!ti\'ation. 

Number of primary and secondary branche$ per plant, stem and branch 

dllllllcter. number of roots and roo1 length wm: found associated v.ith v.ider spacing 

(30 K 30 cm and 2S K 25 cm) of Ecl/pta prostra1a L. culti\'ation than the closc:r 

spacing which mdicared better availability and llbsorplion of biological resou.r«s like 

solar radiation, light intensity, sml nutrient warer. <'IC. in wider spacing. These results 



«>nfinncd the findings of Singh ti al. (1999) and Gnanavel and Ka1t11rcsan (2006) oo 

Menthn arwrul� cujuvedon, All the spacing treatments remained statistically similar 

in ease of sa:ondary bntnch, s1em and branch diameter, number of l'OOIS and roo1 

length at vegeranve st.age This mighl be due to lack of shortage of S(lil nuLrienis and 

less competition for different inputs up to the vegetative stage of BhringataJ. which 

fails to brmg any significant differences among Lhe spacing trceunents. 

(b) Sources and dosa of nutritnl� 

All 1he nutrient manasement pocuces itTCspe,ctive of scerees and doses 

proved instrumental in lncri:asing the growth and yield chamcters ,·Ir. plant heigh1, 

number of pnmary and sa:ondary branches. stem and bntnch diameter, number of 

leaves and roots, rool length. number of tlcwers and heads. dry maner production, 

leaf area index, fresh herb yield and dry herb yie!d, etc. over comrot, indieating better 

availability and u1iliu1ion of plant nutrients in nutrient applied plots. Balakumbahan 

el ol. (2005) also reported the superior growth and yield charocters through nutrient 

management against control 

Amons the nutrient management trea1ments. the plant height, number of 

leaves, number of to01s and l'OOI length "ere recorded muimum due 10 application of 

NMlPMlK20 + S t fYM/lla. Though it rema11ied suuistlcally similar to the treatment F,· 

10 t fYMfha. F1·N9ol'60 K.IO and Fi· NMlP-1eKzo. but superior to the 1reatment F1· 

NioP:10Kio irrespective of growth stages. "hk:h indicated that relatively hiahcr doses 

of N, P and K either through application of fnnnyard manure alone or inltgJatiol! of 

Ofillllie and inorganic fertilizer showed positive effect on plant height, number of 

leaves and root per plan, It could be attributed to the fact that after proper 

dccomposilion and mincraliuuion. the fannyu<I manure supplied adequate quantity of 

anilablc nutrient along with higher doses of fertili«r directly to Lhe plant arKI also 

had solubulizing effect on fixed fonn of nutrients in soil. Such observation was else 

made by Singh and Ramesh (2002) and Sinha ti al (1981). 

Relatively higher doses of fertilizer applieation at the rate of N,ol'6()1(» 

integrated treatment NMll'-1eK:o + 5 t FYM/ha or FYM alooe applied treatment {10 t 

FYM/lla) resulted higher number of primary and secondary brnnches per plant and 

stem and branch diameter. The increase in number of primary and secondary branches 

may be auributed due to enhanced vegetative growth, irn:reascd cell division and 
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meristematic cell elongation in auxiliary buds which in tum trigged the various 

activities and increased the supply of photosynthates under adequate nutrient 

availability. As a result increased lateral growth 1s found to occur due to �st of 

apical dominance (Torry, 1950). The response of FYM ap,:,lication alone or in 

combination with inorganic fcnilizcr can be attributed due to better nutrient 

availability. proper absorp11on and assimilation in addiuon 10 favorable effeet on 

physical and biological propcnies of soil resulting m increased stem and branch 

diameter. Such favorable effect ofFYM alone or in combination wi!h NPK and higher 

doses of nutrients had been reponed carl,er by different workers in various medicinal 

plants w:. Kedia and Kasen\ (2006) on Phyllomhus jro1ernus. Chaugh.an and 

Nautiyal (2005) oo Nordostachys jotom,msl. Shnveseava and Jha (2002) on 

Androgr1,phls pm,icu/(l(o and Harinkhcdc fl al. {2001) on Plum/,ago uy/onlca 

cultivation. 

5.1.l Effttt on dry mauer produc1ion 

(a) Sp•cing 

The dry nmncr produc,ion per plant of &liplll pro11rma L. gradually 

Increased with every increase in spacing from 25 x 25 cm to JO x 30 cm than the 

eiosesc spacing (20 x 20 cm) at al! me growth stages except the vegetettve stqe. Al 

vegetative stage. all the spacing treatments remained s11uistically similar in dry matter 

production. At this stage competition of required inputs remained very less due to low 

rate of growth and development, Accumul�tion of dry weight is dlrecuy related lo 

fresh weight production. Marked increase: in fresh "eight might be attributed due to 

enhanced vegetanve growth induced by availability of more nutrients. light and "atcr 

to the plnnt at wider spacing. Plants with luxuriant growth brought about increase: dry 

weight of plant, proponionately and resulted into more dry matter produclion at 

nowcring and maturity stage. Patidar el al. {1990) also reponed the similar trend of 

results. 

(bl Sources and doses of nulrlcnlll 

The da1a on dry matter production revealed that the integrated use of organic 

manun: and inorgamc fenilizer (NwP.ooK20 + 5 t FYM/ha) and highest dose of N. P 

and K (N90P"° KJC) produced max,mum dry mancr. Concurrently it was followed by 

FYM alone (to t FYM/ha) and N"°P.oK:za treatment. The increased dry matter 
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pro,;h,etion due IO integ,,.to:d trcatmC'llt with hig:l,eT doses of nutrient not only 

increased availability of N, P, Kand other micronulrients but infflUmentat in making 

uailablc from farm)ard manure in proper amount. Higher availability of essential 

nutncnts produced luxuriant growth with increased pholosynthcsis and translocation 

of photosynthates to required she and thus increased the dry matter content. The 

significant efTn:t of nutrient management on dry matter prod111:1ion was also repor1ed 

by Balakumbahan cl uJ. (200�) on Ph)·llanthw amarw and Sin&h and Kcwalanand 

( 198 I) in Merit ha citrate cultivation. 

5.1.J Effc,cl on lcahtta lndu 

(•) Spacing 

Though the individual leaf area v,·as not signifinntly innllCnced by different 

spacing treatments yet the wider spacing treatment found associated with hi&hef leaf 

acca index than closer 5f)King in Eclipta prru1ra1a L. cultivation. The increased leaf 

area index in wider spacing trcalment might be due to prolific sprouting and 

stimulated growth ofauxiltary shoots and better population dynamics providing more 

room for canopy coverage:. The signif,ean1 increast in leaf area indu due: to higher 

spacing was also reponed by Onanavcl and Kathiresan {2006) on Co/cw aro1t1t11lcw 

cultivation. 

(b) Sourrn: and doses ornutritnts 

Relatively higher doses of N. P. K applied either throu&h FYM alone or in 

combination with in<lfiMic fcnilizcr treatment produced significantly mon: leaf ami 

and leaf area index than the lo'A-est rate ofN. P and K (NJOl'l'OKio) at all the g.rowih 

stages of Ecllpta pros1ro1a L. Increase avail1bili1y of adequate nutrients under higher 

rate of fenilizcr incorporation may be 1uributed as the main f1e1or for produclion of 

higher primary and secondary bnnchcs and leading lo increased production orJeaves 

as well as leaf area index at higher doses of nutrient applied treatments irrespective 

of sources. This eon finned the findingsofSinclair (1990). 

5.1.4 EfT'ttl on Oo,.�n .ad hcad1 

(a) Spacing 

The number of flowers at OoY,cring Mage and heads 11 maturity stage ,.as 

found statistically higher under wider spacing than closer spacing. which might be 
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due to superior performance of vegetative characters in wider spao;:ing of bhring.araj 

culnva1ion. This resuh is also in conformity with the findings of Singh and Chauhan 

(2001) 

(b) Sources and dosC!I or nutrients 

J>roduction of flowers and heads coinciding fio"ering and heading stage 

markedly increased due to tncoporeuce of higher rates ofN. P and K either through 

fertilizer or intcgra1ed wiLh organic manure over low rates of applications. Adequate 

amount of avai lablc nutrients Lhrough out Lhc platll gro"1h period without any nutrient 

stress brought about proper growth and development of plant in respect of plant 

height, number of branches. h,gh leaf area index an.d thus proved responsible for 

higher production of number of flo"crs and heads per plant. The significant effect of 

nutrient management treatment on number of flo"cr and head has been reported by 

Kavnha and vadtvel {2006) and Sudhecndra el al. (1993a.) on Mucuno pruriens and 

celery cultivation respectively 

!'i.1.S Effect on herb yield 

(1) Spacing 

The fresh and dry herb yield per hectare gradually mcreascd with increase in 

spacing. The JO.� 30 cm and 25 x 25 cm spacmg treatment rnuhed superior fresh and 

dry herb yield Lo the closest spacing 20 x 20 cm. mainly because of proper ,egctativc 

growth and development as "ell as reproduction and yield contributmg characters 

under wider spacing. The better availabrbty of resources like solar radiation. light 

intensity. soil nunient. "atcr, etc, under wider spacmg treatments increased the 

growth and yie!d components and ultimately herb yield of Eclipw proslrotci. The 

increase in yield due to wider spacing was earlier ri:poned by Singh e1 ,,J. {2002 a) on 

vetlver cultivation, Sarma and KanJilal. {2000) on pat,houli and Gosh et al. (2008) on 

elephant fOOI yam cultivation 

(b) Sources and doses or nutritnl$ 

Increasing rates of nutrient incorporation proved instrumental in increasing 

herb yield. All the numem applied treaimenrs irrespective of sources produced ltighcr 

fresh herb yield. most probably due to superior growth and dcvclopmenl of plants 

under ltigher doses of nutrient application. It is "ell e�btishcd tltat nitrogen is a main 
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constmtcnt of chlorophyll and involved in ,·arious imponan1 meuibolic activi1ie! like 

phOlos)·nthesis and protein S)Tithesis bringing about increased ,egeiative gmwih 

along with fresh yield production at higher nutricn1 concmtn1tion (Potti and Aron, 

1986). Higher doses of phosphorus played key rok in root devclopmenL energ)' 

transfonnation and many other metabolic pro«55CS of plants. Its ample availability 1t 

seccesstve growth stages pcmaps n:sultcd in grcaier synthesis and translocation of 

pholosynthates (Tisdale tt al .. 1995). Adequate a,ailability ofphotosynthatc:s es well 

as energy wnserntion is one "'ell known factors directly n:lated to higher biomass 

yield of crop (Hedge and Srinivas. 1989). Similar trend of results were also obtained 

by Yadav ti al. (2003) and Rai ti oJ. (2002). 

