


sfuqqAsqW{

\
il.l/,c
-\

s. Tsl&q Trr< w
Er+-T{

Effiwnfi-qq
uBunRqfrrrm, EUqN

ffiB
q$.lrsfi

rfl*;S{&S &lbr1tr;



r

ffiwnq +iftrq Ml
(fi<tRa<rrn+< ffiscr ffiT r*rRis <ffl)

qqr sil5Fl
qlllD:8)e/E{ \oov

<1,/€ 8c50

(\ooc-\oov lrbpo:ffi o)

T4q c?<I )\co

nrErfln qqrl;I s IF"f sq.KsH
ffisra, Vffiera s ffiqrrRelq Gtksrq

qTFe)e

€l-iFlrrs

q.€r.€\. qffi{s rRr
tRlr-d-$

"rbp-o ft-sn
<tstrI €.FE-sfr DFPI )ooo

T?61

rqra ?mqil r-{TH
<Fql"r<F

<ts4,lorcsft (€f{ EI<sI Sooo

EEq
qI{€TBI T'13[.S

T4i
SOfe rq Ef<rl TIE

JIBOBIJ\A\EY PORIKHON DESICN (ExpcLirnental desigrrs in lliology) by Dr
Sltlljit Kunrar Bhadra. Puhlished by A.S.M Enayet Kzirim. Director. Textbook

Dirision. Bangla Acadenty, Dhaka 1000, Bangladesh. First Published :

June 2006. Price : Taka I 10.00 onlY.

ISBN 984-07.4522-0



sFrst

q:[m< rqr,.t 6KRg.H F{m "t54 € sffqqcrg <iIeFI5 {F15t {r+Q I e< qs-w

RGE R{-{ m'q{- Uffi€lq e ffiwnm qn-s 5rm{6fi <fltrs\ {6 qft-{

r.'lri <53ns qr,{<< q *q1< I-flqrffi q-{] {ft-s ?Ift$q ffi q<dlxn

+<il qsrc, efm&-{ I l1fi<S.fi qttrqe{ {qlqrfil q4lQ q{, 5f6({cfl4{ TEIFPad3t

fr'rflsq ,{<< st ,*n" cft-$ frqrrc G"tftv qrs qms B"tXs 'rftsq
ffie'+ trm{.fi $-{K Emrq;l I

6q"1 ry;fuE kGT q-.Ftr 6ali-si ft{fr€l-G-< qG?F 5fm\6fl +fone

"fk{<.Xnr{ (fifl?F {JTqs !5s qrlrq | €< q{H or<q.&-qorq< e& msGxn

TCq rsK4',l qq-{ qflfrq{q e<< 'tkrcmRqiK q-{:o R.A. Fisher€K

TI<.Iicfl +rm ffienq< R&-{ E"mts< <lr{K I fi<€t$lla1 )beo-q< krl?F

rqr+ qk{<qrr+< <r{{t:r ql{s 1fr tm ,{<< ffi s ffiqqqr{'R[6q'{

qr<qfr-{ rr<qrltlglr qrefr-s ol-r<{qm efiq;q wE< lexperimental error)

"{fut"f ,{<( sit srrr{K n6fr U€r<rl-{ TFTsl $Ief<I5-sR qg 1 ,{erKqffis q{

EBx <-<r-q< ffi$qffi{ (Experimentaldesign) I

tcsnr<i' qffis {f,rl;l nftqq ffi Bgtc{ +-{t qmrq, -e'K qatl

ffi{< {Rl rt{Kqs {-"19'?q<Tfrs, ?q-<IRs ra'f gr, erF{ {5i s

FnBRrm ffi ffi <r<qm qr I qErE ftRfrR rmrq frr"rr on Bftq

TIqffiK mzq cwqR rrR R-68{ s qnFq ffiqs <I{qs qI I fr-q qFrlr4(

rrq vb ffiaTn iir<<6tt{ mfrEqq ffiI-mffie- 3o ffir <lE{l-< <Ffl q{ I

+qfrR,s-e ry{ffi, ftF S s +TERxrq GqltrK <l<R-{ fi?r {F I

e,a<r: mrqq qT<Inq ffiTTfer$ q-6aE fta65s1-E +-r<rq qkso-{ fi1P fihrrs

=".,io el,o qri-{Q <ld qq I {tcq-s, qrfi Frqn qrsr?E q<< 
"K-<6-o!-rf,

"firn+nr< 
Ftq-s {imr< fr<R'era s ffie'na <F{s EqR<q rxfio

?fu* "rftqq ffiaK T{qr qK <T<al vmnt'! <-rrd< 2q KD;IK errq]q.frTsl

1;e< c.fr I 
_

<-s{rc{ qlrlfi< frrq DFPr, g[q.nQ, utTn, TR, qlts{ ftqRBET '{<<

?&n RqfrE;rET qc{rq IIsr s IiqcflB< "t{rc{ Bfuq, elft, 1fru9,



itr{ l

(dEEg, B&l qsn-+ o-*S fiw a<fi? erc<l.ir q-Tff-e "xfi-16 uaf<r
ffiB< (Biometry) "rt}l:1. cv €l;q ffirl< fifta frxr vv-.? <trsr

{Riq I slqtgr€ Rr.m or< ffiWs,rc+ RGa rr<<"n qBfirq.e tijqq
Mqfrft-r fr&T c$Tr{-{ ffiq"i il +{"n-qK {l<q <"fi qr{ cttcs I {
"rkrqfur.c_ "rflmq ffis< frfrT ofu s qnflfls Rsrr-( q{{{ <r(<
Eqrw"K Tr-{lr{l rarTq{ q{q-s< or< ffierq s lfrRwr< q-sqtfr q<(

ffin-S-r4-{ TI(Q a$qq$ {T qT{ trf({T <t(qT Tqefon-m SE e[_TrST I q?it{
Ergq $rcq G, e<rE& srsR q <-rr+< <qftq 2R tronr<r e-{rFrs qrr(oc 

I

Bqrqrqtrn"t, qrgqi&<r {H itm{cfi Gr{ qcs erorFs K.A. Gomez q<( A.A.
Gomez KEE "statistical Procedure for Agricultural Research"-,!< ilT ETF{
T-{IIRI I

B"nErs Rwerm frr<u-+ o.c< qtqm fu.{fr-r ssrfi q-rs.{6fl s flbkrr{-{
qBc-s]< wairrc qg T{ <D-{rr eqnq ffi r qrrrrq qrqqffifi-( ur$q<ql
€(( qqps (?TrE[ {t;[, 'ttB u tfr ircqr.ft Ef.r6tr+ ffi\o.qr+q "fkBe
R6ftl.-< Eqqtq q<< qmm >rqoft1m {<TtAq q r<r;r< es-E ofr{ ansr
rTq{ {nmrq r ffi qpx ok, eQ q-qB ffiqrd< qt_€q"A e qr<Tqrn-{ +trq
ft$t <r<s flr1sEr< |

<T<el vml{ fre.lr{3 qq<D-{l <.31 g<.Ioftq orq I €< E{]-{ qs<m fr&n
?<e.rF-$ lzq-< {fts tRqq TKqBr qnT I qtrm T(s, 6q{5ITi qsrm XRsnd
qri-s cs-G {afirct <t<4t "tksl{T <l<{K T-$< T3Ifl {r c[Tr4 *rK&.rq {IffiI
Bryr<rq {t{qrr s-fl Grs tlrg | 6<trqt <T<EI \rmtr qr+o ftrq-ft.rq.<l<qtr {cr
qr+ r keirq< qR-sm"{s qlxn fir< qmt&-{ (k-T{.qms ornrqfir q-{ I qtft
ffisT{r <r<Rirffi mzo EqK ffi q-qqxa $-{ifie 1fi<re,rr+ Trl ?ifi I fi:lq-
'Tissue'-C$ fl(4ll '€{l'(efFi Tissue culture-.{K <l<ql 1f< eql qKIn: €
crzs eI'64'rffi rnq F.clr<e frKfi.r- e(g flit< | .Et,o{< Tissue-cs,frTf'
<-ili {FT"s I €q 2irq-{ Xw frrl:nw< Tfilrirs€ "tkqrnqs rtr'nsrsl
E-r-"]T Qa r ra!;I- .q{q-{ ftr.{T€'Degree ol'ficeclorri' crro'?l$qsm qur,
qKK s+'r-=;r s1'Tgqifl'<Kqrafi "rgxf ftr:rol i

{ 2:z rati ffi q<rr< frfg-i "e-+ci ffiq 1q- e;},pc1 ffirdi
il,f-T,?ir, T15&<rfu, ?6-<lf,io ryl.f S+, 

'ffrfrq <rr, fu, ?8, gamfla s
q.Ilfu @ .!<? E"flrtr< sflrsn agft- R<ino Gn-rt<qsq 1?wsrc<



iTlo l

ffie.nffi qrFqrs <{{T qfl qrnq I sqtR ena'<m ons qr-slsfir frfr( S
"th'&, cqrcqF rR "tfrs5q, cqrswsilt( frrgrl ,{<< sq-ssl< M+
T"rcds <q'qI s-<r qmrql nRr'[T sqr"tfB, r<fi? "rfiw e<( tkfi*rs
flRqsrirR-$ frrg<cn oqqd frq ffir<$iR-s ltKf6{ G'ErFto qm-a I qmr<

R{m, q q-a' tg Rm Q< s ffiken-+< 5iK3?F €<< qr-sqlftq< s[q
c<T{eN, qr< 

I

qq\ r<*s-(qRrx< e artfrqA <q€ @B $rer tt-slR-s r e R'{ra Ift
'flfsrq3 ,KN.f €<rtg ot$ I € qq qq'{rl-< rs-co qIqK eq.fiF-d. qrq mFH

offi e<< ,!r.,{cfi qrq crmms 6qrmn-{ rqrrrfq-s{ {<Q Wqzlrfl'r Rrrs
oK flIqrsr eml "ne^frPtrs frGa {IIGI cq'ltt, <sr{ilq e<( flRmt{c c
Tt-{i!l $T{r".q or <Qo et zRE< lriV nnn{ >rs-<fl< &n {r r rrqqR

ffiryqlr-{ ffir-{Fs e R&s fi-qreK erFr3 v. '€.qe GlrldK €(i g6rp-4s

q-<TT {f.q-{ wtltrs qqfr qqr++rz-c cq fl-rw'f frm'ql eBI q-$ 6rq< <trq

ffi gws r rrmr ffiqnqm< B&qfrerq Rwor< qrTl-< s. m{-qR {'f,<'K

qntrs c-.rfrRsall frc-T eQ Qea"Kr{ o lqrqrfisr +r<rqI st-{ qll qrfr 6K
sre€ Ts@ r {<nz{ qrqm € s<;iPr+r v. *IIft <',ft Rnqm, qFil-< q-sr{

Ifro e<( *nffti e r{ qqrrst'{' G \T-{em"ir $t!.rq gT &e{ qr s<rqq n-{ I

qNK rr Nd+ qro eQ rtq.{I q{Q 
r

>rr{r'tR, ei 2RE erlT.K <t<qt 6{srK q-q, qlF qw q<tfrsft{ ffi
qTsRr-slK II\gE-or q-on r +-{& r

uE:rH ft9frrym{ s rvirqq 4\rn ss{



$"rq
eielrr \n$'llr : "rftqq ffiG-{ ft&.s<<r(QF fr{T )-)o

).> VR-or >

r.q e1ftqqffi{<r(BI \
>.c. {amfsT \
).8. {rB<qlr{-gqq<(rr-sl 1ftq;t *r

,.6. qftq"ieq.rtffi <rE{l-( € E"ns kfrqrqo<-q\5 fr&E T<Gr e
:.s. \6 nftqpm 1qftB e

>.q. tilmq d"rq s

fr-Qx qvm ; 6ffiq-E fqm ))-\s
\). qisT ))
\.\. reqr's frcalr"i< 1-qftG :l
\c. R&H <rfryE € T@lr.cr TrfraK"i 16

\.8. {aFlbt qoE tr.
\.(. {r;].sq ots9l-{.f i"nrfO l':
1v. 4fffi frfr ?E'G rc

g0ruvtr: a{'fffiffi{ \t-eb
,r.>..gR-o ss

s.r. Fc{SIT fa<Ifrsre[< etcaTfl T<t \q

'r.o. qq{ffi fi.fi lu-
o.a. ,ra.iik-<tfig ffi <r<{r.fi lkvr-v1ii<i ru-

c.c. a33|a.-a1fis ffir;r<<ne-{ \b
o.v. Erc<q \b

uodqqitr :ffi a.ol.f no ffir 8o-c\e
s.). t:frOt Bo

8.). Illi(:W< dr<Rrn 8)

8.e. Gkls+'Rr$qtqfu s:
8.8. TlEo 3;ft s {r;f5:i 3i1q41o,c "llcl4r b';

s.c. ?r<rfre a*1.i g+ fusila-d< 1ftn sr
s. u. Ertq<q sr
a.q. r*liffio ffi{'s ffiro ry1.igo Mrd< {rs rqlq cr



lErl

otsr qaiYs : qffiq <5f fuqE{ c8-uv
c : tlFr-q (8

6 I ffi< ?r<mq aa

r.s rer]s<F frqxq oK q+ffi cv
c s Eqq<q cl
c.c. +.rffi-q <{ffizq<{?rr vv
c v. qlfr{ <{ffira-< try1ftq1 vv
c r. ffi fl.iSo € elffi'd <of Mqrr< TrrJ qr{T ,uv

vb \TsrfT : B"1.1fik-s "rfttq s1-bb
u r =&an v,q

v \ q{i{. € qtgSlE;{T ereK v.l
v.o. qflBfiqld "i?-+rq atjQ o,o

v B q{Ta. c rlriggilalgfiE elop frci3 "mfu ",r
v c. F ssrit+ qBiinq, n <Kqtr frqlxq lqit ce

e. s. +1ffiftar+1-Qqn.r< {u* u v'$<l s.a

re 1. :mTRrlfl "r-3r{9< 3a]{<q cv

nga vtrN : ffi gt ffi{ bh-))8
r: r,fr-ct *;
r t ?F fzu rutsqa ;c
q e sn-+-ltrus ryBftxr-q ffif,r< q1r<l l*rd lu
q s ?tr{TTd ru
I c Fnlso ft_"n eiqtfr ;s
r u. ftBFgu:u"l?q:rqqmf sB ;u
r r. ftF lB fu6T-r;r< -?Rx"i bh)

E?n q:flN : qrrfrc "rflrq fuwE{ ))c-),eb
;. ) -tr--T:td.l ))(
t ) <-sl'<xro 5lg <t ffi <I<qr:t< cl.ra tgo ITITK

l_{K6; T<; -..(
u. g *ifiq fuG:-rqrd< ,;tiqi?.,tt :l>
t E n?rffiGl ql-6T )f:
= '1 ;yf,q "i3-mqfu6r-TffiErt-:f<q >rs

T{T u'{j-,-{ : ffi< at qe-re }8o-)c8
: : =i;-Tl :ec
:. : ffi: ]B frqqo= <rt=aflr> tq& :sc
..,- -rz-- z*1.; Ss fuFi-;< r.r_:rq ffil 3-fr< :f,Gr ?fuIfl;r< lqib >sr
: . --:i <qtffi,.;K Sf€ ffis:f&< qf"r F.fu :sa



I eam< 1

b.c. {{{ eorf-trs ffi 3"ils ffie c-{ orn frrgt'r lqfu :sa

;. v. Err{<q '-ac

q.tT qtrm : csTw'fr:ilk {Asq q<<$'r"nl6 rrrRk
$s ffi{ )ca-)so

:r, -. vfu-at >cc

:o. r. rqrqF r,6 ffiq;.i lqfu >cc

)o. o. +1ffi {Frifrfr S+ ffii' xb'

€4Tq-q 9(],I{ : fitfl-<q U-6X "rfuq )s)-)ss
)) ) W+t >v>

;5 q. rp-n4q1ffi trfi )v)
\\.c. iFTdr<5{ 1-fts'pr< Tqftfu )v}
)) B. ffirexT,(is frryxq lqfu >vo

:> c. qirrBs frry<l >vc

>: ,v fri+-rfrq "r?-+zq 3'flrs< frqar"r rr-Tfl )vv

ETm qifl1T : .BtCg< T{rg<"f )vt-)q:
>r.:. So )v1
:.\ 5. <5l{d 3'{:g<q )Vt
)i.o. q1Pfi5 3fli$Sci )ub-

:\e. EqffffisReflg<q )vu
)t.c E ilrc< .<rflIq<q-L-]{{q :s.

gHlq-.t q{fiT : {{-eql(W-i1frr*Sq )q\-)brs
>.!.) ,?ksT :1\
)c.\ r'?rrrlFF frqiw"m <Kq.< )c\
)s. e >Rfsiiarss ft6lfl emfo.fu -ffi )rc
: e.a frqqq3 eiiiT<lrr-Fr<F 1o.-iG >c8

ffi;r qry: @'a-€sr{ ffi{ )b8-)bq
)8.) '.r:f4l )]rS

:s l "iAa-q Q fiE >u-s

)8.s. r<irqnE aEl< s<s i{:|ll rw :b-a

>s s "f-il.s.t e<< Rqp"i o1qjb >u-c

>e.( fu< qrR]rl )b'(
)8.v. s-{-'€'ot< "f?Eiq fu.FEr4 qrffi-a <r5i< {r{{lK >t'q

"3 
ci. s,{-s€l<ffi<I;l< 1Rq " 

<Kq< )b-q,

"ti<Ftz )L'b
oati"tiG \.)i,
zft riq" l.-:



qq:iq$I'T

ffi6q WcrrflG e<<r<AFfrr$
Pnnciples of Experimental Design and Related Matters

:.:. gs-q1

sffit qns crf{ ffi ffi-m efftTrct{ T[q q.Bs {Irs;{ I ftfi\5 TNrd
{-c{"8 +.-fi Ercs .'g]-fl >rdn IIT} I qKK ,gT-q-{ $ <f sffiwrrm efr<!?p

fre-{ Bfrq <T rfc{')-< qtg ,{<< HT ffi ry"n<rffto frafs f*i a-sp qru?
cit-a+'{t e Bm$ qt<r-fi q-dl <-E{sclrc qft-sr !-(<l x<om sl{ q.Fo cs.l{B,
r+l{ TBI fr "tRqR'q <Idql-{ {r{tetTs, frrs-{ R1ifl fr qr< <t <',tfl{ cfts rr-{
rsrdfr, +-SSq€-< qft q.fi um <i<eo qr< fr<r +lR fr "rfiqrq r''g_-{Fr mu
ft.t cr< W fuT qlql errIrq{ r effiRerc+< ffiItr\B qr$F {rr q $rffin
{r<T6fl Tf{Tr +-{65 q{ r eT< fr{s .K {Rt <TEqRs "rftqq< q1qtN gr1TI

{E I ,4< q-$ er(I"rq-r' qtf "fisq flfi<Ta"Fl r "rfttq {R-s-qTr EGtTc{ {6
<FrN qc{ s, "tftmq s T-q.lT-E fidX mq C$11{I @fi il alrrs.t qrs-G ct{<"ie
lDomem T-{r+m{ TsFHI eflrs I

(o) {6 sfi< tRr<{Ifi-s ffi.B s E"nv ft3w"6 q[rrr{-tffrc {en?f
Btffi \TVK 

I

({) {S-{ qfrmq ffi fr{urffi <rfur r

e qp <,t<r< G retr+r e-sF{ qr W E6tis glftio <s <T{i I @fir w
nftrr ffi T{irft Ya Fnns E+Tis <p-r< r qKEr "rfrrq Geflt{ {dT
q6qs $efl-csR 9llfi{<{l,Ifi-{ Apq re.t {T {I(q yq qm e<< {fr.e-t elrc.E-*stE
fiq.r-s fl{f T-{t q{, q-qcq q cr.tr+ fielr{rqvq ffiI mftx qnr< | TEITTq{
ffic<qmfi-s frqFn 1ftqq ffiq T{ z<Cuiro esy il m€rri +rq sset
<9erKt

"tfu<cBlfrs frrA<rr< "ffi T-"tr<rq3r.€. fun< 6.e. Fisher) (Gr{,
"Statistical procedure and expenmeltal design are only ditl'erent aspects of
the same whole and that whole is the logical requirements of the complete
proceses of adding to natural knowledge by experimentation,'

