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CHA~lgR • I 

1.1 euumtaas!ell 

Reliable atatl!Jtlcallafol'Dlatloa (data) la nqubed lo• 

fnmiDtJlmpol'taat potldoe each u upoe&, lmx»&'t1 prlce, 

dtaulbutloe~a etonge, plaiiiDltsiJ etc. ud CODII&derable con le 

tnvotvec'l lD tile eollec&lon a! each data. Comj,)let$ onamuattoa 
1m\ 

le ~actlc:aWe lf •t;poeel'ble. The I'Ole of eampte •an• lD 

Che collection of nllablo etactatlcal data Dee4e oc le,tnphulM. For 

ct¢-ritv aDd ntenace ~ "' some pnUmtoulea ·,.nd DeC81HI'y 

revlew ue dlecuned to what lollowl. 

A •popu1adcn' Ia an qgnpte of lndlvldaale{lampling 

onltll ) ud It le eald tz» bo 1 fla1te • 11 it ""*•' u countable aumbel' 

of Wllte. A • aampte • b a flolte o.cle:red aeqt181:1Ce of ( aot 

Deeosaullv dletlact ) m:dte aal Ia a aab nt of tbl3 populatloa. 

A '&aJX!l'Uq 'P2Qceduct' Ia the method of eetectloc oleample 

&om the popa!atloa. Any fwsctlon of the valuee of the ualte la 

the popatatlon udi u popU'Jatltm nwaa or pc)t)Ulatbln vuluce 11 

toftmld u • puametall' • wbenae the faoctloa:J of &ho vataesaf 1M 

~ 1a the .ample a. ta»wa u atatl8tl.c. n. a1m of .. 1:!\Puas 

theMf' 1e seaenll• to estimate eome panmabw of tbe popgl&Uoa 

wlth aaaoclabd etacdaed •~ &om the I&IDJ.'Ie. 

A • fUt'lctlO!Ial tre'Uitloa • Ia a l'elatlGDahtp amoag the 

panmetere of the dletl'lbatton of dllfenat wt.&>lables and a 
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wluoo vhoii'CU the lrOgi'OBBl<meolatloo ls based on tho ~latll:m 

l.n both. tbe ewe valUC3 and nudom 01'1'0~8. u tho ~=t 

v01>lo.blu uo tno fi'Om oHO» &beD the f=ettoon1~relo.tlon cmd 

roSJ'CI)olou ntatiOD ecal.a.c:ldo each oUlel'. In P&'tiCUec.l oltaaalono 
, I 

11etmUv tho fanctiooal rolatlcm Is nqobed ~ only tho ngroeolcm 

tancttcm Is obtlllned b3CEUl80 tble lo b3oofl on ob3ofted valaae only. 

t. a A §def Roylow 

llogreeslo:li:'01nt'Oil 1n0blom was fbobt conak!o1'od 

b'f Adcock (1871'). wbt) ,doflacd tho l1ce of bast ft& ao tbe ono 

to-. vtblch t!la oum of oqaana of tho DOftMl dovlo.tos o.f tho 

obsei'VG4 poloto &om tbD Uno boc:omea o mlrWnnm. Two malo 

obJoctlocJ WUIO talecd DC~ the mothod. J7irot th0110 la CO 

Jaetliic:atlon to. Cllalmltq tho omn of oqt~Uoa of DO:Jr:mQt 

dovlatoa 11! pl'eforeDCO to tbe devi11tion lo some otb:t:r dleoet~. 

Socoud, tho ot.nlsflt Uco o?.tot...OO by Wo me&hod ~ =t 

lllvaaolont am!ol' the ~tommdon of c:ool'dtco.to ovate%:~. Thls 

potm had been ompbaalncc1 bv aooo (t9ZB). U lo o commoa 

loaton of Rooe sonel'llll.'omlula uti all athOl' mo.Gloc!o pnpand 

ln neont yean tlmt &he tu&tna of atnlght Jl.aa Ct.UJ col be 

ctoto~mlDOfl without aoy pfloiP nasumptlou ( lo&pcndenco of 

obaonatloDS) l'Op~lng tho otaodud dovlatlono of onon Ia 
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• 
6cvlaUO!II cf the Ol'sroftl lo 'llulablea ue lswotved ln the 

lomsu!a o! the lilted 1bnlght UDe anc1 co method ta cwl!ablo 

by w!lleh thea• atalld&~ ~ovlulou cube u&lrtmted bv mea.ru~ 

of ob$ei'VG4 values of a cmd .,., Allothel' macbod of dolennhalag 

tho best flttecl stnlg)U llno 'GII8II glftD bv Allo.tl (19!9) wbtn ln 

ho omphubed that the 1I.De can bo de~i'mlQed only It the vataeo 

of euy t.o qao~. otoadaad ~ovlad<Jot of ornoon ln llldepecdont 

rand del)IIDdat va2l&blea. aD6 the ~la&loo bet\':leOo the enoi'e 

lo ~ \'Ulables an glWD a..mo~rt. 

~the cuo lnwlvlos only two vutable::l, 

Abnb:lm Welt!l (1940) bt1d glveD a method, cormmn'v knoCID 

a!Pmetbcd of gHuplq 11 which doea cot depgd on Ql)ftori. 

talOVIJaclge of ., ataaldud dovlatloaa of the Ol'I'Ol'O ln lodependeDl 

aa ~ ea &peade:!.t Yal'lablee I'Uid the conetntloo ~D them 

( Cll'l'OWI lo the vulabtc3 ). WillA c:onsldewd tZ:o ~blem mdel' 

tho c:ClldlUou that -

t) The ni:dom vul'lablea, enolfl ln u1•a toaoted bv 

e1 ( l • 1, ••• • N) each have the umc dlatflbulton 

aDd an aneonolnted. 

ll) Tho ~raadom valtablu, enon lo v1•o deDOtea by "a 

( l a l, , • • 1 N) oaeh have tho aamo c1Lobrlbation ud 

an ancol'fttlatet'l. 
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lll) llaDI!om .ulo.'bt.. ~ ud \ an tmCOnalated. 

lv) A alqle 1lcaar nlattoa holde t.N~aeo the m. 

valuu • ud 'f Le. 'fl ao + P~ ( l Q.t, ••• , N ). 

Wald conclcded tbat: 

(a) the fitted atn.lpt Uno caa te detumlaed without maklaa 

G-P~I' aaaumpUODB n~las the atudutl ~evlatlou of 

meau of o~nett vaiUH of • alld 'lUll! 

(c) lbe preclaloa of estlmata laenuaa wl&h Cbe l.r:tel'eue ln 

amnltu of o'lleuvatlolUI. 

uaan thb method the paln ue ana~t~ed flnt-t?ac:cowdtag to 

tho lacnulaa mag,altndo of IDdepeDdat '9Ul&blf.'l IUld the total 

oumba~ of obaenatlcma al'e tbea dmded lniD two ~· Tbe 

estlmatel of p .., • uo slvesa ., 

~ • Y"a ··v1 

•a .. r, 
when ( J; , ii ) an means of col'l'dptmdlaa vntabltl• of 14 

N _ N 
gi'Oup ( l a l, 2 ) ud i a l ~~ y1 / N , X '* lr;,l '\ /N • 

Bal'tlett ·( 194&) pns•Bted a mocllficatloa of Wald•a 

methot1 whlch geaanllJ l'tlltulta la IN&telr aceancy. Ia tbe 

mod Wed p10eedue aosceated by blm, the total oambQ of 
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obsonatloas, a~rnagod aecottdlag tD the masnbiudo (l.ac.eastao) 

of tn&rperldont vutablo 4~ devldod bito tbee t::ll'm"''veJ' tapplog 

(!1'0up:J of u Mlll'ly eqgt u poatble abea. Tbo join of tho 

moan cOQI'(llnatca (Xi • 9'1 ) and ( x ,. v3) fat~ tho two oatl'!llmo 

gRupa Is use4 to Cleta~ h stope of beat flUod line. 

t!metld of \!ovldtna tho o~naUollS lmp two o:r Uuooo BI'OGP3 

of oqualalso u rcqaltcd Wal4•a and Dantett•o p;oocedue, 

Ma.l:lc1oalty (1959) auagoatod &hal tho o,hni'Watitma may be fleet 

Ol'l'atJ:lOd by maplta&!o of tadapel2de;:lt nfiabto x. Tho lll'at 

p
1 

freetloa of obllenatlana fRill gtoup o1 aod taoa Pz malon 

o1 obaol'9atlob fi'Om a 3 4fll! Nmalnlng ~ t • pt• Pz) .N 

obsonatlou, when N ls die total amnbal' of paboa of 

obsoawtloDII, CGJIS~ puap o1 • The eactmatos of. ". 

le Chfm slveD by P a ( V3 • ; 1 >/ ( i's• x1 ) wtxnro ( a1 , ; 1 ) 

end ( ii s , V 3 ) ue the moaa of IJI'OQPS o 11Uld o 3 II'O&poctlvely. 