Similar to fn:sh weight produeiion. dry herb yield 1150 markedly increased due 

to increasing rate of nu1rient applicalion. Applicauon of Nt#•oKra+5 t FYM/ha 1111d 

Nt,:,P110K10 produced the highest dry herb yield over all Olher n1Rrien1 trealments. 

Integrated nutrient management pro,-cd much effective than fertilizer alone in 

increasing higher dry matter produeiion. Addi1ion of organic manun: lower dowr>ed 

the soil bulk density. improved soil aggregation and aen,,tion by llddmg organic 

amendments and various humic fractions (Kadalli el ol. 2000) which increased the 

soil microbial and rnzymalic acti,icy due to combina1ion of farm)'ard manure wilh 

inorganic fertiliier (Mukharjce n al .. 2000). Rahman el al. (2003) also n:por1cd the 

sigruficant increase in di') herb yield due to impro,cd nutrient managemenl pntCtiees 

on M<'llfha an'i'rmscultivation. 

5.1.6 Efftc:1 on nutricnl conitnl in plant 

(a) Sp3cing 

The n:sults of experiment YIO',l,-cd that nitrogen. phosphorus. potash and 

organic carbon content in £,;/1p1a prrutrata failed to show mart.:ed \'arintion 

irrespecti�e of different spacing u�atmo:nts mainly because of lack of over crowding 

and mmimum competition for nutrients. 

(b) Sour«s or nutrieall 

All the nutrient management treatments irrespective of sources markedly 

increased the content of n11rogen. pho5phorus. potash and organic catbon cootent in 

plant over control. This might be atuibuted to better availability of plant ni.rtrients in 

soil and their better utilization by the crop. Howe\'er. integrated nutrient management 
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sho"'ed bener cffectivlty over fertlllzer alone. Amoog the different nutrient 

management treatments. incorporation orNw>.oK:zo + 5 t FYM/ha. 10 t FYM/ha and 
N'i(lP.oKJo induced improvement on N, P and K content in Et:lipla prosrrara over 

N#.oK:zo and NJ:1P:zol<to. Under low soil fertility increased level of applied nutrient 

through organic or inorganic sources resulted in increased absorption of clements by 

plant. which in tum resulted in higher concentration of N, P and K in plant biomass. 

Mecnakshi e1 al. (2001) also reponcd the similar trend of results. 

Regarding plant organic carbon contera.it was observed that FYM application 

either alone or in combination with inorganic ferttlizer, recorded the highest Ofillllic 

carbon content over all chcm,cal fertilizer applied treatments. probably due to 

addition of more carbonaceous materials through application of FYM in soil. 

S.1.7 Effecl on nutrient uptakt by plant 

(•) Spacing 
Uptake of nitrogen, phosphorus snd potash markedly increased at 25 i 25 cm 

spacing followed by 30 x 30 cm. Lower spacing of 20 x 20 cm proved least errecnve. 

With increased plant population in closer spacmg.growth and development ofpl1111t 

reduced. causing relatively low nutrient uptake. Relative increase in plant population 

due to 25 x 25 cm spacing than 30 x 30 cm increased the herb yield and thus resulted 

into higher nitrogen, phosphorus and potash uptake from scrl. This findmg is also in 

confonnity with the findings of Kandrannan and Chandaragiri (2008) 

(b) Sources of n utrifnH 
On the basis of equal amount of nutrient applied through organic source llS 

"'ell as integrated with fen ii izers proved much effective in increasmg the uptake of N, 

P and K. Accordingly apphcation ofN60P.oKio+ 5 t FYM/ha as wel! as 10 t FYM/ha 
showed marked increase III uptake of nitrogen over other treatments. Similarly 

N60P.oK:zo+ S t FYM/ha sho"'ed highest uptake of phosphorus and potash fellowed by 

10 t FYM/ha and NwP60KJo, Higher nitrogen uptake resulted in integrated treaU!lent 

due to stimulated microbial activity and improved root growth on account of 

favourable soil physico-chemical propc,rt,es created by fann yard manure 

[Anandswarup el ot.. 1998). Phosphorus uptake was increased under this treatment 

because organic manure reduced the capacity of soil m111c111I to fix pllosphorus and 

increased its availab1l11y due to its release from organic sources. lncrcasc in uptake of . 
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nutrient might be the outcome of incrt:asc<.I availabihty of nutrient!i to plants in 

addition to decomp<Xition of farmyartl manure. These results are in conformity with 

the findings of Pnnibt.a and Konwar (2005), Sadanandan and Hamza (1998) and 

Kattimani e1 al (2001) ""IK> reponed the increase in nutrient content and their upuikc 

on indigo, turmeric and japanesc mint cultivation. respectively. 

5.1.8 Effect on quality panameten 

5.1.8.1 EReet oo alkalold content and alkaloid yield 

{•) Spadng 

All !ipacing failed 10 cause mar1.ed verianon on total alkaloid content of 

&lipla pros/rat a L. All spacing 1.e. 20 x 20 cm. 25 x 25 cm and 30 x 30 cm remained 

on par to each other. However. total alkaloid yield increased under wider spacing 25 

x 25 cm and 30 x 30 cm as compared to the closest spacing 20 x 20 cm. Thi!i might be 

due to higher dry herb yield in wider spacing, which confirms the findings of Patel cl 

o/. (2003) on ashwagandha cultivation. 

{b) Sources of nutrients 

All the nutrient management treatments proved superior in respect of alkaloid 

content and total alkaloid yield of &hpta prostra/o L. to control. Among the nutrient 

management treatments, Lile alkaloid content did not vary s,gnifican1ly either due to 

organic or inorganic ferufizer alone, or in combination indicating their inelfectivity on 

alkaloid content. No significant effect of fcn,hzcr or integrated nutrient management 

on alkaloid content was also reported by Oalakumbahan et al (2005) and Punanna ti 

ol. (2006) on P!ryllantl,us 11marus and Cmtello ruiolieo cuhivation respecti�ly. 

lllough the nutrient management treatments proved at par effect on their alkaloid 

content but the treatment N6'.lP...,K,o + 5 t FYM/ha and 10 t FYM/ha recorded the 

highest alkaloid yield fellowed by N,,_.P6'.lKJO and N6'.lP.oK20. This might be due to 

superior dry herb yield under FYM alone or in combination to fcnilizcr application 

plots. This confirmed the findings of Jana and Varghese (1996). Organic or inorganic 

SOUr<.'.CS of nutrient \\Cre found equally efficient not only in higher crop production but 

also in respect of quality parameters which help to get higher market price (Sanwal oJ 

ol., 2007). 
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5.1.8.2 Effecl on sugar con t .. nt 

(•) Spacing 

The data on tot.a! sugar. reducing and non reducing sugar content of Ecllp(a 

proJlro/<J L. revealed that all the spacing treatments fail.-.;! to bring any significant 

differences among themselves. This finding is in line with the findings ofSarma and 

Kanjilal (2000). 

(b) Source$ of nutrknts 

All the nutrient management treatments rcwn:kd superior result on total sugar 

and reducing sugar content in &liprn prostrata L ov e r control. indicating positive 

effect of fenilizer and FYM on sugar content. Notwithstanding. all the trHlmcnts 

remained statistically <ll par on non·reducing sugar content. FYM application 

treatrnems .. ither alone @ lO I FYMlha or in combination wnh fenilizer @ 5 t 

FYM/ha with NooP..oK:,o rcwrd.-d statistically higher total sugar content than only 

fcnilizcr application treatments irrespective of doses. This might be due to presence 

of other micro nutrients m FYM mcluding carbon. which is an imponan! component 

of sugar. played imponant role in increasing \Ota) sugar content. All the nutrient 

management treatments showed the similar result on reducing sugarconten!. 

5.J.11 Effect on Soil Parameters 

5.1.9.1 Eff«t on a,·ailable soil nitrogen, phosphorus and potash 

(1) Spacing 

The result of the experiment showed higher available soil nitrogen bolh in the 

closest and widest spacing treatments than medium spacing of 25 x 25 cm which 

might be due to more uptake of soil nitrogen in this treatment. On tile olhcr hand, the 

value on available Pi01 and KiO revealed that a!l the spacing remained nausrlcally at 

par and failed to produce any significant difTerences. 