\qsrfi'to ftrfl<-q< {<rum (s qfitT qrm "rftmq ot{ers rt&a
fiTrTR< efr finT iw< fisat | 5f5.T<p Sr< erqq"ff otrqa\r 1oftG, frc-m



ffietatfrmffi

T.K"f etrs TI{Br"tTK"f ef\r$ fiTmT E1< ffi TL< frq.fs flRGI T-GT aIICsl

€rs-G ID-{IE-{ {tfiCq "fqfu'T<tq filsTI q{ r ftV q<it"lT ft'fl-<'Statistical
'methods for research workers" 4lI-S flq{ \I<1II qfb "Rt;ri >l*"lg e<s

"noi.rnAotr."ru rr<l rr{s ctq{ <5-c{8Il s<elR 6r6a e1ft5qfrq'tq Tfr s
ffiT{ rr.fi"il{ ffiT<qfiR-{ RqFq ffiG< T+Y q$T{ T-{rc sG T-rs{ l

Tr4'SrE i:E "rRr<crrRs frFK frt-g{q< eI.{Irt w 1ft m r

6qt1il "fAq1qfifi-{ 
em Afiqqr111fi's frrgrq G\lq <TO\o otfu\5 filr-r

lrlldfiqrs 2F$ re< +* s<< @frEl mr.ql rqrq t"ns 36 e;ffi t{IT qft-<P

ell 4ls r-fl€ Escl<l <{ "[-s I ,{<,srT]q rKGf qr4l {fiq<{rR{ frq|{n<
ffi Fg1 rt1rse etftmqfrqtq e1fraa*|a1a-fi 

I

ffiqldtD-{l clrs-tBerqrlt{qr G, fl5 ffiL{Tft<lffi$
"tAsHT "f-d 

qfi< ds-<lqrfto q-{qFrq {<qT qA$q t"nnrffi frqr
ftr<DTm r<r.l U"Eg. "tftsrq {R-{-d,t{.I flE9t Gi1\o qrd ${ "t<<f, fiiI-{ {fr-{
frar.s S<"K r*ffiqo,tfi. frrfl{rq .'rcdr t*qt* IE -t_w r oor< eETflt

TEerfl ffi or*a-<q +r< frB* trsc-{ "tAq:q ffi ?si< T-fl qr-{re I €

ffierqn-s ffisa ffiffi ftGllqtRcxs qlGl- qfl q{ I

:. r. qftwt ffir+< :{(E t @efination of experi mental design)

$5 ot{-LT fi<Relrqr tlc<{fi ottr@n {tF{ W-<ET, lqll-{Yiot e<< ffi
q*'tl-d{K.fr {rcrc E3 I qrn,e {KqK E IK fr& +r< c(B? qRq a1fun a-43

q-+ "rfi xqrrR-o e<< ffi6'F fi qLT-{ qrrcrrs {t<F ft Bql4< qtsulr B"lTs

ftqtR{ efasi] T-{1-s erAsq ffi Tm I E-\eq< sH\e-lK "ffttI v-<-re ql s,
qtg E"m-rru tfiT$IRs fiqwq re.6a'qfr-a <IqI {I qnc+ r qr<r< csQ,?

ffi,erc] <KqR<s .{].nr saaqrql qr r ffi qR-qlE-{t crrsffi T "fB

<v etlKl

5.e. q?It6ot ryahdity)

<qficf FlEIg s<or{ q-{ {A1E,qT E'tlqH <rq$ "fl"fu1 Iffirwr )FI G4qld.

11 sqrrs (variables) fiTqq 4i16o qs 1 Vqrq{ci-q-m"f, {fi (D w\531w$ qd41

T3l-(s qT sK Efrq-f,r$ ,!Ti. q<qlT (circumstances) trl{ T-{'(g ES I €Iq{€

wlo ffi fus .{<( q{trdl +t qsl{s Uw qrrs< cmro ere.<o qr I d-q{i

r* hu r-dffi< "fl?fsl \s{ qlrc< ors(q qmrq qt wdl ersr<rs GTd- {rE{
s{-,L B{ut, <,q< fu*,i, tffi{ q>Fro[, a-qrEt< frasr fts<r Etrs<

{q-<-q< &-{-sT< a;3pi qvrqsl KRfi {rr< {t I

e{rcd, Tr{ <l{l erTrq-{ F, RBq ersKrs-{ w<l frqfrB.es-r<-<"ro fiTqq

T31{Tr, .Tffi{ frRfrRq\$<-qr+ firaq q<t {I{ dl q?r<l ssrs ffis q1-a5rc{



ffirq Wr+< ffi ,a<s. aqB? RI]r

fri-qq r-{r<rr I 16 lAsrm $frr &-{sr,{<( {qr e-{-st ffi 1rvfev<-+ r

ft-s,amflro rtb ift-{ fiffiq T-{r {rl { I q<-r ftRftR mro Eqle d.re
emlet €<s frR frR mrq EflTG "rftwq ffi q<qK{ +m erm "flcf+l
1ffi Etnane6rys qoK fi{'qq ofl lr{ r

:.e. {fBd qai ':{:fst 
"fftqtt (Sott hererogeneity and

uniformity trial)

Tffi<F orfrrq Err{E $esq {l<qm s<TI qm {tm q<< eleru llw
Utr<-spfifi? n1b '11s* q1:$ q'{s< r sXRGa ffi x<l UfrsK e[Iefo, am{
at, en-dft qfrF KF rea fi-gss Uf<uK Brq {r$6o eI-K I q +.r<rqt
s-{"fero fl-U{<-q frffi tilsq fl, "fism >rs?r rs ry, ffir< e B{ut<
or<zq Xfr w1s3 \-rq.Rfra E"rmna< qsm frft T-fl Etn1sl.qrl 

et(-s I uK
qn-ol "ifrsr"K (unirormity rrials) rT{111Uf<sR &{sT I-9tI-deTbr {f<ql
qlg T.{t \l-{,{<(. srfrfrno V"tjg flalmqffiq fr{u-q s-<t{ls r

q1-st "fftffiq-{ gs-1E. T-9l{$hT rTsfl<Ffr$T qr{-+. {rs fiisv Tr{ eTE
ffi etmlror{ xtryr e{E q[csr D't{ T<rt qr I elG rte qfr-< Tq-{T
Tl-s-s[T Ts$q<p'c{ E"ns osrt ql I cvr5qryaqq +< ffi x< gd eoQ.;
E-\eS1Fqr{ @rC{ &E-q amR TEI {"{ r fre <Vr-< EqT O{l {l{ G, :t-< s(B<
rF-qr €s{Tt ,1 elrsqrraisql m, q-B{vtr{srq.fiT{-frrrl{GF{1r rfr
eT-E Uf<el TE;< rIJI'f (t-erriliry counrour map) qvq{ Tsll qn, s|q(-4 Eq'i
{Rr G, ffiqeerer< uff,q< q.(eB rrcf+l frq]{H e<s €fr 6pna1 1fiffi qa6

fiTKq. dr I q?ffq qfrr'r- W<-ot< eru Tsxsn< fi-gs m {{< gl !.Ir,
frfrsw< qstnl {rc I qr<s eoB Ugqrqtrr fiql <ot Efl$IT\o alB
qTft< Seramlr<l B-f<q<xno ffiryfa +t5<P 1

qrq {As,.rq B"ns fizglq ctc$' (Tffi <l{ fr, u1s, frqnlot, fi<NIol, To|-{

t6G, rcErtiqt efwS mrx qvLT+(factors) qgls RB* qvlEs ilTCq{t
Wf,q< freE-'sl 1E +r< q<q ,rr<'Tcs-{ firgrffi <Rr ar.s I qtt ffirtfiercr
qrF qs$ {N€ qqt-+I ersKs1am TKri T-sr<:T Brflqtrrtsll ea-o $ <o
"ttt< t fi{qq-@ q qqI-+I qvk-ftrp 1ftqq eF (experimenral enor) {lN
sr.mftio T-{Tqr{'rq r

>.c. ,l-ftm"t Wc-{ <lTqtT e Eeffs frrflwq <KqE frGe a<g.t

(T) Q?r:[S (Treatmenr) : "tfttp xnt cq ftap'erqfn (objects) qflt TI-T

\l{ (value) fi.fu< o?t +r<q w+ ffirq$ <rE t R'q-{- 1ffi4 g
ffio ?rcficil-{ q]g, {BI, D-lq "m, mu, ffirFf+, uft<lTlFr+,
EFt<nlFFp, frq en<ro erv,G e<< qiffi"s 5ra{'{6irs 1E ncn< qryFI
evm++v.frr



fi<Rgln ffirqfrqRq8

Gf) 'fts't (€ (Experimental matenal) R {s-{ S"t< tftwq T"lrl <-<l

qT g1cs ef-ftm <-g <mr qr I crw- e+.B ffi, T{'t1 (flour), q-{efl\flrs-{

rrtft, frB{ "t1 aq +v.G r qftt;q {wr G T? T? qrrc fisre; s-{t q{
siTT elft5lq €T<F (experimental unit) ef(al I

G) {at"t €T=F (Experimental unit) : "lAsr6t <r<qs ReR fiBtxftT
€< q{s <-EI qr I g'q{- {I(;K,{{fr qt\5 B{ {<r{K &S &E TK erffil5l

{Gr FqH-{ t-s{l-{< q-dr ,ss'B {ftq'q {."1{ T<l <EI I qr5'rq eGfr I13

erglrfl <r{qs BfrT FffArc e<,E es-s ftTK {<l qrr qqfiq RB{
qerr qaq qrfrT{ q-flft "rfitq e+-{ fr{ ls f 'c{T{- effi $ <r

qE"flsn-ffi ,!+.q-{ Krft <t esE ur+' {ftsq e+-{ frflK <I<qs <s
9l[r{t

:.s. {t} "rftwrt< {qrfte
rrrt r<sq om {Fatrl{'{q-{l 6pq qasq ffi q-d{t-ft tftmt o-<t q{ q<<

si q-qI T1rrm ftB mq Efls En | flt erA5'r.r< ffi(o E{tqs ffi {aftG
(Ir{ 5qN qr I €er{I rirffi {<(sr1<6F{tT-{t<Frt I

:.s.>. T{frt{ (Reptication) eaq ffi< ertfrs-ffi erafl5p6a qra"l{ a
$Ktrq fit qr r qrKI qfi, $E{ ttr<st qfiR xfr qffi efrs il t +re esB

fr,"B <fr esfr ?{it errll{ qfl ql vrarE W'erqr< ltdr qltro {Rr<HT

rtTat r{Gs 
"rq< 

l-"ndqmm Tma elt-s il r qfio W< $T <lrqs ffitrB
*fu qr" <r<qs ffitl.E wq*i'qiA-o 1$or "rm r +i-q frtx(fr{ qfrs evt<

ffi<sr.Kelsr-{fT-q m'Tl

Err<rq< {RRri tls-Rs ffi qt<s vlssrm KRIK 6?1o-<t<ro r Xfr
qn-s1 B{19-t efast T-fl-< qa1 esfi q.frrc rrt{ (etr:f vlfl T-K ssE $tt
EcN q]s,s<< wfl sd frqT qns-< ?q <t{ T-{l qrql r Us{ ff6 erg Tqrq{
Gn-q wts qfr<&xvr<omrt + <rqfr-< u&\ot< &-{sl< TKri€ <s trm I

qats qfrm w TE :trB stutT-K mtl ns{le S& Zq<Ifis-sR< B-w qnsK

fro <"ra -* q& rft #"E qfr< W<ET ft-{ GErTF mr+sn< erstfto qr 
r

€g1-c< qTg rls 4q6< 'rpfa1 cRT wo ffi< T-d.rdn.iR[*f Tcfsi ftam o-<tsF
q W<vr< &-{vR elvK Tg *rn-o r sm qft5q eft-+-aerqK eTf6-{ esYtcf
fi-o <Er "rftrq sna 11fr8a WR W-{ryE-{ r.qffiqls 4-{l {lTI {t,

ffi< "nqft-g< sendorb mR+-<r uH 1 
qq-{i ffit!.fi'er{rs qr+-<K ermFl

o{co q{ sq rrfr'Ferar{ T-ql+-m< qq-fi-s qF4-'f Rnr< <r< ffit:nB<

"itcfr-qK wefgt fi{r<q +-<t sm r

>.s.1.). aqfr'fff{ lRrt : Eelrrsr or5 "rflwq qR-{ fiffl{lel (gr"at"r

precision) T-flTq qR€< c-<15'G off{< 1ffi qa qffi6 a<qln 1fr q{t I 's<



"tftr"t ffiffi ffi ,{<( l<BB fim c

sre E'E{ "tRqq IIR,E HT "tls ; E{q T"trsl-{3lwSoI ffi "rm I +ql+rqr
qqqzllflrot fi q v"flmqqo eflr< 

r

qNo q'fi,

x-,g qffie"E (standard error of mean) = -@
!+ft<v r$tll (n)

.srw'o 4f6qq'qqq$I(n) {c{I lffiqqnqery I {o-d(,{ Grrs*aE 6Rrt{ls
G, rrrfieF {<{ItTFI r<fr ql. fl-v \tr.ffie.E E-(et sr qT I ,{qKqF{l+rq.<

$Elr$tf-\9l1G "F{l
c<lw*TEg.{ e} W<\il< fro rrno qiis mqE ; stQ tftmq mq fro

c<BI Te{ wtTK reF ffiK $$n rrfrqr rsm 1fr qfl v,lE I

qffi{ frGR {sflqm 'r ,eR rrm{ fi5< +-owa-{ {?fi?fuI1ft-< q-ql e+fr

{sE1'rft-s r plrro IIEI ffi em 't' s< rl-{ \9-(oI TT qr t +rE frry1-\9t m'l
(canlidence interval) 8T efl{ {l T-{lTr4T Iemful1fr etrriT q-dl !iq?'l

frfriis, flfr"rq <l<qr<-< {<rurs T+y"Lf fi-o <ot €< l.ItrJTI q"T{R
BmrB "rftinq eB "rfixrt T-{l {lr r erqEBr-rrt-{ frER stt{ w<l Br.:=r<
qir "tftsrq qsfr< Es< qs r sR {fr qG W( qq, erB S <KqR q{r
q{, sRrd mql;I errs $En W<qT B*sr "rFw"tTs{ {"{-{ w?fol "lAE rq

eF1"f finrs sffi a-a-E {6q 1 ffi tfut"t <lGs ffi< rr<l qa{I T-<t

reu I'l I qKK rrfifi <lq\o @"fi tRqrro-fl Ts< m I Toat< "r-ft+rq< s-{
ryfilqqsrsems?fr{r
:.s.q. ?c-fls{ (Randomization) : ffitl-,rfr< Yrm s-{K q-{] oa].t fti}s
ffi< esm fifiT{ effil tfr{$BIRs 1qfu rt$Il cFr vq1 qlrs< q-{j

@rqiemtcr frk* f&ffiw< erc{ler <-<i qr r frB+ flt ffi "in.ft
(random process) E-{EKr1 RCE ffiT 8fc1l5[-{' ffiT effi-{ 44I qI 

I

{fi fi&{ fr}Flsrc erl ffilTfr'o q-dqt <t qqlr ffir{ftr qsRrf,{

BtRGno ercrtsl T-{t qs, s{q1e&K lr<l qflt {$?f ql I ,srq G E{lqrfiIq
-sTm< qsrc fi'sftTi crlE {Rttf etl{ I ?k-{rlq <€\5 fiffiw< ffi errllrtr{

lIry1 efr qcrfil {g<r r{ r

aqpf a-apaa< q-fl s+-+vlm e{7q<rl{ 'lqftq vrq? m r mq{ erB
qry U<'< qfr.T KE gtB qfl <r.{ eafirosn< {fi qE &a qlrs-< frq <?q

T<t qr, s[qrf, G rerr+ erf qts qrqsTfs qlQr E{T flDrs qqr.{r<

Tstrl ell{, qqfq qlt;6qTn<mrq< {t{tc{ T-El+qrs'}friom eJ-*RW +-<I {l{
4l r sq-{i qfrrc W ry errrwftx {<.r'T ?ld frss +r< ffin< TF er
ws< aqrc r\l{ {<elrs 3-cB <4a o<zig qr, \r=f{-q Esr qsR mn e1fr61-6r1



v fi<Ru.na ffisqffi{
q-{r.dr< {|TH "lr:$I qse< eoB {ft$rq {aII?rTalT-(E-{ q-fl wfr"t{-<
tFfforrfr?n<tTr qqfus ffi ercffrt s-<t q{-trs 

I

'T' .T<'{ (E qtsrr'){s qs \T$r-ft T{, Ty[, TaF - -Frr fr<<t tl<
RT q-drf-ft <5{, qR', Tq, {s'- - -@rr <qT T-<t qT s<< {fi q-fr(s BffqT
fu*orry*m gt sprr (:a< qrs) fts<t E@ qrq (tqe qrs) ?Irc<F s|{5q qts
XE aw flkmt eflTK {Fl5t ettT ilt I

. ){<qs \d<qT
qs ).) : B<'<sr< frasmqa qfi-flB< q{ea 0{( Eo) s ur6q (\d( q<')

.gsq lh-Bifg (systemic) ft-+u <tl ftrq &Kfr-dIlT (random arrangement)
<r<qz< EffiH emR'ef{ $ryn <q62ip-afq-{ Els Ts< I

:s.v. qfio fiTq"t (Local conrroly : E"ttmyq< eTo W tfcf+l, fi(-<rq
1ftqq qE vst T\ q{ tftq"i FqlTa urq <lv{TTE qr ieqql tftqrr<
mrq s FErs {-rqg Ts< Trtrll ermml t rRfu q6ag E"<-{-q Aq
qnn:l qlyo mqY (homogeneous)-4 ffi elmletT-rn "filn;t eE vnq<l
Trr.lt Tr{ r flr5R B{<stl-{qffi. (E vtpt vrt T-fl {rr I ffirr{ :

(o) trer Bfasr Briil-$" er Bf,<-sT l.tot< {rqtm, ERo +-<r <m r

({) frfr€ Uf<-st B-d-or{f etTirEff{slm fr+"s r{ r

ffi ryt'q'ur-+ ila fisE T-{t qr, sRrq ser{I fi?'w?< Ilpl-.s W<q<
fro en+ rr'5rg q3 ,s<( 1qg< U{<sK &a\oT o.rflq T{r;K &rgt Rcl< T-<j

m I ,9 B{''ol <l? frcl e{r-sf<l eBr lchance error) TRTFI +e-{ fra.ol frf-{q
T-fl {E I qflsry\5 ffi ryqg or-?mq eT-s fihT sr-.s strt T1-< {t<qrd<
w<rcq {As'q eE +qr.{rc qlfi-r fua, <{I q{ I tfrmq <-s fir{- xl'.s
rrq-jr'q w errs- q{q - ilT sta $-{R'rTtrtN qlfi-f fin-qq s-$ {R I

q<K mserqz-o *rq'erfiig ?qilftsqr< €tcrmr{ $ryT ffig
B{'roK frrq< eq< fri-aq o-+ <m r

:.q. {ftrq drm
tftrq ffi q-<q"<tl< "Ir<-fl5 "fis{q-{ ftqN<m {<cn {rcT erarq-{ I fl5
t-ftwqr+ q<88 fi{rTe-ql rKm qlr{tb-{t a<l qr4 

I
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I1ftsq frq-R-fi ftB ,!(( xff? fi<r

).1.). qfu\5t : -El {t{qH{'lT (crop hushandrl) RftR To{ fl'ryK
r${H +rq gu q*n 

"rdt<nrpr< 
q{H us.[ gqR ,fasrq< -l-IJ, l.I',]E, Fri

==tr66ff. {ffi €<( FT.ra3r U"qe rOGie 1-.rlrs{Tqr<(siE {m-fi ?xrl

ffi, "* firTT lfr''{rc< vrq }l-{"fi u6e "ffipmlfta Rfta fi{rq s.rtd

+qFF-{Els {g'{Ts l _

: 1\. T-q? E h-.B. : "ra<ff o1sv1r'o<< slirsrftT fi-+ <et flftsr"i{
ETs-j s E*iu l-"lr<rn 'rt qm"fr {x'Fo nft5q {ksa'm om-+ t 1""t8
u*-,, 

"tq. 
re-|F*s e\ettqf F-aT-{ 'llls< Erl {S-s {fr{-d"Fl1E6mT qs<

qr t W'{SqE-$1 {4t {1-g, sfr @R-{f qr41zlt <I qftm-o TFF{ G, frfi aT{-{fi

aBTHT t?qt o-<rs dq sr<ad aAwq< u'Err -"lB <t'K <dl qril 4l I (cfll
* !ft| rT$n ftfi q6.g Tq fiB"tsBstl-{ {1<I< s$fl mrt<-+re EH fr-{I,
e<'fi fiffi q{rT qkfiq.f trE"tss5ti-<' (!r3 Cs-4(g ftSfl ltq-{ <5-{RI qqist

{"R *.(. D"1{ fri_I1, mtrlT fir'F ft"rsttl <1 I?l $rc{< 61s1v:6 Ear<

otta,tfiq erSm o.rs D-F fr-{t, s-qe firr r,"n<(Tfi-s frcFRI etlsrl {'F

at r ,{ cs-c umffi-{ pq fr<<q <iqo rlGq:s \oqlr<fr qLs< q-ll BqTs

"ftqq ffi4.-dqd1 EGH-{ Ts-< m I

qrq\e-[< cK dlq rm mrq elaqirc-{ q6f exqs q{ c{, II{Kot q'l-\9<

E"r<, q-fr Eas qfcs< BoK {frff[ q\5K "tfttt o-<t qr<, c{5 ffi< uns-{Ffr

<mfi€? EfG-{ ffir-q {R-{< ffi$ tftqr o<r qr<, Ef wEt c<rc+Q fift\5
i*. <o-* fl-<<tr ffics {t5 ffi*."r *',(EI I,-{II $_.rt qq 1 gE€.

olqm qsl s Effi-rB {-e[<l :ll<qx s'{lr<fr {ft5"i d-a-{',"lry eF-fi

ry-rzsrc< frfus aflg-F{ 
'. 