'tbo p!'Oc:cc11D'G sJ.vea by Wald aa4 Baltlett UO ~#tculu c:aaea 

1 ' 1 
otthlo whoa pt• Pz c T ud , 1 ~~> Pz = T l'OifijiOc:tivoty. 

Ckmenllaatlfm ot tbo method to &ho Cll&O ot two 

l.n&lpen&lnt vulableo ®O dlaeweed l;f Hoopott llatl 'lbol! (1997), 

Slneo &ho I'Cf18'88aloa oquutloo Ia cue of two lndei)OD&At 

val'lablell tavotw &hi'SO tmkcona, &hl'ee cctlbOO of ~vlty 

ai'O oufflcl=t IG# dotomU.Di1dcm of nposaltm cquctlo::l. Tho 

tobl numbu Of otlauvatlo=s al'O, c1evlded tato th#OO 1180-ovu 
a 

lnPPI.as poops of llceo a1 , oz , a 9 who2e tlJt '\ • o • 
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~ ., . 
tnml1 Umeo mlalcadlQg. 

Most of tl:.o GtWWV ated.otlclact.l havo CODC<::ntr.ltod 

thob ofliwts fO'JI cadmai'ns trOPulatloD mean OSP popubtlcm total• 

Tba nlaUvo pol'lcwmoucno of voriOtJS aampllcg ~01'011 foe 

tho ooUmatloD of mean Olt tebl 11::\vo boeo ~ ®U dlaccsooc1 

to tltonttii'O. BOW090I', co ottempta cppoae to bll.vo boen maclo 

to lcvoatlgcto tbo PI'Obkim ot opt&m=· oampllcg deul~ lol' 

l)tt(ldletlon. Ia tbo PI'C8011' lovectlptloa tho pl'Oblom of 

dotan11lclag app~ropdt.C3 oamplltla peoce41U'et lov p:ocdlctlon 

on tho baola of I'Ogresotou oqu:ltlorm has boen Bttomptod And 

tho paoocodtJrO hu booo ozpw.aoct with nqmetrlcol Ultmtntlona. 

ro c:baptoao .. U ·tho conomt ptlObtem of I'OBI.'Ooslon 

Gt!tllysla from flolto ~ton bo beOD coool.do£'00. Tho 

cxpatooeloDS fOJr the vodn:xes of piOOic&loA 1tw 'O'IWtom 

ca.mpllDg pncedtii'Oa htwo b3oD 'QC)ftQd out f<W (!lllo:rona 

oltaatlo=. 

iD C'baptoa> • .W tho metbod of doto11mU!lcg SA 

optimum aampllna d~lgo fog PJOC!Ictloo baa -boon dlocuosct!. 

F01::1 eoloctlon \'IPoeodaJOO bA"VO b3oo compuo4 to• o 'Cldo nnso 

of popoltUI.cn. 

'lho cppUeai;IO!l of tho ausgestcll PIQCCdiU'C:) ~ 

boon cmptolood lo Chaptotr ·IV vlth the help at daca eollcctod 

aadosr the PII'O·b AI'\'OGt Fovecastlos ocbmo em 3cto foe 
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pi'Od lcUas the yte!d nCo em ths bula of blomoh'\W Chan.ctGn. 

A ooh:ldcm to \lal'loas etlltlatlml paooblama l0901~ to 8he 

pi'Cdlctlon baa bHn ladlcatcd. 

lo tbe e!ld & GtlJXlmUy lAco&'pORtiQ!J tho main 

flu!lQSS and ecmclgaloQ bu b,eea locladed ln tho~ • 

• 



SAMPLING AND PllEDlCTlON 

Moat of t1:e ~tl In eamplo ecwo90 hila ~cntntcd 

nrO'III:ld eotlmatloD of populutlon moaa ~n populuUon ~. The 

Hlatlvo ClfftchmclctJ ol Vll21oul aampl!Jla p~wroo to• eatimattaa 

~ meco OJ' totnt !ll)vo bean voll'y '""'n ~l.ocusood ln nn 

otendlmt to:t bcoke. Do~ ollt;Octio~:PI vobUanllhlp ta 

tw oa- mon th:m two wmabtoo ls a flol4 to wbldllho 1r01o o1 

etunpliDg la yot to be tmooUgated. In thls cba~w Ulo ~blom 

of 4etol'mlnlnn 11'81J1'030l!:m llObldonshlp lD two 'J!Wbbbo oa tho 

b::lols of o ®ll'l\'llO !w.a ~ dlac1$80d. The ~nofcm!l ~ 

onmpllng vulallco ba~ boon ~ed out toft vul.t>uo olttntfoou. 

,l& btlo nleo boeD GUQ~ $0 ~o some of tho oqtOl p~bablllty 

oampllns odsclrl:ws aa the wlo of wl'laoco at p:cdlc&loo. 

a. 2 !C!fl!ODSlOD Aco.lyolo end &mpllnn 

Ccast&t!t a lb\to ~alnttoo eonslotln$ of N wltD and 

fo* v Gild a be two vulabtc:t Corrina valuol) yJ and sJ lor~ tl1o J-th 

unh of ., po\)Qlctloa, J col, •• , • N. Lo&ll f~l l'cl£\tlonuhlp 

of tho typo ., .. o • ~a 'lo doalsoec! to bl ~ foJr the 

l)Ol)Dhtlon. Vo• thlo, tat n oamplo of ol£O •a• bo dr:mo:n:~ EIJld lot 

l ( »t• Yz) ( sa• Yz) o ••• t ( a0 • Yo) J te the polsoo of vAiuca 

of • aDd y ns~volv on •n' I:IXI1to of tho POPulo.don. Tho 

t)I'OtodQO of flulog tho IPOfl:rcltOloa oqtt:~ti.Qo coal lot lll eatlmatlns 
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11 nod f3 acch Ulat the a mn o! III;IU&I'elt of tha c!ovtnt!ona &om tho 

Uno of l'e81'08alon l9 mlnl.mmn. FoUowlog 18ut aqaue tecbnlqae. 

the cetlmstao of 11 and f3 co abe buts of aemplo Cl'O glvea by 

.. 
13 o b, a 

D 
!: ( a, • s )( 'J .. V.: ) Jcl 1 D D 

ll J 
~~ ( ·~ .. v., ) 

• •• ( J.l) 

a • • ••• ( 2.2) 

whore a
0 

ac4 y
0 

&1'0 the ADl])le me.Jm of ehar.lctltl'i a andy 

l"CDpcctkoty. 

Havlft3 obtalAod the o!J&lmat.a of 11 end 13 by 1eaat 

oqa:ua toe!mlquo tho eat upect of l'eg.,..aloD cmty:zta la to 

wedkt tbe value of , coi'J'UPC)Ddlag to aome ~le» of x. The 

value of a may be U7 one of \he follow~ t 

(a) Some stven va1ua which Ia &tcldod eubjoctlvoly. 

(b) 'Ehe Yalrie of 0 U.Tl\t eeJecte(l fgom. tho uo1tD of &be a ample. 

(c) The mae of a onlt aetec:ted fNm Che unlto DOt lo the 

aampte. 

(d) 'l'he value of unit chotleo from the ~bote \lOl,ltllatloo. 

IDl of., .. ~ n~ to tbt eltll!I.Uon (11) ouch as napocso 

to g\ven lewl of fuUtlzel', mltll yteld lol' a glwn lntlllte, ~put 

IOI' slvulopat etc. ba been ... u dleCGSsod ln lltoloctwo. Tllfli'O 

c..o othe1r typa of alt.ua•lou •ucb as nodlctlon of vlold conos • 

pcmdlng to ptaDt popatatlon o1r plant helgha. l,n'Odlcdou ala apply 
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coneapoudlng to prlco !oval etc. \Vho1'8 tho plwltl popctatlon, 

plant height aod tho pvlco lewt1 tbemaolves uo nndam va&'lablos. 

wo ebaU he eOIXe:rolog maloly vlth the wbluorlnate of the 

nedldlon and the eacw ossoc:lated wlch tho taet thHe eltll8tlcmo 

(b), (c) ar:d (d) montiGllCd obove u Che8o ue ollntoi'Oet to 1111. 