(b) Sources of nutrienll 

Soil parameters vi:. available soil nitrogen. phosphorus and potash increased 

at all nutrient management treatments irrcspecti,·c of sources over control. mainly due 

to better availabi lily of plant nutnents in soil through application of fertilizer or FYM. 

Puttanna et al. (2006) also n:poncd the similar results on soil parameters due to 

nutrient management treatment over control after harvesting of Centella asuutca. 
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Application or FYM either alone or in combination with NPK resulted in the 

highest available nitrogen in soil. which provo:d superior to OUler inorganic fertili«r 

�tments. lt m,ght be due to application of organics alone or in combination with 

inorganic which afler subsequent decomposition resulted in gradual build up in 

available nitrogen on account of direct addition of nitrogen. Presence of organic 

sources increased the muhipllca1ion of soil microorganism which proved 

advanLageous in mineralization of organically bound nitrogen to inorgamc form 

(Mathur. 1997). Application of organic manure also favoured the retention and 

accumulation of exchangeable cations in soil exchange complex. Inorganic 

fertilization could not contribute much in the build-up of available nutrient pool of 

soil because ofthetr poor retenuon capacity. 

It was also recOfded that application of organics showed higher avaolabihiy of 

phosphorous and potassium over direct addition through morganic sources. This 

might be due to 1he fact that the organic materials fonn a cover on sesquioxides. 

reducing the phosphate fixing capacity of soil and solubilization of insoluble 

phosphorus fractions resulting into release of more available phosphorus. Higher 

availability of potash in soil due to organic could be ascribed to addiuon of potash to 

the available pool of soil. besides reduction m potash fixation and release of potash 

dl>C to interaction of organic matter and clay (Sanwet e1 al, 2007). 

5.1.9.2 Effect on soil organic carbon cooteut 

(1) Spaelng 

The results showed no significant effect on soil organic carbon content due to 

different spacing treatments. Content of soil organic carbon remained almost same in 

all the three spacing. 

(b) Souttt$ of nutrients 

All the sources of nutrient irrespective of various rates, recorded marked 

variation on soil organic carbon content over control. Increasing rates of nutrients 

increased the content of soil organic carbon which is mainly due to better availability 

and higher amount of organic components in soil through application of fertilizer or 

FYM. Incorporation of organic sources i e. FYM either alone or in combination with 

fertilizer produced higher soil organic carbon content in comparison to inortanic 

fertilizer alone. This might be due to addition of more carbonaceous materials in soil 
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through farmyard manure. Gupta �, r,J, (1999) and Kalila and [)eka (2001) also 

reported significant increase in organic carbon content of soil due to appliauion of 

different organic soun:csof nutriem in comparison to chemical feflilizer. 

5.1.10 Effed on Economic indius 

(a) Spacing 

The closese spacing (20 x 20 cm) re(:o,ded the highes1 � of cultivation 

which might be due to increase in Laboor cost for tnnsplarmng and ocher intercultural 

operations, as more number of 51:cdlings were uprooted and transplanted. In the 

widest spacing treatment (30 ,c 30 cm). low cultivatlOl'I eos1 was recorded due to low 

labour cost. The ITllllCim11n1 gross income and net income was recorded in the 

treatment 2!i >< 25 cm spa,cing. "'hich might be due to more dry herb yield in this 

treatment. Though 25 ,c 25 cm 5j)i!Cing recorded the highcsl gross and net income but 

it failed to show the highest benefit-cost ratio. The treatment 30 x 30 cm spacing 

recorded the highest bcncli!-cost ratio which might be due to relatively lower labour 

required coupled ..,.;111 almost similar net income associated with this treatment. 

(b) SourttS of nulricnis 

The results on economic anributcs revealed that increased doses of inorganic 

fertilizer treatments recorded the highcsl cost of cultivation ... hich might be due to 

higher pnce of chemical fcnllizers. 11lc integration of NPK and FYM treatment {F,­ 

�40K]O + 5 t FYM/lu,) recorded the maximum gross return and net mcome 

followed by the highest dose of NPK applied treatment (F:r- N,oP.ol(.10). Statistically 

higher dry herb yield m thcK two treatments is responsible for maximum gross rclum 

and net income. 11lc treatment F,- �P..,K.,., + 5 t FYM/ha recorded the maximum 

benefit-cost ratio fotlowed b) 1he treatment FYM IOI/ha.. ..,.hich might have more dry 

herb )icld aOO rclnti,·cly low COSI of culti,·ation. 

S. 2 Effect of 1r11.nspl11.n1ing lime and har>'tsling slage 

5..2:.1 Effect on g,o..,lb 

(1) Transplanting ti me 

Planting on is• June brought aboot significant impro,ement in 111 growth 

auributes v,::. plant hc:ight. primary bnuK:hc:s and sccooda,y branches. stem diameter, 

leaf number and number of roots per plant during both the yean over other times of 

". 



transplanting closely followed by 15111 May transplanting, which also recorded 

significant superiority over !5"° July and 15"' April transplanting. Better perfonnancc 

of crop due to 15"' June transplanting may be attributed due to favourable climatic 

conditions and equitable distribution of other parameters throughout the growth 

pence. These results an: in congruity with the findings of Bhan Cl ol. (2007), Maul)'ll 

(1990). Shanna and Prasad (1990) and Mahajan et of. (1979). The 15"' June and 15• 

May transplanting treatments wen: a1 por on branch diameter and root length but 

proved statistical superiority over t5"' July and 15"' April transplanting. The climate 

required penaining to branch diameter and root length probably remained similar, 

which resulted 111 par brm,ch diameter and root length in June and May transplanting 

(Kandiannan and Chandaragiri. 2008). 

(b) Hanuting stage 

Diffen:nl stages of crop harvesting also showed marked elfett Oil various 

an,wth anributes. It was observed 1hat the growth parameters like plant height and 

number of primary braches proved superior when harvested et maturity stage 

followed by harvesting at 50 % flo"ering stage. But. bolh sllowed their 

1ignifican1 superiority over harvesting at vegetative stage. NOIWithslalldina, 

harvesting nt mntunty stage as well as 50 % flowering sta&e proved similar on 

produc1ioo of number of secondary branches. stem and branch diameter, number of 

roots and root lcng1h but proved superior to harvesting al vegetative suigc. The 

increase in growth parameters due to harves1ing at 50 % flo"ering and maturity 

stages might be due to \\ell-known fact ofcon1inuous increase hab,t of growth of crop 

up to the ma1urity stage. Accordingly harvcSlmg at SO"• flowering stage recorded the 

h,ghcSI number of leaves fellowed by harvest mg at maturity stage. This might be due 

to senescence of leaves al maturity stage. coupled with initiation of complete leaves at 

SO% flowering stoge than vegetative stage. 

5.2.2 Effect on dry muter 11roduc1ion 

(1) Transplanting Time 

The highest dry matter production of plant "as recorded due 10 I 51 June 

transplanting in both the years 2005..()(i and 2006-07 and proved Statistical superiority 

over other transplanting treatments fellowed by IS"' May. 15111 June transplan1ing 

produced highest dry maner produclng attributes viz. fn:sh l'eighl and dry weight of 
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plant, which is responsible for increased dry matter production in this treatment This 
result confirmed the findings of Agarwal et al. (2004) and Kahar e1 al. (1991). 

(b) lbn·estiag stage 

Harv�ting at SO 'Y• nov,ering stage recorded the highest Fresh weight, dry 
weight and dry matter production per plant and proved superior to the other 
harvesting treatments. The peak grov,1h and development of planl with highest 
11CCumulation of plant nutrients and other chemical constituents at SO% nowc:ring 
stage might be responsible for highest dry matter pmductmn in the same stage. Singh 
et al {2004) alsa reported the superior results on dry maner production at nowcring 
stage on Indian basil cultivation. 

5.2.J Effecl on lur area indu 

(1) Transplanting Time 

Regarding individual leaf area. all the treatments im:�uvc of transplanting 
time showed statisucal!y similar values, which indicated no effect of diffel'fflt 
transplanting times on individual leaf area. However. the highest leaf area index was 

recorded under STJ- IS111 June and STi- I 5111 May transplanting treatments, which were 
superior in comparison to other two transplammg treatments. On account of this face 

more number of leaves and total leaf area in May and June transplanting plots were 

produced. The findings of Solanki and Shaktawat (1999) arc a Isa in the same line. 

(b) Han·esting stage 

All the harvesung stages produced almost similar individual leaf area thus 

sbowed their ineffectivity on leaf size. Hov,ever. ma.ximum total leaf area and highest 

ground cover were recorded in 1he treatment H2- harvesting at 50 "• flov,cring stage 

v,hich proved superior to other treatments followed by HJ - harvesting at maturity 

stage. Full crop gro,,,1h wnh maximum number of leaves at 50 % llov,ering stage was 

responsible for increase m 101al leafarea and ground cover. Similarly the highest leaf 

area indei< was observed due to harvesting a1 50 % flowering stage lhal was at par 

with harvesung at maturity stage but proved superior to harvesting at vegcta11ve stage. 
Though individual leaf area was similar at nll harvesting stages but leaf area index 

increased at SO% flowering stage v,hich might be due to highest total leaf area. 
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S.2.4 Eft'ec:1 on herb yield 

{a) Tninsplancing Time 

Transplanting of Sttdlings on 15" June recorded the highest fresh and dry 

herb yield and proved statistical superiority over other transplanting times followed 

by 15"' May \ranSj)lanting in both the s=cs.sive years. Superior results of almost all 

the growth and yield attribu1mg parameters due to 15111 June transplanting might be 

responsible for highest frcsh and dry herb yie!d in the same trcaUTient. Prevalence of 

favourable weather conditions m June transplanting coupled with higher temperature 

as well as hotter and drier climatic condition with heavy and even distribution of rain 

during the growth period might have helped to increase growth and development and 

ultimately herb yield. Similar trend ofresultS y,erc also reported by Singh el al. {2002 

b.) and Randhawa fl al (1994) on green onion and frcnch basil cultivation 

rcspcctively. 