;4." qa** A-w {fun (Sutficent scope ol' experimenQ': srE
E ,+q";Tq,,s fi.rm +*du.,<qiq* u'fi (TF '11.. r nm- q<fr la*r*
'.t-t erB g-rrtsr B'K {RETrqr'i-{ eo-ta "lRrl"l {fls qr< r qvR'51eql

rnrl *1-q ft.lq {f,fl{ rr}Trercsr Effi e es]< {E? T-{lqr<r <fr eoBr-m

.,,sin * u"m e fla.q't <Rrt a-3 o.l<-q "f-asriK "iffi <1 xrllA ftf-qi5 qm

<m r rfr fiFun qrs<'rll R&{ a-qltqm cr{T< uffi {lQftqrl-{ EBfr$
q QEt{ qftsl ffii qsol{.d "fftsm7 "lfifr fiqs qr 

I

wr5I{ fuF cmmqig. flAifrs er'grflr <r$o s-dl r< qsr-{rs tg* mrlr

frftq qrs< q-qI Trr<Kl{ s<< ftB{ ft-sI]qK q-{] T-6sq<rn {It6l(q-{ IIrf-{

esrc 4A$t +-il qror r fr-e <\fi{Irl. +lrc}rfum "rfts'q flE.G< q{{]lr qrt{Rcf

{*-6x e=.6.m{ qftfr$ {A51 <rfl {g-< I srro-Gs {Atrq< 1""8 esI s

U?.[ fi6Kq +-{F Er {t qt.gl rAsrq< smtrft{ "Ifria ffiI-d{frs fihTu

Pi:rg<;l-x I

5.1.8. effi{sct flt lot r"ruution plot) : 'tfrm"ipnq {fr mtr+ ffirrrB-<

Ilxs; flfir<l r-"i{k"it qI qrrr sEGi q{-{'sq :nt ffizr+*qt< E"t{€;.t



b Sil<R-glrq "rftwq ffi
€*l T-{tg q{ ,{<< st Tq {Asrqn "tr€ r-"fn <r-f,N q{ I cqflt -El. sIM{
w-ut ftq ffinlq geflrn..r rq{ qf<-qwrr fr-+ *-s qtqos 

"rm fr<o Ev qn+<
colr{.I fi-{IT< EB tF q'ls {q{fi-{ q(g 't|c{ r q:fq Ew Wsfr lATq q+ra
cm-ffsrr( qffiio {t-s qN "llK I q rr<rq:T-"I6qK "rftm tfur-q-{T
"4<- m mn"+ ffir E"qeur^<r_w1'qeur qDR +.r-< ost erc$s-{ r &R
qsE RrcsxlQsurrvn cmrqefrffi 1-+q"I'f,

qmT cfir{t cqixqt $fiTE <I{qlr{ ftREic$fi-s r{..IIt qtrc.(g etfc{ I €T<
qTRuT: "rt<n;q SD( {f{rrr <u{ +i< &$ qr-<lqr I s{kq Braql s, <fi
mnil EBnrfi{ Bttc-o <1q-dlp-q fr51 mrc{.ql31et ffi ry"ndqnrf
rqtr+i qr<$ {t qtrs, ERci 'rfr<st S $tqen-atqftT +t, qfutfiss qr< 

r

:.t.c_. qlfr+ Trtvl(Uniformiry of site) : "tftT;$< mrq qf< eT.E
{sYT{ itsr qrfl s"BS qn fr-{la r mFt-<-strt ffizq {rr{rc'rs 6r< wl
{qqEg], qrcE tftrq r-el-{ T-{re a3 r cI{ +l mzqlffi tqr(trI {rfr{str<
tileq qr{ fi-<iu{ T-f,N eirrf,i r frdtF'}qt{< Tf,rq $D( ds s <lq.|Tfr-s
ette6l q<< q-{rFl w<q lritTv..< erQ q€TI <rqfiT r qfrrc q-s.k{t T-Tcrnq<q rk-r{ WB< 4q'sf <l &RaI ,r<sT U"HR T-nf Tm I Tr-q 1ftq1m
(unitbrmiry rrial) {l{fn rqrqq V-fr\oR frHEl {9Id <cl.ld {lT"ll qts r-fl
{lTt

ffi -p c<fr xqR lt afirs sm !TF< llllst "tftet o-<r frc.ts q-+.R {T I

cs;Ht e< +ra tftq'q {Btr c{il-", fr1q ql qm< tftwrq-< Tartsq ErrssqGfiB sr <qF rE{ 6pI {t{ r uK iftqr< qij stQs a-g wfrcs EI, {se*tr <-.<mm Ufurq< ffiq qrF{ 4$\5t tatt +-<r BG. , "
xnt< ll-qlsf ltB{ ffiT rlrrl {fGI "tftqq I.$EI (experimenr eftlciency)

1fr tm, sfis q.fr{ Btr<-sl Bd-sr. eu< G"qe "t?N.i ffiffi rr<11{ E(c$ {rys-ts e< $<l-tr'utr-fort E{ T-{t >rtr< ffi r \lfr{ {TrT G< ltRI
4-6q 1ft5";eE orq qlm*{-{ TREg {Asftr E1mcfi qa.a1 T<tr fiW-sr
lft "mr r

erq'g= &e-$' rl, ffimq {C-{ E<firr sfr reTr+I1s ctil-s uK sR qmi
er{fr frqs {E "rftstQr Bfrrnr G"r< evt< ftvr< +r<t qrsrq mEA-,s
qr*-o "tfrmt +lftr efrs ilrfrre qq, rqq ffiT Bl<,hx< Tffi rclz{t
eqTll flry |

>.q.,e. 'lR$q ffi{ (Experirnentat Design) : ffisIa{ ?<FtB< E,t<
1ftpq ffi 1i"<'ruq fi6-.J1ei r "tfriwq qsl ;'trqffir t"r<s q.1-6 qp
ffi-}-e 1 o1ftp"; ffi{ fi-{run-< qr< er-E fir<Dr frT{ <qt Eqr+n
nqqB-\tlEf (available resources) f qtse ffii< (complex design) 6q6:



t-ftrq Wrqr ffi e{( c,.nE fu

er({{-{-m rs q(s ET s<( qLTMr{ eFr$q fris q{ I €TFr< 6xq1 ,!sF{
q-srm "rilqrq TIft{ ffio qio llm €<< G"ns frr'"p"t q'Be, e{-{fr
\ffi-g{1ns q(T mtg el[Kl

frfu* <-sr+< ffiq fi-{D-F< ftRfrKDl fim frcu E-raq T-fl qrqt :

(O ffitq$-"{< {<{iI r=]-{ frfitr s ,lfiY'sql{ T"I"f ffiffi
(Complete Randomized Design, cno; E"qe- I G:FI- "E tfttq, mft nntr<

{<zllq tftqrot, s-*l {fuqftq tftnrqffi r

({) qfr-{ Uf,{si T{F[ €TTft (unidirectional) 9{s Uf,f,sl q{H '44frs
elr-r q-{rfras r-cq il ffi-s {l{ oq ffi 3o ffil (Randomized

Complete BlockDesign, RCBD) q"{dFflT-fl ffiqralSq-{lrfi?f I

(rrl qfir W<\ot {-tq frTS q{ o{r ?q-<tfis po ffi+ <rn fim sfifr <5f

frq.Rq q<arq{ T-dl&{-e I €rr-G rr{w a efr+ t g'am c 8r.r )\ "rfs
ffitqi <KqK s-{t Gts ellc{ 

I

(r) e+l llrr !g{ R&a {Et< qrrk{'ffi tftm c-<rs qr \e-${

+inAffixm e1ftffi6rn rxr{ qft{ T-4-+-{ sFe r-<l {tT I

(u) {fr c+.R-{ ffiR qq] <-v S s[Rq-{ (nx+- fiE, El-{ 5|fr<-st, <"|{
mx e-*p; e<< qrQ rrrrl qu ffii q-{ retl ffi (c<a+ ftq-< rtio
q{Nr{ er(Ttst ffi) ermrq-{q{u?FftF S ffiqq<-.T"<-{r-{N q{ l

(u) ffirai&< r<rUr ffi 1< mfr q{ \5Rc{ qq-t{ils ffi{ (ncomplete

Block Design) <KqBI Tfts q{ |

:.t.t. $rt< qFoll s q@ (Size and shape of plots) : {< {-{r+<

srmqclmq-qj Se{fiffi rcrc{tqlol3<lqTefi{fi- oQ.r.9-m "rftE'm fiYff

ofq G, ffi qag qq ffi tm gO< eruf< rO (co-etlicient of vanation)

sreI Tr qT I €q-41 flt< qf'Oa ffi re-<t vl'i s<< g[s q63 err{ 5B'f
\e-rmK ,sr slst ffs r sfr T(6< qor< fiffi qiolr{{ orT <-s qr g(< fl6k
ww'sftq rrrg q{ql frq? qr {r <i& ?Fi {R<k-s F-Bfs or< t $RFP,

sl[d qfr s q{Tr{ T{ta-TR<t ftfio rnr+, oqt-l qks flfrffiRFrE QE
qtsrm< 1B <i-<qs ffirl.ri< ffi W-fl< q-dl {reB rsm-+ r frBt Fryram

u-+ Ctp 5M ?d<qffi{ fro Urflq q$ qrel-

(o) lrN<qql Se{qrom*es<

(q) qEr< u-o :trt<qror<i err

(1) qlBR q-{ 5m wer< } c'n-o},s+<

(s) 'flTry<&< glj flB< wrc.R;€T< <l s< ru-rl qE qror< qs<"r

oqftar



)o sn<Re.1.l4 "tftc6q @i

fle{ qTC <5fr{K, qI{rolskt, T+. qxf fr"t+v,O R rclr41 a1 qN
eni-r I erB-{ eFfl< s qTG qT{str< fiff-+q o-+t qs m'{ affa ffiqq q;y6
ntrq{w< <lrqm T-$ {m.s<< {ffsstrd ff, trei ce-qBt (field lay our)
T'<l{1T I

:.t.u ftqFrl elvf{ (Border ettbct) : qfr< cE.q(q( BGfi-{ T"lT €
ffistQ{ wrnr ?sPrt, qfi< ffffir qsr{ q<fre B&Iq-T qE{Is B* qa r

fi.f{-q gt Ufrm{ 1fr erm 'fl<-1fiT ffirs ev1fts Ta3t Frs fu
q$rq.'{ B&mi W-fl'{ qsl-g.'G3T EfrqcIR,e qqr (?rrs 

T€.- 
qIr{ r Trr{{

eq< tilqrr< ffiTo {t{ qrttTs S en-+ err.rt{Rfu f6 q< qtm mru tn-<
,{<( ftflqR ffi frtrV+r"r,{ efs6 6qamo "t1r1 | 

qTig[T qfifip qFT,

fis'n{ {rEI<t<ffiTsqfi Mufr&-{ffirisq-sm fuir-<ls "lr.{ I

BfrR.r- ersf{ Bfcs <I{<s ffiR erq<re Ts il.ItR q-di efG Nr
u.Kfrro K{ ftR qa1-d eiflp"f Rqt< FIT {t? frN qr I ft-g €{l qrrl
qrQgt< T"{q Ets qr-60 qr ,€<< rFq'-{ra elet-$ilr< c<qq. re-rrc EF aq{

tilqr.r< &sol <:rqs fiffi qron+< ffi vm fl Bfrrn< q-{rfq.] ?<FEl
lqitefocorfuRT-<t {tr I

>.t.1. gt< RTlt (Arrangement of plots) l.l} qftq:n< e[flqffT fi-$
qfqt t{rls= frrflT.t $ra {{t?f +.ql{F-q 4E a-fit eG csrcq qmfi qrER

qrr'{vq s q'{tf{J qwtsersrccq<qsr{ <tn fiLrRGEffinifEx<lerTs

"11Rfsj 
qqs uQr urqg ffi fl-v ,{<< qc-.f Rq& erfs \tl'-fi {< TlRTolA

Rs{r erlTlq-{ <t erq ffirTI-(tR wu qir<ql S <iEqr< T1-< EIs r-{t Tlr$ r €

or<nq e+t Be[qTFK qil etxTq ffitr< fi=q]v r-$ e<< frB'l{q {Rs
Bf<ur* fiT eRT,!W qB-* qro ER u-ll WA" ffiagEK Sr1< F
mft g< + <tttR<tqilr r Sr1<qmsl+qq qs<t Emrq-r l

{rIFf 1ftsq ffi q<6TEqr ur11 31t< q?fiTq fr{[T1 fi<i1r BBRE
e1$sFr{q 13q ofl {tr< I qlsrc GTFRII, frER ffi <-qt "tawt< ftlq
@tr+t xr'{r o eE flrffi-d-{q.al Sq{r< ftr-m frqrr r

).q.:o. arfrpn n<1i.t : 6r|q nqlrj-<' ffiT wO C"tqs qqfr?E aq$I

fi{<q c<r $ Tfi{ 1 at< r ,ttfrq{ c<qn ?futlftfi ?<fr&r{ q-dl frB{
pe< &a-str Gm ffi< TT{ r sr< sft erl @r.{r s?B {t elIr$ um qrfi"iT

T<1m S!-{ <\5 q{ fi{ T$rrfd (degree of tieedom)'S{el(aF )\ qT I 't{ TKol

qrol )\ WxlqK t"rr< cz €<< :r vmn 6srl-ss qteltrs (r s F-,9< TIT) 11<

<fr "ttqf<t 1ffisqt{ I



frGaqryr
s?tcwTffiq
Analysis of Variance

\.). Eto
1fr ,r<< fi<Rwla 5r$t6rl{ etg tffi-$K qrc{{< w$ <'rq? {cFsl fi{t $$ r

RB* <-+rm EIqt s qql{l Tr<r.f ,e Brst< 1E qr I (gqfr{ frqsrqT Bm'll

qc4 n.E (gqrag-f,{ "rfiq"t <'K mF <<.ff{ ersT<rs<T <'|rr,'t qsB-"{. (gllg-<:

$ q1jrq \ol fiEg; 4-<11 fr43-a< vFrm'It is a tool by which the total

variation may be split up into several; physically assignable components.

grfts Analysis of varlanie is an arithmetic process of partitioning the total

sum 0f souares to corresponding degrees of lieedom with appropnate sources

of v.riance. qqfte (gflg.<' frCe<q Erfl COfffi B"ffre.{ n-($ ffl6 (gqlr'e.<'-<

rnr U*o s qqrlr G<r 6ffi; "rfirrt 43K q{Kq "ffiT<{jIfr{ "iaB r

{r{ <F<l {Fp, {Ird-i cfr sxs ffi &R \lqlT ipfrTI :Trn el-(Tl'l T-K FErffi

E"tts x?Ra-$ qrel I ,{ t"flsrs frr?sq oc{ G c-dmE csfisr 'ffsr[{l$,
** "fJiA.g*"r< rt<l-rl qrsqfis or<q s- IE"fut tilTqfis rrflFr f?
ffi #m1 un< T{16 .gns-j' e1-6-q frcrt1 T-r< q'girfl s,K"rqfis

1q5ffi) fsqles'nsqBR Nqfs-s frcgsq, 
=*6q 

qffi (gqFT-csEiltf Tr{

iol qr".in , ({) tr$fu {Kqfis s<< (51) e-Eqfi\5 TKTq BEo FflIssq

ffiqH <r{t qIE Elrr sqlps< frq{q (41 qr I

NrF-s fi7.$rq< lt<tra eXfrfu* Eerl.{ TI-Trt I? ea,om (rsrlTs{T)

ffi. +-<t q{ 1-|, €< (JTqK +r{ 4cfr-{l< qqttefu {ERs- (tes! of signitlcance)

; .u r *n-* e1uq q<cs "rftwfu Rqs s trq$eftu' ftRffiG cq^

D-flrs q{ I

er< XaftE qretD-{l< 
"1m fr{A{as frq n'affiq4ap qs$ qmrq-{ 

I

(+) <fnrB (Sum of squeLres) ' {fr4fr\5 l'HrTE< (variates) elffiii

x-srt,eT BrrsfrEfu{<{r+<farfr<re I -

{fi n Ig?BT w.ff€< EI3 T-4d {?flGTn X1,X2, Xr ........... Xn ET €<(

qlEierflKsqrffi tl-s x q{, \rlqm,

<ofrrB = r(x-i)2



)\ firfrmni tftm ffia
sfr i = 0 {H <KI q-T, Erqrfl W Gr.s tffins xtTr1{< frqrG ern<frqfrsr$r-{<mT{r - \' q

qsq<, xftg ffi&sqtl-${R
' <ufITE = (xr2 + xzl * ..........* *rr) - Y

(q) qetm (Degrees of freedom) : xfi? {Til< q-{i t'{-<mq l<fi
e[T ) (qs) sr qrfl {sltet r {fr Tffi ffi-6q xqqn n q3 e-rqrq :l-ffi
TsrTol (n-t), Tfi r xqf<' ffi firT {ftsl <'{t qT, vf<e m-.s<
TwElqR(r-1) |

(t) cWts+ (Variance/tvlean sum of squares) : <sfffi6<' XemO frcx
slsl <513 Nq|s<p ells$ Il$ I

<tfryE
Fnv<t= 

-
Tsrfiqr

\.\. C9CIW frqf{r"ld Tdfle @asic principles of analysis of variance)

r.\.). qrt mrr-r=r -f1e+t-a q$sBfrT frAr.t : qrsr€ +< "rffqq <-g
(individuals) €<s elfis6f tRrE f qTtnfrfi q{ q{q eE-sR qTqt +'R{qrql
(ryq- q1s', {ri, <et{ TT's Wl nr6q1-a e611 T3Tt qrt {5-fl< Lqrsrq
ffiqftEeE-sT tsXeffi +kr.iQqr qrs 

1

{fi sR, eT{q'ffi{ n l<rlls e1ft51 gefiq6rc {qlqrpt fiIfrrf ercI{ T,il
RT4I:

{fr {trs 1-v p €<( @Ms fr{q e q{ sr<E R mffi ffi<rfrtr rm< EFqfl elrs-K-

(T) sTF ltffifs fl-v (an overall mean)

({) qfiTfu @D (chance error)

xfrg\sk <-d[{t]tr,

x1=p+ei

" = 
2(*J'

n-1

q{I({, i = l. 2,3, ................ n

X1=X; -X

v = €T<P Cgqfs$ (single variance)

c6t Eefis rl-s

: X1,X2, Xr............ Xr .......... X X=lr



Nq[v-s<ftilIci

ff(T\a (g{l(wF-{ q;R', @lr{IsSC ecltrq aq eqlj q{ sns$rs T{eftqr"t
s-{lTq{{$t

(+) z (xr)3 Etrfi cl{l<6f a-s crcr Gtrrs< fr5"iF"< <sf l ,{rs ll{kqslc{
<qfryqEr{rq3 |

(.1) n-lRC{lefi<rywer

... N{lvs (qV<d= ,r) = ffi
ffisrelrs fiTFR\o Nrrgs fir:Fct {s (q+' r.:) ,r< rtwx effi{ <xI !1r I

\q.q. qrtksYEt cvqtqftHI.t thB
{fr n T<qtrr 4T{rRfi? e4fr t"Ircs{ NqF<P v e<( €qrNT-< {-v v (x) q{
9l{f4,v=nV(i)

frea q+r< x-s xt{ Ftcs'ieXn-{t{< Nl.lvs Rlt< e<m q-a] q qft{<q
(t{qr{q<lqr 

r

rro oR, n T<{rs qrrc< k r<{t<p rq flTrq q<( etfi-{rs fiXfrfts
e€ko-{ qRrsl qTFf T-{t <EI :

q]s mE av

\
i
k

X1, X2 ......X1 ....... Xn

X21t X22 ...... x2j ......X2n

xit,xiZ..... 1ij ....... Xin

Xr-r Xrr ..... xti ..... Xk.