Bowevu, lor ct;a~rltt ~ eotnplet.eoeea tho c:a.so conoepoDd\ng 

to elatlorl (a) bao Clloo bcoo loclutlod ~"· 

z.z. 1 Cae.e (a) 

• 
the veltle of y bas to bo ~lctled la eolec:tp6 oobjaetlvoly. It 

Lo a!ao assumed that ~·o e~r<~ tfxed CODOtllcts o.cd oat tlJe nodom 

VIU'loblea. Tho cse~o 1D tho pi'Odledo::a moclol 

(J al, ••• • N) ••• ( a. 3) 

( t ) EJ Ia n nrdom vut.able wlth meac tol'O and ~ 

o-! ( unhno\JU) •• • ( 2.4) 

(!) EJ oad e, ~ c.mconotated loJ' Jof# l ••• ( z.s) 

( s ) &'J Ia aornaanv dlabolbuted nDI'lom w.&"bblo wtth moao 

BUO llOII ~ o-! • • • ( 2.6 ) 

• • • ( 2.1 ) 
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o E (•a•i' )•y 
Jal • D 0 

D 

.. 1.. r ( •· - i'' ) .. Jcal • D, 

"'G 

a a a a 
In v ( v ) .. ( llj • az t •••• flo ) O'e 

0 a a 
Ol' V ( 'fl ) .. ( r &1 ) cr0 Jol # 

••• ( !.0) 

•• • ( !.9) 

••• ( a. to) 

••• (2.11) 

••• c a.u) 

I' •• ( !.14 ) 

(2.15) 

S:mc:o tho vulance of ~n~aloD c:oofflclen& lo gtwo by 

a 
y( b) o "• ••• ca.t6) 1 
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••• (Z.t?) 

••• (!.18) 

• • • ( Z.l9 ) 

Thoo as 'J and , 1 U"O ODCOnelated to• J rfo l , "PP have 
a 

Cov ( n, C ) a ( "t Ct + Ga C:a + , , • + liu c0 ) Cl'o , •, ( Z. 20 ) 

lt follofi tbU sottl.og o a V' lmptlqa aJ a {. • o.c<l oettlQg 

(rcJ·i'c) 

~ Q 0 ( - 2 
J~l 8 f'•o> 

c: a b • lmptloa ••• (2.21) 

••• ( a. u) 

thtlt te, f
0 

ud b uo o=onotatcd nl:ldom vulabtoa. ThWJ 

' thO valance of Ulo P"(llctett mean value M 1 , y lr: as o o~c:lflc: 

wlas •tt , of x to 

a C -,a a 
17o "ft• •o <re 

o-+ 
0 

~ ( 8 j" •of 
Jal 

••• ( a. z• ) 

'l'ht. le mlal.tnom WeD •r.. a i' 0 and lnuotlSoa as 



a.a.a ca .. (b) 

Tbla ~l't&llla to elaoatloo (b) when a lo tba utae 

ol ant& ••tected t~ tOO Ol&lCIIIc tile ample bV olmp!e nndom 

t&rnplln .. 

We bave nczeaa\on equatt.oo 

S'J • ;'II t 1» ( ltJ • tiD) ••• (2.29) 

The pndldet5 vat• of ., ~ftapoutllatJ co lt;t , 

J Q I, a. • • • • D Ia g\ven by 

.... (!.&») 

Tbe clW'enace between tllo baa ulue and the ~cdlcted value 

co:rrespoadlq to J ·tb tml* ta 

• • • ( 2. 27) 

The upectat!on of above ap--.ellm bu to be talteD 

twleo ftnt for the Sl'fen &~ample and tileD folt aU t)OOOlble samplea. 

Thai, wltb uaul aocatloo• 

••• ( 2.28) 

• s1 c·., · -; -b < .. • .. , 1 Q o • • • < 2. 29, 
D D D 0 

..Slcee B ( •J ) • S'0 • E ( 'fJ ) o y 0 beeaae of soloetloa hd 

hence the pre4lctloa la aabtated. ••. ( a. SO) 

II 



• 

••• ( !. Sl) 

••• (!.3!) 

••• (!.33) 

••• (!.34) 

&\ -t 
Ill-

D 
••• (a. 35) 

vnlt!U •• alvera below I 

S.No. a .t. -
1 l , 
2 a 6 
3 s lO ••• (2.S6) 

• ·4 n 
6 B 1! 

Also uaume that Use aampllag deslp la u lo~ 1 

Bampt .. ?&<»bablUty of Samples PI'O'bablllty 
atJ•etlcm ef asleetlon 

o1 : ~t.a,s) o.zo .6 : ( 1.4,5 ) o.to 

•a : C t,z.4 .) o.to ., : ( 2,3,4 ) 0.0!5 

s 8 1 (l.a.s) 0.10 •s: ( a.s.s ) o.os 
84; 

( '·'··) 0.10 a9 : ( a,4,s) 0.0!5 

OS: ( t,s,s) 0.10 "tti ( s,4,s ) 0.1! 
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z. 
3. 

4. 

s. 

6. 

7. 

a. 

9. 

l'l. 

--- ------·· ---- -- -·. _.I_ 

.zo 24.6t 1.00 z.oo .11 .on 

.to 3Z.67 tZ.S4 4.61 .01 .ooz 

.10 78. 01:) 26.00 s.6a .-IZ .004 

.10 ss.oo 13.00 4.67 LSZ .060 

.10 73.66 24.00 s.oo L66 .oss 

.to 74.77 U.M a.u 0.63 .ozo 

.05 14.00 e.oo z.oo 1.81') .cn9. 

.05 40.61 11.67 4.67 0.;66 .on 

.05 40.67 13.68 4.67 0.60 .010 

.15 !4.00 6.00 t.M t.so .075 

Tile oeca111uy compctatic;n fa. the vutaaee ol p:edlctloa an glvea to tl:o nbcve table aod tbD w:ebmce of•il:;, 

tnecJicdoatcw gt...m Ql~ oa pap t!S Is o.Z?lJ. 

I 

&'! 
• 



- tf-

s-pl.. 

Few tbe alml)le oltuatlon, whn the Olrlnlc:ll;.ba• beeo il 
clr.lwn by almple HDdom oampllns wlthcml nptaeomaat, the \ 

\~' 
voutlan~ cf predlc:tloa la glVCD by 

NowE ••• ( !.40) ), 

• 

• •• (Z.4Z) 

VIe kno. Ulat 

V(mn) .. ~r~az·~.J ••• (Z.4S) 



.. l8 ... 

Ptf.:tlng ( z. 45 ). ( &. 46 ) tW1 ( 2. 4? ) 1n ( a. 44 ). wo sa\ 

2 
~n 1 - .a a Pn 

·-•- £.(..,. -~u)· -h~ ·Ptt"""a) Poa u "oa aa Poz u ·~ 

a 
Pn a -• --r ( P~ .. "oa ) J 
~a 

...(2.46) 

••• (2.41) 

••• ( 2.48 ) 

••• ( 2.49) 

••• ( a. SO) 

n•l - ~~ 1 Zp P! u..~ p 
v a -L "' _ c .:..L. .. _ <.. .. u u • · u .

6 
oo >} J-

p o zo 1. u.-.. D"'-z '"~a "' .. 
• 'Jo • u "' oz Poz 

••• ( a. 11) 

••• (2.52) 



- t9 .. 

••• ( z.n) 

2. a. 3 C'aao (c) 

Thla \JOftlllO to ~ (e). wheo s lo t:lo valao of a 

tm~. S«~!octod bom tho ftl1DDlolaa ( N-o ) =tto of tho popal4Cton. 

\Vo bo.vo I'OIJHSOlon oq\'Xlttcm 

vj • Vn + 'b( •5 .. i'o) ••• ( 2.64) 

••• ( 2. 65 ) 

vnl~ of , of J -tb WlU ltl alvoo by 

.,J .. y cy •v ·b(x,-i') J J 0 Q 
••• ( 2.56) 

AbDo otoco J -th cmtt hCO bo<ul oaloc:tcd fii'Om tho I'OmnJntog 

( til ..a ) C!ltta .,., havo 

••• ( 2, ST) 

- N - o -
Ea(Y'J)= YN .. o"' N•o YN· N •o yo ... ( 2, 58) 

Thull. 

" - N -s(vJ· 'J) .. sl L N:ii 'il'N .. 
a_,.. N ...... n __ 

N. o "a- 1o- b(N:ii~· N:ii"•o ·SW 
•• . ( z. 59 ) 



••• (2.60) 

0 f) 

aE1 o
2 (1· 1'2) !!,:9 t (.!.. - ,!. )8

1 
( l• Pit 2!_ )1 

' Q Q w , N•D 
... • ( 2.6a ) 

a a 
n·l - pt1 a 2"uPu "nJio4-

" tl L P,.,.. • T • Ill.\ (p.22• u~ • ~~ )J """ oa o a · ..,a oa 
1 I z N Z 

•<o•iif)~&zoC 1 ·p)( tho)··· (a.u) 

whleb fol' tho Ra>et dog roo c:4 a~ton slm,llftoo to 

3 
N l 21- llu-

V p " ( N - n ) D ( 1 .. p ) s, .. L "'zo - --.r;a J 

z.z.4. Caae (d) 

Porial!d.Dg to Sadlon (6)• whim ala tbo wlao af 

n u:.11t oehlctocS fi'Om tho whob popalathHh tho tn'Gdtctcd •aluo 

•• • ( 2.64 ) 

• 



·at-

• • • ( 2,6!) 

.,. ( 2.66) 

Thus, th:t dlftoi'ODco botwcoo tho tne wll:o and tho ~lctod 

vfllao to gtvoo by 

.. 0 

(U)d boaco tho pl'C!d,ct\on lo Qblesod. 