(b) HarH•sting stage 

Harvesting at 50 % flowering stage rccorded the maximum fresh and dry herb 

yield followed by harvesting at maturity stage and both proved statistically superior to 

harvesting at vegetative stage. Almost all !he growth charactenstics of the plants viz. 

number of leaves. ecuve stems and branches. higher leaf area indeK and dry matter 
pl"OOuction were associated with harvest mg at 50 % flowering stage. Thus induced the 

highest frcsh and dry herb yield in this rreaiment than early and delay harvesting 

stages. The significant increase in herb yield at 50 % floy,enng sta� "'as also 

reported by many scientists (Sharma et al .. 2002: Gupta and Shahi, 1999 and Parcek 

et al .. J 980). 

S.2.S Effect on nutrienl rontent in plant 

{a) Transplanting Time 
It was observed that mtrogen. phosphorus. potash and organic carbon content 

in Ecbpla prosmzta L. were recorded highest due to 15"' June transplanting followed 
by 15"' May and proved superior to 15"' July and JS"' April transplanting. As the 
growth and dcvelopmcn! and production of photosynthatcs was morc in JS"' June 

transplaming treatment. therefore. it leads to uptake more nutrn:nts from soil and man: 

concentration of plant nutrients were more ,n this treatment. This finding is in the 

same line with the findings of Kandrannan and Chandaragiri (2008). 
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(b) Han·es1ing l!Mge 

Different harvesting stages showed significant effect on nitrogen, phosphorus. 

potash and plant organic carbon content in plant. The highest plant nittogen, 

phosphorus, potash and organic carbon content "en: recorded due to harvesting at 50 

% no"ering stage. Absorption of more plam nutrients in this stage might be 

responsible for increased nutrient content in plant. Moreover, the accumulalion of 

these plant nutrients and other chemical constituents "ere more inside the plant at 

50% no"ering stage than maturny or vegetative stage. The significant increase of 

plant nutrients at 50 per cent nowering stage wen: also reponed by many other 

sciennsts (Pratibha and Kon"ar, 2005 and Ram et 11!. 2002). 

5.2.6 [ffecl on nutrient uplake from soil 

{a) Transplanting Time 

The uptake of nitrogen. phosphorus and potash by plant was recorded more 

due to I 5<h June transplanting followed by 15111 May. Al! the growth parameters were 

F011nd supenor m I 5111 June transplan!ing treatment, indicating more need of nutrients 

to fulfill 1he1r requirement for more gro"1h and development. Therefore, it leads to 

uptake more nutrients from soil. Kandiannan and Chandaragrri {2008) also reponed 

similar tend of result 

(b) llan'Hling stage 

Harvesung at 50 % Ilcwering stage reeorded significantly mon: uptake of 

nitrogen. phosphorus and potaSh from soil. Due lO maximum growth characteristics 

associated "ith 50 % harvesting stage coupled with higher leaf area index and more 

dry matter production increased the uplalc of more numenrs to fulfill the need of 

maximum nutrient requirement whereas. at vegetative and maturity stage the nutrient 

requirement remained low. Parcek ti 11!. (1980) n:poned significant increase in uptake 

of nitrogen. phosphorus and potash from soil at no"cring stage of crop. 

5.2. 7 Effect on quality parameters 

5.2.7. I Effect on alk1loid content and all..llloid yield 

(1) TranJplanting Time 

All the treatments irrespective of different transplanting times failed to bring 

significant �ariations on percentage of total alkaloid con1en1 of Ecbpta JHTMlf!lla. 
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indicating no effect of t11U1splan1ing time on alkaloid conc:cntration. Sanna and 

Kanjilal (2000) also rcponed no significant effcci of different sowing times on 

alkaloid concentration on patchouli cultivation Though all treatments were similar in 

alkaloid content but is• June transplanting proved superior result on alkaloid yiekl 

followed by IS"' May tmnsplanting. Production of superior dry herb yield in this 

treaunent was responsible for higher alkaloid yield. This is in conformity with the 

findings of Minami r1 ol. (1997) and Reda r1 al (1978). The innuences of 

environmental factors on herb and qualil)' aspects of medicinal and aromatic plants 

were also "ell documented earlier {Singh rl ol_ 1991; Burbon and Loomis. 1967). 

(b) Har..-estiog stage 

The alkaloid content in Edip,a ptrulrata was significantly influenced by 

different harvesting stages. Harv�ing al SO % flowering stage produced the highesl 

alkaloid content that might be due 10 presence of more nitrogen, carbon and other 

chemical constituents at this stage. "hich are important components of alkaloid. 

Diversion of photosynlhatcs to Sttd form.at ion and fall of older le.aves in absence of 

energy suppon due to the mobilization of photosynthaLcs from lo"er leaves to 

meristamatic parts "ere responsible for W"er alkaloid content at maturity stage. This 

result is in conformity with findings of Shanna rf o/. (2002). "ho reported significant 

higher content of alkaloid at flo,.-ering stage. As no alkaloid S)nthcsis was held in 

leaves upto one month of age coupled wnh vana1ion in alkaloid content with 1ge m 

different plam pans proved IV"er alkaloid content at vegetative stage (Pachori, 199S). 

Similarly. harvesting at SO % flo"cring stage proved statistical superiority on 

alkaloid yield o�er other stages. Mru.imum alkaloid content along "ith production of 

highest dry herb yield at 50 % flowering stage was responsible for increased alkaloid 

yield in this stage. Baraiya ti o/. (2005) also reported significant increase of alkaloid 

yield with increasing age of plant up to flo"·ering stage. 

5.2.7. 2 Err«t on sugar content 

(•) Transplanting Time 

All the 1ransplanting 1imcs showed similar results oo total StJgar and non· 

redu,ing sugar content. However, u• June and 15• May lrllnsplanting proved 

statistical superiority on reducing sugar over 15• July and is• April lrllnsplanting. 

This may be due 10 productioo of more phOlosynlhates in June tllll1Splanting plant. 
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(b) Harvesting stage 

Harvesnng at 50 % flovi·cring stage recorded the highest total sugar, �ucing 

sugar and non reducing supr and proved statistical supcnority over other harvesiing 

stages. Production of more plant orpnic urbon which is an impMant component of 

carbohydrate along with production of'™"" pho1osynt.atcs and dry hero yield due to 

harvesting at 5!»'• flowering stage might be the possible reasons for higher sugar 

content at this stage. Moreover. fall of earboh)'drate •fttt 11o ... cnng sage due to 

ageing of the leaf and depletion of the endogenous grov,-1h substances of the plant 

"ere responsible for 1o ... ·er sugar content at maturity Slagc. lnercased carbohydrate 

pn:xluction from one stage to another up IO tlo"·ering stage and then gradual fall of 

urbohydrate concen1nnion in crop "'ere recorded by Sa1mbhi and Nandapuri {1981). 

Singh ct ul. { 1973) and Devlin ( 1975). 

S.2.8 Effect on Soil propu1ies 

5.2.8.1 Effect on auilablc 5Dil nilrogen, phD!lphorous and potash 

{a) Transplanting Time 

Highest a"8.ilable soil nitrogen. phosphonis and potash were rc,,;onkd due IO 

15"' April transplanting pro,ed statiSlically Qf pur ,,.,;th 15• July but bod, these two 

were supcnor over 15"' June and 15• May 1m15,planting. Less uptake of primary 

mnrients vrs N. P and K on  is• April and 15• July transplanted plots might be the 

possible reason for higher availability of these attributes in soil after harvesting of 

,rop. 

{b) llancstingstage 

Harvesting of crop at diff�nt stages SOO"ed significant effect on available 

soil nutrients. Harvesting at vegetative stage showed highest a,'3ilable soil nitrogen. 

phosphorus and potash than ocher harvesting stages. l1lc crop was harvested after 33· 

35 DAT m harvesting at vegetative stage. "hcrcas another one and two months 

required for hancsting at 50% floviering and maturity stages mpccti�cly. therefore. 

uptake of difthent plant nu!Ilcnts reduced and resuked into more available nitrogen. 

phosphorus and potash in soil due to har,csting of crop at vegetative stage. 
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5.2.8.2 Effccl on soil organic carbon 

{•) Tnnsplanting Tlmt 

All the transplanting nrnes sho"ed statistically similar organic carbon oontent 

in soil after harvesting of crop which indicates no effect of different transplanting 

times on soil organic carbon content. 

(b) Har>e!ltlng s1age 

The treatment H1- llarvestmg at vegetative stage sho"ed maximum soil 

organic carbon than harvesting at 50% floweeing and maturity stages. This might be 

doe to less uptake of organic carbon from soil for shorter growih period in harvesting 

at vegetative stage as compared to other rwo stages. 

