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INTRODUCTION



^ iraosfifw .. ' •

SalJW f©^o- m ifflf^taat tlmt

s&asts^- feet at '%m tMy iiavs

liesas of f#Qi ia tin# iei?t,|.opl,ag ©©aat^iaa

&f tli:e iimwitly Mgmm- iMimte tM%

gMlsl •s^-ofs i© af tm m€m ©f

'ffltillQa teas p@» aaaata of wtob ta^i^da rnlm^ m^mmn tm-

as^® tteis 1-®i: .@ii.iM.«B t^as ifM©& is a&emt c€ tba

tmai tmm mm SMSsetitri (»## i$W*

faflfe&i; is- ali# esJlfi m eagsam, rnmim^

latfi# mn$:iQm^ fmilts ia fa^t® #f ttie wei?Mi

teB a pltofsl »ia# la tfct ©#0®q^ s# fli# ilate «f Ie»ais

witii as mmm% 55#9 totelt t«s itta.

an mm #i S»2f Is Kmml&f :ias|©y.tt|r

of Mmmmm fe©i©i^ t® tfee ^mp- aa^imi, immmm

and tmmtiag tm m. mmtm &£ Mub&lBimm s^hm ttea. hmimmn

•im t-tiesj# a aatositt^- fa©a mm £m

miMM mA i3©@## @f tto Stat@g ratnix'es am^li

M tte 4opf©¥6aaat @f it-f

fsflem te aaia^ a oa^teytete witli"

tm -ciaalgat 0f p?ot«ia9#. It ias teeea sasgosfet tbat

aa@ ^ s^tes©!. 0«ss«3ss the pmt^tn S^rntmimm

p«opl« ia fti© t»#pie0 te ti© l-arge seal® .©©n^tia^tioa of
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tspifes % tte ani 1^^#% ihemims-

m is mpha&iBm t%at mm& pwQt'^m wiuh t&m Mem shmM '

#:la© imtltiM slong with tapl^m* M ftf tlif

%tet _i©gaiitg m^' S9mm&. ©f If15)

it. t© aiittitidmllf &Qm4 W mmpptmmt s@i5©

0mim t&gmsM^ liks ptAsasi?

As mi'smiy tf tafiaea m©

immm.jmi aamat affeti to g# ia tte

0»ja.tlmfi@a of ©a a l^g,® seaM la 3aat»: S§

gattsM© a^9«-«§@M«tsi-s,s .tef@ tt

#mmt t0 p-alsoa. witlitn-l wm

"Mai «• .^peailtw® m^ m& tn tto tQ iaelaie piia.Q0f

ais® aloii^ tafauta- is tftti#' il0t»

J^, ts s te» t&aft is s@l^ wiitljr ttssft

%• ia mmm la t@sMfr«

4s ptaetie# sf iateaslfs. Imi iise't®

tw^. mm& &mp& meU y«as?.» Stils st«

•soit 4fi®»ms0s til#- mit mma. pm mi$

Mm feiif ftte® pmwMm @i44t.i«Ml t© tlid a^ie»Jlt*Jral •

tesiiaeg giMng m mMiti&mi immm* ifsiat

tmb m

^.-§Am #f mm^ th# asssraftlea that fv© 'aps#ies e@tiM

flie #sfl»@s!a0iit tlisii on©#



fte tMt&m&SiW itioiila

m Mmtmm wo^mm pm ®it -t^at t® tUs famie^,

ifetili b# t#afmtiil,© tai • t# wit& fft©

mM ftspf 1% sii©*4ia t® atllls© ®ai- teaeiB.-

tiie iif» mm i® t%mm$u tite um

mm&m miu #»Qtf ^ .mmum p^tmwm ## tm

shtalt hm 0mQ% %ha$ %hw «» litiitst fte-

an mWimtB- wMefe m$ mt uMISmM ti® timis -&^§m

iapitea# %siag a %©a asafli® teatl#a «@Pi tti#

rat® ^ f*a@ mm is -t^aii^atlirelr-

list It g#a0m3% tafees t| S a«lii# t# -ieftlsp me fall

taaifir aai IWh- ft 'km. alat- ieta

t« litst M tiitea- 4twl.«p, tajy %* tM ttoi

.amtfc' -aft^ piaaMiig* tapi^ps i® st a

^aitng '©f fI - 90 ©a m i«ft 'ii|i.|#fe ^a^nl-fes is toiri%

# f.^ga »iiliiis@a tte '©f

#mp -

- :%iei m tte' afe#®© iMtMrnrnmpim taf4®csa

will m eo«#aieall^ f

B a^t #iil.f give® mn Mi:iti#a^. i,mmB- feat aia# atiii^a •

til# mmmmB &i sasaifW, mtm- ana tis

t-Ii® -tidiest J^pwiMats at

f#4t^.fe3is CSiagfe ©t f9if) imt0 sli©«i tbat a ©on&iim-i

tt#» #f teplQfts aiii ftfte^e «lii te ^aaefitiai



&-w$M "teitty 'sf pleats iiat Ss#» fmm# t#

witrb flQM':0i?ups' ia latesw^ffittg" ^sttap. fti©f

w© ^p# £mmM t» m •'bem£^iMSM t# tlift »4a^ iimm$

tiiG paisss^ ©.tipea^ ^9m0m mi ia

3^ge ssmlg fQsple- ^ itsala*: a#sli-#i* $m

motho^ Z&gmm§m^ m^sm^ list Mgfc f.steatAsl

to mmim is 'letali. at m iMmmw*

$k& mmmm^mm Mm-mm misti m

$mmm$ titfiifaat f#M llmt Mm %h&

mm^ mtssi m » .f«t 9t»i* tMs m& mmmBi^tM

$m t# s titfeai® ta fIsat ptpaiati^a ^ea ,|i .^mm

m m %m%m9mp*.. 'Psfstted etniie® m^Mm^ tMw sfftel

tspifei witli- i.iff@i?0st fsi1.e«s aai ^omsimt

«w® laifeiig- is tealaf: 'fna wmrnrnmimi^

$m tli© wmM^ #atf i^ase mm

p'ssaal .iBTOatigat-im ms faMa up %ittfc i^Mmlm-
I

#|t0tiW8S^ . \

• if J 1« -mvm tm ;

.grfeM a»S t^iitl' df , i

•C't)' •.staiy t&e ac3Sifatatiy@ •©ffifiQBSF 9f
'iagoaiiaoa© af' i.tt lapiesa

•0©2.@@t tb© 9fa% tm tspiosa#
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m tm^OMmB tm %immmm&4
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sifiir# Mi''tnfais

is ast smils&M m fli#

-p^istwmmn gsmm in s0.s©0l.atioa witi legnaes^

ia, laSIa m iiffei^aat 3,@g»ja0«3 ijsliis

0^m Lm asMmimHm w4^&. fisM W

iMhrng^ 4iSMmm Mgmm. Mm %$m ti?iaS

as 4ate»es?©fs tfitli tafiam# ©agpasattTO

of wltii ttes©' iat^Qf^aps -sa^piiM mlth tiffQj?eat

fertiliser 4©st@ teft ii#t 1@©» st.ii€i.®i m^msS^^w.

Mtemtme ©a tiie &.Um& mpmtm hmB tessa wmlmmM.

•!i«#,#' Slum testaiJiirig t@ Uw mom i-»i?fe is

liiaitet, sisallj^ m .TOla-lea eiropa as© alas

I* ^teet §g...iBiiyarQaBiag.0a tte mmth agia..yi@M. M
sayi^oa

fhe' pmeflpe te^0re»Qpp4ng' ia tafisea -lias '&e«a

m as In W33 (tfeu^eas, 1955).

tlis p^aoti^© tet«e3?appiag tsfi^ea \#tli esttofi mm

mpm%^§. C19SS) ia Odiaa&ia. Bepsffta tswm

faag^^ifea iaStsated that wli©ii Q9$a g^oaniiiiita wm

iateresepfeS wlfBi la*!© flantgd tnpi^mg the fl@3.4 of" ^ss^am

mB mAiMOBd tQi lese tSaR <iae*fIftii #£ wlat it ppoSti^e^

•wfciea ^mm Blom (Amm^g 196§)»

-Siagti ®M ttiaaai (If68) tlist pp-e^iag gi?0'aaanat
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aa la tspis&a iti mt -anftststttisliy affect t&t

^©wl'fe aiii fiiM ^ taf4»a feal ©s t!i$ prwiiaa

m $mm' iaew #f f&#itso/te* i»

tapipos ms 3* x 3* #fa»t''aai ^^©aaiftmt .ms sot®

lii, tte ©eatt® ^ a fspiess at am©' apart*

. • fli# tttte 9f tsfiees ti^s- ii«l totei ^

l©g»».i tlM .^©iiaSBiit asi eowpes a© iatsTOi-ep©

'%at -©m tilt otue^ MM. gmw mm aiiitia^l ia©;«e CSinga

il- 1f Si )» -Sia# Ifeadai <i 97©) rtf«teft, f list' 'tiairaew'
gsm SBi. ,s0ssiit«i -reteteA t&e tat>©^ fleia #f ta,pl,.«i0a