'l"bo~ ~tdlcn to given by 

••• ( 2,67) 

v,o E1 Vz.CvJ· i'0 • b( :J • ii0 )) •v,.CVN .. i 0·b(XN•i0 )) 

•• • ( a.69) 

a a o•l 1 1 a z 
.. u: C t - " ) •v -;- • ( 0 . 1i) s,. c 1 • p ) • • • c a."" ) 

wbteh ta glven by 

2 
l l & D•l ~~~ l v ... a(-·-)(1-p )1i...0 t-£v. ----(~ _ 

r D N y~ D 20 Po& Dllo,a 3! 

••• ( 2. '11 ) 

• 
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~blch for t!l3 ftwat4oa£!CO of c~Difltton. le 

a 
t 1 z "n 

a(-- -)•(l•p )p. t(p. • -) 
o N zo to "oa 

Fwm ( a. 92 ). ( J. 6J ) llu2 ( a. ?l ) ta ctm 'tD GOOn that tho 

val'iaac:o of p~lc:tlotS to In tb:l Oldov stveo by 

t. 3 Ctaotow SampU$1 

So lu VIC !m~ wol'ko4 oat tho ~~= to. tho vllri

Wlec! of pl'odlctlOD fo# ibQ 0 UutltiOD when tb3 Ofiglnal OCimplo 

to d~ by slmplo 1?3Zidom tlatnplto!f. ThoSIO OJ:'O otbol' typoo 

of onmpUna p~QIOC nbo dlleh uo soma ~t ClOa>O eatto.blo 

fzor> cost and admlz:dct:w.Uvo CODVC:llonco oa;aocts. ID lhto 

vor-, otmp1o oltWillOll 'ObaSIO I® ol'lgbvll Dllmt>!o to dr.l'gfll by 

da:lt<n> Ctll'DPltng cmcl tb3 catt for ..:r!llcb tho vnl\la ot ,- .lo to 

bo pwdtctod to ooloc:tcd f110m tbo =ttc wlthlll eo Oll.O:l>lo bv 

otmp!:G ~m oaml)ltDJ. 

N ,. totnl nnmbo" of eltlOtoi'O tn tho popcltltto:1, 

M "' total o~ of anlto to eoch ct~. 
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r.ca 
a 
·~ .. Q!rt obv 

a 2 

"~~x "'\. • Gbs 

ohsy o ~ • c;l=v 

'0\th E ( Ebv ) D E ( fit:a ) D B ( Ebsy ) • 0 

c!ld 

• •• 

••• ( z. 14 ) 

.e a a a z. 
E(6by) a V( eb

1
) • E ( Cba) aV(eb:), E(Gb:ty)oV(~1) 

• • • ( a. n ) 

and o\mlla&> e~;;pnsetono f.,. wtthla eompocoatJauc:b CtJ •!.z etc. 

Now vadanco of t»""Oldloo lo glvoa by 

D •l - 2 
08 .., 

>] v .. L E ( o., ) .. E·( • a • •• ( z. ?6) p D 

• 
C'o:uJI.dO rtag 

D(M-1) 2 M( D•l) 
it -~ E ( e1 

) o E L 1r • obv-' V oM·I Vlf D M·l 



•• • ( z. ?8 , 

a( M-1) h1(12•J) 
"'d:UcJ aM • 1 o A cuxl oM • 1 a B aboYe oap:ooaton 

alm;?tulea to 

f - .; aJ z a } A tiwa + B bs A liwx + B C:bll 
l - ,..a a • a & a • •. (a. i9 ) 

Auw:+ D~ (Bwa.AtBBb:J 



011 1 
1--

t/• ., N 
l 

l•-
NM 

• ZG .. 

l 
t·- a 

.;A lid -
~ t I 8v 

1·NM 

... ( a.al) 

•. • p.aa) 

& a _a 
G:;;; SJ) t Sw ••• (Z.03) 

I I 
l·- 1·-

Also olnco A • = £4 Clld B a 
0 

u • ( 2. 84 ) 
I l 

1·- l•-QflS oM 

t:U:Itl whoo a and M a L'O bso· A ---t l OD.t1 B ~ I 
••• (2.85) 

TbllD 

2 l c 2 -V (trw:) a V( miiit)a) a - 1'- • p. j ••• 
D W04 v01 

( z.B6) 

a I C a ] V(~) •V(~a)a a p.b04 • 1\oa ••• (!.8'7) 
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a - 1 
ccw(iJ"wa• 0ws:y) eC'ov(m-wOl,mWll)• 'i-<~";;ts• 11Gn J\~a) 

• • • ( 2. 91 ) 

a 1 
cO?( "ba • ~ •<bv(~~·~t)'*~('\ls .. '\u~a) 

••• ( a. 9a ) 

1 a a 2'it 
""D("wza· P\?11• 11b!i '\u>-~:"013 .. PCiiu Pwoa 

" 11b1s • Pbll "bOa) J J ··· < 
2
•

93 > 
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whleh fol'lbo S.l'llt degL"'O of a~lc::l vc<laCOl'l to 
& 

- "'u -v ., L ,. • - j • • • c z. 9s ) 
" zo Poa 

Thaa • tbo w~rlaDcc of tnc4lctlon to dumw eam,;~Ucg with 

OQU3l elastn elan te ~malmctoly cqcal tolho w.trltlllCG 

of Pfl'dlctton tor olmpto r:tmdom sampllDB+ stmuov 1100olta 

may bo &~pectcd lQ tho ottlzattCDIJ ohowo cltU:Col'o IU"O cot of 

om:tctly eqaal otce bat Of oppl02dmctoly equal olllo end tho u:llt 

to• ~ch tba vales of '1 to fD bo pn41~ l8 dw'llln ~~the 

wboto pcpulatten Ol' fftlm tho a:~.lh aot tQt\he oomplo oobdeCI 

loS" holldtns thO \WCdtettoa oqal'ltlon. 

a. 4. T.., S&aae Sam;.ltlof! 

MaBl•taao ocmpllJlg hao bocm foaa:1 ve&y aoolut 

lo pJ'actlce and Ulto pl04:adllft ta betog cunonU1 mod lD 

·moat of tbe GQ'J'VOp. M'!lny tim~ molttR:IgO GQsnpUDJ may 

ho tho only teastb!e proeod=o whon a ootlafc$S'1 ooz:npllcg 

fl'amo of nltlmatolv obtionahlo tmlto l8 aoa .atldUr av:1llablo 

lllld tbo coat of obtaln\~ ouch c &amo to cons&lowb!o. to 

th!G aed\oo the oaptoaalon to~ va~rlaDce of l):~Qdlc:tion baD 

boon WOI'kod out fol' tho VOlT elmp!a attaatlo:l ~ tho aamplo 

to dnwll by two otago oampttcs ned the t:Dlt fort whlc:h 1 valao 

b48 to be pl'edlcted to faribol' oolec:tod at l'afdom tram tho 

ahlio lD the aaa:rple. t.a 
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N o totalll"'J'Mo• at psu•a lD the ~' 

M • total am•n'bal> of ooa•e lD each 1:ISU 6f tho 1)0ptllatt.oa • 

••• (3.98) 

•• • ( &.99) 

l I 1 1 
1 ·n a 1 "'M ·;•ii'S 

It 1 ~.. . 1 
1 ·- I·-am om 

••• ( 2.100) 

••• ( z.tol) 



NowpaStlcs 
1 1 l 1 

••• ( z.tOZ) 

1•a c.-....... -
1•am 

• 
1 ... ---·--Q 1111 om DM 
_..;..._-"'!:

1
---... ( z.tos) ,_-

nm 

- -esv ., c ~, + D a~ ., c { ~ + e~• D(S~~w:y) 

• •• ( 2.104 ) 

•••• c 2.105) 

z " otc:. wlth E(e1uq•)aO.E(&~)·V(~1 ) ••• (2.106) 

- _a ~ 
E(~ )aO.S(& )•V(B )ot.c •••• (!.l07) 

wsy wsy vnt.'f 

. 2 2 
It may lao menttoC8il bnre that eb ODd ow ow 

tndopoo4ellt etuce .: to 0 faneClon of v,·. llcd 11; to 0 ftmetloa 



ot •t whlch ue nowo to be ladep..S•at ••• cormaUtr 

ueamptlou. FIIZtM• the a-88ulia from ( !. 8b ) to ( a. 92. ) 

etm':'Uiylcg the abml eapauataa qS aotllla that c __.,t ad 

D __., 1 wlalm •• lll, N an tuge, • get I 

a I 
- "u ., v.. • L f' .. -:- .1• upto the flm 4esne ot oppJ'OStmattoa. 1 

.. 20 1102 

As lltl'llllfled ~sla a palt$cula# e~e ot two 

ate'>'e HtDpUas tt te o:pct.ted that whea ~ atl'ata nare of 

a:»ralrll&tely eqaaletze aDd &PPHStdhly equnJ nambel' of 

may be r.-p.oatm•tel' aame a tbat of coi'MIPQlldlng etm.pte 

nsaiom eampltog etti1Ulon. 

z.s !ammur 
ra .... chapter the P2'Q'blem of pHdlctton fJmm flalte 

populatlou has beea consld•.-4 fol' vutou attaatlorJ~t. D bu 

lieu obNI'ftd that then le a compoaut ta vutaneo ot PJ'.Slcttoa 

wlaldldepe.Se up10a &be eampliq ptocedue aeed 101' the ae\ttcttoa 

of eamp'!a. D hu bMA lunhu oba•rved thdlhte _com}caneat te 

vortaac• of pndtdloa !au ap;~Hldmat.ly aamo megnttade ta 

eamp11D1 ud twe stage eampltDs. The nealta f'l)tnl out the 

poaalblU.y of aeatptaJ the data u almp'!a •andor1 sample 



even U zgoadllftll Ulce stntlftec1 maltlatage aampllq,a dealgn 

wen and 1o1ft HmPilns PUifii0$8 koeplag to .tow tho CMI 6( 

uped Qd admlalatnttw CCIIlveDtence. 