5.2.9 Economic indices 

(•) Tnnsplanting Time 

Total cost of cul1ivation "as similar in all the transplanting treatments, which 

might be due to involvement of equal input, labours and management practices. 

However. 15111 June transplanting recorded the mai<imum gross return. net benefit and 

bcncfi1 cost ratio. Production of highest dry herb yield is responsible fo, higher 

economies in this treatment. 

(b) llanesting s1agc 

Similar cost of cultivation was recorded lrrespecnve of harvesting treatments. 

which might be due to involvement of equal inputs. labours and management 

practices. Though all the treatments "ere similar in total cost of culuvation but 

harvesting at 50 % no"ering stage produced highest gross income. net benefit 1111d 

benefit cost rat 10. Mon: production of dry herb yield m this treatment is responsible 

for higher economics as compared to harvesting at maturity and vegetative stage. 
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CHAPTER-VI 

SUMMARY AND CONCLUSION 



SUMMARY AND CONCLUSION 

The investigation cnti!led "Development of Agrotecllnologies for 

Domestication and Quality Aspect of Bliringari1j (Eclipfa prostrota Lr was carried 

out at the RC'Selln;h-cum-Expcrimental Fann. Department of forestry. North Eastern 

Regional Institute of Science and Technology (NERISl). Nirjuli. Anmachal Pradesh 

during 2005--06 and 2006--07 to domesticate an imponant me,:hcinal wild herb 

Bhringan,j (Eclipla prrulrata L) by dc,eloping its cutti,11tion tcchniq\le$ mainly the 

opiimum spacing, doses of nutnents with ,-arying soun;cs. ume of transplanting and 

the optimum hervesrmg siege. To Sludy the efTeet of different spacing, sources of 

nutricn\ with varying doses, transplanting time and different llarwsling Slllge$ on 

gro"th and development. herb yield and quality asp,:<:t of Bluingaraj. 1"'1> field 

experiments were conducted under splil pkx design with three rcplicati00$. To find 

out the optimum spacing and doses of nutrient from various souroes. the Ii� 

experiment was laid out with three different spscings vi:. S1- 20 x 20 cm. Sr 25 x 25 

cm and Si- 30 x 30 cm t,et,.een row to row and plant to plant respectively considering 

as main plot and six diff�nl doses of nuuicnts vi%. Fo - NoPoKo. F,-N»PioK10. Fi - 

Nw'.oK:io, Fr N.,.,P,,oK:,o. F.- 10 t FYMnla and F,- N,,oP,oK,.,+ S I FYM!ha aui� 

to sub plot wi1h total 18 treatment oombinations and S4 numbttofplots. 

The second experiment was conducted to find oot the suitable lime of 

transplanting and hanesting stages of &liptQ prostr(JIQ L. taking transplanting time 

as main factor with four diffen:nt 111mSplanting times viz. ST,-is• Apnl. STr1s• 

May, STl·lS., June and ST,-15• July transplanting treatments and harvesting $U.ge as 

sub factor with th� difTerenl hlll"VCSling stages ,·/:. Hr Vegetative stage. Hr50 % 

no,.ering stage and Hr Maturity stage with total of 12 treatment comblnations and 

36 plots. 

The effect of difT�nt treaunents of bolh the experiments on various 

parameters were re,::orded for the srudies and summarized under the following heads. 



I. Effect of spacing 

A. Growth and herb yield 

l. The diffcrenl spacing trea1mems proved their significant effects on growth and 

yield annbutes. Comparatively wider spacing significantly increased the 

growth characters of £clip1a prostrata L than closer spacing in both the year 

of cultivation. The treatmenl JO x 30 cm and 25 x 25 cm spacing recorded 

statistically similar plant height, number of primary bnmches, number of 

leaves al all the three growth stages viz. vegetative, flowering and maturity 

stage, which recorded sut1sucally superior to 20 1t 20 cm spacing. Regarding 

number of secondary branches per plant. stem and branch diameter, number of 

root and root length. the treatments 30 x 30 cm erd 25 1t 25 cm spacing though 

remained IH par but proved stahstically superior to the closest spacing 20 x 20 

cm at flowering and maturity stages. Whereas, at vegeta1ive stage all the three 

spacing treatments "ere statistically al par on these attributes. 

2. Comparatively wider spacing resulted imo superior reproductive characters 

than closer spacing The treatments 25 x 25 cm and 30 x 30 cm produced 

maximum number of flowers and heads at flo"ering and matunty stage 

respectively than the closest spacing of20 x 20 cm. 

3. Wider spacmg recorded the highest dry maner production including fresh 

weight and dry weight per p!am of &hpw prrutrola L than closer spacing 

The treatments 30 x 30 cm and 25 x 25 cm spacing proved statistical 

superiority on fresh weight. dry "'eight and dry matter production over the 

closest spacing 20 >. 20 cm al flowering and maturity siage. But at vegetative 

stage a\l the spacing treatments showed their similarity on these anributes. 

4. All the spacing treatments showed sterisncel similarity on individual leaf area 

at all the three 8f0"1h stages. However, wider spacing 1.e. 30 x JO cm and 25 x 

25 cm recorded superior leaf area index to the closest spacing 20 x 20 cm at 

maturity and 50 o/o no"ering stage But at vegetative stage. among the 

different spacing treatments no significant variations could be established 

5. Comparatively wider spacing recorded higher fresh and dry herb yi<::ld than 

closer spacing. The treatments 25 x 25 cm and JO x 30 cm spacing showed 

statistical sim1lari1y but proved superior in fresh and dry hcrt, yield to the 

spacing 20 x 20 cm. 
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B. Nutrient content and ill uplake 

l. All the spacing treatments showed sllltistically similar on major nutrient 

content of Eclip,o pros1ra1a L. Nitrogen, phosphorus, po1ash and orpnic 

carbon content of plant proved siatistically a1 par irrespective of different 
spacing. 

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

from soil than closer spacing. The nitrogen, phosphorus and potash uptake 

remained similar m 2S x 2S cm and 30 x 30 cm spacing but proved superior to 

the ctosesr spacing 20 x 20 cm 

C. Quality pa111metcrs 

l. All the treatments pertaining to different spacing ,� JO x 30 cm, 25 x 25 cm 

and 20 x 20 cm recorded slllllstically similar total alkaloid content in Ec/ip,a 

pros1ro1a L. 

2. Regarding total alkaloid yield, re1auvely wider spacing produced more 

alkaloid yield than closer spacing. Though the treatments JO x 30 cm and 25 x 

25 cm spacing remained a1 par but proved statrstical superiority over 20 x 20 

cm spacing. 

3. All the spacing treatments produced similar sugar content. The spacing JO x 

30 em, 25 x 25 em and 20 x 20 cm were statistically 01 par in production of 

total sugar. reducing sugar and non·rcducing sugar. 

D. Soil paramders 

I. The widest (30 x 30 cm) and closest (20 x 20 cm) spacing produced 

statistically superior results on higher available soil nitrogen afkr harvesting 

of crop than medium (25 x 25 cm) spacing. 

2. All the spacing treatments viz 30 x JO cm. 25 x 25 em and 20 x 20 cm proved 

statistically similar in ava!lable phosphorus. potash and organic carbon content 

in soil after harvesting of crop. 

E. Economk$ 

I. The closest spacing 20 x 20 cm recorded the highest cost of cultivatioo (Rs. 

9,099/ha) than relatively wider spacing follov.ed by 25 x 25 em (Rs. 8,989/ha). 

The lowest cost of cultivauon (Rs. 8,'7 !Mm) was l't'(:Orded under the spacing 

JO x JO cm. 
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2. The highest gnm income {Rs. 28,595/hl) .. as =orded due: to 25 x 25 em 

s�ing, which was close 10 JO x 30 cm spacing (Rs. 28,480/lu,) and the: 

lowest {Rs. 24.925/hl) was re-corded in the: clcsea spacing 20 x 20 cm. 

3. The s�ing 2S >t 25 cm produced the: maximwn ni::t retum (Rs. 19,606llu,J 

which was very close 10 JO x 30 cm spacing (h 19,601/lia). The highest 

benefit cost ra1io (2.2 l: I) "a:i m:orded in the: IJ'Qtmcn1 JO x 30 cm spacina 

followed by 25 x 25 cm (2.18:1). The spacina 20 x 20 cm reoonled the lowest 

values of all the -ic indi«s. 

II. Effect ofnutritnt m•n•gtmtnl l�almtntf 

A. Gro.,·th and hfrb yidd 

1. All the nutntnt application treaunents irnspcclive of different 50\m:es and 

doses proved st1tistical superiority on grov,lh characteristics over «1ntrol /.,. 

no nutrient applied trea1mcn1 al all 1he iffi"lh SI.ages w:. vegct11ivc, nowcring 

and maturity stage in both the )Car 2005.()6 and 2006-07. 

2. Among the nutricnl applied treatments, integration of FYM and chemical 

fcnilizcr. FYM alone and highest doses of fenilizcr {N,oPooK,o) ireatments 

recorded the tallest plant heiJht tha.n lower doses of fenilizcr at all the: &rQWlh 

stages of &lipra pros1l"(Jlu L. The treatments �P.oK» + S t FYMr'ha, 10 1 

FYM.r'ha and N,0P110KJO remained statistically similar but proved JUpcrior on 

growth chlll'!ICleristics vi:. number or primary and secondary tnnches. stem 

and branch diameter, number of leaves. number of roou and rooc length at 

llo\.\ering and maturity stages than Olher low fcnilizer applied treatment I.e. 