•dds©lisi&fe%*

ils^^aiW -mm m,siii ii$W] eo^ea, sanflswft#

sof •|^*@iiatnat aEi mise as irntBm^^PB 4fl

.. mm fs«i tMt ^leli la tm mimmt

mB 0iga.lfioaa^'if tiigfe« tlmri. tlat i» tlis filter*

ts©pp©a pl0tB* • fmltej' ftsM i'SS .iigSLitisnatair wUm

la$«srofpei wtlfe gregnfraat »iae,, s^jljeaa# ss^'lsw#^ mid ,

g»d.iittiiittti- tie i|ffee»©8- we^@ c^a in tft©

aaig® ami si?fts@a^ is'tots* tk#tas& g^atasaatit plots ^ee^teS

tted idwist fySeii tai^itaa. It «8 mwmlm t®

mhm' w^m& ©f fl©i?» Iat«r»

erorfi?^' smi ware f©am4 t© M
immmmmko &m tli@ w@^b less tlisa tMt of

mmA. ftifisliif t9f4)»
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II* iat#ggg»oiag m

Arnms #!&« ttite e»sppt iii*lete»@pfIsi sfaiiee'

lia^s fetea iitii#^al@ii. im f-Qlatuse^ gwest f0tafciQi aai

Kcs^egafe C1.-964) ..staiiei Ca© eo^iiQisS.®' aspsQ'ls 9£

C-@Miteat fa©|f@a) atoi «l*lli wmmm fi@M mA
foinA tt^ «itli rnmm mm ga^

'MQMif w&hww Ity aa& #3.as*fed^

toesijs^:' •

|>stat#, laa-ueased £mm 2«94 t& $-»f t/M

fifi0a la&is© fMM gM'4Wi Ift sls^l^ ©2? SstiKl# tqwb

^ ,1972)* . jste^s^oppisg taai bo tifstfieaat
•®ffeqt fa fjjlMaieal mwpQBltim, of tte# petat© Mhm^#

'imm&r^mi^ Si'Mi.es ia-SMStt fote^oee s%Qi#®i tbat
1

total Btiaasl ^Qiti©tl,©a ws inmrnmA tMen Bwmt totalise
'̂Qi© to assQQia'fci'Oii wl'fetl laais® CAadRf#, I973i» I®-

mm &%0& ^mmA ttet ittt€»wpi«g .@f®

"Q^2s.rlmt liglit miMmMm satt-©rm ami a Mgii,©®' @ff

. ©f ntsiisa^ityi s»Med S#

fieli ©f p©tat&e0 imt^rer^fptt sagayeaa# ««

tOtS 2T«S t/fea C«!i.i &$,

19T4'3> AlSsaft# ^ (1975) -al'ift that ia%@3?et©ppias
of itt Sa.'^igatea sasaseaii^ gai?© g«isa Fi.^3.^®

potatoes Mmrnm m'^&trnXf
•1 Or

9

f- .... ,"e



tM stIitF teat fli# fi-sM ^tatt tatee »s ^einsei .

mhm tm Cf

1^- C1it5| g0t 0aa0-yi©I4f asi fi©

^•l§liQ,fft m% mtmms. mm m^aMsm mm :^mm wifb

plLaatM -sii^tsB©* t&t ©fjeits M latsflug

pstat#©9 ifl^h %mW9 mat

cts?6| s^ mmm ClttS)* magfe M & CfWSI mme&rnmy

f^tatses wl^h ^sat witlsamt mw atos^ee

©B tte f otat# f

m$h&w iWfi) rnrnp^M "ift® -of p^tats/

isaSse sil^isp#: laitii ps^s staatf sf ffe© e#!3f#afiit smps ia

f<5i^ piBf ,smi©as ast ffiat $vm tit© alietas-as

f@3.i mm% si: ttef tmm i!W# stania is Iww .irsiafsSI aiasoas#.

#i®sas to blg^ saittfall esastas^ m& a@t niieli

la %%© fmim yitM*... ^ ' •

ZXt^ Miee% of.ie^yi^ ..igfe©i*egaiiPiag tsa .ta@ ter ,i^ta-
eaiite^_sf,

f©v»3?i .mt -Seiini-a 'Ct9€§| f @»t thm% fiastiy

brpmt: g^ss- a4xt€ to sA|a#tat w^vm

at:p© ii^r tfeaa ^mm $m mm 1t« mum ^tw

fte tots-a# f.3^t» ftet mm m lm& ta "fetie of

m*te» px^Mtksed in tl© atet Im Q03?Sliaia mai eot^ea

Cstiiglt#M ,%taiil,|, IfiS)*- Waaai aat matiiter (197$) tmm

•^ i«c^«ag© im tte i»r amtt©^- yieMg -©f qeaelMaa ^Ml^i

^o^sg g£s@iigffaa ta tli^ l»t$w^s«6s*.
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flltlft mi mm immmBB im tliQ-

itjf «#atettf at f x^m m&-em^w& MttE

.itiflaaaaiftge .mmm&mMlw*. f fe# tuMw iw iistte® yi.©l.4 f«t

mSM&i tapi.0©s/s%l# mm 1S*i i©i? seat tUm fm

tBpimm ^Qm mlmm

1% M£0Q%.^'^. %mme immmmMm- m .tm.

• • ^mMg iu a@0«gisti©m 1.egaii©a MM®

mwm imwmsQA slgnifiea .tXy tti@ stwa m

eieae/Cssy S£ 1®)*

whm mta0 mm-rn^m wMh m

si.i^e .»• imMm mmt' 'fttM 'm$

tegt^std,. 'fiif' BtmQk ©tuimMiit |ri©M"%«a UigUmt tfitl*

©ae Mm- 9i mise al-fee^aattag wiA tm mw& ©f

iJmja ^ f Jl?)»

*» •

im. ffe® protsiu 0at ©S'spB

•tiS.ll %B0Mm^ ms mmsMdi 6y mmm%

rnmmM^ Cft^f) t»sft tfiat a aisst^ -of

'l^Q,a® ssi- sifftMa yiffiiM !i4,g^#y e@ate.®l

•5s-0t©ia, &0IS i^issttass wtwa #sapa»-ei. tt® piiff®

f»©«lig •te^' ma# im^easea e^aie

p^ateiii a« t® t&#» r^s

•sfana Cs«y ^ ^•.t It535«

ffet ^g'ai# ##atQat ^ flaetli? .^sss »

11
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me mhm i» witii

toetat tli&a -^ena &lmm tMf&t ana isMia, §ff«fiat

.#1 legiata mA in imbi^ mw$

i&Mm ri©M mM ma. irngtas® is stii«

pf©tsiii -0'0iit©at uf f»5 §m mM is tto- siMtis?# ^

t®' 4tS p& etat itt i« S«f». &£' mrnghm was noted

^ i9W)» • • ^ "

teFAiffiiggiia .iategQgagi,» .tte ggm#,h.,.aaa

• M-^tmU mm4 Mbmmi (1060) 0he&pm& timt

•m m lutmmm gaw titgte pmii^*, -Slacsli^as

ms f®ii^ t® ^a© tM mmt mmmit iat#r#^©p witto. a«it« tii

fiffmslwM #f-fsa£l Ma Ctii»tte»aiip's|4t ffSt}#.

Si'^li aai- mm&hma:'ii9€9) aofst tMt .gnawing 'to^cgaaia ia

tM ^ ®ti0e tlia .fiaal, apt 'iii

att affent f&t fl,0M &f i»tse^ -Qii tte |»

ootf©% sssi fieM' i«s ••

%Atii it imt©»@»|3p@a. tittli Masicgi®® (t&mm mA Kai3k%

ismu

MpmimmtB at lew Dsltil 0tow©i

ttet sm- yielfi ©f T to 8 i/te ©f pulg©

.f3?0a e©3li Ql^taiaei %• iate»e»^3fisg pigeajss-fga

witlioat a4f«sa effset ©a tijs of tM Istt®

CAaoa*, 1971U SsMi mm§. 'Mlms (i9W mpowma. ttet



im tfte ®ia©

tlis- -Ifttl .^sis fisM .in the iBt©^©^©ppst: £t&lA «s

ftSgfeir ^tmm fii9i» simit*.

• ^ i^Wff) tis® fi©M ©£•

##i?gtiiis mm a©t' affwtei %•' "¥iasit|^8i as an

.e#©p«. tli0"4atiif©i^#iif©t .plsts gaf'© a ast mtmn

&t &i.i436/lis as e^apatti. t« l&»?S9/te fi?0a put-s gw^giiiiia,.