Q!A PTSB .. Ill 

s.t tl:rtlrod ect!oD 

D b£18 booo o'b:Jonea to Cb~Otr• U t:hDl tho 

pod'o1'1%U)nco or atmplo lrtlZ!II!om umpllns. ctWJtov onmpllng. 

tt:o otnao acmpllDg tmd nuatlftoe2 aampllDalD tlWM"Imaly 

tho cm:tlO lD tho oonoe of vtll'f.nnco cf pJlCI!lctlcrl ~nd CUJ Gtu:h 

thOJ!O l& 110th\Dg to cho<Wo botweeD theoe .tan~ltna pzocedtli'Oo 

(It) nU tbcee a10 equal p::ob:lblUty oa11iPllDJ ptiOCOdi11'C:I. ta to 

wol7th o!ltlo to lavoettscto tho poso~Utv of o dtlm~Un!J &3etgo 

fol' whtch abe variance of ~lctton le the tcant. ID tblo eh:aptcn 

thto poaelblllty bas been mmmloed tw'lla to cttamptod to 't701'k 

out tho opatmum lWO'b:lbtUttoo of oolodton folt cno~ anlt la 

tho ~ulatton. To~ tho oa'l oomo ompbtcol roouttD IU'O 

prooc:ltotl to compa&'O Clo efftct<mctee of tUeo com,lttllJ 

proc:cdlll'Oa to• pzedtctton. 

'S. ! <?pttmam &lm-pllll!J J)oatgn 

Fo• olitDi~Udty of c:aptroeot013a to c!otolml!ni.Ps tho 

optimum 'PI'ObAbllltlea o! oolcctton V0 constdou tho Dtmplo caoo 



D I - D D· -
l~lc .. ··~~) CY,'"Yc) •;;:L ( o-1).~ .z;r, -:-,~J'\ 'J-' 

••• ( '· 3 ) 
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" - ss .. 

• •• ( s.u ) 

tl•l [ N __ 2 z a N 2 N a N 2. 
,. -o-rn·l)l~ ~t'fl pl+ (Q•l) <r~ ~Ylpl) .. ~ "\ Oafc4Yl~t 

-N & N 2 N a N a 
t (n-a)L 1~1x1 9,( 1~ Y191h1~ v1 P1(t~ XaP1)] 

.. ,..N a N N 2 N -; 
•Z(a-l)!J:XJYJI)tcl ~\\f ~ YJXJpJtx~Xhph-' 

-
N aN 2 aN N N _I 

*-axa-s)(,~ ~Pa> c;r~ vJ~)•ZCa-a) .~ x1v1Ptfo~xJp,;l11'!f 

••• (3.1!) 



••• ( 3.13 ) 

••• ( 3.14 ) 

••• (3.15) 

Q D 
I: -aaJa. )( :& yl) ••• (!.16) 

l;'J,Pia a tal 



• •• ( S.l? ) 

, , • ( J.lB ) 

••• (3.19) 



N a liT a liT l... N --.2 liT 
( iP1) + z v1p ( E x_p

1
).f"a(D-t1C E x; ~ P, r '\P. + 

t~ tc:l l lo:l -"1 j=l , 'l • kcl -n 
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Fo• obenlcttlg a eolatiOG of pt•o 1011 QapJNGetOQ (s.zo). variG12CO to 
N 

bavo mlnlmlll2l valao oabjoct to ,:
1 

pl o 1, • have to c1Ufoii'01ltlato 

puttaUv ( s.to) wttb reaped eo pl cad cqcnto to aoco. Tile alttmatc 

ezp.:eselcm de• dl.flctalltlllflo:l odl OQMHQS to -~to lll:llMUQeble 

acd thall cothtog eaa be conc:lcdcd. '1'0 almpllfy Cbl!l t.'Alculnttona 

lanbe•-11S8u,rno fo•tuso aGmplo etca [ Coc:U81l (1963).] 

••• ( s.a1 ) 

Now 

••• ( 3. 22 ) 

••• ( 3.23 ) 

••• ( '· 2~ ) 

••• ( !. Z5 ) 

••• ( 3. !6 ) 

••• ( 3. &7 ) 



-40. 

If ( s. !9 ) to palrtlatlv cSUfo~to6 dth woopac:t to p
1 

ollbjoc:t to 
N 
E p,l o 1 , tb3 oWrnato eJll>NDDlo:l dooo act olmplllv too m«uuf.agfal 

tal 

fol'm. 

~. tn cmSo~ to hn"' como ldoa wo ccno1d0# tho 

follOWing oobctloa ~u:~o to• t:omp:uisonJ 

( l ) I!mcodtUo • A : All• Ql\\to have cqml c:hODco ol ootoc:toa t.o. 
1 

g'" 'N .•• cs.so) 

( ll ) erocosl!!ll'! • B : Eatwmo anlta htwo rnoi'O d.iaDeo of oolcetlon 

tbnn ut1tt0 te the ccnti'O t.o. 

- ! 
Pt or: ( "t • XN ) • • • ( 3. 111 ) 
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colOdlon than ostwomo cnUo t.o. 

- -a 
PI 0:: ( Xl • XN ) ••• ( 3. 3!) 

Fo• com!)llsrtlktn pa:rpooo low popal4tto:lo oattofvtns.s tbo ~ol clvcm 

botow 'O;Wt;O ccmoi'Gtcd 

:s ( ~ IJ I .. ) • 0 

B ( E~/ .. ) • A ~ • 

TABLE; • S.l 

'l'ofJlo ~8 tho vaWu1coo of vnatoua erunpllag ~rocoowroo 
m::lOi' conotdolrattODG loll' dUfoiOtlt tJO'I)alattoco 

POPULATION •I 
tl "' 150. D o !0 , 4 oiOO, ond ~ o 0, 4 

-----·---····~---------·-·---···--··--------···--·······-·---··· 
o."l 

a 
1.0 l. 5 t.o ------·-····-·----·-.... --.. ···--·------·----....................... . 

'Piocodtn'O- A !3!'-.44 zoss.as 0Sb8.64 32913.29 t!tl839.27 

PJroccc1~- B ??l.ll 411')0. 93 16900.01 670at. !t') Mll971.36 

~codiU'O ·C uvs.os 6!10.90 29547.4!1 100474.1'1 .S9!13ZZ.2? 

PO'PULATII")N .. a 
N ,.4..,• D o 20, A o l'!)t) cuXI ~ o0,4 

Plri:Jced~ ..a 273,33 1309.99 6140. 7<1 19396.08 tz~oa.96 

~wro-B 653.32 266t,ts 10473.01 39?12.49 191'11~.0! 

Ploco4~..C 839.60 40!9.94 1SSZ4.2<1 &9n5.07 aa4 a o s. 39 

eontJ ••• 



tabto • !.I (cont:d.) 

POPULATION • 8 
No SO, D ol')• A o 100 ODd ~ o0.4 

~----·--······--···-·--··--------..-------------·----···-----
o.o 0.9 

0 
1.0 1.15 

···--·····-···------··-· .................................... . 
P.ocodtU"O·A U9. 31 610.24 !!79.9! eau.n 1?.9510.65 

PlroeedtU"O ·B ZS9.60 1!'71.01 4'7$9.06 l?ZSS.69 6Zl18.5a 

'Plroccdvo -c 41lO.Ot 1934.25 1!34.83 Z61Jl,o96 931l07.0B 

POPULA'lVm • 4 
N "ta, 0 ~;~fl. A clOO ~ ~ 1:1 0.4 

Plroccdwro •A <141.6'7 Ul!S4.08 S494.t0 19914 .ZI') 6C'ba5.19 

PL-ocoduro •B 957.17 33?0.ZO 11944.<19 4Z604.44 l5Z908. B7 

P!rocoCluro -c 1~69.75 !HS!.OI 10!196.28 69319.41 ~ 33469.!3 

·---········---------------.. ··-----------------.. ········-·-

U can bo eoen Item tho cbcml II'Ot.Joi&D th4t- out ot·tbo thi'Oo 

PJ"Oeodmtoo coutdo.cd boro tho pgrionmnco of cqu:ll Pl'Qb:lt:41Uy 

ccmpllllJ odmno to tho boot ttwouzbout. 'lbo II'OocdtQ PI'OQCUled boi'O 

cwo to• ollmpUng wttb ro-plccomom a:w:::l tt· to o.upoctc:4 that loB cuunpUQ3 

~~u:t t'OPlccomom coaalltl mayllloo b:l of obnllu t,po. 'L'boo, to. 