R1

R2

&
R1

X1

*2

i1

Xr.

'sqrfl &EvK (Nrlsr) 5E Esr fl{rql EamF Rtvq qrffi srrfi q{(

frffi erq qre-{ frGE qrc\e=< qKrT r frffi-+ eBqfis Nqlwp <-EI q{ I

{fr {ttrT flg p, wqtr a;4 * €(( eF< qF g qr, \olqlE c{ mlr{t {l{
fuffi q<r.r< qxB qr<, 0) esB {ffiT fl-v, (r; qrqr q{, REfr e<< (e)
qfiqfrs e-E r

9{e, xU = Pt + ei.+ s1

,l{rn xj;<refl i-trT qiq: w nr+ | .s?H fiXfrFl.r= Effil frfus Gqrffi

oml'q 1? .sn.rvs ftrK T<l {rl I

qrsrc rrffr ET{l (gqrss {?11@1r v1, V2 ...... v6 el-s.c fuR +<l q{ I

SFrqK6Es'1, i-Eq FrESt (EiIe,

qs: \.) : Nnv<rfi1gq6q3qE:

E<a lsource) FTlql (degrees of tieedom) 1_vn{zrvlPql*"*
souare M.S.)

@E (n-1) VB



)8 fi{fiwtt{ ffifl&"q.ltq

n
(Vq'[wF, vi = Z

j=l

n
(xu)2 I (xij-i112

i_ IJ-r
n-1

(TFre* en-slr-E as?fs-Si 1Tffft{ C?1NT-< B"f< "rm"ffsQasn<
(unbiased) fr{<-f\5 qt sr-s ftfrm-{ q-{I k rstts rvqroo-{ ag fir-T "ili.

\1 _ Vl + Vz + Vr ........... Vt
k

. _l(xii)2+tr (xzi)2+................I (xri)2
k(n-l)

,s Rrr< Erqr fl-s (tot means) fiEft< <*rg< cfrf+q € FzaBI Tc{mK
ETelsq effif a-6 | q< {rqr{l rrdt-{ wqgfrq F[ftsr-{ Tr6,lrT{E tRrrt T-<t
qfl

rrcr try-E <pmqfi ftlt< o-<r< s-{], nv (i) €3 Ttr fifs {<t qr ;

nk (xi - u\2nv(x)=_#
€{1({ p qmt IIffis fl-E TI T< q1q{ TH r sfr q,fl{ m EItffiqrs

ffircre[< E"fqpn Tstl qT, \5lqre V,, €(( nv (x) ,f1q.6
"fs"fist{ cu-rol q (vdw<:ErqT, k (n-1) TSrfEIf, efrrc e&{ ll-*ri-sftq
(within lots) N[]vs,{<( (k-l) TSI]trl<frfrrsaDerqR{r<] (between lots)
NNV<FETSFI<F-r{_

q-rs€{, T(E?<rfryE{.{F

n-l

z (xil) * z (xr) +

s<(

nI (ii - p;z

I (xnkj)

e fffryE fiTtsiQtr 1,r.r Try EXfi\o srcs<'Tpt-Rl's fift o-fl sm :

Zxz= 262 - Gd)2

€cl.l-n, N <el 'ffi-<q.q o*#, *** trI n, k {T nk {tg "ll u r 
"rqrA*rtzo WXfii5 tlv W (0) {<T q{ I s-ylT Wfr fi1_*"t {Kq 4-r<-

2y2 =2y2 tr
S"rnrm EXfi.r- sl-s Ri-+"qtg q{l {r-fi REftT <sflIBm cff<r{

(correction) T-rn {(4 Sm 6{l{S TF (EI qT 
I



Nqn-s<5-{ Rr*Ict

r{<<t{F (Correction factor, C.F.), W = ffi
fiXfrRo ctm frGa <rfryE fr5< e-* <r qn-+ 

t

@ i-w r+< qsreftq <5frT8 (within lots)

=l t*ii - *,)2

J=1

= xzil + x2iz* ..............* xzin) - U
n

... k xlB-sq(al{<5FT{E = k rsl',rTqtdn es"t<5fII,B{ ffiltIsq I

(rl) q-aq6aK n'6ql <5fry8 (between lots)

k
=n ) (xi-p)2

l=1

=n{ ul+x?r+ """"""' + lk2) Sf
1)).

=; (R; + Ri + + R2k) - er{s {r+

€{Ic{, R1, R2 ...... P6 qrotaFT{E 'l<<

efi$r,\rl=@=ffi@
qm{ NB <lFtrE elrc Tf,erqt< x.KI (within lots) {tfrTE frc-slef Tr<

qz=q< wgltrftq (within lots) {ofrrB "tI€{IIIl{

\q-eq<, flE <rfrrE = *?r* *?., * .. * *fl1 - e[{s rl{ I

q'c.T{ wslsftq <gffi = oE <efffi - ws<Tfil'<fryE t

s?t-{ Bff<r"K qr$T RB* q{r{-{ <eF{'{E €{( pqp<p fi'ftT-{ TIffia
qqfr<I?BIa-flqr{I 

t

Enrq<q : fiXfrfQo E* (* : q.rr) elra fr&s {<1T{ <qfarB e<s

reqrcT gffiT{ fift q< 
r

qT: \.e
!-q 5..17 NE fl-v

1 7 8 8 9 8 40 8

2 1l t2 13 10 9 55 11

J 6 l t2 l1 4 40 8



)v ffierrqffimffiq
sfr :r, \T € eT qra{ qgsaq <5F,NE {.{r€(T >*? 

"<, 
:*] e<< :xl <1,

ur<qlTN<I'|R

, 2 z (zx)zIxJ=zx- ;l_
.'. r*l 

= 
(72 + g2 a gz a 92 a 92) @qz

5

=322 - 320
_.,

Zx? = tP + 122 + "t?2 + toz + e2- OiEz-5
= 615 - 605

=10

Zxl= 6z +'/2 a 122 t ll2 + 4z-G})zr.5
= 366 - 320

=46

E'-ffi wur-sft"i<ri{TE = :*? * z*l+2x2,

=2+10+46
-58

utaom <o
... qtsq-a rgrlg-s = 

Te*is_r 
= #: o.r,

RB* qrdm {(<l t? <+r'vE = * ,*? + nl + nll -- c.n<ro rn

=lrt+0, + 552 + 40:1 -ry
6225 18225=-515

= 1245 - l2l5
=30

E-eq<, q-qqfis Nfiss = 1fiS- IFflEI
30
)

=i,



NEI(V$_{ ftT{cT

q<fi (lli<5ffi -- 72 + 82 +82 +92 +

)c

+42__q#

=1303 tr
= 1303 - l2l5
=88

qr{{.qq-sftq <uffi = ffi 1:fffi - [.-EBrqK Tr<] <5Fc\E

=88-30
=58

To<l( m$ Tlli ({, UsT "|h'fu\5 fr51<-{s nrer Wsisftq aefffis qH ,{Tg 
1

\.\.e. Efrcs qnfr-{s E"fn-sT (gEts:F frr*cq
\e(s-6q srTlft ffindT T<Etvtc{ ryfr"n T$lq{ I {r{ TR, k rRctfs [-F3tr nx{ir t{frGEmE (tndividual) e< Eok n r$X-s m?l.B ermt1 q-m eTg
t"flErs iiryc w e.B s frFK6 s-{t Eror-

s{l-rl. fr{B e-{-stT Sql <-6qn I EcrrE, ErffT illv_< Gavr< oKcct,
frfr{ie, ffi flgr EE-.K sK(q €<< yfr$,, mawn T q-q-fiT (random)
{eq\9l I

^ 
lfr p xfr+ tqu, elf{ Tkrq Tr*11.6{t *, ffi< E-{i'4-p'[H.B ry €<<

efiE w E {1, sTard rq cfiHI tffi llrffi Effi q<{ qr(q {?n-
0) "1fr 

nrfr'+ 1v, (\) qd< rt<rq frErB, (e) ffi< q-+' frErG,
:8) .s=tr{ q-dl fu^;G lcrrunce error) I

AsmtfrBr erqrcr rrqrnl qro ftnrwvn< €fsn T-{t {f{*
X{=f. +*i*yJ+Eij

fiTfrfu S"ncl RIGE Eqrx< omrq $ e{-ut ftIR 3r{r {T :

.qa \.8
qU IEErT.S (nI6 al-s

). n
I Xl; xtc.. Xr. Rr Rr
2 Xtr xzz.. Xc- Rr R,I

k xkr xkz . Xkn RK RK
NE T1 T2. Tn c-ffi
fl-15 T1 T;-. T,



)b ffierq tfrrq frqttq

0) eolRr +it-<m Tsm = nk

... {{-<ci5rg, p=#=rytE
(r) d ?rrs<srfltI?F{qrs nvR Rrx<ersFlT-<rqqm-<t tR-

_ nZ (Ri - p)2
,uR = ___t<-t _

€{If{, p qrfl cl{Kq ei-s €<( & qmr i-sr wr{ a-v r sfr rrq< qs-s'er{l

?q<rfis ql, urqrn ft3<1re "l"IF F €ffisr-s qG "rrt4sQr effrs I,{ &a-sl

k- I T6qaK &fus frlr< o-<t qr e<( <5frrE {t{l nr (Ri-p)2 t

q<frs ffieo fufrRs E"na <ffi fifr o-<m qq-

^ I 2 -) -2 fxffiqld)2
nI (Ri-p)2 = ;t*; * R, ....... + n-r.---r.-

(.r) ffi rftvr +T<r"f 1} F{-sR "rfilt"f

*rr=ffd
qq[c{ p q.4l qi{rn6i 

'l-s 
r Tj <EI j-ET ffi-e< El-v r efrs "Pxmfi

cs"ftsf,{ eG "fqr"fl\efr{ €<( (n-l) W$qfi efus fuK q{l qr 
I

xfie <s6np fiXfrRs ffi-+-rrqr {rqrnl fra6 a-s qp

K: (! - v)z =i,r?. f" ....... * r2"l - ry=f
(B) ?q-fl-s{ ftaot<r wBBTfis pqlvr r-e'n{S vg q{ 

I

\, _I(xij-Ri-Tj+P)2vc -' (k-l) (n-l)

e Br'o (k-1) (n-1) WqEm ft5t< o-<tqr t

q<ffi<fiffiq1qt:

)(xij-Ri-Tj+P)z

efr cqB <tfalB r(xij - p)2 r<lrs ffi <5f{TE s mms <5fry8 frrxl5t

oms efr€at sm r m 6KrK q-dj ftu eT'E U?fqn"i frs{I {rfll I



Erirq<q : als g4s (e-o r.c; cstrs RBR Esr-qfi\s Nk-Ie-{ ,tRqH T{ r

qs \.c

(>) e.rrn qt{K6r rt-s = # = ,
(1) a-a3am6i6sFrwp,

nVR - n' (Br - rr)2

,rrrrnxfiJ?fiq<fr61,r*=%
5' (1+4+1)

2

=T= ts
qrcn, oBs.fis ufirE s<< {ertot en-os Rry< T-{t {Rr I

<?ffi =!eo2 + 552 +40r) t#
6225 18225
515

= 1245 - l2l5
=30

xs\[fl=K_l=3_1=z
{tffi

.'. nvR = 
Tcx"l

30-T =t,

f c) ffirlffiu sfiss,

o,,r=g$id

q-fl EUrTdi ffilB fl-s

) \ 9 B ({

7 8 8 9 oo 40 8

\ t1 t2 _tJ 10 9 55 il
\9 6 7 t2 l1 4 40 t0

flB 24 21 33 30 21 135

a9 8 9 ll l0 l p9



fr<Rwn-q flAsq ffii

_Z x KA-r2 + (g-9)z + (tt-9)2 + (tO - 9)2 + (7 -9)2)

5-1

_3"(l+0+4+1+4)-4
3"10

=-= /'!4"-
qmr<, <sfalE s T€.='flgt cqrsfuK TLT "iR

<tfITE =\t O, + 272 + 332 + 3Oz + Zt)z ry
3735 t8225
315

= 1245 - L2l5

=30

Tp\Iqf=n-1=3-l=2
.'. kw =*= rt
(B) .q"-ffi NrTss

y. I(xii - Ri - Tj + p)2
' L (n-l) (k-l)

_ (7 - 8 - 8 +9)2 + (8-8-9+9)2 ....... (4-8-7+9)2
(5-1) (3-1)

= 3.5
qrd<,

flE <?ffi - (72 + 82 + ........... *4\ -#
= 1303 - l2l5
=88

e.ffio rn.B = sE <qfrrB - afi <eiq!tr - ffi <5fry8
=88-30-30
=28

WflA = G-1) (n-1) = (3-1) (5-1) = 8

qw<effiNns-s(vp) =?=rt
r.'e. frB{ <gf{TE s lor@ tfi-+'<q
xij €TE lffis xH qrE qffi fl1

(x1.; -F) =(xrj-R1)+(ir1 -p)



fwrss<ftmq

€ffi{ p <'{t ftKci fl-s',{<< R EeIq A?K fl-i5 I q.fi-S<6lB{ EW 15Aa <5i
sr< qrr-fl nlq

1x4- u)2 = (xrj - Rr)2 * (Rr - p)2 + 2 (x13 - Q tRr-p)
arff 6a3 $e6 IIFF-ffr T-K fle,

rnr (x,j - p)2='>r (x,j - Rj)' * E'rdlr-p)2 + 2 (i{.p) 2(rn1 x 1j -Ar)
c{@< I(xri - Rr) = 0 s<( )\ Ert-s s-{' (Rt - p) s<-f I Torfl< Inr (xil

p)2 = lrr(xrj - ilr)2 + n (R1 - p)2 |

q-drlil qmf, ffiIGs q{il,f ftry< "t|qt {-{ I €fi ry"f "tfttt"f* E"f<
qa;a-aap6 eft

}kr (xil - p)2 =rui=r}j =r (xij - rii;z 1, = I 5 (Ri - p)2

qq-n u-I{fl.FF-n Ectr q({ <-qt qrf,< wqEftq (wirhin) a-s El{ Frs
frEIGT <5ffi q<< \r qq1 {cfl qEErEf{ T({T (between) rf.s \F elrc
fiE"tG<<5f{nft |

Wift.o fi-+<"ffin ffi"trF flE <ofryfr s-fl.{ 4-C< I q\a{<cey[ {.fs-_
crB <5fry8 - qtam qvrsftq <rfryE + kar€cfllrr <ofm{E r efr erB

q-q-s sIsvt{ry{drqKr<,
as?rfiAGr ftelrffi ltryr oE <sfmErs q-{qfis <rffi r ffirnffio

<EfnEs @ffi <ifryftsfi.e-BT-{t{t{ I

qefrq, anfi <?fryE = qqffis <rfrTft * ffisfis <ef1nft + q;fisfio-
<iFflE I

q+Nlm, $E W\Tqrrss (nk-l) Rss r-<t TH,

(nk-l) {s'i[EI =,o-f (" 1) + (L1) (n-D

orfl(, oE Tw.rm = qlB-{ Teqlqt. ffi< qeqr+ * efin lwfO r

c-t{ Nqrv-s fiqnoro fi{fiiQg qrc-{ (qs q.v) qlqr(Il.qT.Ft<w {lTr-
q<P \,v

Eqa (sv) Ts{mr(DD 3effi 155y ts<:fryE
+ k-1 d6-p;z nVR

u6rrs n-l kt (T-p)2 KVT

s[, (n-1) (k-1) I(x-R-f+p)2 V6

frE nk-1 :(x-p)?



ffiwtq ffiqqMq

E\oq<, fi q<t o-<t TotTqrs {s' llrstm (qo r. q ) frNssr< {rwl.{ {roF
RT \.C

ftasr< Eqq 1slrlql <afxnE
'f.s<{(Nrt 

s.$)

d 2 30 l5_0

W 4 30 1.5
j
rSll, 8 28 3.5

flE 14 88

\.8. {$tdot Tldq (Test of significance)

q qAt-K €?q.B <el ffirrterqr* Tfil G ffifsl ft?rffi utfr *nd+ 1X
@ffis oKn vl sER s-{f I e <|trR lls qT+r'aK (nul hyporhesis) G"R

ftfrrr<i+-<tq{ r

qmq q{I qT Fr, Tq-{ <I qil c @tC{I fl{<sft ffi]I?r< E"t< ffi,nrt_<
qvf< arf{ qqfq ffi< €fsfdrs ERo oat qr 

r

gl-qf4, 4"fSE q't4Im, Yr = Yz -Y: ............. Y,
c-sRl @fr fitR 1"han"e error) r-ffJ {lEsY lQs fr<<tefioTl{tls q<l<

fllfllgtqrilcf T-{lqr I

ffi q<< qsjffi c4rsre-< q-d4gl3 'f" efrs fr6s e311.1 35-{f

qs r "rqqar rsl{.fl sra q-\9IFlE 'F'-{< {tr-d3r (F-€T riR-e xn) T|GI

fifTW 'F'-sa xtrl-< q{TI {L<'{< {$eFot quQ q<t qr r ,! $r.fi ?ftffi-s
F-olAq't (F{esr) <4 ql t

n1 €{( n2 {wl€ilr <fi @r5ffi s?Fvo s ffi *** {Rtlq-N V1 €n( Vs
.q*slqm,

V1. F=-' \'p

Rq<qs 'F'-€< fi{rs Nr (F Bfrrffi G"r< wvrq& qtir{ crsat q{)
€{( n2 G 6fird-{.T'< aEr+ €< Tl{) x_o:flolT 4{KqE .01 (l7c) s<(.05
(57o) {€R-{l VK'F',-€r rBR-q qrn< 4nl qilr qfl {R r qfr ffi({i s eE
TG:floT t90 41 57a lyrn F-S< r}fiq \R!-{ (5LT R{<-fs 'F :Il.{n rr qT,

oT{aq {rrc, ? fiu rr qqfie Effieralln n-(fl a-<nd .flRf{.i ;n? o ffirqt'erdl<
elE[T{ "ncr{, w toi <q srTFis qri 

r

q-dlftT 'F' si ft$<Tto :rr+ ffirer< 'F' {]-{< l:lT{ <l <s qrd sK
{rEsE els eFflJ-qE {<- r qcrle ffierqr< eFslc{3:nq {qi'?rt?rsl frmn
Tr4 elTIFiE qI t €{1r{ &'g,.l.i ct, tTo y(a stqt{ eFrIFlE qre utro v&
vts"t{grigtrly sigriticant) a4? 57o 961{-{ slqeBi a4l qr{ qlro 

I



(gEIIVffi fts{6l \9

"F< W{s rvqpaa frHq.f qs Grr<p ottsxt Tts-

frmffi (wps(vr) = 7.5

G'ffie- gqF's (Ve) = 3.S

... r=5 =11=2.143V6 3.5

qtllrq, mffi},{KTeR|iil (Vr) = 4

efi< ryxm 1vz) = 8

57o {rflftl E-C{ (level of signiticance) 4 €{( 8 Tc{ltrTT 'F'-sT dftr4
fils$ stR-r rF = 3.84 r ft5l<-{s 'F -,q< rlE (2.143) c?RE qq qr"la'l sr I