W . • . •

a.'l Iw. BeiUlt

iiigte ^ miss: ^mm gesw. as aa

.wm mth (mm ^aa muM (im)-^m '

mpmtBi tm fsftsttttttf ©f 0?0win$ 0®fp©a"is-ai- Ist^^s^of^

M- (ifSB) oMmmM m mp^mrnaim ;gi?#i;t^li
ttf .@®gMta- $m to til© #f gntmmm

4' 25 pm mm% itrnmrn^ 4a sfftaa

^ten ©twfsa. ms fcatete^oppei wltii: it CSismf. 1SSS)»

;^atete^ C196t> .ttgil§» |^^ita ifMs

msst a# am with •

•i%%aip|'iy '©.iii. eted ia 09%#@a-. mbwq •atfsQt.©^
- t

ymte e#aitti..#s8 #f iat^^d^opfing it ia «lse iSaiitm

'tiS4)* Re^% MSi* <t965) tsaM ttel ©sip©a sHia

aa d.B Ififeert^op wi%fe ©©.atos^#- rete6e4 tii6 fi-eM ffe#

latt-fSf #igii4f4e&at3#« gtom la t-lie sajae ifo# as

13



m at M m toigte ymm® tfean

a f-ieltei 520 ^s/M ^ se«i: • _

ftaa tto®' «-s » tei effe®i m aat» •fersa

14

4# ass*l€ttw «itll wMX& .|t ^ fISif}

#»t s^agto ami matel Clf70) -ftaat tlia"l mm fet

fi?®fas -ss tmpimM witimut mm§k

tiiiet yi©M» i«@aa. faiair Clftl)

m& Blgi^il^mt is affija3p yi#M .^wiug •

•aa m imtmmmn'

%^m mi m- ta^@» ^

tafi@iia- •ClI&fasafeiifflM- ®ai tff5|

19T6)* tmmmmwim

la-.Qtttim wm at! Csii^fc aai -iffI)

Bayal, aai Cliff) .fwwft it©-. #4gaifi«amt

to *11# •rielt '©f f# ^mim

« m -immmm* tn^% »^tta (1§f$) septet ttet

•#e^«a In- tefifeeftL- iM n&t affeet the

fleM #f

of' t#9®©a 4a airtof- Ai# a©t peoltsg

#f ^1^- 'M mm^ :pr-9ala«

•ai^ ^etiiO®A the mt ^©-t'jpa 1i#:8 p.@®- mnt i Singh ^ g|«t

f9f6>« .ft ^ CtfffI ttet ©w@a »
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4ld aot'aff^'fe tfee 'i^a Qmp yield

ana till® fetetma- a a©t @f' ^.2003/im '©©upasfQi

t# fe»TO/te in ssffgtoiim aloaa# •... •

Ct958.)''risp^t#a &t mmim

^mn^m im with oM SSB

^&m m stt |.st®«^pp witli mis® iid m&% BiSmt tM

sriisM ot ^#,t 1964.)« "Bato -i%91Q)

^ipapt@i atniK tiie. a©3t saitaM# Sstweirof ^ith

feteiiea m- M%itmmt mt -mtmn of'

_f^m til© t^lais eoErtue'lei at l»A#R.I»t. tlisw
A

it las fossM tliat as aSMtiOJisl yl.©M '@f %B %/im of

piiiiS© gte-la &da .aaaifS &8 4iife©^e^QppliiS

witii fis©0a-p®# aiw ^v©®0@ ©ffeet oa ^t^ia of

thQ lAada^ littl* Siaiiai? ,y#f^ted-

%" ^©m aiit isaa-f CifTtK • ••.••;•

©©atetei .at tM XS%M*§ &&ai3B showea

• tte' tfeilippiae ®i»g ^-eam fr* aM 033*55 Mliea

wita dais©, ili not affeist tli© fla\'#eriss,

ti®©f %t qaaaei fii© fMut® to to Mve iieairi.©ap

iiif®0tatioii of tmi 3.lmmmt to teW' few©^ foSi ana

0©nesoe Se©a mlm mm aXs© »e€ae«a

CAaoa»t 1973). ast Siiigli (1973) feimd a
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peiaisti.® ia $mm^m m$ 0mm •

a® m gmmmm*.' . . '

. iiii?-§tta.aai Stema^^an Clt^S) m i^mm

i.$k tli@ e@t4 0©tt0ii fltii -t##B m& tats#*

@i?©pp04 ^'11 1% aSitti©-flal immQ- ©f atoont

if W mmrntmim ^^ei^ao

ia. ©t i9tsi« Iste«ir§f.pi^ ia

saga^oatii iti ii0f mm^ mnf e^#iiesisn m% Mit

-Pf Siigii»c« |Assa», iiaila»

sesalta -wt dMmiast by S^atmai aiii ff©s«at (I'STf)*

fes©R§^s» se am is ^iiay il-i »et pysipag
«

tilt- m'liS'ltf :©f tto0 M 19?^-)•

M Sl« fla# 0mms mim-m
sltfe fttti -iil sst affect tfe# i®to

#»of f l«M*- .

•Ssstei^l. mpm^^ yA@M Qf g#QiisSmi«

•^9 reiseti w&ttt isitfe e©tt«# lui tlia e^oiifrsies

m& wmM^& #a^i tMt lat^!^© g^ t^e ttsatisM _ li

'mB ia»0l t0 -mt-ie %& aa. wl'l& • _

•mgi mm alfjtts M ^♦t W37}*

mimgU^ ClifS) Itet ^©aaimt m& Bmgimm ^mm

ia lf©i® W-Q #iioaofflie®il. fhati.
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aais® mM^im •

•^sdsiMei ia ystiia ttea mhm ©ifI103? mm slQ®©»

flM fi?tS9i0.t rf wtM# ia til© -?#if ©aasM flis paigsstagt'

;geta0ti®'la fieias,0f fiM© staaas grsaataiit® sa mhm

mtt-te -©stf (Smm# 1960.5• §wmm^mixt mm-In

aMsfttitt. if£t-li fs^tsss'east® yt®M

t#. ot'li^ l^gaaes (Soiir it,

CffSSi ifapQstet t&at.^e^eal yl©ii eoasiiem^ly liigW

tfit-lt'gffoaaistit %mMv^&e®§w

m. m&mWL. immm^ ia tsspite nt m tdfteast

ia emgsi?0aii© f t©l,i Mm- tm irnmm^WP^m

If fsf «a smgve Cl9Si)» Sliis& wi ffemiai

9im§h ^ ^ atii Sii^n mi mM, (:f97&) t^ma

^^©amiiiat tsftesa iift a@t affect lattts
aa^, m t&® mirnmrnm m%mi (Wf3}

m.mwtm -m' giiaitisamt #©€»%!» ia ^4#ii &£' fsptea •
^ ^^©maaat* ttej fo»ii tm

mmmim ^ ^mrnmrn tai- y«©o^S84 tm

Me% iillitU- @ls»ifiQaat% thaa ali

• ' 0teiitose^a^ii m .^:#. C19T4) ttat

wMm miBSi m Mtem^sp wiili •seeaianat tte f i®M

0f ti.a It^^aaAaat ©©ali. be im solt-oa

ia atl-Mst tlis Iiil«spa«e a^ea ©^osdaii® mtmn

Cleysl sat Isl©»_ fftS)#;
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mA C1976I tboM ^om&nat

iMen ^mm -^itts m om aftot tli© nmma. rieM

tm -m tss- mum- haat,' ftealJ^al aat Mmttiu^3?istoaa

f1.97S')- stttti &• •iigalfi^sat retsi^ioa ia tie, yieM of ta^i^sa
lif ill'fci»WQppi»S»

l.a salB©, ttis ait»9g©a

##aM i# ^mrnm mm Sta -m so % aaaQsitio s-alpMt©,

m aiiiti#a9^1 mm ©f liS isg safe^'^ssptet® p©y
t

ii.©©ta»® m® ts @0% srieMs £mm hoth tti© mM

ant CBato% i961)t tmaQSa asi Bow Ct965>

»ep«et ftefe tto isstss aaasea la tH© s»f' seseals itxe

to' aisl^isai fey ai>piy.iag aJ.ti?ogeii

to tte ^aiH .y4aM -M 3?y« ,^©i« ae mn

mtmmm witi ^esaata gm,8% iii«eassa witi» taof'sa.sei
thB imm^s <ileliiii ©t 196?)#

'̂ $A& M ii'» Ci970) .o'̂ setirsd'"fe-Hat %imm m& m atei
&i afiiit-ioimi fQ3ef-4ilse»s f® tlis mhm% Arnmim- I.at©ff®of0

aijofe Bioaj^A .gg#* at## ulidii gi'Qwii engaiy^aae#

•fm tmmmmB aatweft «tttt th^ f©rtilig«0 ant

t# mm msIM ^^eop#. ffeise I#gw-e

gave ii& TOSPQS®# ©fg3.i.^at-i'«iii aits-egea mpt© 50 l£$/6®»
3&im ^tit %@gmm ImU s© feistiliws yieMei m&
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we» ®s mm tet a© U^mm ^
mA fffi)-*'

•ff*t aeaS #f aiiitltml im^ tfe©

mmm i». t© -get tedmoalt grielts M^m . _.
mwm» -mm ;S»i ip-oaaAaat.p, m& sttesaei '«?

aai mist im2h 3?atiCT®iia6i tie §»
Aas©fss 1^3 tis@4 iw t:to-

pive mmm.. M^m pnoisptist© t© .tis^ i&smimm

ia%e.t@t^f». in i»4^3s irmmm¥l tlie g^Qss- sofi ust imm&
wr tower ass#'wii Sala%.-t972)♦.