IWCdlctlon parrpoooo cqw ~~Wty eampUas P3'0C':ldllr09 oach oo 

olml)lo rcndcun aampllDg 01' otmtlled multismso &>&Ulitom onmpllDg 

U~D ba on!cly ur.tc:d. 

s.s S®f!ffi!jl 

!ll thto ehaptov tho pooctbtllty of nD opUmam oompllna 
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dealgzl lo• pnt!lctloD u• been enmtaed. It bu been obaoroed 

that the tHU'fumaoce ol eqaal probablUtv aampliJlS p~a:e le 

hlshl1 aattaladol'y u comparod Co tho othel' "Pt"oced!WC3 &em tho 

ftl'taac:e of P*lctloD poltat of vtow. 'lhu. fol' p~ccSldl.oa PQJ1)08ea 

t.b aae of ~ampllq echemaa Uko etmple nl.l4om aampUaa oao etnUfled 

multlataae eunpll113 can bo eafol1 l'ectlmmec&ld. 



4.1. tptrod S9llm I 

Reliable estimate of total ci'O[) podi1Cllon 'QOll WON 

the bllJVoat te of ccmaldonblo f.mpol'tDnc:a lD p!'lce Wld o:poat· 

tmnrt poltctca. Tho method o1 foiooa:uattcs of qop ~i'Odttdtoa 

\le\ll:J ~:~Sed at 1>teaflnt la baood ou eye esttma~a Gild ~e ta 

.u'bjeett•o. B aeeda to bo ltwcstlgatod whet~ fM'O~ of 

pnanc.t\cn wouliS bo made t:n020 nUab\e a¢ ob)oet\vo b? taklog 

lSlto cosmtduattan b\oll'lOb\Cll obaesove.Umia oc \!lo p!an\ during 

the vallloct atages ollh g:ooth. Of the t'IIIO componotlt of C:J'Oll 

etmplo PJ"Oblem. Oritnulty. ac:nasa l8 lirlUtlh moro Stable tbao 

yield pe;o aca. Tbe acnae of n a'OP ts aaaally lllfl~ by 

. ~..-
the nUo of tho Pl'fc:a ol th$ CJ'OP df thoao of c:o~ttvo uop$ 

which PJ'Watled dt:ll'l.Dg ~ p:!MWlOU yeu. to addllton wheatbn 

&lao some t{mee affeda tho dwlp ta auago. 

Wttb a vtow to lnttng n'tlout tmpJovemold In lol'ceastta'3 

of tie uop ~gb tha II:JO of measa:roment of blomobflctll 

chanc:te'"• the tumuto of An~tc~ aeseaaoc:h likt\Gtla In 

Collaborattoa wtah a DepQ-trnetlt of Agl'lculaate. Bth2-l'.toolt a ptlot 

atlll1y on .Tate ci'Op. Ill tble chapter vo dlllcass tho various ataUsttcc1 

twObl&m.D w\th tbe ho'tp of date collec:tod cluriog 197l•?a to 19?3-74. 

).. t"'- P--. J..V>t,;..t of f>1W... . 
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4. z , l"'blomo Bo1attn1 t? Cl'oP Fore -casttna 

Tho problem of c..,., fol'ocaetlntJ lrwolvco ollDlbol' of 

~lftlmt probloma oomo of 'dllch lli'O balDs 4\.0eUSDed ln tho 

foUCJWt1.1g ooc:ttnoo: 

( 1 ) CI!Qlc:o of oamplto_q 4ostgo tU::d o~gaclaatt.on of o~y WOI'fu 

A(§ toc!~catc4 tn C'bapter .. II ~ all ~r.I'CID of 

oquol T;1!10b::lblllty Dlltrrt'lflza ON epp~,utatv,,aqotlUy offlctent 

foil '[):red\t:.Uou P~ll• a two ntcno et~ ~ aaD\1)1\ng 

4ostzn woa ~n~ Wloe ~ coloettOll oi ploh motolv for 

odmJ.ats~nUvo C'OJ:Wonlcw:o ~ eqael!ly ll.'l dtctrlhuticm of wo:rll. 

Fo1U' co.n:m:umUy dO'fOl.oPQ:lc.= 'bloC'ko ~e~ tm&i• tho G1,'10cltll 

pactmce pi'Ogn:r.n~:t~e 'Q::tft> e~ fen> th(t etaiv which conotstutcd 

tho P3Pal#UOD lm!!OI' fltu6y. 'ft:oN VCII'O ~br CO OOVO%ltCGn 

V. J ... \7. Cll'cloa ll.'l o blcc:t. Q.hlch fornncd ~ •~tn. to each 

C:\l'elo flvO fteldo gtowtll~ tho lalO CI09 ~ GafMbd Ill nadom 

D1'ltl fr:or.o onch colo~ £told tVJO plots each of a210c z a 2 mota• 

.,1'0 fun!:ler aolocto4 at ~om foll' l'ocol'l!lnB c!otllUO<l 

b\0~'-\cal obsonuttono. 

lo oac:b eole<:tcd plot total a""""ev of ~~~o 

eollilto4 ct oac:h occul® of :roCOI'dtas blometl'lc:lll ob5Cl't7otlooo. 

Vall' I""!GUQI'lag tho pta$ hGlsht om basal c.UamoC:Ou dtll'lns the 

CC'01) g110wth P~tC'lod ave ptanto lou ,co•ao'll' ac5 cmo ecathl ~l'o 
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takcu 1::1 oacb plot. TbO .ftm obsGI'Vattcm wae ~ldod Gfto~r 

a.boa& a month of aowtna of Ute aop and e®meqw:mt obaowvatt<m 

w.a .acOided p:modiCAtlv at aD tatowal of oxao month apto 

am~ tndadtDs tho ttmo of huvellt. Tho ftbR wo~lll of Jato 

oao tnkco afte~r ntttcs ~ crop. 

( a ) C'bolc:e of bl ~leal d:rancta~rs a 

no matn objodlvo of otcdy tB to p~let tho yte1d 

ntO OD t1lo basla of blcmcb'icaJ chttn~lPS lUIS tho llppoacb 

to bo followed Is "IJl'OOGioO todu:llqUD ol yteliS Otl btoxrdrlcsl 

dulr.:u:to• IAf!dSDdns tho vlold efto• adjaDUG~ tho ~ t'o~r 

dl.flel'Onces baliU06tl blodl, cbola.tJ 8DIS flet4s.. Corw!QflQQ 

coo£ndoms tlehleeo tho ylold ., anc1 ( l ) nurnba1' o1 plam .Ill , 

( u ) hetshl of tho ptaat •a &led ( ut) baaal dlcuDctozr bavo boon 

GOIPkod oat 1011 each vocotldtnn lo~rdUfo.onl VC'lRO cad GH 

~ lo the tabla slw:& belew· 

Ill 

jl'ABf.E -4.1 

·······-··r~~ri;l;~--i;tiYcomti'i'tOi .. c;;m;r;~-vt;ii~~---
.~:: .... L~~~t ... l.~~~:!!~l~:~~-~~!~:!:~~~~~-~~a_.~ 
t9n-n 1. o.4S46°0 o.36" o.4t!! 

0 B..no " ..... 

19'1t·?J 

z. . 48 l)Ot, o.u o. 131 
3. o. 47S9 o.6BtPO o. srf0 

4. o. 8191 Otl o. 1901# 0.14 

I. 
l.. 
3. 
4. 

o.u 
o.ta• 
0.10 
t'J.la 

0,06 
·0.09 
-o.u 
•0.09 

CO!lld ••• 
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---····--·,··········-,------------··········----·-···-.·-····-------~ , ?cntcd ctt.l't TOlal Conotattcn C'O()m-ctents Bott;mo~:~ Vle!d end 
Yoel' I 0~ fD j' Nambor1 of p!nnao lsetgbt of plaatal D lnmctel' of p!ants 

~0 .......... J........... ··----•-.--·--·~----········-J·--·-····-~-----· 
0.19° 
0.1!5 
o.n 
0.06 

o.ov 
• o.on 

0.01 
·0.01 

~--------···· .. ·--··---···-~·-··--····~·--------·-·--·····--·-·-·-···-
o naS co deDoto elgnll\£m:lco at B 1181' C81'1l aD4 l1,10rr com Jevol 

·of o~canco ~pcci1voly. 