TffiE F-{l{ 5zo vr< w?F{T r 'qdiq ffirrierqm rrr<l @lrql st<"id1'f

"nef+i oQ r q-{q6 <-{t Tt{, mrW^ft31q1u F-,qT rflq 57o yctr W s eE

WI.llsH (4 q<< 8) F*.!< c}RE rn (3.48) qnT5i qE ; qse< qI'g 'F'-,e<

lr{ {qtd{r I \q{q +-{..{ qtg "nqfffi{q ffiqq eE* cr<rq $, ffi<
qsrKTst

\.a. T-{vT vtqt6l.f tt?f$, (Leasr signiticanr ditl'erence, LSD)

F-tesr € qft qnsE srs q{fr\5 q{, slqrd ffi<6 ?rs1{T ffierqr{ w{,
csfi rc1;1 Uel[l{ eft.6q effi s$ef q fift +-<t {T I ,€ ErSr$ etrlcT mtr.E
lfs'erqK "|taFc{F 

qm-f @fr (srandard eror) fifr T-$ qr r efr E]ffi
N[1ET err+frnt<o-<t<mr

ffi En-srqm.FEfi (stanclard error of mean)

€rlr-r{ Vp = qrffi; Nqfsr r 11 €(( 12 {t4l {all-6c{ ffi ry EmB
q-{] fl'frsqiq x$lr

{fr EsT r[.sT NrE 1{c<wq x?BI rTF q{ I sr<E, ffirqB :n-w q]r-.i

o= !+[.'.rr= r?=r)

q<'tK EF ffi fl-6q e;falffi \?fi?f$ fiq-t 4-<m q_{]r-'rANI (r-resr)

T-{IE{ I

51-s fl?F<T ,____-s +,= ."4ffi (@EFrlcr{)



ff<fr'gtz{ "tftr"r ffi{

lrn <-qq<rB-s ffi rlv fr(-r {ftnt s-{t qr vqr{ qC EF ffi srV<

ralz{ s$+ +3K q-{t e[sr<F (T'rc r-€< Er{ fr"r{ s-fl q{ ssrs wtsn fr{{ r

€rErq etGt:o rsFrqi v,n t?ft-srn erfr qlr.f ilq ft5,R T-{t qrr €rs
{-+9I ufsfl{1{'tlr[Ti (east significant dift'erence) O qtq-'F9|1af{i (criricat

ditl'erence) <rq r s rlrd3l TIBI ({ 6olrd.l ffi 5[-sK "[cFrc]-< T[q {( T<qq
qrHr <F-{r s'lr r {ft ffitrt qE< fl.w \T<l effafu qa'f af6al{ rrFI <l

xrl"{ ot<"t'{f "ncF.o:< oft q-{, stsm qq frtlB (Eu *<l srttd "neFsl
fir;tT <ze qfirri{ q{, qrr {fr 1p frmi flg-< fltcf+l qrr-.i"ttqfq ETtu
TrqsuRc{ cFut{t{ c, m Tffu*ol s$?fffiF+l 6qr

T+w.s=tq"tfrF"ncf+1 G-sO) = oXqft-smqa.fqF, t (c-FWllEtt)

E-,{<TsItEl= {sll-41

Geflr,r{ ,tIv< ya-{R q-{l. LSD ofreF+j 
= ff, ,

ffierqm rrfifla rs$t rfi e<rq qr.e-?HtlXLSD weforfist q<t

fro <r efirc I LSD-< rrqrml €s-{rm {F ffirqi rr(-s< T(<l g5---fi o-<t

XfuTss r sq{rm errfis ffi fl-s< TsKI T{ tEe< rr$ q{il T3rcu ,4

ffiC XfuTso m I crl-(s-re Ere< w-'TAsI (Tukey's w-Lesr) <t fiCllta
ftEnt-e< 1ffi{ flfrm ,fftn;l (Newmam Kewls Sequenrial Range

Test) {l vFrrR-fi qHB"fq'"tftry* t- "LQntt lDuncan's Multiple Range t-resr)
q-<61-<{ T-{t tr.la I ,s tq&erry rsq qBq frqfT {{Kq\5 Nrrs-s fiqqq
ffi crrc's ur<'rri,1"f <e 1a<fftu LSD \l{ fif* s63 EGflT:il.s- Km
ffi :fryK !&l qrya1 Trr qs r erlaaqrc< w- lA51 ffi ry"R-daa qc-al

e<s 8?f qqlc{ 0) tqlqsTq e fl68 lx<"Tqrfi frfu* ffirqB srcs-{ w<l {aFsj
6RIIG'I <EI I

qrek w- ffil't aq,es fls ffi 5|vrs Etr{ q-t{Rr qdlq xr,
X2 ........ llqfrll qT s<( @cTv efi'rya effiqqrBI{ (Studentized Range

statistics) fir$B 1o E$rft tfut't<t:-{t qr-

. (tr-rr)Gqt,p= 
s

,{r}161', 52 = eF{ qg <5f

. = ryfr"R T<rBt

p - €erD( qtQ={sl-< Wlrol
qr. p-s< \l{ Biometrika Tables s< ){< v{iIT{ sq( 6frrE <mzq t

zYE
r



:58[-es-{ frrflTcl \c

{skl xt ffitI.i {11ur{ {({, Yfir T-{(g'w' qr {FI fifr o-<t qs I

w=q(*)r,0,#

{ftftB-{ ffi< q-dj rrfifi l,'Iil fr{ q{s'r<,

w=q(*)r,p,s[]*.*] ;

€rt[f{ q (*) t, p {f,I * VC{ p W{lOlT q-€( {l{ I 'w' ((P Iss'K
ol9{{{ aaFqs @onestly signiticant dit'ference) <4 qf I

f.g. <rfT{E frfr ,tqF (Computation of sum of squares)

.s[twp Rr,fl{,&< {4ft8 q{r{rfir.?r{ <5frrB fiGfu r-"ti-6qRt nror< r fr&a
mro <sfalftfi"fu T-{lT 16frft6 qfrarffi o-<t {ofl r

0) N Ts{ir sTNs (t{qr< T3lrdl,

{fr X1, X2, X3 X,, ; N :{(rlls gll9 q{ \e-fqrq,

efisFp \lT (correcrion tactor, c.F.) = @#@
q{m Tffi Rl'rcai = (X1 + X2 + x3 + ........... + X,r)

rqB<'rryE= (r? + x2r+ x23* ........*xl) -en<oxn

(l) r-T<rllr q^lsRFt? n rslls {(aFI ffirc {fr T1, T2,T3...... Tn q-4 rrE
(group total) q{; gl{c{-

{ffi mlefqE = T1 * T2+T3 + ......... + T,,

({ffi rlnr+-o)2
e[Sp.{14=_ rn -

n r$rs {turr q-dl <of{rE = * (4 * rl * tr' ) ctH?r' llq

lc) nqH :T$lr+. Q]E {T ,{s"l n r(tr$ t.c-{{ ffi-6q {fi T1, T2, T3 ...... Tn

,-{RfiB ES ,{<< g?[e-{<rn {eU@Ir t1t 12, t3 11 {.{ ; \51{c4-

Tffi ffit5FF-{ - Tr * Tz * Ts + ......... + T,
(a-ffi Gl5fs-E)2

e[(T rFi = ----N-
q{[n, N = tr * t2 * 13 ...... r,



tv fi<R"safa "f-Arq ffiE

... r'ffi =(y *Y*It' - ), - effs?r,rF
\t' 12 \ ," )

G) eGrrqr {srrswtsfrn} ls{5pErffr ffirq<eFrrE

1 1 *(Tr +T)2
=; (Ti + Tz)2 

2r

_(Tr -T)2
2r

(c).e-ffi<5ffifi"fr
mE <EFqrE cft-{ B{oK ftB* sqpr< q-{i gtg <5frNB frrrref s.u FE
<5ffifi"f{s-<tqTt



e.>. YR-st

g$xw<m
:na$ffiffi{

Complete Randomized Design

ffiF s lRRwrrr< ffirq rcrq <r+qq qft ql{T'I "tftsq ffia qrEl

r-f ffi'ffi I ,sIs-re €l-Nlr ffi({S €<< {rfr"lr{{ {slTR ffio
"iaiq ffi-qrs 6pq a1frqq ea6'o{{q ff6 frss c-Et qr I "Ir< >r'l"f

Uq-flfr\ovft< ffierqrc "tftsq er-fiTs q{q fl6 erml,t-T-{l qr I $b

"rflxr'"r< mze {"1{q'frrc etlllqfir r<?R-{ rrf{ Sd qur +m Wer'TR-s
Zq-<tfi\rst< €tmlrt q$q{ 

I

Eqfq3"1-q-d"t qfr <p, {, {, q s s ffi ffi FKfr rxfr"R{ elrllfl o{1
qq, slqrq S xtlX q{ \o €<q ersTsB ffitqBrc *fZn<rfrsvn< fi-{Go
DT{E $ qzxH q{r qr r,{rnirq Nflsr frqFrK qr qr< fiTst :

qTs.)

B-$oK0qa'(sv) TsflEr (DD ffF{rB (ss) fl_s<of rusl

ffitqs 4

FTD l5

mE 19

€{Irqo.B tftq'q T(qlfl \o I

Xe<t< crB Wtrqt qr< so cr'qqfiq 19 ,!<< frBrrB {<1r 5 <rE ffia
W$EI {C{ 5-l = 4

s<FE 1e - a qc+ eB< sqr TGr[il I

'r.f. &irqtsr+ ffir< efrfl5t dfrl (Application of Treatments

randonrly)

<fi'"rftqrq m€-ro \ofr er-cs strt T<t qr srqrE. ) nfrs qo 1fu?t<Era x$l
TTErs{ rBkE en+ frr<E{lx erE ?q-<BH T<cm fiftnq s-fl s{ I {rq sR, &<l{-{

{<?iilE;T S, )u, \, )8, e, 1, ),e, ), 'U, )o, )c, \0, b-, )C, )), (, )b, )\, )'b,



\b fi<figtn tft+q ffii
$ t e @frs qillft $er+n-o @TlqcT x?tr <FK 8, )8, \ s )Siq gD,re,
ffirqf, e, q, )e s :q<:f6'{,ffiNB, s, )0, )q e \o{< S&,uf,ffi#, t,
)(, )) s c{< ff6'q'€<< b, )\, )s s )b{s S6's,ffi e;61lil{fl CA I

v.v. qffiffi fift lCompurarion of Standard error)

qfr ffirqB fi-w.qr.ftrff fiXfrRs Etm fift <E-<r q{-
qm.f@fr 1FfoI lstanOara error of difTerence)

s"B fig<dVE :l Fmf< +lfta;l a<rn (r1) x ffix clfi"F as{l (rZ)

q-qo-{frC-sr ffitrl-r& mrq flfr"H q<q[ s<iQq3;

qariqrS{l?fd=\ffi-
qKR, mn+r{r$ :lgE e1pfa1 frq<r"r r-"iilm'm eF< qal ct Tsrrqt
(er+zo 15) <rdqKT-{Ne-q{ |

e.s. {-tfeq-fifr-s W{ <jTqfr<-d 1ft0 e \qFTt (Merirs and demerirs
of using Completely Randomized Design)

s.B.:. {furt r q flAn.q ffir G @rc{r l<qBT fficlrB <t arfrffi <KqK
T-{t{t{tstqM-
(o) frF ffirlrBr q-*,.frB{ cs{rc ryfila <r<qm T-<r {t{ $ qmuTs

fift ffirr$ <r+qrm{q-{I wq-semrqft{ r

({) Urtrs.< 'rR:lsr]rfi'{ {teg<q g<a xqw I ql-qfr wfifi r<?Br fi&R
ffir mrqB{ cres r-{rwG{E fir1pq<rfi{rll

(5t) rot-dl gt-<+nrr-o <rn (rrc{s 84tr frrflTri ffiil qfiq-sl TEqp + r

(q) Tq'ro-q il? {Ts{t ffi ctrrr sr{lr c{ RH qr st.qry 6{ mrrqt ffi{
qr9lsl qr{STI 

I

(s) tAsq,ffirc< "IKT q<-R <r<q's {$ <rt q-d?NrotT TqHl €<< rrry
tftrq Emn-+-< q-$ q q{Cfi 

"rftmq ffi qsts O"lITIft r

(u) fiffi r<{l-s m s qrft'k;r< q-{,] q{I ({ mrc{I ffi q6q q;fi$

W:rtot r<F'iq* r eD prn+ 1fraatzrtxr* qfttrt<stsffiils 1fr "rm r

e.8.\ w$v[ : € $rfl{ ffii< {t{t1r T-dt-srat{ {$aFe-t (accuracy) 41-N3r
<il'fllq qr+rs rtq-ql{ r ?q-<rsn< ge6 664y ftrrl<hgl il -t6qt eflre.-lT q-{"a

sBm @rrB erl "rftt<.r els rIR fr-+ c{ firrr fifts qs{I {t{ {t I T-m,
1ftq"t.!T-+rTq{ q-q]'s c{ G{sr $ E{ st tftmq @Ei q-sw qr{ {lT I



a1.f?q-<tR.r- fr-R \b

e.a. ryeI.f?ffifro ffir{T <I{qr{ (Uses of completely Randomized

Design, &pl , € 1frx;q ffi finfrRs mro ermlst s-{t {rqltTs :

F) <=fq eftmofmO s,tft{IqEFcrefr{ ffiss flqE'qT I

("r) <*F @.161 1ft5q €cF 4? qsal <t Il.!5I (respond) {l mTK {sfq{I ejns I

(q) eE rqE qrnn<< €ffiq< ffirs Cq'qflr{ qdl @l-c{ ffi q-<EK'c{ @'E

wqEK ${ "r-?T'rq< <$afu fi< wu Exrv'l{aa t

(s) elKT"iHIrs qam q<-cq qcfq nrncl "r-asqIs'-q ftT(< l1fr, q<q 'e-YfuT
g;6rqr< N.1rTt{ fl< fr&q qs-c{ ftss at< frEirB qrxlfl T-{l qr carItrc,9

ffi <iflTv-rr< <Kq( s-fl q{ | fl, {As'rq< rq51o {< qril <I{qs qr il I

erqrrc clffiq\o ?q<Ifi\o go ffi+ q?tar<{ s-$ qr {K fi<llr "rftwq<
<rrnfu qElqo+st< rsFt "[sBI 

q-{ 
t

e.s. Eqtqr"t : frco Wqie BqRiqerql crrc+ ffi'qr<s 1fr<'6 qu ellr< 
I

ftfqr"t > : ry1{?e<ffis ffi q<q-<rn lrn-{;fl58 ql65 qlg T-41!'d

ffiiqqfro tie'.t T-<t q.ot r B"nv frrf{qTihgTf ffi3 arfr-ag {afleful

quQcE e<< (gNR $5Ns ns I

qr e.\ : tftrqffii s qlg T-al{ (co&zs)

a1iffi ffi{ q{ar{rE qrx< tffi q'ts< EIg Tqtsq,s RqFrqs

$nr{fin<r"t {M11-{l <ot-

\rg <l I n 5hc \, I

<Fg Sq {1 4g

{ ro nl? T6 lIt:.

flr \,R ?Xr a {rq

5lt e Tro <19 {rt

qls v;n (re&z$) rxE x-v

T 8 8 6 10 32 8

{ 10 t2 l3 9 44 lt
rl 18 t'7 l3 t6 64 t6

q IZ 10 t5 11 48 t2

\9 8 11 9 8 36 9

I=ftTE = 224



90

frrpr.fr Wt
:l tpf : eff{-s Tl{ (Correction factor) fifr-

f-fi{<ril;t =@IUUIES l(fi x {TIdeH Ie{,T

... cfi$P {l{

-Q24\2-20
= 2508.8

\T sl"t : +ffi <tfryqE fi"f+-

r-ffi <rfrrB = , (etB ffi +er;z - fit{s {F.

=82*82*62*

= 2716 - 2508.8

= 2O7.2

4

1065! 
- 2508.8=4

=2664 - 2508.8

= 155.2

8d {Iel

@ffi <efarB = rlB <sf{'{E - q.ts <5fry8

= 201.2 - 155.2

= 52.0

s{ {tet
. a ) fqfr s.[g{ (afr aqa)2

ellE q]-eT wdl flT({Frs

ZZ2+442+642+482+362

firRgrr4lftsqffi{

+ 92 + S2 - ZSOS.S

- 2508.8

8 + 8 + 6 + 10+ 10+ ......... +
5x4



{T e.e

&N-'r-K
Eql
(s9

Twr€r
(n-1)

<tfllE
SS

A-s <5f

srFflE
!B-{|.ql

F=(g-41(qE1
qfls

F €<\e-fr{xl{
57c V{ l7oWtr

q'M 4 155.2 38.80 I 1.18 3.06 8.25

6]D l5 52.0 3.47

NE t9 207.2

Nn-ss RqFT i< qa d-rs fiY[ {H c{, q'-\9-q< qq.{l< q-{] F-S<
:rt:r /'r 1 1 a\ 1 a- \{ra tr -Gr< isftt xn /R ? 5\ wreIsFt Tg I q-\9q<.

r{ffiffi

aT rflt : (s'qlv{'fiqFTq< q+'?ofr

{t4 (1 l. l8) l%a vtsF -€< \5fr{ !,li. (8.25) q(lTtt <v I E-\e'q<,

.gI1W-VG ufs"fdl"fl €rl;t r- "tfi51 s,K Eqt? qr-o €<< ec-s\5lr< {qPf
srs"m1{ 1r+ wser{I fifr qs {lr-

r...F
qrrt*, u,_saaft-qrq*-.f*m= { ffi

= t[T:73s

= 1.311

{-{-s\Elqfldt{"ncF+l (Lso) = Ts effefrsl-{Wr'f@fr ,. t (cz eDTsrrsm)

.'. LSD = 1.317 x2.l3l

= 2.g CO&

q]gr{qm rrs rF-qr{<fiqGTlT{lr{IleIT 9llq"

qlsfl
qs+q1 16

(ro&/S)

fl gilgs6f< firs11T{ T-dTi{-{ "n.iO {qsr ot<T{1'l "tnfir+f< qrFfT sn

fr g?rcerdm 
"xqf<T {?fief i-{ .t<s c{sr{K fiID sq &-{ GRo T-fl qrinq I q

E{qtotqt el-s &:II {K G, s,!<< 1t, ?t€<( s, s €<< 3: qa 4qf41lrfief{'{ s<<

fl-q<{BI<IA EKFqn-'E< iotq"r{1"f "ffi ssq I

sr< €si {nel cfr Effi< tt-s flri-{ Trq, n'sl-<] {< XAror{

(combinarron) '${1 T-<l(g \i'< qqlTrT'qTr-l.fGo So" w eft$l a-fl QTI l

s
t2

cl €s
11 9 8



.9)

,slrrc ct v(3 5E ffi €<( 15

(0.05) 5,15 = 4.37

fi<fiuna ffi5"1ffi

eE< X-wnom q-{n ffi 4.37 E{s q

BmtI, w =

€{IC{,w=4.g7ffi1

ftrqil.t \ : T-"i"fh-<rfu ffi qFreKd <'-r{ fi-fi srB U'{E q-Es frGE
{{(r*T Tl-{elrqlof +i-< TdllcBT C{ EfliE 'IIs{l cel{ EI frrys qrs msTIqrfll
B"rmerqt ftpri< rt<m frrys eFJKfu EsR rts r

frGs Krd-{ Ttcffi $EI,€<< qg p-a6aE E4v .

(+) qmifrtq(conrrot 
=; fri-ot$exttr

(ot) 5oo cs& zrqf< "tmr<-qo arg

(tr) :o m'&zqt< p2o5 (Xfr{ Trz+B ftTK) + soo m&zqF<
{NKq.M ff{ I

(s) { B"tt?rc-{ <r<qro rnr< ERtsrrqa r5rrtots Wrxtfirn {r<.ret
ftTK {RQrqq {K * >ftm Txrn frr+m so re.& zqt< pzos 

r

q-<P e.c' 4ffiFo ffi{ q<( p.E-{ (o&z$)
s

27.0
s

r 5.5
v

21.5
fl

18.0
{

18.0
\,

23.O

el

16.5

rf

2t.o
<lt

12.5

q

22.5
{

r7.5

g

23.5
s

16.0
{

11.0
s

23.0
o

14.0

g

24.0

5f

19.5
s

24.5

51

20.5

+ffir: (>) mercrtraf frwr64=*.qrrcq?
(l) &< e<< 'Qq< llEftq{ rrcr{ Tfil coffi olss-{-r,
(e) p2o5 fitq r?rcofrilt$rcrn<q-sr<{fr enTrq?