" «ai mimi C1975) ttet

tidtt tf iefli'th© . -^ia m@3,I as

^ysiao^i'Miteii ft&M .sAgaifinaatlr

appli^atioa «s£' festilisess t© m-in e^sp osilf36pm'Q.t%
©ppl.tQa.ti.ttH m%^iXQA tm qiiillies wlies

It ^mm aa ss J.a^titfe esttm' CShoeaamttt.fiiffi

il Iff4)* ^3at .i|g@ii^eiii ^il«-Clf73) obsarteA ftot'
%&©£•© m®3" 110 sitet-df SEtra €aj?a-»

ties i?egstem$s lit®' m®iii, e<»eBf jmiisti., oXtiat©^ feeaii».
isa»-at;©te.f lateror-OFS aaCse*

flief -apflifii ttte §©e© Qf

aaiee aAs** • .

fli@ of iat-@®0#«Pfins S'4garaan® wi.^^ ©Mt^a

toss fertilisers t& -fetis pQtstQ Irtsiwsff %«s staiiet W
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M ^ applisstlfii
t# ^ ta

ttf f&# |iit«sr«^a# aiit^i^oai qmmmw
&£• imtiMMms f& igl^mm^pB ta m^' t-s g©t fTOfttaM©

ftsa tit me al90 efetessea l?!'

Bswltft §i^iii«ma C197S).. Sofsi aM ml© C1S75)
»• sMmt W mppMmMm q£ aiiiMosal fairfelliae^s
to 'tM- • •

(M&wixig ©HQ witfe witbo'ji
mm. ^ mm. nm.

5§ ta yield ©f ©ugar-

. ©aa# w is- altltiQa td-'4 t/M of

S0WVWff:» "Itf® BQWB 'df wi'llSO'vlt •

rMmsA fM& yitM .of «̂tt#ireaii^ wkldli ooaM fee amstaiae.i

tm ^ e?«m'f@naig« t©

. gate;SM«i#aal gtaia Qf 6«3 t/i^a

• fxttw M^foi o£ imte^egQQ^iaig -m. tM.._tggMMISL§Ml3§

Mitetendatii. ft <195Q) ttet

mB .^^m. a® --^ iat«te:top ia the Bamoia®' fall©y

reauee soil Msa# :It %iap as sa iatera^sp l»
m^ioms pa?t:s of Mim. t# Is^raf© a^il fertility Ciiis^a#

. nm)*- m CtSi9) «at mngfe Ct9&9> .
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gBsen^oi w&TO wsom aa mexettm not anljr insreasaa the
WttBSteasr tretim m also lsf« aeMaa a resewe flf ^Wogea
im mm if tM .it^stAini

-- iwnaSamt At ^ with laplt«a

m ^a«» $mm^ w

aii©t t® Wm mM Cii^ ^ i96f)t

fitat««0 itt im i«ra3A
tsmm&m ^ Mrnmsm, mm ^©toei a^las^eetes
ana, ssstrtattiar tfee' l©p.e^ieial. ^

^ m- mtrnmm wm mim m^mmQmg

•m6m$- mil$ ssbA pti^afftoseas ia fiaipa^

% Miw.- -^A §miM )*'

'We'Sitewl telps^ 'to .s-041.

#5» #ff la Aws- mm mmm mmm aat ;i«>w
^«al^ a&itf. t»ati#a itfps lite ^

flsafesj^iK^y^i^- »i Itiiff, lift)* Sboss '̂ asd i^lmU.©
IW5) ^ eta firimtf m& 3#ag
«f ••mm W i^mmmrnm ^

. mm im &mg%m &m,w '^tmmm at tm mmQr%m e-feas®*-

ClfWl »tee©^t©a a r^uctlm «

im ih0 s^gtoa wfeen

• l.al«»ap»ei wttl ii^Sf-%^ tM# an. -m^m^



; "-v

ift im

imn&me Is t0t#i mm. rn^mm^ niMmm @©iil#s:i ®t
tl© moll M&' tQ 'legiii©^ interef©ppl-iig#. . ^. , .
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fiae 'nafiafi® aai iiislas®. t#^^.ttit'tg. sassisit sai-

•sslaf lvt nmMMMy §mm$ tft® entire mm fsjpiit
ife# ®ft##3*#3,#g£#a3, 0^wmw0&^ #f tii# Wmm

mm$,^m.mmm m ammgm- m i*.

fte- ©^eFissatal ^arta ^ lying fallow tm tif

1 rnmmm &m uim^^ tmt -mgm&hms wmm mg&B4m

f̂ile iieoi m^ fl#4* m trnw^mMm &m

It is a. rnQm^hmtrnMing.

with mM$mw Bm^'mtmrn ia tm rn&mm*^ it ate®

.-^tsiiton©# tt ®^m4# ii.®@aa© sai fi^9i-a@0s- mMlm. ateeft

wifE %m^ Hill Qast^at#:. fii© ^%mmt$^ mtg^ialL

fw tMs 4af@®tigaM#a ©tlsimet -fete

€oll@gi

• Slaeissmi e©*% -a Bk0ie% iwa-li-oa i«ttl

less® fta© ft tottmaiaat# iisteit mi

m& 2#»5 ^ssatlits a»t fat^- :tf

t0 p@st^^ ssi -i£p^a@eB tias «set* tMs i?^te-ty &a© als# g#"l

"mM'mm mt!s?i.% All® fa ^m^teQUise# flisx's was
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^00 tm tfiiflyii f

m& e£ mw§m mm ms w%s*3W ms
la itstiiff# m$ sesii^Qptetti-J.^., m mm a ¥@g:ttam@ mm
-vmrnw tfift a'Mgfe yi«M fotsiittai, «ai eamis to limw&m 4a '
f§-t0 a© a^Sf me- ^Bm. && ws#tam©s waM, &e
Mm fieist^- ia lO- iays* Ite f^le% m&' ftofediaseasitl.f#i

rnmmmm . , .

iseea^aii ©#•%. tfe# t@t4©tf mm a

teaiim @ae, mtmi^ m t# S -flie fMat»
sti®^ witH mm% Ii3^4tt; It te-s i#t 80^ .syue'oirtii^tis f^^ni'iiag,
mi €®{i3,« 10 te^©st@i 4a t»- mm mti©% «g
fSttt-0iiie#tia4tifs- aaS- ssItei 'Cus? 06%a®|#B ^g'-csppi;^^^

'a. tea^i^a wit% .

m %;pt t®0 its## It was a.2.0# ftetiil.a©#iisit|f#

amt «.#ata m hmmm- ia ti§ ft 11f ia?a#-

ik®. fteati.-ug rn^msm Sm all th© f#iir
i

legm^mm a tm tbi^ sta% oltalaed ^ea tte.

Puises- mM mimmrn Mm^mQh Stat.-|9%

tggtl.a.:is.egs.aaa .aaaagags

Aisdiii.^ S0«1 pty mm %

smly-sl.'pg f® ©sii'i.ste af pQ^asfc

amljrstag 60^ pe:e emt S^O sfii, fasa lissis)
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mm -mB iag twimf stia^bl©® w&m

rnrnmm^ &sm tmmMmm mm tti# iSMA ms laia iato

ami ^mmx^ misM st m ©f fo ©a
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ikmnt iiffema® |aflaat .ii$s.giit.4t #Q3ija»#t't# fiss fw®"

'tafioea# ' fMs As«a ttet tte© t»i a® m. til©-

'tei^ Qf tapSQpa flaiiis ^ ^«wia® tli© Itguiaisffiis la%es©i?ofs%

tiis' ©gala ills t«5- 111© Ueaefteial etfeet lQ^m^&

mil mrnw^m^* s$,wmm mBmirn ws^©

#WMllii %- ^asai wi

,a»SiMas.»«a-2l§M ;

i-^tal...maieg. '.of: .gaeta . 'ateii$#- ' •
'' ' t

m0 ($&A& $ ffeat tiie

totfil if# -pXaat is taftoea lep acit •affe.ot@l

Ijf legaate^us ift-fetsescjpa urnh'̂ mB WM^kgsmp #9«pea#.