Tho_ COI'Nt•tt«:l !)atwoeD ftbH 'Q!Olght end number of 

plncta 'COlle found at~ consletmllly til an tho cnoes. Tho 

CJtc.cUlC30ce of conotatloo cooftldeat of liMo wo(zht ~.llelsht 

of tho plnme anct 4lomot0lr cf tlxl pla$ was obaowc:1 O!llV folr 

t'be 10U 19'11-72. Soc:r::maly. UloM la a doabe of lilXUUIO!'Omcld 

~ with tbe meaa~ em blight cad bunt dtnmotu of 

tho pltults. 'l'has, 110.rnhol' ol pll!ll2'ke cao bo c!looon (ll) P"CllcUDB 

Wi~l.ablo foll' plettJ nto of .Jute. Also. as lD ~I'..U tbo 

~tdlon p10blom wt.th 0120 vt:IS'lablo bu cmty bao11 cltsctmaed 

Chol'Cfo:re, we PI'Oeenb t:2.o vatloaa ataUstlall pJabl::m:s In 

PI'O ~eat fo"caatlr:l3 tbo plcld n.to wltb oQIX!bnt ol pfuao 

( a ) Cb)lco of P!«'llc:tlon mcdol am'l c!etanntnatton of pel'lccl 
offoncutlD;tl 

FOI' clote,mtoat.ton of plredlc:tloo facctlotl fol!owtag 

to1U' o:odo!s wo~e tried loll' each putod of nc:o:dlil<J uoms tho 

me~ of least aqaueo. 
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t..~gdel •! : ,. • '1 + "'t. 

r-~ooet - s a JY' .. a, + '?F 
I b4 

- .. a4+-,. . JZ 

w!wl'e y aDd a ••z:oto vteld pu plat and 1l!ln2bo\' cf ptanto 

porr unlt oqulll'e motu l'OOpodlwly. 'lbe ·l'Gaalto aro pareacmted 

to tho foUowtoa tabla. 

TABLE .. 4.& 

TabiD ehowlag the l.'O(JRPlon coefflctna.c:onolab 
coefflc:lont niid .allltUlce of p*tdlcm 