(8) ffim+n<fr$$<zrrqr

3.47
4



T'lcie-<Tfis @a

{fr{<Btfr's frr*T"t
€eltr{ sfl!1\5, ffi r(qt t (0 = 5

c\fiT{xcrf (, = e

Rre s.s

... {ffipftffi =

clt{s {t{ (correction factor) = 
g

' v1m-l{ C(?ltl (r) x T5rFIeFJ I<rtTI (r)

.'. cll{sxr{ =n#=t# =7566.o5

15.52+ 12.52 +162 +142 + .......... + 242
-T5II$F XE

20

= 7801.50 - 7566.05

= 235.45

ffi <'fr{B ='(eG 
ffiryF'fr -+l)'@-c[<<T{rd

582 6s2 T2 sP s22=i*i* i*i*'4 -7566os

582+692+ 192+912+922
- 1566.05

-3l1ll -1s66o\
4

= 7777 .15-1566.05

= 211.10

WITS ryR"i{ (r1r24ra1 cq'E T-q{
(@G')

flr:Farq
(m&)

T' 15.5+12.5+16.0+14.0 58.0 14.50

cl 18.0+ 16.5 +17.5 + 17.0 69.0 17.25

fl 18.0+21.0+19.5+2O.5 79.O 19.7 5

s 21.0 + 22.5 + 23.A + 24.5 9r.0 22.75

\, 21.5+23.0+23.5+24.O 92.O 23.OO

ffiE 389.0



I

il

6{fielt{ rftmqffil

q,"ffi <rfryB = >1ffi <5fry8 - EDtr+Bqfis <gfrrE

= 235.45 - 2ll.70

= 23.15

QQ rr.q: 65fis$ qT

Bs-st< Bqc {sffiqr <5flxB rls <5flTE F q<fl{

ffi 4 2t1.70 s2.925
t/

tub?T{, a-s<a
-j-_---.7

@E 5l-s <et

52.925
= J.:83

= 15.00

@lE l5 23.75 1.583

NE 19 235.45

4 €<< 15 TgI]qR 57o {g.K{I gK F-'3< sQX ffi 3.06 '9<< 17o ilg.K{l vK

=0"* .tr 1 g-u€( vtmr;rofio 1gqrE.s vG q<tdf t qcftq q1-q el61;pr{

vi<ld1"levr< il{rq I s<'r{ Errq{ei-n q1erql< EE-{ fifr c<t qrql t

);l(q-elTU\5=3

II< sl-rTR5t'qffi 6ap54 s]v <{RF4 r

B.5r

ffirr6 flErq-{
58.0

331.0
Q (Control)
{+5f+{+'S

€{tc{,

ffi <'rrirB = ry . W- r[$Frt{ (cF)

=rf. "?t - 7s66 05

= 841.00 + 6841'56 - 7566'05

= 122.51

' l?r 5l
... qrs-G F = iffi = 77 .53

5% {sl-filn]Ei, 1 ,{<s 15 WTlq,mF-qRSfr{rH=4'54



r*t{ffiffi

mre* Rlrals F-€( Trq vfrs m qns{ tr-s, qs€( Evrr( T'Rl
vte"t{1"I fi?fsl fiTlqq r qqftq s (conrrot) frffi {, fl, q s<< s EDr{.6
s?R-s T({t o8ls I E-\es<, {l{ slTl5l 4sq-+F <T-q I

\r.< etrF us{
?s-d ,4<( sfrsl< {tG[GT{-€a roFfi qft-qrsK alvq-d-r

E"nqH mE +qq (m&)

- { . 5l (?q-d) 69 + 79 = 148

R+v(Sq<) Sl+92=183

(lp;p)2, (183)2 e3D2U"mrqofisq:fffi=\, - 8 - 
16

= 
21904 + 33489 

_ 
109561

816
= 6924.125 - 6847.5625

= 76.563

ffiq5p fiw.rr qr+n ffiq qrfr{q xtEr = I
.'. flv<rfryE (Ms) = 16.s63

.'. t='iu# = 48.37

57a TSFFilsK I q<< 15 STQq-sT\.]iqt_{F-s<stBoqR+.s+ r

ffirT\eF-€< ft*p ${ vqT rit{ qrlq{ Kfr, q-u.q< Ss:< qTtGRqT

e].Tfsl frsENe-q{-$ r

oaq etqm tg<
p2o5 er-(.{lr5tqtEffiffi ordT'fft-gl ffi c'tR(qF{i ?

s eiqF E-sr<n wql i?iqvc"K Tf<{nif ut'crc frclls Q x \ E(o qrql@ qr-dt-

PrOr <I6io PrOs T{ dE
ll]rlfqle
{l{

{
69.0

5l

79.O
la8 (<l + at)

qJrGfi;iTN

{First
s

9l.0
\,

92.0 ls3 ({ * u)
mrB ql + { = 160.0 e[ +$=lJl.Q 331.0 (tl+{+q+s)



fi-<ftwna tfttq&-ot?a

s qi-{r *-{ nE <'f,NE -9.* f:9 W
692 + 162 + 912 + 922 (33D2

=----- 4-- ."
= 89.19

q+ 5rqqq{+ v-€iszq]<5fr{]{ft =S.ry ry=%.563

{ + {€i( of + s-rsiwa1<fffi = ry .'Y W = 7 -563

p2o5 €{( {R&rqr{{ q]-gsfrrr< s-dl E<fi? <diIE
= 89.19 - U6.563 + 7.563 )

= 5.064

ffire(TcnId 1, .'. oPqfffi = 5.064

. - - 5-95!
1.583

= 3.2O

5 % TsF-i.t $c|{ ( 1, I 5) T€; \IEIT F-€T -\9-.ft{ TFI = 4. 54

c{rqs*, F-€< fr4<-$5 TI4 s'qT rn;l q(ef{d qfi, qE€<, P2o5 fllot TSll-{

:i-r.re aE&riqr+< T1ffiI1ft'ri{ff r

8d<,?rcf{ UET

ffi lx{c{ mrat 1ftw urce ft lr r

{s - e.b : 6er.ts<t fte{(q< qT

6t65o* F-€3 ff{ sqT TF q,nsl KFI, q-e'q1, ffirt$erar< w<i
qe."Fi"I.f "ncf6I frq.'TH f

ts{.,-K
Eer 1sv;

T.{FITEI
(DF)

<tfryE
(SS)

fl-\5 <fl
(MS)

F (fuF-S\5) r (sfr+) sq,,

T'gffi $OI

ffi 4 211.70 s2.925

33.43 3.04"rfttq
€P ll.,

15 23.15 1.583

(TE 1"9 235.45



T1fffiffi

av'neks*qq.fcfr=m

:J-:;,n

$asl isqT$-IGf flI?r.15
t--=----'- fl-s',flT?ftTli qrq-.f @fr

... {aE-{ glSegilol efi?f$l GSD) = r x rr,g:ti?foslt olIt-.f @fr

... 57,, rSK{I \lEii{,{<< 15 -{-STIGRI 6fi< W; N{ICr)

t << vt+ \ta = 2.13 t

'qq{<, . i-a'o-r srq"mT 9IItrfl = 2.131 x 0.89

= 1.596-59

= r.eo C+ft gH)

ft.frr$ag<< E1{.( 'fi?foi ,{ w".{{ Trl{ <I cie c{r+ ,:fr qai 1??

frfm.ii.3reK '.1-($ ott"i{,i"['ncfq q]rq <tai <rri 6r€irl e,T I qt:-13 'ql-'{ +i<

<i< 6ZSn rt'lrt-fri€ E-a1i'<iar Frnt<q; -{-<ti r.flR 
I

frrqti - '€ '.1 ',1

el\g r-tr{'" 23.0 22.75 19.75

(mGz3P)

ru< 6*u* wql ETe."lT'l.i err?fq o? meTa,rs s?iJ "- " fiil GRjre

s-{i<{1ql

Brrf<-q<q e : >l*lol?qdti{\o fiwh r{<ait<tFt'@', '.{', 'ul', '{' .q<('v' qi
;fffiB ".rqf gffg3 4-qiq.a= ;Trs qffiT ?.<I erql t frrw< qar'5sli <r'Kr'i'ri' wlio3

wa iixfi s'fl'sita,o< T, 
"u* 

's' (FIro< sial ft48 eB <rq< ?F3TT {r"ri I rq;rt

61;e-rllfl1i wd] sfr 413 ?;3 <[4qr-'i s'<f q&Tl I S erft €Jlg rF6ra;r< t'iie iilL,<

<rs (tr<' e.)o ) arrt {ceu I Ea'rRt? f.iq1a"' fl3 reln-.o fr6-u {K i

?i T

"7.25 
14.5

L-L581
4



frTftElr{ Tftmq ffi'r
q$'e.)o

t4t t6

s+rre< frrmq
:r ct4 : frfra Eqaqfio <aFirE ff"r-t '

(a) {rfitr{ qFr (cD =W = 1242.5625

({) q-trTts <5fIEE = 182 + 82 + 62 gz * 1g2y- CF

= 32.4375
, G 322 2"72 182 342 aa2

= 7.4375

F) @Mis <5m = +t'rqB refryE - sr.gqfis <rfrrB
= 3?..4375 - 7 .437 5

' =25
\T {tel : 65qfq fr**oa E-s bfi
fi.fu-.ss <rfqxfe, p:r-ro W q<qf< T-6n Nqfe-s frrpm q+ 5fi o<r
qmr

slE ITfiffi
TqI'

(ro&z

fli)

fiD
{qfr"rq
q$n

5tg

324
273
182
344
303

T
lt
5l

s
v

8.0
9.0

9.0
8.5

10.0

8

10

8

7

t2

8

9

l0
10

8

6

8

9

10

t0

8

qo s.)) : reqIeT fit?vf< q+

rcfire<F-<

Eqq (sv)
Ts$ar
(DF)

<ffi
(S,S)

:rs <5f

(MS)

fi.fuTs

F',!< !F
F--,{< olB+ fli'

<o7- 1I7A l%o 
. t4

qlE 4 1.4375 I 8594 0.82 3.36 5.4t

@lD 11 25.0000 2.2721

trllU = 15 32.4375



l,-"l{ffiTsffiI eb

frr$^qlsqfis Nrrn-<5-n lf;? r-,1< fi"fofo !T{ (0.82) &frca ms{'r Efr{
xn-+i om cqE t qse<, qls1rfl< \r{I (T'rr+I vts"tdf "nqiq o? t

ffiT€ffi'E q'k t 'Lftrt +-rr< emq-{ o? r rorq qqlB q'FK q-q] fr^rsa qno<

gjv qrq-{ qflr <t-{l{ "ffi G'rE"n T-fl sr4 I

rrT rftet: q?toTFr{ fl-v T1({< qffil T-{re r;u 16a3-4rl6a]-{ 1ffi\5 @B

<s.r.l fif* .ni <a I c{as*frG{ qlrc< q-{i frGa astrr qafren q<qm

TTIqmrq; 9-\9€(, Rts-{ q'lrER lr{], qil{I s-f,ca- s.E. "rRrl('K TI{Kq IS
finm"t-

SE=

€{rf{ 11 qrf,I ffi-)-'!< q-fl <Fqs Rffi44 {<1m e<< 12 RrdTl

ffirq+\.s<s?-q] (JTqs qnfr"Fnq{fi 
1

tflqi6fq-S1 '4, s's, uilfrs3 !-C<1Yffi {-<1€

SE=

= 1.151

€1i;[ {i{s\ vn"r{1"f "ttefo GSD) <l c.D.

= l.l5l , t at 5go (.+-fr< t I DF €)

= 1.151 x2.201

= 2.533

'<r, €'g, ,g< fl-g Ird-{ T&l t?rsl 8 -10 = -2

{rn er<r a1r 2-,4fr LSD ,{< fl{ ffrc qti t qse< 'T' € 's' uilon :rffii
EIq"d1{"tt?Fsj of r ft-g'd €'Y '{< T({, q{ql T-{cg

<l<qK q<'65 qr< Izztzt (f,+SE



ry{vumffismt{noffi{
Randomrzed Complete Block Design

s.:. gfrq1

ffi >r*$g+ ffiaro ffi po ffiis @andomized Block Design)
<-{t qr r e m{ qT{t-ft r$"r?wr ffiErs +Tr-sE ry-{g aFm fiss o-<r
qT,{<< e< qr.qoD IxIE A3"fa{ SEIT <..ftRqq?fs tfrsq €<zT fiEE;
+sil q-{, rqrq T{frS cfrs ,9<l Ir|-{ qT r e "tftsq ,i4-s'T51.gs ?qj;frEg1T<
efiloq ffizqBercrermlst s-{T sr r {rb "rfr.orq< mrq sfr'ffin qm cq, q-frr
U{<sri cr erfrrc frql.s, srqr-a ry1.r'$tro ffik c:rfi?q.-{ frtftre
sll-+f rrH S,re ftss estqr-^{tro effi_pre< w<l otBt1p eri ir<zl-{
Bf<-st $rs I qrck qBD grezr freR g& fiisv o-<r qr, rq; qfr gr+ x<
ffiTrrfiffiT€?rqr I

^ € $lz+< "tftwq Ss r<fi F6fis ryfr"n x$r< q<s ?D q<.a 
"rAlnfiTffi I(?RI{ IT|T TEI EI r erB mo qITT'q-sl (heterogeneiry) rT{ {rll4.s-<

dir-s:I ?tlrs s<( STrIr{n \r<l s{ {?If{€< cqFI qqrrrq-s] {6a 6ryfrs<' firE
{-q-n fi€{.r errrrq-{ I .s<_Frd qGfr EEFrS frBa gro "rR<r}l qsffi:[Fl
ryqr< etvlR.r= qr{ra frrqBr4-{r< w$ {fr+ qffir T-{t Ts"{ I

f,rc<'qrsm <lftom frso qBslom T-it q{, {tfrrr f,-s-ffi-oerEl retl{s-<
m xffitie- affrs r €] +Tq Srrr q-sr'sftq ilD< Wr$ qqxl-e-q TffiX
o1-qtc{ rllrs i S,rp< w"rft-+ q-{an R rerr+l sel{N ?rK I

sqrfl ,rffi q6 qmt dtslrfit cn?F-re tfr< I qrcrn ?rrfr wfr ftrl
l?rfi-fos {rq6e etn< I {kq[s, Usr csr-ql f,rsn s-slgft"i 'rfrmq l{o
rellTg< er?r"{T qqffq wst (unitorm) qr | €TEv]r< "yfris-(q3 l:ir{ qfrfr
ery< enqr<r E"r< ert "raG enalq T-<t Err "m'G fr<<tq'-{rdl q{q
ffi<g"i< rprdl TqT-E ffi{Bt qr, { Aoerdr< T(s.s-fl rarrEe qfrfr f,(q{:n{t ll-q 

"rq]T il{t qt r <ft :r-{E T<ar{n q-dl <-1fi{ Tr'-T aret .^c-lqre erGfr
1ffi"rq s6q q{l-lEilr +:ryE relE s{t qr 

I

qERr, 'qil <KH< Tfin'r6l-< ffi-re q<ret{, rxr, tftm-q sors< {-<l
e-\,fw E"r< &ft +r< Brsf< Eqt frrss ryfr"n mtv cfl q31gq;g3qq;5"1



<-41$T, {fr fig frCS e6r-rn @[rq1 5rr<{q1 T-{l q-{, \e-K s<:1-{'{, sq{, fiIq{
r3[I[ (lacrarion number) ffi{ &fr65 frGs qra"ftEv s-{l qr I ffiR{ TslBI

<ffis {fr q{"J T< \nqvr-gq <t B{sr< Esl ail$G sre qr, q<q 1{
mrq{ TsR]-{ &fus wq( RGF wE Rsv qfl {rc{ I qsfr q-c{.{ orr9< rq|q{

I''RI,!T<IK, W{-lrrq-{ $K, eVrr< fr&a t"t st{ T-$ {16 t ,{{ra{ fifq{ T(rfi
qrdfi ITI"H (replicates) e<< 'flq 

qc"ft o1ft$q 6591

s.\. EB6[r+{ hs{ (Randomizalion of Treatments)

"g< <Ffu Gwtxvr.ft ?n+fi {<qtll <r<qm Tr< qB flr+s "rfttq ,{<--s (S)
erqns ?n<fiiostz< ffi er$5f <'-fl qr €<( ECm ffitxrB< q-{ Trr-{fr
aqft?art<TqRIo<II qrt

a.\e. rcqtW frrf,fq {zi-& lSystem of Analysis of Variance)

{r+ T'R', erfr TffiT erm{6ltT n Tstrs ffi-e< r T(tlrs alfrqa
(r{qK s-fl <TTs'| ,{rErq ffi qrfu w{13 q_{l Tel]qlffi qT 'rfi-
{r< IIcII:

0) fr+a {({], (\) ffiR r-rq's<< (o) v6]'o- sKrq I? N'?rq' Ircs
e-ffi NTt'+ €t qr I ,{ {srffi NTrw frff<rq< qr-s< rXqI fro rq'sT
qr{F

tr-<tfii\o r-"l.fg+ ffi

qT 8.)

isEEI{ E<T (sv) {s{tEr@D <fryE (ss) siv<sf rusl
aat r-1 Vp

ffiffiB n-1 V1

@tF (n-1Xr-l) Vp

6rE nr-1

qr164 615s^OE q{(TsqXclrtnr, {o<ls ofrwrEt{Knr-l teTtgrKf,s
e<( mrI.B l(crfi {?]]q--cr r €{( n-€3 q-{Ireltm Tc{llcl {qt]@?!' r-1 €{t n-1

<< r fi?E'tqrq<Tffi rtry{ firrfr *tE p-*t qrcl r

s a. q;f{E5fr .S<< {-{ET sn"f({ rltqrci (Sran<idard Error and Leasr

Signiticant Dit't'erence)

n T(rtrs 1ffi"6a ffirEB trserqr< opf6aI{ qrrfum fiffrlto aft-+-<rq<

Tr{l1n RrI< o{lq{ r

'xr1.sFqm.fet (sE) = fl-T *-* vB {ffi@ffi.o= rsqvr l

5 70 {rnrf$'.rn {-{", :Tli Hsfu ,.*r



8a ffiemffisqffiI

(+)

(.1)

p

b
i

(uf)

(s)

(s)

e.c.ffis*"l{A-+ ffim dR{t (Merits ol RCBD)

qq-4 4ft5q ffiiq qqr-ifE {T \ocF ilrr-n :i-(<l m fr-{6rl< ttqzt eE ,

NfiLr{.Trr6l sm I m{{l e m6E.4r;lvlr< S-<lt r-{l qr 6{ EBE

srfi q\e-ls'a< $er<t qm flIg efl-rs I +-r4 3T5nlEK {({I (between

blocks) B+st 16 "nr t

e m{ q<6rKr< m cotcql q<{jT W <I crfrffi <Fq'{ s-fl sR I

sm EBrvE r<$t TI{RqE \o-€< mFr <e <ffi frl-fl"rg x'lgl
(efficiency of controlling experimental error) qtT e[T I {fr ftR
fttl{rta q-dl qGfiv l:rfiun ermrq-{ q1, ol{r4 qG Srs mt

ffirc 5p .*. emtei e-{t {l-{ I ,e< +re' rrifrttxnere'R flfr?H
freq<rqr r

"rftNrq-< mrm q<rt<ff eflTks K{tt {r TR-sks re.rEt omrq (nm-

ft1ssrt, {-;l-fi, qqmqst q-yG) + qm {F, 'orqrq "1m t?m't <rr +
frc-sqr@Nf,oerdl O <l \fr) fifrLT @rom{:rqBdslqtvtQtftmq
c"ns ftAl"r f<l {l{ r <ft lro gro< ftq"iamq eort{ EIIB TIR {lT,

s1EtrE trlB.a (Yates) e< ffis gB "mG (niissing plot

technique) w<E-<r+ a-{{ E"fi'o ftefiq T-{l {Rt<frs q6a'q qs-{

E ng <m ce[-d ir-fi-{ Rcl< a.-<lTt{, vts ,{rs-G r'"l{Zn<fis ffi{
'W-{ryETslrd ffi:{'"t{g.o ffii wmf glq r-4 em{ T-r( |

ufis ryfr"n T<rtjl Trl-{K +rq qm'i@B 1G tm, s-n'l ffi+
q<"r6 ora @r s-EfdF-{ q[sr3fl {'t-{ r

e ffi{ q<"rqrl "1ftqq ffi-€rs'fr&a qre <l f,re figv r-{K $"ce

{-1q'?q<rfio ffi{ qTqsl q{+{o-+ vo fiq.ltr ms* {l{ t

(u) {fr ftRffi< @ffio (g?fsr val ftqffi< om sFlqr,
sBrq ffi orrs< frFm lqga qft56 wo tmtofr< ffi otg qo