ssfi ms ®a iaeseasi.-^''

t^at iti -tlie mialj-ar ©f fe^ pMat itt i^mptms, -€w t®

iegtiffl©• |!it©»e»opflag#^ ''ftiis «f'fee t0 the ptiia«»

iattsii ©f t%0 mm$ srlsos'iis :tti» ttits?og©a

• tHi •legaiif0 iumsm%$ IfSi) m tiid emiohmBut ©f @0ia.-iil^t:g^g©a

% fittt Ia00^i!taii« if liaiaas iats the soil (Siiigli ^ a^.,

ti6§)» fMs i%:©ws tlmt-t'te l©§«tar4S, ittttiJeTOp© -mm 'helpfn-l,

ia. iat^eatlug: tti©, »#@te im tapises# SM.o fimiiiig

is ia. its© tls QtiaCTVat.i0ii ©f IfiMs ant Bi^sstm Cl^fS).*
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6B

:of' tatoia ism pleat*

tl# CiaM© 4 aafi tfesesireA

ttet t-apitoa miM. r©«fii?itis fit 30840
'Eeimi M WM m fa» F«?® ^ tapiosa

^ laiete? ^ ti^s f® pMrt.

tti# 0MUm twmtrnwmtn .#@©«fi©4 ^ s|gall"i,ea.«H^ 1mm

'asaia®- -©f pet pisst sa esopaset tt tis© ft-apiasss#
'mm $mmmm iM tM mm0m' »f tutes pm flaat in- tiis pw

mm m ^ mm- mm mm rntmima
^ m&-mm ^ CstiWOT»
aM l&isMt , lawsvei- ^saaiisat at 200©s4O iewi #f
f©^tiMsw-s piis^st aa sM©st ©twal. iiaaBe» M p®

Plast* tlA® W It ;to^ -fli© eaaiimte sammt #f
aat^i.oi^t8 sppilei t®- ta@- .^diiaiai*t Haw awspaft
%m f@i' aatyieat®' witM tapiQea^ ^©aaltiiig •

of to

• .Simtteiy all. s?ei^i^iig. iat^^^TOpa aamely :-

•^iaelfigran, mm^ aa€'.^©©n^aia sli^#e€ aa iaesmsei
g®:fl@at.%fitli to^easei •

tfffllcftttos Ca©#3Oil0>*. • :» ssl#^- i^sstme t3 ^4t
'•atetaetiea ia ia iiitet^sFpo^ jsiots- .

, hf.mwW^ Mgi® m^mts m-

tmn- aiiei M tfel# -eispwiseat#' is im assre^sesl
mtta fit# fiufttnga of aai Xaiav Clffl) i-s-
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Siagii al a. i'l ssaaaafU ana Hoteaisaaaff aaa SttisUl,
(19t3> tB taplsoa.

is) R«;aaBta?88 ot iagoa'.»atiM.^S^«
$te »93ta« ^Msatea t# sa«0 Sand »i3.3 siw®

pare osop 9f taploea »re emsleirt in osnwiSins tae
«oots into tafcera. Sue eesms also iHaicatsa ttot tiw
imsesopB mai!£<m& wltn a® tateesiaation of tbe soais
sasaltias iB a lo«!« pesseatasa <>£ ^odast.iw roots, -»
*«8Q» f«? t» togw pweeatiss® iseoaaOtlw coots in pi®a
oroi. ff taptoea ^0 fias to «to hlste laaa asea a^ltoble
P0» ylsat 9f faptaea asd also the lack oE QOwaMtiOT iW8

stiousn the jercaatags 9f g»o4aotiw ssats wae law
ia ia%sea»awea plota, it me soapeBsatea Sy ths ala® at
tte tiaftsEs. Ihe tates la tte intssoffoppeS Slots showaa
ae»s iength ana gteW (Ss&lea 5 ana 7) as ooiapared te tSia

ia til©

' fke flot® ¥S%li as tte
prtteat-lw ,i?O9t0 ttea taflPea#

ftiis sli^ws f «osi>etitits lese

sM a® iatstcsrof®-# ^
am® t® tfe.#,.Qii«Wle mmnt si teeei'̂ ei by ^9-ama8^%
m&- its' roo* tl-eti-ifealMs. "
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i ta a

til tli© •

M0S

giftd ii©Bt ©f

mB amates «if tslseyt

-of toQte#' t&©

©aft f&isiit i^WS}

€ ast iflgtS « «9

-0f to ats*. &£ tM

aa w«« as owpasea t̂o tte pass asop o£ tssioas..

aa fete soot fffiasMia of tasioea l>y aaaas of tlx®
«a£eBe«iBa (Sea* 19S8). $M.s iS in assffeaaesnt i3«h the •
f.^iiaiaip of Ittia saa i?iastm Wi6) m,& m

m tH# lengili 9f .-I#©®# a,a tafisss^Btftopaattea atgt«*

Sigtli.pl
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•• !&»©• ? «ni rattaM tlmt firtl

0f temaei. t# iacreasd ^ lateOTo#Fi»g taplaea irttli

-et t@. the of tafias#

^ «#• feast ti0s0fiel,al in tns^tssiai tit-
-of tapiftea t'jis?-®*'

itiiQag I«t®eoWP^ &ii»l£s»a8i ^es^rtaa mM%mM^
f^mh im %mmB,. mm •&© te •!« pot
p^TtQwrnnm &t WMm^m m miMm^ tha faWe it)
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EFPBCT (DP INTER-CROPPI NIG OM total MUMBSK roots, NL>M&BR op TUS&gg. PgRCENTACaE
PROPUCT/Vfi ROOT.S Al^D UETNGTH AND GIRTH Of= TUBERS.

2T

-N

28

TOTAL NOMSE.R. OP ROOTS / PLANT

io

23 30 31

J treatIvIENtS

ukngitv* op tubers

_ producttivE Roots ?j

- CblRTH OP TUBERS

_ T

32 33
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ia tm fte'b ratio %

twtm&rn app3.ieatiO!i. to %&# l.a%©ifQs*#ps W

eeapstttioa .fer^ isntrieii'ts Uy'tiM iatsffas'sps wfelei'w0a.M
mm ©mrnti tapiQca f^oia@« «»e #f itesH mt&©» turn,
»g,»Ki !iai% Height of 'la^ss,* Is

.#l@sti -po^tiw t»4e -ts apfii^stioa W
ttetsiea|aa Cl975)i'

C-g)' fegeQfttee Qf ©-iilil® gggtiea,..
4a ia mQ q£ Mm m- £Mm m& legmimm

intm^3*&p9 aliow^i 'S. iBoseas© l.fi ttie

of Q&iHl® §mtim •in\4Bplom as sfea«i itt ftfole t

mi M0 'p&mntm$e &i ^MVIb. partittt mB l^sst la
pa*© of "fcsploea. • stase ili® mtio .amS
tm pt^eeataga #f ©tiUle msttm .weiatet asfeets,- tb#

' '.resiilts w^e alECi siiil;iap« • • . . •

'Simil^lr# ths mm^

•©ffloteat tst^^^ois i» ias^easiiig tl® pgj^asfeai© #f eSilte
po^tioa follwea^ '^eagmrii^ ,.gseyjiiamt asrl ©9w9sa»- Mso#
iaiglie®' rat^s -of' festilisei?. ©piMs^tion-1#,

' gate 'liigher 'f©reentage^ of eilM©- pp^tieof as_ ia
t® fl©s'a .'sati©.: ^ >

ftV •K--". •" - '̂9^%.
••7/ »«•

u!

\

C V

•• - • -V '

"V /'
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(ti) f-abeg yieMa-

Mmi fa^l©, to ©M>''ig«2 it tma ©©en.'that inters

oroppliig taploea witti tn© £mr iBgmm {hlmkg^mf Q©i#ea>

•^QQti^m'miA: ^mn&mt} at itfferaat imels C^l*

m2 aiiS m3) tet@»e^-ops mt m^mm tte tt»i?ar rl©M-

mB essparea m tli© pm^ of tap4^.«. ©ft "fctiQ ©tlier- imat^

iiit€i2'ei?€>fplE@ tspifga .^itii tolselegraia, witli

fertilisers ts t'4&©i' yi©M

tima t-ftat ofetaia^d Crsa Sinil^lr ©ppiag

#f itfitti its #e©#ass©si.©d ^

C20s|0i40) gave a fieii CfT*®^ t/fe%) wM^li mm aiasst

"ft® t:ljal .^MaiatS tafi^ea C1t#9 t/te)#

" f li# ,#f tapl^^a ma aot reiiasst la tlit

iatefe^oppei giots ifliiii emp&B& t® ji^n-iateiroroppaA pl,©t©»

ftiis mB peesi^i® % tfe© iage©asM aM gi-rtls «f

%gl©:rs CfafeX©s 6 aai t| ia iat«@2?#FP®4 flots. M

%M. wBMmim in tiie mt pMnt mt

#@ap©iisat@ft hf 4i© mlm ©f the tn&es^a# Sesi€©s leisgth
.an# gisthf til© aatt^s" -Qaateat (taMe U)

. @Qttl-i?4b'4t©i t0 -iiaimtaitt tM tutey yi©M ia

lat#e»fliei plets.