NIIOP4'lK» and N,oPlOK 111- On the: other hand at vegetative stage, the treatment 

N,oP.cK,a and �P4'lKll + 5 t FYM111a recorded the highest primary 

branches. Nt,0P.oKlO + S t  FYM/ha and 10,  FYM/ha recorded the maximum 

secondary branches, N..,l'..,Km + 5 I FYM/ha, 10 t FYM.r'ha and N,oPooK10 

treatments produced highest stem diameter and number ofkaves. 

3. In case: of reproductive charaete,s, the treatment �P..,K:,o+ 5 t FYM/h.a, lO t 

FYM/ha and N,oP6CKJO though productd sta1istical similarity on number of 

Ilowers and heads at !lowering and matwity stages respectively but pro�ed 

statistical supcriorily over lower doses of fertilizer application 1tta1mcnts ve. 

NIIOP4'lKll and NJ10K10 
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4. Integration of N�.o:;K:10 + S I FYM/ha and highest doses of fcnilizer 

(NJfOK:IO) prod� statisli<;ally similar dry matter and pro-i superior to 

omer nutrient applied lre8tmentS Ill all !he growth st,.ges oflhc crop. 

S. locorporation of S I FYM/ha aloog with NJ..,1(10 though produced highest 

leaf area and leaf area index but proved statistical similarity with other nutrient 

managanc:nt ttutmcnt ucluding NJ:ioK,o 

6. All the nutrient management treatmentS excep1 NJ;JOK,o produced 

statistically similar but pn:wed superior in fresh herb yield over contJOI. 

Notwithslartding. NJ..,1(10+ S t  FYM/ha and NJ.,..KJO � SWistically 

al par dry herb yield but produced superior results over NJ.oKm and 

N.,P:,oK,o and only FYM applied treatment. 

8. Nulriut eon Ital aad its uplak 

1. Major nutrient content ,·1:.. nitrogen. phosphorus. pollls.h and o,pnic caibon of 

Ecfip,a pro.Jtralil l- and uptake were recorded swistically superior in all !he 

nutrient applied treatrnentS over control. 

2. The organic sources of nutrient eilhcr alone (10 t FYMn>a) or in combination 

with inorganic fertilizer {N.oP.,,K;,o + S t FYMn>a) and lhc highest dose of 

feruhzer (NJooKm) sho,,,ed higher nitrogen. phosphorus and potash content 

over lower doses of fertilizer application ,·iz. NJ.oKJOand NJJOK10 

J. In ease of plant organic carbon content, FYM applied treatrnentS either alone 

or in combination with inorganic fertilizer was similar but proved superior to 

other chemical fertilizer applied treaunentS irrespective of doses. 

4. Regarding uptake of plant nutrients the treatmentS N,,oP..,Km + S t  FYM/ha 

and 10 t FYM/ha produced swistically at par on nitrogen uptake from soil but 

proved superior to other nutrient applied treatments followed by NwJ>ooK» 

On the other hand. plan1 pho5phon,s and potash uptake "ere highest in 

integrated treatment i � NJ..,K:ia + S t FYMllla and proved superior to the 

other nutrient applied treatments followed by 10 t FYM/lul. 

C. Qualify pllflmctcn 

I. All the nutrient applied treatrnentS reconlcd !U.tistically superior total alk.aloid 

content of plant alkaloid yield and sugar content than control in both the 

cultivatioo y= 
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2. Among the nu!riem applied trealments irresptttive of sources 8.l1d coses. no 

signi ficam variations were recoded on total alkaloid content. 

3. Regarding total alkaloid yield. FYM applied treaunents either 1lone or in 

combina1ioo with fonilizer (10 t FYM/ha and N60P40Kio t j I FYM/ha) 

shO\H-d maximum efTcctivity and superior result than other fcnili1.cr applied 

treatments irresptt1ive of doses. 

4. The maximum total sugar "DS observed in the trea1mem� NflllP.oKio t 5 t 

FYM/ha and IO t FYMlha. "hich \\Cre Stati�ically similar but superior to the 

other chemical fcnililer eppllcetlcn treatments 1•,: NwPooKio, N10l'-1QK201.nd 

N,oP;,oK10 All the nutrient apphed trceuncms were statistically "' par on 

reducing sugar cement. while non-reducing sugar remaincd unafTcctcd by all 

1he treatments including comrot. 

I>. Soil 1mrame1er, 

L All the nutrient management tremments were superior in soil paramc1e<s vu. 

availnblc $Oil nitrogen, phosphorus. potnsh and soil 011:amc c.o.rbon content 

over control I.,. no nutrient applied treatment nfkr har.e�ing of the crop. 

2. Among the nutrient management trcntments, fYM applied tll'auncnts either 

alone ( 10 t FY Mina) or in combination with chemical fcnili,cr (NflllP.ooK10 + S 

t rYM/ha) 1hough rcnrnincd similar on all soil parameter- bu1 both proved 

superior 10 other fenilizer applied treaunents (N.,.,P.oKw, N..iP..:iKio 1nd 

NJOl':.:.K,o) 

E. Econo111ic8 

1. The treatment N.,.,P.oK,o recorded the highest ccsr of cultivation (Rs. 9. 981/hl) 

followed by No0P.aK20 + 5 t FYM/ha (Rs. 9.539/na) and lhe lo"cM cost of 

culti,ahon (Rs. 7.005/na) "as recorded in ccmrcr 1reatmcn1. 

2. The hi11he�1 gross income (Rs. 33.065/ha) and net income (Rs. 23.526/ha) "as 

recorded due to N6'1P.00K20 + 5 t FYM/na followed by N<lQl'ooKJO (Gron 

income : Rs. 31.J !5/ha and net income: Rs. 21.334/ha) 

J. Rc11arding per rupee investment Nool',oK:,o+ 5 t FY Mina recorded the highest 

lxncfo-cost ratio (2.47:1) follo"cd by 10 t FY Mina as 2.44: I and the lo"est 

per rupee uwesnnent 1.48: I was recorded in ccmrot (NoPoK.,). 
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Ill. Tran1planting lime 

A. Growth and herb yidd 

1. The maximum groy.th charactcriSlics vu. plant height. secondary branches. 

stem diameter. number of lca,cs and number of roots Y..ere rccon:led 

statiSlically supenor eue to 1s• JW1C transplanting followed by is• May. 15• 

April and u• July treatments "'m: sta1is11cally similar and shovred Jowesc 

values on these growth characters. Regarding number of primary branches is• 

June transplanting recorded superior results followed by the 15• May and 15• 

April transplanting, "''here the lacer rwc shovr"Cd suuisiically or par but pnl>'cd 

superior to is• July transplanting. is• June and is• May transplanting 

treatments produced statiSlicalty similar branch diameter and rooc length but 

proved superior to 1 s• July and Is• April transplanting. 

2. The �atment Is• June 1ransplan1ing recorded maximum and su11sucally 

superior fresh ... eight. dry ""eight and dry matter production per plant follo"'cd 

by 15111 May transplanting. The treatments 15111 April and 1s• July 

transplanting were sunisiically similar on these attributes. 

3. All the transplanting times of Eclip10 p,wtf'Qlo produced no significant effect 

on individual leaf �a. Regarding IOU.I leaf area and ground cover per plant 

ls"' June transplanting proved superior 10 Olher time of transplanting follOl'led 

by 15111 May. N<>1wilhstanding, 15• June and is• May transplanting pnwed 

statistically at par on leaf area index but pro,·cd superior over Diiier two 

similar treatments ,·i:. I 5111 April and Is• July. 

<!. Regarding fresh and dry herb yield, ts• June transplanting �atmmt produced 

the highest and superior result over other transplanting times fellowed by IS"' 

May transplanting. The other rwo treatments vu. Is• April and is• July were 

statistically at par and produced lowest fresh and dry herb yield. 

B. Nutrient contut and its up11kt 

1. Nitrogen content of Edipto pro1tro10 L rcoorded ma.�imum on 15• June 

transplanting and proved superior to the other times of transplaniing, where 

the rcmaining three treatments wm: statisrically at par. 

2. Regarding phosphorous and potash contmt. ts• June and is• May 

transplanting treatments though remained similar but proved sutistically 

superior to Is• July and Is• April 1ransplan1ing treatmenis. 
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J. Plant organic carbon contcru was found maximum due IO is• June 

transplanting which was superior 10 other treatments followed by 15• May 

11,msplanting. is• April and ts• July transplanting treatme!lts were 

statistically s,milar and� lower in organic carbon content. 

4. Regarding uptake of nitrogen. phosphorus and potash from soil the ma.,;imum 

upl.llke of nutrients were recorded due 10 1s• June tnmsplanting and � 

statistically superior to the other lmllments followed by 1 s• May 

transplanting. The is• April and 1s• July tn1nsplanting trcatmCl'lts wac fOllnd 

at par on these annbutcs. 

C. Quality panmeten 

I. Different transplan1ing 1imcs failed to produce significant inr::rusc: on total 

alkaloid content in plant during both the )"C�. 

2. The maximum total alkaloid )idd "115 recorded on 1s• June tn.nsplanting 

treatment followed by is• May tnmsplanting and proved superior to the 

treatments 15• July and is• April uansplanting. 