{ls r

(q) € srnn< iUwT+ q<Exrq 4'nifi'rq rnerfl ets?ltlsQd9r<

ffirq8erqm 'nqfa1fu'1a6 I

a.s. BqR<q 5 : {rra< u,t qrs< rrq qa{l T-<r< qil r{?n<tftv 3o
ftqR{ \T.<6rsrd snr< ;ffi gls qfrGr ffidlig +-{RTq qts$ fild I Se[lre-{

{frs "ffiT1q1fr+ fiqT.t"ffo reNl{ nsEs {re q{ 
I



rrflfrs c1{go ffi

{s 8.\ : $ ffii s elg s-q-6K (re&z$) E"ns

8 ss-c

erfr'{$Btfi-s frqs{"t

)n rdrl : qrc E fltrt<' wrv s go&fuv fri$s qco frfi-<q T-{t

q$ 8's

\T {tef: efi$l' {F fi'fu-

r.ni{:6 x'r - 
(xrtrE +-qq)l

L rr\r- ar-r - 
Hrs< r(ltTl x grtE<l {<qfi

"' 
cl{<P a1-4 = 

(804)z

5x6

_(,tAA1 A

ff = 21547.2

g{ clt : s{nfr <5frrB fi'fu-
l-ffi <5frrB = , (qB A1B r-dr{)\ - cll{s ff{
.. rffi <ufnrB = 2o2 * 262 * ........ + 642 + 152 - 21547.2

= 32194 - 21547.2

= 10646'8

qF[-

-\
li
t2

5t

15

s
26

o
26

q

10

E

62

v

23

T
30

fl
t6

s
20

E'

56

{
10

s
11

rl
12

5
70

1t

9

T
20 28

o
)R

E-

64
?t

9

s
23

\,
35

5l

t4

D-

75

5l

74

s
10

1t

g

30

<t

23

q.lg Te{ (rctq/S) $B{rffi
(ro&)

slsT-ffi
(re&)\ \9 o a

s 20 26 30 28 23 t27 25.4

9 t2 l0 9
,7 41 9.4

5t L2 t5 t6 l4 t4 1t t4.2

s l'7 l0 20 23 20 90 18.0

28 26 23 35 30 142 28.2

E 70 62 56 64 75 327

NB
E"ns

156 l5l 155 t73 t69 qffi=394 {$<"f 5l-\5

= 26.8



88

8d{"t : ils<lfryfi fi6fu:

, a (qGSfo< a-ffi F-fi)\
s(J5{-'liEtiiE=-q qlg c?ql]

ff<fignq tft$qffiq

- ff{<r nF{

.'. ffi TfrrE =
1562 + l5l2 + 1552 + 1732 + 1692

- 21547.2

129562
= -=6 - 21547.2

= 21608.67 - 21547.20

= 61.47

(C {t'l : q1sqfi\o <5fry8 fi6f{-

^ __z--.G. 2 1<ffi qlGI flE +"r+)\
<spfrJTu = 

f,T' IslB.f

_ (121)2 + (47)2 + @l)z + (90)2 + (142)2 + (327\2

5 

- 

- 21541.2

=]-y2 _ 2ts47.25 --"
= 10167.2

s+ {H: @Fsrfis<rfryEfiq1-

@ffi <5fry8 = 4ffi <5fry8 - G1-q<5ffi + wM Eafffi;
= 1064.8 - (61.47 + 10167.2)

= 10646.8 - 10228.67

= 418.13

rT rftel : Nqfss'firmq qT (q$'s.e) ?ofr-

qT B.B

lE-{Efn
Eqq (sv)

{s{ql
(Dn

aEfryrl?

SS

eM <ef

MS
F-,{<

ficfo-gs aH
F-e< sGl-{ {lq

5%,VR l%r,. C3

a-45' 4 61.47 15.37

sIs 5 10167.2 2033.44 97.24 2.11 4. r0

@E 20 418. t3 20.91

t{ lu 29 10646.8



8Cr-{rfiE r11go firsrlta

Nqlq<F ftilrq qs efr?F *1? e[erTli' q-q C{, 'F" RTf<T\o TFt 5Zo €T( t fo

Erfl{ Eft{ flq q.reFFI qffis ffi r E-\1{<, qtssrfis csflvr 1Qvt<"t{1{t
{o-fl( q]\55xFK el-\errr{..{ \r<l {eF+i fi.ftT-{ q-{ t'lftE:l T-<l qr{I I €T q-{j-

bT {tei : {;l-sT uf<";&pr'"fftO GSD) fif{ (,lrc CD s {.f,Iq{)-

qrrr.fq'tsel =m
qtrrf@fr (SE) =

I 4Ln=\-;=

= r/s^:6a

= 2.89

{m.l=I- EIqAd1"f fl?F+i GSD) = q;q-f ES " wE 1Xe=om 57o vc{ t €i
{1{)

€rrr(q, e-frrq-+ 1ex|-et = \o

.'. L.S.D = 2.89 x 2.086

= 6.028

= O'O: m&

2,20.9
5

Eef{1Ef{ : qlgec{lt$ ?p Efu 5rs r{r;K mqi fiIGl"qrrr{ {riqrr
qt-eerq.r< fl<*.r(Ts 9II?l-6 s u;l-e-r srs"rfl{"fieFml{ I1I?I qffif T-{l <-fl I

Elro: 5, g, q, q, fl, {
srsrF-s{; 65.4. 28.4. 25.4. 18.0. 14.2, 9.4

G. r{ qtN<r w<l \5rq1-{1r "ncrsr 6nq glTq< fito mon 6r-{ fiks s-fl qHrs 
r

s eP@ ffifi {l{ R,'5' qm >Fro-rr slE I

II{RTq LSD-€< fl{I(I filsE ffir{s flrw {(<l Yq-{I a-{K ftrr<ast li'<
'q{fl-c{ qlr4ls{l T-fl qcrq r {sFr, m frFrB 5t1-vr w$'q-HI T3T{ q-dlR.s"

w- 1fta:I qgqral 
r

e .tql<rq <}+.qs 6fr efl{< qrrcT F6rr+n orwn Bvi+xrTnn< TIG:m qrdl-

ltetsT
g 4 14.2 18.0 25.4

gD

28.4 65.4



8g A{Rw{ ffirqffiq

' ,erlrn w = q (e) ,, t , : rs-d-+ ergrF ffir.rB-e< q{l rrf{ T<{F (4)

ryfien <lEqR s-<t EIT-q I g = 4fisffis MS-qB <5F{{ I ,{rtRq s = {109f =
4.5'7,* = 0.01, l7os(.4Y4-{lTTKfiAg os*<EI m-fiffi (SEIE-$

t7c un"r{{[r

Biometnka dRrarE )d( Eq{ \b{< &fr{ nrr$' cqs{l qmq 
r

q-rr€{,w=5.51 ,T=O.ZO

e?iq EftTSeIER {ft1 qq w Ilr frm qn-dl TlT T-{lT-ar.s GylK \I{tn
frqvqr<q-sFf <'il ctroflIK-

r,{slSSgD'
' 9.4 14.2 r8.0 25.4 28.4 65.4

EcR{q I : ?r-<1fi\5 c*t{ ils ffi q"{qxr{ T'rg {1rl-< erE U{s q'rcs{

TK erc{fo fiXo"tT-{fT-{ eflsrl olE. I E"ilE frce{qol(-s ryE ermlrt{ {$cfol
vuriw r

Vt]rfl ; q = nBffi (conrrol), cl= 5000 mGzrqB-< {lsKq.lg Tt<

ef = { + 30 ca'G/R: p205, q=q qRc"rq1rgK (NHa)2 soa

s={+rgffizePZOS

q-{ 8.c : rfb ffiq e eilg rF-{rd-n (re&z$) B"nv

{
2t.0

T
15.5

g

21.5

fl
18.0

?t

18.0

\,

23.0

{
t6.5

5f

21.0

T
12.5

s
22.5

fl
r9.5

v

23.5

T
16.0

ct

t7.o

EI

23.0

T
r4.0

v
24.0

{
17.5

s
24.5

5l

20.5



w B.(t

Ge[qH

wiEfi Gr) fiB
F;r{ (cF&)

5E rFS{

(rqfr)T5 Iq Trg Te

s r 5.5 12.5 16.0 14.0 58.0 14.50

{ 18.0 r6.5 17.0 t7.5 69.0 17.25

5l 18.0 2t.o 19.5 20.5 79.O t9.75

s 2t.o 22.5 23.0 24.5 91.0 22.75

g 2t.5 23.0 23.5 24.0 92.0 23.00

NE 94.0 95.5 99.0 100.5 I?i(ElD =389.0

ffiq1{g+ffiq

lr {t't : frq<rn< $<nrf oM eq'lT-{r<P fi{Ffi\5*=rr{ TTqIFI qrEI-

rT {I't : CIT$F TF fi'i-{_

C'II$Ffl;I =

(rssl2
= A = 1566'05

\eT {t{ : <qfryE fif*-

a-ffi<efrrE = - cfftrsrll,

g5.12 + (12.5)2 + Q6)2 + (14)2+ (18)2 + (16.5)2 + (17)z + 11t.5)Z +
(18)2 + Q92 * 119.12 + QO.5)z + (Zt)z +(22.5)2+ (23)z + (24)2 *

g'i!:9::-l:Y:!::!) - - i566os
5x4

= 7801.50 -7566.05

= 235.45

/A
r{Fre.-qrds <'*rTu - >t eG rGr{ NE €fi)\ 

- eilq?F Trdffir<<rt

tr-7s66os



8b- q<fi-gtFr nfisq ffis

+\-_,,G fgGffi<ffitn-aa)\
Etr(T-,rqFsPl'flI8= @ el.t$Fxld

_ 582 +692 + 792 + 912 + 9ZZ n<tl ^<4 

- 

- /566.05

= 7777.15 - 1566.05

= 211.70

eF<fiqE = ffiq5fryft- (frm$<rFnrB+ nqfuF4sfffi;
235.45-(5.45+211.70)

= 18.30

Sd r{tt : sflsr frqFrqr q<' bF

mra\effind-{ m1e F-q< Rq<-fs ql{ \5qr \H q('Fil mFlr qise<

ffir:ffi osrrss vG us"r{"$1 a6 ffimierqf{ q-R r1rl< :rc<l r',
ffiq'R fi<lrl qrnr r-<r{ €nrtqq 

r

qlserqt< rt-s fl-{-< aFr+l fi.fu( qql t tast a-fl qrqF

'rs 
aqf6qFq1r.fof 1sn; =

= tfc,l7625

= 0.871

4P-w otstri"lc{'it<-+1
I = 5[s flcfcol-< qq-.iqsfi

qT' 8.1 : S!;e<p ft-gvo-< <-+

&Egtr
Sql (sv)

IWIEf
(DD

fffalB
(SS)

av<5r
(MS)

lltE7:FG tf\q <flE_-l-
@T6 5ls <51

'F'€3Efr{TF'
(4,12)TcElqE

5$oYl.4

ryfiffi J 5.45 1 .817

ruurw 4 211.10 52.925 34.7 3.26

EE t2 1 8.30 1.525

GIE t9 235.45

2 , 1.525
4



8bia-4rfiTo rBlq fs fuq-reI

... {tqsTiots'lri,l{"ttrfO GSD) = t ^ 
q-s tcF.slWr.f@fr

57a TslfiT \lEl{ €<< 12 TC'trta-F$ t' q< EqT {l{ = 2.179

!1{9T uts"ld'1{"trf+l g-sO1 = 2.179 x 0.871

= 1.897

= 1.90 C{&'

@IrI,I KE't"nqr.{-{ fl-v qlr;K !-r<l 4?F<Fl LSD \16{ rrr{ ?fi s< ffiT W <a
& Eelmrdr{q{ w<I sts"6t{"ncf+r qlrq <rm {K c{srr qI 

I

rurrrss{rl{s
23.0 22.15 t9.75 t7.25 14.5

r<q< frr:rfiTqlr rrs. \o1q"d1"f acFq C{i slrq-<rc mqt fim fifu o-Er

<rrq I qs€< mR[ {l-{ G, frGE ak erc$-r5t Te{ Ere.ld1fum( c{fe(Q s64's'
.!<q'q' s< \.rs 6lgrT EitqeR'1ci4qr+i cqir sc{ {{ ffi(I-s slrw rfil'T-cKl
{{ {,]14n Wi{rT-<rcR-{'< * "lArtl s-fi vlrEt I

Brfqrq.r : eT.D {tq{ qft., U_{ <-{6,..< 6p, ffit"r {RGIqT )Tt_< (si.o,

€{5, €{1 €{( €{.r) ermTfl qfl {a4 r 'e "fa5'K E<B 6BF<:-.H/rxfr14 (c),
{q, re e<<rs) kqr vb ffiTa"F{I€<< SsGrs{ (me) fiXm"t :

RT S.tr

€rEi10 rcr{ {<.c.n "rftE't 
orfro--"F{t w{T<"tT-<1<rT E? NfiTtFq frqF"i

(?1[s, €{c €{< €{1 €< rt(s fi?rr]4 "nqi+l fr stq"iq{r
n${f{ : eql &-F-lig ffiT-dlq rqm qh T'"8 c{, qffi ffi

r1f es freTe{ (RCBD ) w*[{q T.<I q(Te I,r lllcd +fr f,-+ $<qR <5-fi qcsrs

,{<< qB gro? qlQDrcrrdR ut<B xnsr€{6, €{y, €{q €{( €{e ffi1fts=*
TdqK T3t <3-ql woq< s-"I.rh<ffio ils ffi{ q'{E*<-6i e fl-aq'q s-{r
q(-TR I ftr;l-nq-< 1frrffiG"n-wo fi1fift, qT qru'f.-{ o,-qf*I <'41-

a

T5 I1 )To Is
€{l
t4

q\
8

€Trc

14

€{o
4

qi)
10

€{c
4

€4t
l6

€{.r
t6

€{o
6

€{c
t4

€{:
l0

€{r
18

€{o
10

€4t
12

€{o
6

€{:
)\



qT 8.b

ry-m"nqaRdrqr+< rm {5 T1 Te {s mT6

€{o 6 4 6 4 20

€{: 10 8 10 T2 40

€{l l4 t2 t6 t8 60

€{rc t0 t4 't4 t6 54

GE 40 38 46 50 GT=t74

QO fi<fr-6n-d q-flr.tffi

rffi.ffi{aq16n2ersq{l{(cF)=ffiffiffia
_o7q2

l6

= 1892.25
sqr(-{'r{({E mt{T-{ (cD = rz+

ffiEeffi<sctq<tII(n)= t6
>rffi <rsf< rqttl+--q' (Toral sum of squares = TSS) fift :

TrtTE <Ttk c$trcq (Tss; = Xx2 - Cp

= (92 * 42+ 102 + 42 + 62 + 82 + 1O2 + t22 + 142 + 122 + 162

+ 182 + toz + 142 + 142 + rcz) - rc92.25

= 2180 - 1892.25

= 281 .15

I{fr"n-qfis <tfryE (Replication Sum of Squares=RSS)

402+382+462+5O2 -CFrIK{flcr< r({11

_ 16O0 + 1444 + 2l 16 + 2500 ^r4- - tl'

= 1915 - 1892.25
- n'75

fiGrqa. TR-T{ xlqm "rqfoiwfis <fryB (r'ss)

_(Iqro)\ + (r,e{)L\ + ()€{\)2 + (>qi.))\
ffi-cF

--1 .-1 -1 -.120-+40:+60!+54!
- t6> !.:-)

4

400+1600+3600+2916
- t6v!.:)

4



ir<TfrE ry.f go ffi c)

- 8516 - ftg2.25
4

= 2129 - 1892.25

= 236.15

eBrfiir-<eFryE @nror sumof square = ESS)

= TSS - RSS - FSS

= 287.15 '22.15 - 236.75

= 287.15 - 259.5

-rar<

qs B.)o : Nqlvg ft$n< qT

.{s{, : 3, 9 {GX]qI{ l% C4F,7q',F'*,g< dfre cns* ufu m 6.99, itg
qNRr-{ RqKTo \ll 25' l: r m'R=qftlr+1s ${ EqT {,r{ qnsi qc<' <-s

c{re^i]d r1"- <rG-fl{ltB qqffq'fr&a {lqK {ltGRq-{ TKqfis NqrcT

os"rr'1[r

mcsq Bd xr,ol-s rr<r6fi4 cwres u<"r61i'r qeU<.oE \e{q"r{iTf "[dsl
Gso) fi"irr< rt<rr Rf,sE llEK +lt@rca qlm< ssrm{ G ffif{i . l r{frfl.i
T-f,N EK I

qmn qn+, LSD = SE x t rt lq @Ce=q

€{1({, SE =

Nqlrs{<
Eqq (sv)

Tsqrcl
(DD

<5fcr]*
(SS)

av<5f
(MS)

t+.f'l-gv n ,l<

${ _ VMSS
EMSS

F-,ST WIT
{11 l7o llEl

rnineid 4-l=3 22.75 7.58
ffi=2.+t

{RGrc?i
IIr{n{lql

4-l=3 236.75 78.92
ffi=zs.rt

3.49

j
!1. It, 15-

G+3\=9
28.25 3.t4

fiE 16-1=15 281.'75

2EMSS
r

={=o
lr.2B=l 4



(Q

r--- 
,

= ! 1.57

= 1.25
.'. LSD = 1.25 x 3.25

= 4.O6

q?r{,

qio €< w{t IF-d({n fl-s EI-d, ea, = f; = S

€d5 €n sTil s-fl"(il< ers Tld, .14., = f = 19

€il1€R q-dt IFdrd< sl-s'xi{, .-la1= f = 15

ff.ft_wrn "rft$q frqtEq

€{o €i qfl rF-{6{'{ rlg TFI, €{e -

T-{FK A-v xno44cs fix-a1qry3 Tlqra "R
€{q= lJ
€{s = 13.5

€{5 = 16

€{o*5
€fi, €4q s qie-€T \r<l efFFsl = 15-13.5 = 1.5 <4.06 efr qs"FPIf 4TT r

Eef{<Ef{ : q{e q<( s{\ etRqt-ri {Rdrci rk eftTrrfl :Ff,rq-< r-&] otq'fq.f
'mqfol oQ.r irm €4q "tfiqm {rtElrsr{ cR<lrqm qr-oB< wo xr{n@ r

s.r. *e!{ffi ffir q<<?r<tfrlo mt{n+ Wrq-{ nnt ya-{l
(Conrpanson between Conplele Rardonrized Design and Randomrzed Block
Design):

fi{frR.e fi-m ry$n<fio &wt{ .!<< ?h-<rfi\o r*$ t-s ffic+< wq
flICTs-'Tffi'E;F:i-{,_

0) l-1"f ffi ffiiK 651.e- r-'tci "rftmq rrye ffi1:lderqr{ q*lcf
?q<tREEr< emTfl T.fl q{, qllfrrc kTfts r*I.f g+ ftefliIE.qrrmq
'1ft'5q ffiq 1tfi-<' fiTg"iftG e;61Trlq{tq1 eT< 4ftpq ffiqrp rr48
#-s Rss a-6 tftpq ffirs qC go?,r<rfiovrm ensn T-lr q{ 