If «s. als# -dtoBSttsi ttmt tJis tiller #i©lt wss' immAm^

'bjr tse^eastiig 'tis© .f@Etilis@r applieatloa to th^ latTO^OfS

ia ttm legumes#. AIA timm aWm %lmt W applfi^



tmtilimm tti© latttersps m& WB%1 ag %# %'fee

aala i% atgW "fe© possible ts i^iiitiiia tsito® yi@3i€ -to"

taploea-leg^at a^se^iatidH as -ttiat 1-a 'pWQ

Singtot 0t C19S93 aaa Istral m€ Batta, C19T6) '

':pefo?t6i tHal 'grsMiag ls.$miinmB iat©gf#op9 saeb as ^o«ti4'ttiit

ami mwm tia mm tmm M is^Um*

(i) foa MeM*

fte laaaa t@p |^i©l,is :f:ee©©iitt^ to 11 tig#2

•etoowe4 'tMt- iatejecir^ppiiig. ;tapi9» witM tlis Xegmm Sii ii@t

isfi*@se.tM tm§ fieM ia tmpUm* 0» iater^ ^

9f ^©sinaaiife fli#'»©e«ii©iii.ai d9se\of fertito^s

|SQi5Qi40) yeoartet a iigto tep fieM Ci»15 t/im) as

eoaipggei t© flm't in ^r#f tapiQea Ctt^l t/iia)«

4e lE tl© tf ta'ioi?-

tsptoes a,3.f© im^^iEset witfe iapr©asM feytillser appli*
mtlm to tli.e iiit@2'©X'W» eli«^«a ttet t&© t®p yieM M
tepioes IB assee.iatioii fsaM. b© aaliita-is©.d ^

fes^iiissy^ t© tte smia ©i'op as as

tlie-

C3) gfeiiieatloa :m§m*

flis data OT#e#afsS is. fa&l© 12 Fig#2 f olafce^ ©tit

timt tte Qtilimliaa 4ai« cif tefiesa me aot »ea'j@©a %

tti© iat©i?e:ffQ&fiilg at aiffewest Qf

\' •>
. -S!

rj

"" ^
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to thm 'lAtigwopp^a

P%m0 f©siBi. m gW0'tlii lJlLgli0if «©» 4a _

'm t® fsir® Mfioes# -^Ighf fe# 4«© t.f,tte Mlgte

fi-otoiltieB 0f imn maelgtaa .iaterdroppet fX@t®

CfaMe 1'§> #f fo^ fesf^asaiiee sf Ms^lsg^a

IfaM© g0>» •

•• Afpltotidii «f to til©

tH®ia- agaia '^gW l^© «a@ -t@

. t-to as 'Seea £2?©^ the faW# •

oi m&tfMw' la tti'aggga

fti© 13 aii4 i'lSfl-) s^owscl ttet IsgOR©

mttm

sifsifitaiitayt..- 'It \#p sMewsi ttef g^onEiiat m&,

&m§m at i<teo»a:^et d®sg df ft^tliisets (20il0s4Oi-

m.& 2O:50?iO I .M©d?i@.a itm asirtaaa natter

tn tafi#i&. as fmptoess?'

growifig §mpmi ^mmgmm asi ttaekg^aa;

aa .ist.ere^of® wi'lli- taficiea ls$3?©asad fM ftrj' aatteff- #9irl@ii%

$f tte tutoi 0miu$. %mp%&m aiaae# fie intern®©' i»

tli# 4»f matter eeateat Qt tii1>&m in. itdm^^mppei pt©ts
:!iilglit W i'4« t© mtei©at0 aided hy m&mB tte imew*
^®?atioa @f liattMs $.m t# tte ©011 (f-ttas'a ffissaj, 1975)*
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.iitiSwf to tkQ &3^ mt'%m ©tntest ^ tubes?.# %•

mwimf^^mppHmtim mQ -ftf M,l.lai CIPt) in

f &e .'»r4ca^, iiy mtte? mm^mt -im. tapi#m tmMWB.

i?©^®ri@4- ^d-aai^mt aai mm^Q' ai#t %$; ia# t# f te

/©f m^tm 'iiiei % them ^

aai aiiil4.#a CKf mtwimt& a$).» imtiflettts

in tte m^i^m wmtM Mm l»-®ea titiliaei %- tbt is
!

Ins* Bkm%3j^ inmem^ in tft® ^tfes?

©.©mtaiifc af tn^^n An® i# Itgaa® |.at@p«fif9ppi.!!f -lia®; %e®a
ttpsrtea tey'mtls mA' Bmrnmrn iifW*

'mm %wmmB® to ter -mmm #mijfiili tm&m-

% m mrnmum m immmm m

%:& aa© t& %m Uigkm itmatitr @f p^@is*@©i at i,nm^m®&

imQtfs l&m® st>» wn^ te*t t©!ii»i^©a

f t SB i.im^©as0 l» 'm

f.%) g^aettta^ 0f atagnfe ia .tabegi# • •

Wi^m ti# ie«@stJ.ts (fsM©' i4 tig*#I it

' fM- mtmoh in t«®l.i>ia

@i^me©al% |asii^3©a ^

iittg &M tli®' ^ose

#f C^t39s40) ftoe 'mmtmm.



stared in tapidcm tibers? etsi^aS ts b.%% ©tii©i? .

t^esiatiits*

' frnm m^p ©f tapiooa stowti tte tmmt p©t©©titase

•©f istgaceii ia its tatee# Aaoag tte 4iil©t©i?#pe 0Qm&w0

mwm, i?e«.@riel .tlie Mgtost p©»0eatag«-#f et^eii ia

tapiae^ taller® foilmfsi ^@e^asi a^. te3aekgraia« fill©

^nM Mrm &©©a tue to tlie ©m?loto©at of eoll.

W/ tfe® l#gaas@s latgll fea^a- resaitti In the ia^easei

td-p yisM Is 11) oaaMing ©arSoliftot#

CEasasit 1961)# l%t to^«?as®a #®iiteitt

am© tQ aif*©g©a wm mpmtM i>y Pillal Cl'-SSt)
'i

im taiiSo®* mmmm iu i«teat % legaaHaeiiS

iate»#@p« Im® al©Q %§#r -^atsAset ^ Mg ^ C-ltfS)

in

m most- #£ tte imtmm^pnp. tH© etar©& «S9isi#iit of

t.iib©ta ms i.ii©i?««isea ^p^l|»t4©s ^ imtlMmm

t# tMs, tW0 ffiiigM- -138 Sue %o tHe fetnefiela4
•r

Offiets Qt WK is tte intm^e^^s*-'

(#}• at egiig.e- -la

• A© aeeii fem tte f alto 15 «i. i^lg«4 tli© «ra€@

pesteia mm^mt &i tafioca P^Mm ma 8l.lglitif iaeteasti

hy the l^gmimm tat©i?0i^iips-it Mamg t-te 4ater©r#f@t grenai-

mmt ^eB©*3©4 til# higtisst feTOeotage of ariia© te

ttj.© tutea* pM m^rn Bmm -felmt tn© e&l^kmmt of soil.

7S



EFPEC-T OF IN"rERC.R.OPPI|\)<g ON E-QliaUE P<bR.TIoN^ PR.V MATTER COWTghtT^ OT^UDS. fggOTElN CONTENT^

fICLH And STARcM CdNTSNT Of=- T-APIOCA tubers.
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iiiti?0geB % til© legaaes woalfl bmm %hB' nltWQgm

iiptate % tb® plaats wtilei i» tmm woaM tei?e' ia as

imtm,BB i&.fte ftcitsiii tonttmt &t tfi© tate^s

fmtooitst 1953}*,

XmTmmi. isi© legiat tateto^eppiag

has 'Mm reported tef Bfj Clf58)- is Jo^^# 9Mmsi .mM -

mimU Cfi60} m fim©t% ^mm aat aai

if914} in £qMg^ mtgMm*.

w ^mmmMsii. m&MM. ,o£ ..tii'aaggo

i%@ m&^M0 ^080nt0A in,TaM0 i& m€ fig## inAisated

fte'fe.:tte- mM $mtmt of the f iaereas@i

etsa4f4#aatl|' % %h& Intmfmppimg

tspism. with seaalted is tlie' feig^est ^dsfosfaiii©

mi€ is-teBi©0a,. 1?y iatejparoppi-ag.

mi%U mmeat gtmngrmm ani Ftm-B tapieoa BhQm^ the

loi^rest %tt©0fafii0.