• X!1£t1l 19D-'7Z 

-·---·,-···--·r--·---·--···~----·--r··--·-··r·--·--··--··------

~~~!J.~.~.l .... ~•--••• -~•••••Jl ..• ~ •.• J~~~.~~~~~OD 
I 1. -1S.6!6 0.1.&79 0.4846 590.80 

a. -ta.646 0.1605 0,4885 591 .13 
3. -11.009 0.1549 0.4'759 59S.Z8 
4. -11. 19! o.nso 0.5191 !!19.04 

u 1;. - 1.4$47 o. '7l'l6 0.5844 64?.'16 z.. - 1. sn o.'709J O.Si61 637.97 
s. - 1.189 0.6993 0.1911 641.95 
4. • 1.079 t),6V64 0.6UO 411,09 

~ 1. • 1.048 0.3!43 O.SMl 66?.!5 
a. • 0.948 0,3!64 0.8418 56<1.40 
s. - 0.841 O,J.MS 0.5531 668.67 
4. • 0.848 0.3510 0.5680 SS6,16 

IV 1. o.us 4.0435 0,6!393 3551.84 
z. 0,114 '. '1914 0.6946 3:10.16 
3. o.us 3. 6261 0.6'705 S<\11),49 
4. 0.105 3.0153 4,660 939.96 

contd ••• 

I, 

I 

I 
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table • 4. a (ccntd.) lm"!l 12!ll• 13 
·----,··--·--;··-·······-,·---··--·r··--····--·· .. -····---······ .. 
Model' ,ortlcd J o ' b ' r I Ve&>lOllCC of P"dtctto:s 
••••• J •••••• ~-----------J ......... L ........ JL ..................... 

! l. -9.457 o.nn 0.35!8 1011.49 
&. _.,_ 919 o.t<IOZ o. 3350 1~3''-ZO 
s. .a. us 0.149<1 0.3940 10&9.29 
4. ..9.419 o.tssa 0.43!8 456.!8 

u 1. • 0.935_} o.632? 0.<1599 U70.48 
a. • 0.!341 tl.B6'1a o. 3939 1&3?.16 
:s. - o. ?68 0.6183 0.4461 1156.14 
"3. -0.496 0.!?62 O.U~4 1l5.59 

m t. - o. 4'76 0.3016 0.4ll~ 979.16 
a. - o.ns o.a9t? o.sazs 10113.56 
3. - o. 315 o.sua 0.4)90 911.60 
<1. -o. 19!5 o.sovs 0 .. 4533 51Z.60 

tV 1. o.u6 2.<1058 0.4451 S4GO.Z4 
z.. 0.119 1.61)5() 0.171!1 !.8!34. 74 
3. o.u5 l! .0591 o. 3856 SS09. '14 
<1. o.to'l 1 .5929 o.zsot !3<!6. <I <I 

xgum 19?:!!- 'M 

1. • U.6'1J o.na'l o.n98 459.<16 
l. •l0.4lU 0.1?79 O.SSZ<I ®t.ta 
s. -to. t36 O.lS'J'9 o. !3695 ~9.115 
<1. • 9.189 0.1900 0.56?9 439.09 

D l. - 0.995 0.6664 0.64Sl 40'!eZ9 
l. • 0.904 0.6639 0.657S 417.00 
'• • 0.93£7 tl.C>'fSO 0.6534 <109. 89 

4. - 0.695 tl.MZ6 0.6062 !81.04 

m t. - o. 'lf,)9 0,342? 0.5981 _ <Ua. t4 
a. - ').568 0.34'19 0.6103 400. ?6 
l. -0.61? 'l. BS'n 0.6149 S91.Stl 
4. - 'J.4"38 O.S!U 0.!59ZO Ss.'>.S<I 

tv l. 0.108· 2.3680 0.6400 ll't~. '16 
z. O.lOZ! t.z&as 0.6f9! 9Z!'1.89 

"· 0.1'315 a .33&7 0.6'742 9..:6.00 
4. 0.094 a .ot19 0.6119 603.&9 

-------·------·-···--·-·······----------------··--·······--------
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D seem. I tom the Table .. 4. a that ao appnt:bblo dW.Maee 

\a oblle"ed lathe v&\'11.08 fll co:rntas\oe coe£1\c\w bJ tnu .. 

foaomlog the data aade:r model a. s acd •• n t. nlao acted that 

the exp1a\nal:>bt a:moaQ\ of va.tatloa lD yleld lla ~u.pto. 50 

pe:r c:et. i'ul'thu the thtJd. aDd Iouth perlac!• of obaenatloa 

atvc fts.llwty taqe value of eo:rntatloa ~\am. fo:r 

almost .U.the .,.. •• all12 on the modale. 

t:ranafol'm&tloaa. the tochatqap of mba\inmn nstdaat a am 

aqua• b aDt at:rtct\y awUeableo elrice tlle 4apen4ent n:rtable 

b lll d\Uei'UI ecatu. For that we have to compare the 

'*kltoD 'f&ll'taac:N acaodatad wlUt •cb moael for pACllc:ttag 

vteld nta oa Che bula of aambal' of plaoh obtt~ oa 

to• vutaaca of y lD tc=lf of vuluce qf I ( v) to e\ftD by 

v6lv)] 
Vu ( J' ) • ( 'ltadal'_, ~. ) cu be uec1. 

( !!!.. )~ - ( 1'11>'1) 

d' rY 

'lM tonmJu lorr va~ el pn4lctloaltl &he pto.aul 

altua&lealoao Ole.._ modela ·couldend hHo aM gl'ND by 

2 . 
v ( , ) • By ( t - p~ lol' modol • l 

z a _a 
V ( 1 ) • S.oa 1 ( 1 • "to ) Y loi' model • D 

8\1! 
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fOlr model• m 

a a 4 v (,.) .. a, ( l· p ) v 
- 1 

lo1r modo l • IV 

y v 
'1'bo ~lrtuces of pndtc:tto::. u111oclated with oach mo&l 

0110 o!Do ~ateS liS the laet col~ of TQ!o - 4. a. n 

can bo eeeD that tho vaatnnce of pn4tcttcm ts. aootn.tlvoty lees 

to• tllo thll'd IDOI!el followed by the ~nt model. Rot=evel'. 

the dlftet'ODCe of tbo thl.ld modol • tbe nnt model ta cot 

O.~?Prcc\able. Faftbel' Cbo lad J;~GI'lod of ncoi"dl.Qu c;\V<)O the 

tcaot vutaoce olpndtctton £oz au the yean tmttoJ'mly. Tba3 

lor pn -ha~mtd toncaattag lo:tr yle14 of Jate tho optlmnm tlme 

of fo~~ecut le &boat foilS' moxrth aftQ aowtngt.c5l prcd\etton 

model to be used ahoutd be elmple Urlea~rlo tho origklal oealo 

Ol' tD tha equan IOOlecalo. Coutc!elf.Dg tha otmPlldt? of 

cateuldl.oDa etc. etqfl) Uuu &'egi'COBlOD ~1 between 

dl'V llbn wetght aad 11.1:1.f"'bey of Qluta recc~ed afto1r ebaut 

foa:r moath of aovtng otould bt mllbcd lOl' ~ tho 

vt•ld nte of Jute. 

( 4 ) Stabtntr of neee:ston ccefflcteute a 

liavtag doc::ldetl aboua tha aultable smttllctlon modot 



plnntD oa tho wcdlctlllrs "'tl.ll'\nblo. than to obnOJ'VC<1 o =tfovm 

conDloteOCY lD ~ avehgo oum!:ov of 1>~ ant\ tm w.tah\llty 

tn tho num.bow of plo.lltO. D can bB aoe:l &om tbD Tnblo • 4.! 

thtlt tho wopeoo\on cooflldo* uo hlgbty IJbb1o to. all the 

throe JQaJriJ. D bJ oluo ~ that tho WOg\'OOOtr.m coeffl~ 

arc not only etabto s.om vea• to yeu btll ~tao &om 1'07lod to 

porio4 c!BQ. .AG tho c:camttenta 'rio &table \boy c:an b:t pootc4 

CDd tbo cc,.nb1DC4 J.'Opootl\oa Q418lon to 'bo uoc:tl fo.-l)ndlctton 

to gtven by 

y o • 1.,.144? + O.I?Zll a 

( B ) Est\mdton cf ypJ\nnso of p!!<l!ctlop 1 

The tonnt!:l fo7 variaDco of pi'Cdlctlan tavolYoo 

2 6 
k!1ow~go or Sf ad p • Fow pft-hllneot fowc:catlDs 

PIU'!)O:).ea urhoav tho ~om lttu.IU lo tho ~cttca cf y tho 

1\0ld nto OD tho basta of a o1cmo 0 tala not t)ODOlblo to 
a 

oot\mato ttablaoedly sy and aloo cow10latlon c:oamctonto 

botWOOD a fl!ld V• On tho baslo cf a able. fte!J to vcmt 

?r.tefteo 'C70 wU1 be Zmvtftg tofoJ'matlon oo a only acd Odoo 1. 

To ovort como thle c!lftlcllfty somo ~tooalta uo tJotns PBCOeutod 

lll tho ToblG- 4. J. 
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TABLB .. 4.3 

Vataco of s: / s! lol"t:ha yoo.JrO 1971 • ?~to l9'D-T4 

'!'SAn 

Pe1\o4 1911·1! t9n-n 1971-14 

t. 0.109? o.tst9 o.toaa 

a. 0.1080 0.1?64 0.1040 

'· a.ust ..,. 1781 o.toas 

4 • o.uu ..,.tass o.nsa 
........................ _______ .................. -... , ..... 
a c:en be eaen fi'Om. tho abovo tab!o that: the l'dto flf tho vutancee 

of yield to the numbal' of pltlnta ta conatana at the Couftb pe~rlod 

of reeOJ'dlng vhtch ~the tlOlO tl~ fov PMGVITOOt foftcut\1\g. 

Thall 0!'1. tho llaeto of the ~o of ctlDlbal' of plaQIQ the valao of 

S: CM be oattmatocl matlQa uao of the constact ot tho nttoa 

of ll tho VGI'lucu. The ·~01' PJQblem nga~log tho eGU=aU= 

of COT:etatton c:oofflclenta enD bo boa tac'k16d r., poolllla tbe 

cono'!ellon coefflclenta otlb lcve&"OO of VU\SOCCG. Ill tho pnaeni 

altadloza tbe valao of poolc<t eo:r1>0taUon coeiJlctnt 'Qil8 o. 8089. 

Ill this cbaptel' the WJI'bae etattaueal i»''b]e.ma crtatng 

lA ~ fopeutlag of ,teld n.to hnvo been dtacuae4. a baa been 

ahOV1Il that 111m1IID1' of p~aata eaa bo taken u a pftldtc:Ung vndable 



fol' tofl'Oct.IDtlag tho ylold rnto fli'Om t\ll aapccto om:h nc vafllanco 

of p~e<llc:e!o:l. toso chaoco of mcoollfttmant orrroro, oimpli:ei~ 

tD c:ou:ntng etc. li'tlribn. lt boo teen oboonccS tlu1t n Cofl~CaD' 

aftal' fow montbo of ·sowtng bt1d .-olattvoly emallov Vot.'llUJce of 

pndtdloo IUld slmllle ltcon~r l'Of!Noeton model ba~ ylold aa:1 

oam"""' o1 pliUlta to edlafa.cb&T• Tho l'lliJlrOOeton coofnclm:lt worro 

obaEII'rol! tG bo otablo lo11 o.ll Ulo JIODl'G· li baa a!DO booo obtonod 

that tho ~o of vol'ltlocco of ylold nto ,D;id tho munbol' of planta 

ts hlghlv otnble which wW o.liot1 to estllzlatloo of vutoru:o of '1 wttb 

tho bol!> of vmcmco of z • Jllsla\ motlol efto'IP ,9001in!:! I'O{ll'<)n\cm 

coomcblto baa booo oat[30ctod ODS a metbod of ost1.t:ooltn:J volrtanco 

of pgo<ltet!oD baa abo boeo ouegootoc! ot tbe oad. 



-

.Bog•euolOD lr014ttol:t0 GI'O aZ VOI'V mucb aoo to PN&dloa 

tho vn1U3 of OllO variablo on tbc b:lalo of the Blvca vntaoa of Ctb.os> 

·vafitlb!otlo B.ocont llto•elUJQ to co.mpllng tbcotf hliJ3 &athol'«l 1l 
' 

uom::d tho otillmation ·of IT!f!llD Cl24 total only. Tho eotatlvo 

cfftclcnclOO of 'ltUlOWl 1!1~ i)I'Occdtll'OS bavo bean VOI'V woD 

cltec=ocd to nltlttcm to eoUmattoa of ~ ·r=oo 0\> total. 

txtolltbUttyof on opatmum OtlnlpltQS deo't;11 whleh ·cQQ bo ctscd fo• 

·PI'cdlctlon ptwPOQoo. Ill thto ttwcntlsa;toa·tho paob!cm af4otol'• 

mlQIJ:ag tho I"Cgi'CI8GlOD I'Clati= em tho bnDlO cf 0 GQ.m;;tlo flOUt flolte 

.popl3ln&iol:lbae b:Jon con:JI4oi'C:U1. tho O%PJ'OOG!ODG Col' tho voriCDeo 

of p~tetlosllulvo been ·'CIO#itad o~ 1M & taltonll"'llo ~en tbo 

OllmPlO lo dawn by O!mplol'l:IJJlom aampltng, cl.a3toso OCI"llplloso 

two ott13o Gllt%lPilntt ODil Gm1W'tod CJOmPllna WJ!o# dU'fol'Cid ottoattono. 1 

D hoo b3on obsowcd that tho pol'folfm"!cco of an tho Pl11Xoc11mlo 

mccttonod ol»vo to o~lytho oamo lc l'CSI}XI4 of tho 

~ctton vCl'lenc:o. Tho l"®u!to tbc:~ potct oat tho ~CIOtblllty of 

enatvotoa tho e&ml)lo a.o 11 ra to dfQWD by olmplo ~om ~l.ng 

0170il ohGo tho pwoc:edaroa llko matu-otago otntlflec1 01U!:JPltq etc. 

01'0 ndoPtOO &om tho cd~tvo ODt'l tadmh;ol c:a:tvoJ:doncoo. 

Tho ~blom of dGtonnlc.f.Da en 0\'SUmllm campllna de&lga 

iol' ~ldlon has also boctl CCDOrdo~ ll.'l tbla ln9~gatton oud lt 



to ba<1o ear:co ttl~ low om:>l&'ltA'l I'Otuh$ ate 6\aeu.aaod to 

c:otnlXl!O tbne eam'P1f,D.a ~~ ~" wk\e ~"'0 of 

pcpw!\Uon. 'b has been oboonod that tb& Pdf~o of equal 

~bllltv oamp~ la hlgblv eatlsfActO!."V ln co~BCD to 

othef ~IDs ~ues CCE~D\4end. 'tbe woaulb thus lndlcato 

that o~lo ntl6om aampUna gn ~~,be 'lliiCd to_. «lctot:m'"'DB 

• Uaonl' ..,Gtualotl n1a~ CD be t:sed . .fosr nc<lletton. 

lo the e¥1 tho appllc::atlon cf ~ nssostccl l].aeeahuo 

bas~ e:xpla!Md to theca= ~lloctetS' .Sesr p~e-b::twesa 

fovecaetlcg scbeme4arla3l9"lO·'ll to l9'r!-?4,of lt&<a ~ tn 

Blhu Qato. The colctt~ of \'al'toua ctat\lltlc&l9tobbxle 

InvOlved t.c p"-bawost ~UD3 bavo also t:locsn lcd\c~tcc!. 
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