J. All the lnlnsplanting treatments sho"-cd no Vllriations on total sugar and non­ 

reducing sugar cootct11 of frl,p1a prostroui L 

4. Though 1s• Ma) and 15• June lnlnsplanting produced statistic.ally at par 

reducing sugar. but proved superior IO 1 s• July and 1 s• April transplanting. 

where the later rwc treatments were mnic.ally similar. 

D. Soil par,,mettn 

L After harvesting of crop the residual soil nitrogen. phosphon.ts and potash 

were found statistic.ally similar due to 1s• April and is• July tnmsplanting 

and showed statistical superiority over other treatments fcljcwed by is• May 

transplanting treatment 

2. Regarding soil organic carbon content. all the treatments irrespective of 

transplanting time: were stasistically similar. 

E. Economics 

1. Tood cost of cultivation (Rs. &.935.lha) "115 similar m all the transplanting time 

treatments. 

2. The maximum gross i11CD1T1e (Rs. SJ.560/ha). ncl income (Rs. 44.575.lha) and 

per rupee in\"estmc:nl (4.96) were =ordcd due to 15111 June: transplanting 
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treatment fellowed by JS"' May (Rs. 45,210/ha. R.,., 36,225/ha and 4,0J:l as 

gross income, net income and beoefit cost 111110, respectively). 

IV. llu,esting stage 

A. Growfh .nd herb yield 

Harvesting at maturity stage rc.:orded the Lallest plant height, maximum 

number of primary br11nches per plant and proved superior to the other 

harvesting stages follo"ed by harvesting at 50 % flowering stage. The highest 

number of leaves was rc(:onJcd due to harvesting at SO �. flowering stage 

which was superior 10 the other harvesting stages follo"ed by harvesting at 

maturity smge. Though harvesting at SO % flowering and maturity stages 

remained some on stem and branch diameter. number of secondary branches, 

number of roocs and root length, but proved superior to harvesting at 

vegetative stage. 

2. llarvesting at 50 % flO>lering stage pro,Juced maximum Iresh weight, dry 

"eight and dry mauer pl'OIJuction and proved statistically superior to tile lllher 

treatments follO>l'cd by harvcs1ing at maturity stage. 

3. All the harvestins siage !reatmcnlli failed 10 bring significant variations on 

individual leaf area. Retianling total leaf area and ground cover per plant, 

harves11ng Bl 50 �. flo\\ering stage recorded the superior results fellowed by 

harvesting a1 maturity stage. On the other hand, harvesting at 50 % flowering 

and maturity stages produced similar results on leaf area indcK but proved 

superior 10 har.esting at vegetative Mage. 

4, I larvesting at 50 Y, flo"ering stage recorded the highest fresh and dry herb 

yield and proved superior to the other harvesting s1ages followed by 

harvesting at maturity stage. The lowest fresh and dry herb yield was rc.:ordcd 

due to hal'\'estlng at vegetative stage. 

8. Nu1rien1 content end IH uptake 

L The major nutncnt content of plant 1•1z nnrogen. phosphorous. pot.Bsh and 

organic carbon were found maximum due to harvcstins at 50 % flowering 

stage and proved superior to the other treatments fellowed by harvcsiing at 

maturity stage. 

1)4 



2. Hwvestmg at 50 'Yo flo"ering stage m:ordcd Lile highest and superior nitrogen, 

phosphorous and potash uptake from soil than other treatments followed by 

hwvesting at maturity stage treatment. 

C. Qu11ity paramettMI 

1. The treatment. harvesling at 50 % flowering stage recorded the maximum 

alk.aloid content of EcliJJ(o prourato L and total alkaloid yield and proved 

superior to other harvesting stages followed by harvesting al maturity stage. 

The lowest alk.al01d content and alkaloid yield "as recorded due to harvesting 

at vegetauvc stage. 

2. Regarding total and non reducing sugar content. the treatment harvesting at 50 

'Yo flowering stage recorded superior results followed by harvesting at maturity 

siege 

3 Harves!ing at 50 'Yo flowcnng stage m:ordcd the superior result on reducing 

sugar content than other two sta!IS!ically similar treatments uz harvesting at 

maturity stage and vegetative stage 

D. Soil 11ar1metcrs 

I. Regarding residual soil pammcters vi;. available soil nitrogen. potash and 

organic carbon. harvesting at vegetative stage showed the highest values on 

these parameters and proved superior to other harvesting stages. The 

treatments. harvesting at 50 % flowering stage and maturity stage remained 

stat,stically similar. 

2. Harvesting at vegetative stage recorded maximum available soil phosphorlls 

and proved stansncalty supenor to other treatments fellowed by harvesting at 

maturity stage. The lowest available phosphorous was recorded due to 

harvesting at 50 % flo"ering stage. 

E. Economics 

Total ccsr of cultivation "as similar (Rs. 8.985/ha) at all the harvesting stage 

treatments. 

2. The maximum gross income (Rs. 56,lSSlh.a), net income (Rs 47, 170/ha) and 

per rupee invcstmcn1 (5.25) was recorded due to harvesting at 50 % tlo,,.ering 

stage followed by harves1mg at maturity stage (gross income Rs. 44.660/ha, 

net income Rs. 35,675/ha. and per rupee investment J.97). 
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CONCLUSION 

The following conclusions may be drawn from the n:sults oft he investigations. 

J. Culhvation of Ecliplo prostro/a L. at the spacing of25 x 25 cm eed 30 x 30 

cm produced similar fn:sh and dry herb yield along with higher alkaloid yield, 

althOllgh from per rupee investment pomt of view the 30 x 30 cm specing 

proved opcimum for cultiva1ion In the ereas \.\here labour is available and 

cheap. the spacing 25 x 25 cm may be considcre<I the most elfettive for 

cornmen:,al cultivation of the herb since gross income and net income is found 

highest in this tn:atment. 

2. From the nulrienL management point of view integration of organic soun:es of 

nutrients along with lnorganlc fertilizer @ 5 1/hn farmyard manun: and 

60:40:20 kg/ha N:f>:K n:sp,:,;:th·ely proved the but in incn:asing hffll yield. 

quality and economics. 

3. Trimsplaming of seedlings in Lhe mid June was found to be the optimum time 

for cultivation of Ec/rplo proJlralo L. for h 1gher herb ar,d alkaloid yield along 

with more gross and net income and better return on per rupee investment. 

4. SO per cent Ilowertng stage proved the best stage for har1esting of Ec/lpw 

pros1n,w L. and produced highest herb and alkaloid yield with better quality 

and more return from 1ts cultivation. 
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APPENDIX-I 

Monlhly wu1her pal"lllmeters during the uprrimenlalion period 200S- 

Month Temperature ("C) Rain fall Relative Bright sun 

Mm1mum Maximum {mm) humidity(%) shine hour 

Jan'05 21 0 t l.O "0 75 102.24 

Feb"05 22.6 15.0 100.8 77 60.30 

March'05 23.0 18.0 213.3 81 28.36 

Apri1"05 26 6 19.9 [54.8 80 110.48 

May'05 27.9 21.5 357.4 84 89.54 

June'05 30.9 25.2 )99 0 
" 

I 06.36 

July'OS 31.1 25.7 505.2 86 113.24 

Aug'05 30.5 26.1 760.2 76 165 24 

Sep'05 30.8 21.6 90. 81 150.48 

Oct'05 32.5 24.8 218.8 76 165.24 

Nov'05 26.7 15.9 19.6 72 163.00 

Dec'05 24.8 JO.I 6.0 68 183.12 



Al'l'£NDIX-U 

Moatbly wealhu p•nmeien duriag lhe uperiment•lion period 2006 

Month Temperature !"C� Rain fall Rda1ive Brighi sun 
Minimum Maximum (mm) humidity(%) $hin.e hour 

Jan'Ol5 
23.0 10.2 19.4 n 165.54 

Feb'Ol5 
23 8 IS. I 233.4 .. l00.S4 

March'06 
27.0 16.9 37.8 7l 180.36 

Apri1'06 
28.0 20.6 204.8 78 127.30 

M�y'Ol5 
33.2 23.8 3152 

" 
166.36 

June'Ol5 
30.8 2l3 881.0 •• 

8).24 
July'06 

33.3 27.0 5 IS.6 80 121.48 
Aug'oti 

33.S 26.0 211.8 77 196.54 
Sep'Cl'I 

31.S 24.4 201.3 79 130.18 
Oct'06 

30.2 20.4 100.9 14 186.06 
Nov'06 

25.6 15.6 102.8 77 114.II 

D<c'06 
23.4 113 24.4 77 157.41 

II 



APPENOlX-111 

Important cullunl practice in Ilrat Upl'rimut during 2005-06 and 2006-07 

s. 