'nits^ogm apfHtCRtiQa tapioea ,«s immM t#

tfe l^irseyaaie aeM eoiateat of fafeers £|„ tf72):*

Siaee' Xegmm Mm. tti© e^il sttr®g©a %"

i|-iatiiotlo fixEtioa Cli»».sai fmsiey, 1962| sM iae^pamtiou

tf tus teiaas la si'Sti CMp^Ii e|. IfSf)# t'He mm qMq& '

ait^sgea woalS hat# .eassea an iae^fas© In tiy^TOssyaui#

ae£4 aonteat tlie taliers#

79
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Wh& tQ fH© ialQ##af-@ps

mB f#ttaA tc> .tetoee" tte i^dirocfiraiii# ao4i emtmt ®f tte

tateffl?a»; Appiioati» ^ p^tmh ©itto©^ al^m m i»

mmMmtim witfa nitmgm aaS fhmphmmB ims hmu -f

td y^fiii©© -fell® mM mmtmt of -Raisers iR.tsfid^a

C:^'tea ^ ^».| 1972)» Bq 4a tMs oss© putasfe 'a^ata

ia" ©daMaa-ttiii witli »itip©g©a &M pliogptoue t© tte

©i?©fs wjlS bees mM. amllati3.© to t&e mill erop

aft©r the te6Gi?poi?ati0a :9f feaisifai tat# ta© soil

ttie^e%' t.lie act€ odateat*

Qt tBtttilimm. %q inie^crofS' m& aXs®.

fomd toiiiofieial- to % «©aa0 a m^mtim

im ^ar^yaale mi^ o@&t©at of

C©) 0.o0lcto tmiitir Qf

It mB QhBmm$^ ^©la t&© 1?a aaa 17^: tlist

iatei?e:p#pfli3g %^gmm iifi iist .^f©.et th.^

tmlitf'of tapto^ m % -tli© blttOTnes® t?ibe»s*-

Ummm$ a allglit tefiao^aim m ©ooMag. qmXltf of tatea

mB a©t©4 is ttii© int^isoroppm sigaMl^aatt'

fli© wia^tlott i». 'fel!©' ©d#&i»g tiiftejea. dus' to

toteas© iB' feitt#JfS!©8S mw to '-lo a4ts»ogts

If th© tato©i?s# ei»i0&«a ^ itgaaes tlieir te^ms#*



in tiie ©f Am t& M,gkm

%m@X& '©f aitof^s ms 'W W®m ef, ^•HBWh-

.f dtalv al.tmgga mMBtit 0f ..tlie 9.ail>. aft^r- jMisegiaeat* , , ,

^• fii9 nlimgm' -omtrnt- tli©- mil -afte^' f&t-

03^ettji©a% 1:3) sawlai- t&t •tsr^a-bseate

fa©' tffsl aitraigsa eaatdaf of %M ssii' sigaifieanf1^' ae ••
«

'©©ap^st t# Mm fill*®' &Qp' #f' 'fcapiecia.' ' mmg^' tk©

aM etapaa tke wmUmm tiafei 'Suli sits©s©a

•CI3Q'2-%/fe'ast rmpmtiv^l^h •Ste ia^^eas#

-la'tliQ' istai sail ia' t&e Iste^o^opfsi f3.§ta''

fi« t0 eas-i^liigeat c€'3®i3. al-l^-Qgeii' the- legiMss*

^ioHiBtat 'Of e@il ai-|»gta •% gs-owiag 'tliepa legiiaitiQas •

•iat©fei'spe' is taplssa limi 'teen ffauii® •^ep.srteA Stiigfe ' ••

ii Ctfgf)#' ••' ;

Bimilm ,S& tfe© rnktrngm hy M$mB

.m$ also Htspaeteft |I9??)»

MmmmM •' ' " ^
Ca)

•fh®'desalts (fati'lf ft) ttist there ms ©igiA-'

iiff«eiie^ 'Ib %M telgfet- e£ all tli© ieganits aiiS®

i4ff©r©at ffertiXises trgatmeats. ' klgHsst fertiliser

'ao's©'20g39il0 pretosft Migiit in ttaclsg^aia, ©©itpea,

sad g^ee'a^am- waoE'-a^s is groaiMmt %h®' ml§MM 4^a@ lOstSs^

pirsteei %Ub tstost pteat® ^i^eu-feiiongli t% ms « par ¥itti

the iilgliaet S©se 2QsJ0t40«
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la tM ©f it soa# tto

£m tM plm^m f© ©Wato alt^egeu. %f ©fafei-ati© ftma-tiia

iJala,. i$n}* Wmim tills iiiitial &Um ^

piBst© Imte t'O a@i»©al m

CstimaiOTtp 1941)# la tM tn© .Qthm tm rnmim&B

mm&lf pkQSsihmm aai potasM'iia* tte plast© liatt ta

#». fte »pfM0t 6#a^0,e# tM a mx^im%

iipeiiieat. f.ii@ aa^isat ## appMat tiiiFuagli.

t©tti1.i®«s t^taM tev0 Qii0#»^rasei & bigSiet' ®at© of

afeso»fti©a M as ia^eass ia tm plmm% li©igtit«

im tM ease of 0smmMm^ the mlMl^ i®a®. 1©i15t20-

Bmm t© fee ©aftitieat £m pm^mlm aaKlaiaa tetfkt*

Sifflito !«, teigiit isi® t# applloatioa

ms %r im ma Balas (1955) io «owp.#a| Besfepaaa©

a»i mtHfei 119611 iB-.p«®a^atai sai miispfau (196§)

in saisbeap mA C19t^) 4a %®aa#*

III) Mefl .i^£qM:«

tte • Cism« t0) 4t »s ae©E ttet tte©

.3reo09»aSti ,.t§Si 9f fetiMseirs C201JD1IO

ooiipia ^mngwm. and SO.ifOi40 te# gkvm

• fli@ sKJwS&iiiii stsi ,f£sM la all .^©gaws*

ia tte oas© nf ^sditgi?^ aM Ilia miiil.#

^m& ClOitjsJ im Qmpem ma ^mn^m aM 10?15sao

'gsQundmA) ms Qu far sitto r©Qsa®§i^@t 4©s©6-
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fli® la y'teM dtstaiaai ^ith the spfliea*

ttaii of .ftrtillBsrs -eas't^© to toenefiotel-

i^t0Qt of ttoi# natfi^sls If, F saA IC« ttie &©ii©flQiQ,i safest

#f-1 M inmmsim w 1© due to- ite zeMUm'

m ©air'&Q '̂tea-l© m4 its telsflm t# pMsptotis

a0t-ato#ltsa-* »©efli-»ae a%m telfe ia rsat ^&mb^ flowers

•lagi f®S t&mmtim »i seai ga^splio^aa

•Qiglit l»fe s%i#iaat©i ftoe »tifitj im the ^o©t

a0a?^-eg l^aitiig t® teg©^ .lim.ttism ataospliei?lo .aitrogen

is, rniitum U Its effect la tte tiptafee ^

•sitbQ®'tteS9ii C&ofeei?^ aaft Olsm,-1944)*

aigteit tmm mntMMtM to tm -^leld % aeaae of

.Its laflneao® #a ftetisfatHtst® (fisdale amd 1973)•*

itt gtsM yi#M witfe tsiei«a3©§'^©stills® •a.ppiicat-ioa

m$ ^ mm sg (im0'in &.mm^ Beeiipaai#

aaS lafti&ai Ci9i55 is

fli® lafl.a«ae@ #f aatti^ats- ts ©almiitiag tm risM ws

alsQ ©BserfaA l!©©l.asi sa# CtS'iS-) 4a gre©g@s^;

lapstea liif#.} -ami iiite»isiaii el -a^* Cl'Sff) ia

m&&M0m sat ma© ^ cttft) to ^©'ostot*

(«i) mmml& .mttgg. (.Iiaiala) ' • '

As ©^MeaaeiS t^m. tiie.®®sti3.t@ C '̂SrlsX© 21'I#, wgaale

Cteafla) ws&An&'̂ lm %m8 ^sltmm at f'te Mglitsf ferii*

im®s toee in tm f ©«? 4af0»«i?©pPt la ^1% ^
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th# tos9' C20t50si0

hM^kgwrnt m& ^®@s^aar29t|0s40 £m ges^atrnt)

pttfiJioea sigBlfiwtl# imniitf ©f gvmm mtt@v

(teiila) wtiBA t© tte dQses of f«tilia«s.

•easep% M e'»43$a imi ^oaaisat tli© 'laitil^, i.@i©

'C1§s15s5 m€ mtW^W ^^efaetATOl^) ©f £m%i%lmm& wm. nm'

wifli tm Mgtest it®#.'- "• '

fti© ia;tli© ®gaale rnmm .ptsiastiaa

dao t-o festillstig^ aiar dii© td tte ©ffeet tf

«af^i®ets ®ii ^m%U nt piaats* - fM0

my %0 in® t© fht im&mm la. smIisteM nit^ogea fsiagk
m& smrnmmt^ mn aM m^- eff©©t ^

po^^wms m tli©-

If45| S5©is asi mias.! fi52| .^.^•.» i9S45«

.©ff©# m fitaasiiiii' ta ini^essi^ amnte

•g^ &© "1-9 its WQt& ia. t&e aM a§^l.9t'0®.'li©
tissues ^4 0f ©^fa#8 (Sisiaie and

fa) Afaaimt of
teaiiaa.* s. • >

Shq tat® CtaM^ ag) allowed-ttet tto liiglistt- f@i?ti|.4s©y

doa© im$M%4Q £-^ asd aOtSOslO te. ©tlwrs) Sos-.

sA% the i&m Mg^&t mBUlted In th© inesspomtioa Pt
. ait^®g©a is tti© s@ii tteongH tue hmM9$ m



tM Aia©«g tlie i3jt@3?e^@is Maelsg^aa

aSiowsA- sigaifi0saS iiffaireiiee feeti-^en 4©se© .

^©speat %©-t^e asi0iint' &t aitSQges iaeoupos^atei ia%d

tte soil , la intQnQmp& tM

giiaai^e tsse ,CiO?'t5?g0 Smt' 1.0it5-if ©th@ra)

•ci€ fias mu. %-iiM^ tfe.® Iilgtes'l Ao©0» .ifli@a ao

mB giw fa the imtm&mpBf, @il tb® faar inter*'
5-

®dps mm aot 4.a aMiisg alt^^ea iy eeaas ©f

iacorpsmtl©!! ©f hmMmn*

m&m tli© font leg'Aie® fouM tt

'liiStQ #f.fi©i©at In @l^i®lil^,tli« % i^sas ©f

ia@^39i?ati« .i£ tte .teais® iato.- tte fMM aftet teteet#

osisf nm% -ia tiiis mpmt f©listed, hy •
... ^

€mi 0mn0im* fii§ asMiit df al'ttdgf® ad4ai fey tto

liaalas .of is^#®a mf attM^atei t# Ca© itjastlty ^

at teiiQ' Cfalilt it) 'hy m*. "Bm mp&immy

§£ mw0Q» wei? tlte ttter 3.egiiate©ti.0 tatewQmpw wifli w&gmi-

-m ®£-mil nmt&g^n mBmprnt^a

ill (i9S9}* l,^0asicl mt& M ©f soil

alt»«gw, at. ttses ff f@»tilis©rs attyi&trt©i.

tti@ infireaiea px^o€aetiw tf prgauit mtto? Ctmals) a-fc tm

. BSgte f©rtt3.i«©i^ deee® smn £mm fa^l® Si*

•(©)' B@g09ase g-iigve.and feoaQiiM,.

. • . It i0 miMnt fwm tte flgo^es- Si ,Sf 1 ^ant -S mM.

fam#0- S5 sM timt tia® f©iir- Itgaoia^tis mUmmpe etoseii

.f^ tto,® fi?es0s% iafe.stigati^ aUf#y@atly^ heS©®-
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SUMMARY



. swrnRi

kn. esperiment condtieted at the College of

Agricaiture, lellRjani to stud^r the perforimn^e of tapioqa

intero^opped with different legames (hlaolcgranii eoij^ea,

^eengrara and gi'Oundaat) supplied with different fertili-
ser doses. 2he es^erimeut was carried out, in a randomised

block design with three replications, under rainfed

conditions. She results obtained are suiraaarised btsaow.

1. The growth of tapioca plant was not suppressed

by legume intercroppii^ as adjudged from the heigixt and
production of leaves.

2. Legume intercropping in tapioca slightly

increased the number o^ tapioca roots per plant. Among

the intercrops^ groundnut recorded the maximum number of

tapiooa roots.

3. Intercropping of legumes with tapioca tended

to reduce the number of tapioca tubers, but the size of

tubers were increased. Inoreased dose of fertilizers to

the intercrops^ increased the n®aber of tube^s^

4. Intercropping of legumes such as blactegram#

cowpea, greengram and grouadnut with tapioca reduced the
percentage of prodactiw roots in tapioca. -

.r^'

wv

F c- • :

tlL i.

v> •yS'
' //"'



5, A tendency to Increase the length and girth

of tapioca tuhaifs noticed due to growing legame with

tapioca*

6, Intercropping of the legumes Ipwered the rind

to flesh ratio of tapioca tixbers as compared to the par®

tapioca. Growing of hlaolcgram as, intercrop with tapioca

ga^e the lowest rind to flesh ratio of tapioca tubersf

Application of fertilizers to the intercrops reduced the

rind to flesh ratioy

7, The percentage of edihle portion in tapioca

tubers -ms increased due to growing the legumes as inter*

crops^ Blackgram with tapioca caused the highest percent

age of edihle portion in tabars, Application of fertili*

sers to the intercrops also increased the percentage of

edifele portion in tubers^

8, She tuber yield, top yield and utilisation

index of tapioca were not affected hy growing the

intercrops.

9, ®hQ dry matter content of tapioca tuher was

increased due to legume intec'cropping# Interci'opping of

groundnut recorded the highest dry laatter content in

tapioca tuhers* Application, of fertilizers to the inter

crops increased the dry matter content of tapioca tubers.

90-



91

10. Highter percentage of starch -was reo^rded hy

tapisea tubers when geown in assoeiation with the legumes.

Among the intercrops groandniit and eowpea were found to

redord the highest percentage of" starch in tuhers^ Appli

cation of fertilizers to groimdniat, covjpea and greengram

increased the starch content of tapioca tubers.

11. Higher crude protein content in tapioca tuhers

was obtained by legume intercropping, ©roimdnat recorded

the highest percentage of protein in tapioca tubers.

12. Beguune intercropping was foimd to increase

the hydrocyanic acid content of tubers, intercropping

of groundnut recorded th© highest content of hydrocyanic

acid in tapioca tubers whereas application of fertilisers

to the intercrops reduced t^e hydrocy^ic acid contents

13. Goofeing quality of tapioca tubers was not

affected by growing the legumes as intercrops.

14. There was an improirement in the fertility

status, of the soil due to legume intercropping in tapioca."

The total nitrogen content of soil was significantly

increased by growing legaiainous intercrops and incorporating
their haulms into the soil, droundnut intercrop vjas

superior to other intercrops with respect to the soil
fertility.
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15. In blaelcgj^afflj oo^ea and greengram ttie

reeommended dose of fertilizers gave the maximtim plant

height v/hen they are g^owa as interorops whereas in groundnut

half the reoommended dose gave the maxiratiia height of plants,

16. !2he reeo^ended dose of fertilizere produced

the highest seed yield in all the intercrops, though it

ms on par with half the reeomiaended dose in eovipea, green-

gram and groundnatA

17. fhe organic matter (haolia) yield waa maaEimwa

with the reoommended dose of fertilisers in all the four

intercrops. Bat in ao^gpea and ^eoandnat half the reeomiaended

dose of fertilizers ms on par with the reooramended dose in

this respect, ^ ^

18. She amoiint of nitrogen ineorporated into the '

soil through haulms in the case of the four intercrops

was mximiM with the recomniended dose of fertilisers. In

cowpea, greengraiB and groundnut half the reooaHaended dose

of fertilizers was on par with the recofflm^nded dose,

19. The optimum doses of 1, 1*2% cowpea,

greengram and groundnut, when grown as interwops with

tapioca,, were 15.37s25s7,69l 15.57s23?7.69 and 19.03I27.05j

36.0^ kg/ha respectiTely and the economic doses of the

nutrients were 14.55:21.83:7.28; 12.79:19.19:6,4 and
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ana 17;56s26.3405-12 l£g/fe ^espeoti-irelj.

20: intercroppii^ was foimd. to De .profitable-than •
pure oroppl^. Mditloml profit of <^.543.57 and 8..1526.17
by intercropping blaolEsram (from 10:15|5 and 20!30:10 l£s/to,
of H. Vs.

sovppea (from 10!l5:5 and 20:50i10 Wto H., PgOj and
and te.1353.93 and fe.2495.30 by intsroropping groundnat
(from.lOilSiSO and 20S30S40 l5g/ha of H, and EgO)
were obtained orer. the pure crop of tapioea^ ,1 ' ' ^

vmlrnm net. profit from the, crop ms ohtained, ,
(^.5489i70) when tapioea was intereropped with groundnut
saplied i^ith 20:30:40 kg/ha of H, PgO^ and K^O,

From the reealts of the ahoire experiment it has been
eonelasiyely proired that intercropping legumes in the
inter^row spaces,of tapioca would increase the income from
imit land area per unit time without reducing the normal
gro%-/fch, yield and taality of tapioca.

G-roundnut was found to he the most suitable
leguminous intercrop for growing with tapioca. Eo obtain
maximum tuber yield from tapioea, and seed yield from the
intercrops, geparat® application of fertilizers to the inter
crops, was found necessary.

An ImproTement in the fertility status of the soil
was notioed dae to Intercropping tapioca witli legumes.
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