No. 
OI 

Par1iculan1 of OfK'ralion 

Preparation of nursery bed and applica1ion of 
well decomposed FYM 

Dale of Opc:ntion 
200S-06 2006-07 
26.04.0S to 24.04 06 
28.04.05 27.04.06 

02 Final nursery bed preparation and sowmg of 06.05 05 
seed 

OS.OS.06 

03 

04 

0, 

06 

07 

Lay out of plots in the main field 

Application of well deeomposed farmyard 
manure (as per treatment) 

28.05.05 & 

29.05.05 
29.05.05 

1305.06 & 

24.05.06 
28.04.06 

26.05.06 

27.05.06 & 

28.05.06 
28.05.06 

Weeding in the nursery bed 15.05.05 & 

25.0S.OS 
Main field preparation 30.04.05 

Final land preparation 26.05.05 

08 Basal application fernfizer (as per treatment) 04 06 OS 

09 Transplanting of seedlings 05 06 05 

10 Application of malathion dust surrounding the 11.06 OS 
seedling 

11 Gapfitlingofseedlings 14.0605 

12 First weeding 25.06.05 

13 Seeond weeding 18.07.05 

14 Top dressing of urea as per treermem 2 l.07.05 

04.06.06 

05.06.06 

10.06.06 

ll.06.06 

24.06.06 

18.07.06 

21.07.06 

IS Application of fungicide (Bavistin) 

16 lfar\'esting 

Ill 

25.07.05 

16.0805 & 15.08.06 & 

170805 16.08.06 



Al'J'i,:l'/1)(}(.!\I 

lmpor1an1 cuhural practices on 15'- April 1ransplan1ing 1ru1men1 

SL Particulars of operation Date of O�ration 
No. 2005--06 2006--07 

01 Preparation of nursery bed and application of 28.0205 26.02.06 
well decomposed FYM 

02 Final nursery bed preparation and sowing of 14.03.05 I 5.03.06 
seee 

03 Main field preparation 01.03.05 28.02.06 

.. Final land preparation O(i.04 05 08.04.06 

05 Lay out of plots in the main field 08.04.05 & 09.04 06 & 

09.04.05 10.04.06 

06 Basal apphca1ion of fertilizer 14.04.05 '.4.04 06 

01 Transplanting of seedlings I 5.04.05 15.04 06 

08 Applicauon of malathion dust surrounding the 19.04.05 18.04.06 

seedling 

09 Gap filling of seedlings 21.04.05 21.04.06 

10 First weeding 03.05.05 05.05.06 

1 1  Second "ceding 26.05.05 28.05.0<i 

12 Application of fungicide (Bavistin) 02.06 05 

1l Harvestin1,: al vegetative stage (H ,) 19.05.05 20.05.06 

14 Harvesting at 50 % flo" ering stage (I h) 09.06.05 09.06.06 

1l Harvcstint: al maturity stage (H1) 30.06.05 02 07 06 

IV 



APPENOIX-V 

Important nltursl prsclices oa 15• May 1nmsplaui11g lrtalmnl 

SI. Partkulart or opention l),r,1e orOpentio• 

No. 
,,.,.... ,,....., 

01 Pn:p;mition or nursery bed and appliclition 2603.05 25.03.06 
of well d«:omposed FYM 

02 Final nursery bed Pfl'panuion and $0\'o ing or 14.04.05 14.04.06 
seed 

OJ Main field Pfl'p;milion 01.03.05 28 02.06 

"' 
Layout ofploo in the main field 08.04.05 & 09.04.06 • 

09.04.05 10.04.06 
Ol Final land Pfl'paration 07.05.05 08.05.06 

06 Basal application of fcrtiliur 14.05.05 14.05.06 

07 Transplanting of seedlings 15.05.05 15.05.06 

08 Application of malathion dust surrounding IS.OS.OS 17.05.06 
the seedling 

09 Gap filling of seedling,; 21.05.05 20.05.06 

10 First v.ceding 08.06.05 10.05.06 

II Second weeding 30.06.05 29.0606 

12 Harve$1ing at vegeradve stage (H,) 20.06.05 19.06.06 

I) Harve$1ing at 50 % flov.ering stage (H2) 10.07.05 11.07.06 

l4 Hill'VeSling al maturity stage (Iii) 02.08.0S 02.08.06 

v 



APPENDIX-VI 

lmportaot nltural praclices oo 15'" June lrauplaaling treatmeee 

SI. Par1iculan of oprratioa Date ofOl!!ralioo 
No. , ..... , ..... , 

OI PrepanHion of nursery bed � ,pplication 01.05.05 02.05.06 

of well decomposed FYM 
02 Final nursery bed preparation� Sl)\Ooing of IS.OS.OS IS.OS.06 

""' 03 Main field preparation 01.03.0S 23.02.06 

°' 
Lay out ofplO!S in the main field 08.04.0S • 09.04.06 • 

09.04.0S 10.04.06 

" 
Final land preparation 06.06.0S 08.06.06 

06 Basal application of fernluer 14.06.0S 14.06.06 

07 Transplanting of seedlings 1 S.06.0S 15.06.06 

08 Application of mala!hion dusi surrounding 18.06.0S 17.06.06 

the seedling 
0, Gap fillingofsccdlings 22 06.0S 2 l.06.06 

10 First wttding 06.07.0S 07.07.06 

I I  Second weeding 23 07.0S 29.07.06 

12 Harvesting at vegetative stage (H,) 19.07.0S 20.07.06 

13 Harvcsiing at SO 'Yo flowaing stage (H1) 01!.08.0S 09.08.06 

" 
H111VcS1ing at maturity su.gc (H1) 01.0905 31.08.06 

VI 



APPENDIX-VII 

lmp0rtant eullural practkn on IS,. July transplanting 1ru1men1 

SI. Particulars or operalion Date ofO!!!ratioa 
No. 2005-06 2006-07 

OI Preparalion of nursery bed and appli,;-ation 03.06 OS OS.06.06 

of well decomposed FYM 

02 Fmal nursery bed preparation and sowing of 14.06.05 IS.06.06 

seed 

03 Main field preparation 01.03 05 28.02.06 

'" 
Lay out of plots in the main field 08 04.05 & 09.04.06 & 

09.04.05 10.04.06 

Ol Final land preparation 06.07.0S 08.07.06 

06 Basal application of fc"i lizcr 14.07.05 14.07.06 

07 Uprooiing and !ransplaming of seedlings 15.07.05 15.07.06 

08 Application of malathion dust surrounding 19 07.05 17 07.06 

the seedling 
09 Gap filling ofseedlmgs 2!.07.05 22.07.06 

IO First v.ecding 07.08.05 09 08.06 

II Second "ecding 28 08.05 29 08.06 

12 I larvcsting at vcgctntivc stage (I l 1) !908.05 19 08.06 

ll HarvcSting at 50 'Yo flov.ering stage (H:) 1009.05 09.09.06 

14 Harvcstmg at metunty stage (HJ) 30.09.05 30.09.06 

VII 



APPENDIX-VIII 

Co11 or cul1iv,1lon In delaih for spadnit and sourc,rs or au1rini, "itb v•rylog 
do- (rirsl) uperlmra1 

I. Com mo• cost for all I.lie u�rimeni, 
Item Unil/quarui1y .. .,. 

A, Raising ofsmllinas 

•• Nursery bed pr,:panuion J man days 165.00 
,. FYM r 1hcla 40.00 
,. Seed collection and seed sowing J man days 110.00 
,. Uprooting of seedlings J man days 165.00 

B, Main field PB'.OOCAtion and inout 

•• land preparation (Plouglling. llanowing 1000.00 
lc�cling CIC. 

b. Fcni lizcr application 2 man days 110.00 
,. Gap filling 2 man days 110.00 
,. Wccdin1 (Two times) 20 man days 1100.00 
,. Top dn:s.sing 2 man days 110.00 
r. Irrigation 4 man days 220.00 

•· 
Cos! of plant pro1«1ion cllcmk:als 350.00 

h. Application of insecticide$ 3 man days 165.00 
,. Marvcsting and t11111spona1ion 18 man days 990.00 
j. Cleaning 10 man days 550.00 
,. Drying and bcggina 6 man days 330.00 
I. M isccllancous expenditure 500.00 

To1al (A+ BJ 601.!l.OO 

Contd •••..•. 

VIII 
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J. CO!II or tultinlion In dd11.ib for rnnsplHtiag lime 11.nd han·ri.1i11g 1111.ge 
{S«oqd) np,erlmenl 

Item Unit/quantity 
"'"" 

A, Raisin11 ofs«dlmu 

,. Nursery bed prepuation 3 11111.11 days 16S.00 

b. FYM 1 thela 40.00 

,. Seed col\c,;tion and seed sowing 3 m11.r1 days 110.00 

d. Uprooling of seedlings 3 man days 16S.00 

B, Main fidd moaration and inwt 

•• 
Land pn:paration {Ploughing. harrowing 1000.00 
leveling etc. 

b. fertilizers 

I. Un:11. 130.41 kg 717.36 
ii. SSP 2SO.OO kg 1000.00 
iii. MOP 33.33 266.64 

c Fertili�cr application 2 man days 110.00 

d. Transplan1ing of seedlings 18 man days 990.00 

,. Gap filling 2 man days L 10.00 

d. Weeding {Two times) 20 man days 1100.00 

,. Topdn:ssing 2 man days 110.00 

r. Irrigation 4 m11.r1 days 220.00 

•· 
Cost ofplanl protection (chemicals) 3S0.00 

h. Application of ins,ecticidcs 3 man days 165.00 

I. I larvesting and transportation 18 man days 990.00 

l· Cleaning 10manda>� SS0.00 

,. Drying ind begging 6 man days 330.00 

I. Miso::cl1ancous openditun: 500.00 

To11I (A+ 8) 8985.00 

NB· Cost of input {Rs.): Urea• S.SMg. SSP • 4.00Jkg. MOP• 8.00Jkg. FYM • 
I 10.00/t. I man day• Rs. SS.00. Sale: priee of Eclip10 p,wlrata Rs. 10.00/ks dry 

"""· 

x 
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