I

(l) l?t"lCmq qxqg qro a-"f"t ffi ffi{'q4d-<{ T3t, q{, qkl

"ft55c6q5q.qrr-Tq <-{ea1fis c-1.ig.r frcflt{ S{i T-{t q_{ 
I

ti= r, t



7q-<rfu r1i g+ ffi ce

(o) Zq<rfis q-1{S-+ &orer+< cr til'tsq ffia rrfi"F l<{rl flF fr-\z

q-f&<tfiu ffi freR ffi< srll ryhq{ T<qil fu{ sro ffc{ I

(s) ?ftifirs c-1tf f,{ ffiir 6srm {Asqqqrt'-n B"tls <lR rarce mQ

erc-< x< E"ne <na fi'srtq{ qqmi ldl (Yates) -e< <lftE S ffiE
q'-<qr<rd E"ns ft*qq s-{i q{- <t sq qtrq r w+firc a-{&<rfrs
ffiT{ ffi-re reT61 erfrtq eo-c+.{ E ns <ft' (5fl-4s asrffi <-s'n

wBd.o qlgre Q{ryBlq r<?m re"N ltr) x{Kcist< B'ls frqrrq T-fl

{1Tt

(c) qfi qvt q{, cq 6ina afrs.q ffi-rffi si-{I r$Zn-+fiv ffirq-( a{

mr.rqt q<?r+'ffir:ra e[Glit rc-fl m ft-e ffi r1cfgo Mcq
"rilrq ffiqrIE {cq? KFi Erq AT'erer< {&1 fl?f{] {{ 6w {l{ ; Tra

efrfix-qrmr$-gtgm "ttT I



1SI' q$m

El,tB{<rFWr
Latin Square Design

a.>. qfro
sfr aftsq ffi-€-rs R @trl,I e<FE qlq rxA.<T E"r< ftfr T-6( qrry.q=.{
fi-sv q-fl rIT, stqrE mrslo ffi g+ ffi+ q<qK{ eN s<( srsrq
sB rrq 6o; er-sicB ffi <lqqm q<I o<l-rst{qo r Er.fcA"fTm"f, :ilb
tfiqrq< mrq <fr qfi< U-ft\orqx .rq$ sr ursr{ qr}.s flrT gr-+ frw
q{t Er e{< qGE ers r<*EI ffi rfiTsrm {t{qm T-<t cr r fr,-e {fr
e1ftqq ffi-.erc qKf{'qf{s eT'fr gfBLT-* E"A ffi r-(n q-{,st3 r:lJrg q-.4

ftss o-rt {ntr, slqgq mrmrq ryB{ <qf ffiq <t{${ +-<r Eor r ermT EGfr
ffiqq '!T-r Eetq .flffir"fu+ q." s<s frEx +irBrRfto qrd* qsE$ qs{T
{l(],-efTdrct G:tr;r, ogftqq qrr( U{<st@\ ufr frXft {T (jg .oRrq qfrm
(vR< ITT9 f,rr ftsv a-{"6o, q{ r eofrr<n-a*<-o-qqr+ ffit-ff1g ffi e<s
srytfrrcT nr43r+'TaflT qm qt?Blfiv <'-{re qs 1fio c.:) r

G.€= a.:

\e
It
ls-

V)
r19

;1r r'-
&

w.a

(Ed
E

s-dr{ 0\ +;tffi nq)

e ffi6i-{ qG ffi ea< T-atcr etre-t<E ffi <,r<qi o<1 qrrrq-{ r 
-rre qrfrn

ry &EET q<< s-olrm ry 1}{\r-t "rfrwt c{t TIlr e<, ofixrt-r.orl Tqol
(precision) 1fr-< mun eD +:tm {F I rq "gftqq ffiffi rrs.* **trr,.i
frXft eE-st fina.i ra $.r, G q{64s o1ftqq ffi+tT dIIfu <{G.qtF'<rE I



axfrq <5f M{ 8a

EIIE{ <5f ffi{ "tftsrq rs-qrs €T{-\rTK ?l& frsv r-{l qr (,ttfr *
<nffr) W< rrn q<{f$ $ rnr+,-veffe TIfr{ T<1rr, TalIN.< x{ll €<(

ffi {<{I oK^'r< alra qg 1 g-ro'Fl ffirr+agffi-s 'sr{srr{ erm{ qfl q{
mlqGB ffitrB qB ,rtfi s <'ElFt 'lt€s<K T1-< <r{qs ql r qrwq qGfr

ffi rrfr"F Ts{li€ G"llqF {<RfK qffi q{ I €srm {fr n T<{rs ffi
{t{qK s-il qr, ier<e qft (rf n {q?tls ffi s n I<$T T-{N qtlcs I qs'€<

qfu$rc S xrRT 
.{t( 

n2, eG er-{ S6< qtot< <e(mr 6q6s rr rlfr{ {NI
R re'tm at <e qIr<l qsrm "Irfl "ififrd <5m <tfKT( frqo qmqpK qrc

";rrnl 
qcp6a <d(effi{ <{ -ffi'ffi5q ffiTa<T <5F1-oK r<r<Ws <r+qio q-qfr I

ag< {fi s r-Ef{ xrlf (mE * Ts?BI n2) {rH 6FI1s <KqKT-fl qmrql 
's

ffi{ q-{arErcd ct{rflqg c nrcs u <t cr{'6 >\fr ffirrfi emrrx qqffdq-qls-q

4IgT'<ITR I

c.\. Gffi<?C-{f{q (Randomrzation of the treatnrent)

e mrfi sz-I.lurftr {6{cq.r qfrF ffiI{frrc eftfr c'rR 
"i 

q&fr T-4lIr -lt
€o{K 4-69 114{t< T<11 {lT I € $rc{< ryfi"rq EL\r< {-{q $ep qq €Tft
xftg uTfE{ <5f a1 qli-.( qflfr{ <5{ <1<qE qfl I m{I-l :r ctfr s<< )I
T-{F,rc <6fu8f e-rr ftqig s-fl ,{<(. "K-<q "ffiI-{ ?rffi-{ {sqrm rrqtll
1ffi-*v o-<t r

:r ficet : q<ftg sfiF{ fff a qm'iryfr{ E5f :

\
\?

8

C

\x {Iel

xrfr<?q<rs{:

?r<lT{ qq{il-+ s, c, ), 8, \
eqm qtfirc qIfrLT

qnq-<I"flt

T { 5l s

{ )1 s {, T
fl E u 4 q

s \, T { fl

T n 5t q

51 s U T {
€ o { fl s

s { 5l

s \, T 1t 5l

{ fl q \q T'



CV

eT r(tel

atfi<zr<mE:

ffi{ lq$l -+ 8, ), C, e, \
ss[?T TrRrs:{rGiz-T

\il:q-fl 9flt

ed$q
uD?T-s-,{T fr{Rrq :

lq-E1t6 XqIII -+ \, C, :, e, 8

,evtrcfficr$Tatr-s

Tf&r{ fr -+ql, g, T', 51, q, s,
{,51,q,9@ql,u,T,fl,q
e-nqftAFrs r-<t q{ 

r

esn.< {B-oK ?n<nneq EBE qIfr s qflfsR eftfr ffi({Ers @-<-a

qs-${ ('<qr{ <;16o q{ r €<flr< T m r-,{< fiffi qln e<< €Tqg[< {, e[, q,

s-csfimqnq {r<q<T-<tq{ r

a.rr. csc.lw Rrf,sq T.cr q-+?fi
TfrffirqB r$tfi n E{ERq rgqrrrsfrqFqtr+'fiTfl q.< :

ffi fl-v'n.frsr qrr.f wfr = 

^F€{r{, vB {rq-r4fr Nqls+'l

{-+w sr*,r{1{'rrcfs, G- so )

= o[q[r<[K qtq-f FB x wBlermF t q< m 1sz wc<)

ffietq 'tft,oq frs-lE:r

s 5l cl 't, {
fl \9 q { s'

T g 5f q

1 q fl T ,{j

v lt s q fl

{ T \, { rl

T s 5f \9 {
et { { s \,

€ 5l T' q {
s \, { fl T

{s (.)
fd*iet< Esq

(s.v.)
Tc{isr (D.F.) 3',ifiryf] 15 5.i ef.s4if (M.s.)

Trfi n-l
TFIN n-1

ffitrB n-1 SST V1

@lE (n-1) (n-2) SSE Vg

offi n2-l TSS



qnB"r <5f &qt?.a cq

c.s. ERrqr{"t : : 5 x 5 q.tlfra <tf ffi{'q<"T=-r+ qfi.r< eTE Brs wns <,
. *t, 1, q, q<( s €?.dfl5fr Xmm lBfirr{< efr$5t o{l {r41 I €{1-;{ Bre{ {ras

i.+,s6rd sdtq {rf,Rft{'qdA[T fuq +<-rqr efig rFqfof, &sfltc-qfrru
Brg{ s-fl qrEt I G"ns frr:{<q"(n frB+ xlqll,! :Trn ermtsK 564:pq63 $e13

rcmt ersK 666qR'+'Brg{ o{ t

qs c.\ . "t?qrq ffi s qtg T-ff' 1rc.&z$)

{
15

T
8

\,

t7

s
20

fl
t1

s
9

s
21

rl
19

\,
16

s
t3

rl
t8

{
t2

{
23

T
8 T7

v

18

rl

t6

<p

10

{
t5

q

23

s
22

,g

15

{
l3

tl

18

T
t0

B"ffre< kr$m
5E ilet : ctt$F rn fi"ra-

(q-ffi sErl-< S'ffaB< FII5lFf,)\
trfl{orrd =ffi

15 + 8 + t7 +20+ .............. + 18 + 10)2
... c.fi{s {1-{ 5x5

393=-25

= 6117.96

e{ ilq.Tffi rri:ffi fi.fu-

ffi asbffi = t erfu ffi w<ar trfi$ri {FI

.'. ffiE<ffi = 152 +82 + ll2 +202+ + 182+ rc7 -611196

= 6661 - 6111.96

= 483.04

eT ilel: W<asffifi"fu-
€{I1-{ qg rFaBp=-q'rc fiXf,Iiio w+ (r+' - (.e) qlqr'Tl q.{t-



QV q<Rgriq erfrt'"tffi

{S C.\e

lUD0q-S v-qTz?F MF ,lg
4. 8 I 8 t0 10 45 9

i.t t5 t3 12 l5 t3 68 13.6

rl t7 t9 18 t6 18 88 t7.6

s 20 21 23 23 22 109 21.8

\, t7 l6 1"1 l8 15 83 t6.6

393

* > (qG ffi €< flri r-dr{)r
uEors<51-l\T8 @ - efi$rrl{

452+6g2 +882+ 1092+832.'.UEtI-s<ePWZ= 5 -6177.96

33163 
- 60r.96= 5 
_ol//.yo

= 6632.6 - 6117.96

= 454.64

8d{Pf : ffi s r-ffN{ q,il <faxE fiqt-
ftqm< $<rdBrys,+ 

.qER finst qrc TI&ffi <cqF

qT (.8

r - _-? A >(eft Tlft:o ffi aaa)\
q1K'W-rrcI5t-I1(Tt =: *aNTS..T - CII{SsTii

... Tir-aIq[n3 <rHIiZ = - 6177.96

=,+t - 6111.s6

qki/seilT NE
15 8 t] 20 17 '71

9 2l t9 l6 13 18

l8 t2 /.J 8 t7 78

t8 l6 l0 l5 23 82

22 r5 l3 l8 l0 18

om sz 72 82 77 80 q-{fiB =393



drTB"r <dffi.r

= 6181 - 6177.96

= 3.O4

- rql{<pII{

T-*rlrqfis 4fffi =
822 +jZ2 + 822 + j72 + 802

='# - 6ni.e6

= 6192.2 - 6177.96

= 14.24
ar {tef : NqlsrfrqFrqKq-a?ofr-

- 617'7.96

o-fl1E (TlB rq{)\
I<qTt

RT C.( : NT]VS w
l-ls^el<

Eql (sv)
Tg{.[sl
(DD

<6Fry!]T

(SS)
fl-s <51

(MS)
r{crT-f-s F-

sK${
sQl-* r'-e<

{r{ f5% vr{)
rL<37

Gqqs.r
4 454.64 113.66 122.61 3.26

Tfiii 4 3.O4

T31N 4 t4.24

SE 12 tt.t2 o.921

NE 24 483.04

Tg<ti : €{rcd.T|I-{'g ffi F-,!< Tr{ c}Rrq fisrl sQl ffi'q"(155l <-\51

qsq< cra<-< ffi Nr.lv-s slqT{'1.f t 'qdtq cI{ errlor{ u<"t{1i'
e[q< flT-rqt

s6 {t"f : &R"rrm;S Tl{ €g{Ire6 +re EtS rF{Fp64-< Tffi e|1cFq s v1e.tfuI
fi"fu-

€qrcgq< frq<r R-5a ,l!T yE <ve rq, B{ rrlEt{:{t{ et({l(er{:Frq

Ew cens<, stq"t-{ilrt . s,!< €{Ic. fi{rs qK @I{ n]ER IK C<Fi Trffi
qr{-R,!<< @l-i'TIqR Tr rff{fi {TRl qK GTWi]151q 1"ftq T-{ro qr 

I

frcs- ohG <"ht q<t <-Et r ffierqt< firczq<:R$ .erfi{ :TrFI'q{i EIqi flv
,-

exqftq13 wa4 
""B 

= I /::-av=*'r:1rfq
{ trfr'r.i qqfi

2 x 0.927
5



v0 fi <fr ett{"rfi r,,,,,,,,,,,,,,qMa

=!="
= { o:zoa
= 0.61

{-lv-l qu.ail{tnf+l (t-.s.n.) = 1-v "frqfrg<qm'fE.fr x t(57,, ry rfem)

.'. L.S.D. = 0.61 , 2.179lGrC\9q12 Wxqm 570YR r q< \r{ 2.119 )

=:.oo rcfr
fr&n qHT {R ei-crrrsm T-(q qlg 

't-s 
rF-qqm {r.c< fu euprn qIfrffi {.q1-

lFrqs-+ q 5l s { <lt

rts-r-f,{ (re&zS) 21.8 17.6 15.6 t3.6 e.0

e ttqr"FTI e[-s ffiff Tlfr cr, fl €<( s ffiawq uts"r{{"tttiol oir qal

ffio1rq srs qflr<< clnr {.F+l slu,"r{1{r 'q' ffiT{6 ffirurl srrqt r lt{
er-{Zfl T-ffi ffi c"tnre r

tsnfq<q-r : qfiB{ <5f &qrt{ q<Erfi T-r< $.d-{ erfi 'U{-sq.rcs dffiE

frfu*xrcm ryrm +'lr+t.!3e ritrt-a{FJrll Tqr+i frrar< Pro, 2rc{lstrlTI T(qI I

frB* lns< rrar E-t{r-ft qtg Tq{ lcoGze") frru-{ {rfi?o'&'sq +<t <at r

Genr.=-< rtfi-rs{ilfi-o ftqlrqTfs fr6u trsfu erlr<fr* E-e< nts r

Etmn + ='claRfr{ (orDle)

rl= 33.6 Cf,&/a. P205 ({"tr< rF{art)
qt= 50.6 m&zm. 1205 (ryr< TTFFi)

{ = 33.6 m&zre e2o5 $Iolr+FlxF TTr+B)

tr = 50.4 ro&ze. p2o5 6I'[TF]$T T]r(Tt)

1ftqq ffi s efig +-ffi : (re'&,, $)
qs(.!

T
15.8

s
25.0

EI

22.5

q

20.5
5t

zr.5
s

21 .O
fl

20.2
?t

t8.2 26.0
s

16.5

fl
1 9.0

?t

19.8

?F

t4.2
EI

24.5 2'7.5

s
20.0

s
23.0

5t

2t.8
T

15.5
?r

19.5

ct

20.0
T

16.0 28.5
fl

22.5
s

25 _5



erXE;{ <51.ffir v:

er:lKft

(:) e2o2 er-rmqn-fr @ri1ols<r"reft'?
g) lfimrtrryr< @r+ rtqm P2o5 re'qfi sm rrq o{ ?

(e) +wtrst€<s rer{ {<"cffiP2o-5 Es{roqfr cB-rr<Xrlo{?

(s) Gsa 'tffiffi rFCa Pzos-€< elsm e1fr36a'ftE ftr
fr53n"f

)n {tet : (qT{s ffi fr{-n-

c.lt{<F \l{ G{rE<rfcqE cTerc-q)\

W q(crtl x Isllq?lrd<'T?{lT

(ts.s + 25.0+ 22.5 + +22.5 +25-5)2
.'. CtTfiF $F = 5x5

_(524.t2-25
_uj49921-25
= I1004.01

\{ {tt: cqtB <tffi fi'fu-
flE <tfryB = :(eiB ffi r-eq;r e[{s ril{

... flli <rfwft = a5.t12.(25.0)2 " 22.5)2 +

tIii"

. 11004.01

= 11352.59 - 11004.01-

= 348.58
e{ {let' ffi <s'rqrfr fi"f-T-

qB qrsGBo EettErs fiTfrirE w - c.c ffimh r-{T qffi -

q{. ,3
LttI* --, *-,

qs c.c

ru!-ffi6
(q.Frc)

+q-q (coGz$) €db qtrc<
ffi a;6

T r 5.8 16.0 t4.2 r 5.5 16.5 '78

{ 20.0 r9.8 18.2 20.5 l 9.5 98

l 9.0 20.2 2r.8 22.5 21.5 105

s 2t.o 23.0 22.5 24.5 25.5 r r6.5

s 20.0 25.0 28.5 2(;.O 21 .5 12'7



v\

ffiNB<tf!\E =

A<frwtn tfuqffi

- (.II{<' nFrfl4 rsrl'i

..ffirtt <5fr:{E
5-

11104.01

_56414.2s
5

= 1L282.85 -

= 278.84

I1004.01

11004.0r

8d{t"f ' T-{In s rtfr <rf{TE fi"fu,-
q< q-ql lrfr s <rr-qwGftT Sefr€rs fizgs qrs {rq'r-{r {r{F

@&q-s c.E : rF-E'{

ltftz
T-{N

)T qEN \{
T-{l{

e{
T-M'N

scr

s-{N
({

S6IN
om

)!{rfr 15.8 25.0 22.5 20.5 21.5 105.3

\{clfi 2t.o 20.2 t8.2 26.0 16.5 101.9

\9{TIfr 19.0 15.8 14.2 24.5 27.5 105.0

s{qffi 20.0 23.0 21.8 15.5 19.5 99.8

(\I,lfr 20.0 16.0 28.5 22.5 25.5 112.5

ffiE 95.8 104.0 105.2 109.0 I10.5 524.5

q4{<lfr{B fifr
:(eis r-drzn crB +.;rat\

TaTN {5|ITI8 = # - rr[{S' TF{xrlEeld c(cRT <I Tfl-< I(lm

"-I 
<5fr{ft - (95.8)2+(104.0)2+(105.2f+ (109.0)z+(t to.S)z

11004.01

_ 55151.93 _ r rnn/ nr5 - r ruu+.ul

= 11030.385 - il004.01

= 26.376



4fi8;r {5f ffia

ffi<fqqEfiqt '

c z G >(eftcl.Rrcffip-aa)\IIf< <sfXTIB =- - rrtrrtr nr;IqilEfl{ ISRIT TI S-EI'{ IS?T'I

--.c -.. G (t05 3P + (l0l.g)2 + (105.0)2 + 1SS.S;2 + (112.5)l
.'. filK <:lqara

1104.01 
5

_sl_!l22_ lro4.ol-5
= 11022.598 - 11004.01

= 18.588

aT tet : Nq.fss frrHrzqr qs' Tsft

€{rr{ ffirTB Ew sqtTv+-{ q-{l (4, t2 Tc:fiqrT) s% T,Crfli \ml{ F_€<
I+n<-1U Tld EEi-{IIrd q'(glE.I qrd$ <-s I

wrr€i, fficxfir1q< !r<i Ere."t-{i'1.F"ficFs1 fur{ra r

s6 fi"f : +qp Be<

){(elqr{Es*-
emrcm<rfu:ffifign"t
[T],[{+fl+s*s]=qpV1
.. ffi<sfrtrE =ry (98 + 105 + 116 5 + rzT2 - 11004.01' 5 

- *-- 
20

= 1216.8 + 9968.1125 - 11004.01

= 180.9025

ffiqT@rlaI(2-1)= t

qs c.b : NnqF q{
lrgn-gr{
Bq:t (sv)

Tsfltsl
(DF)

<'EfiB
(SS)

A-v <ef

(MS)
(nF'fr-$o F (o +){)

Q/. vc(
ffi 4 278.800 69.1 33.704 3.26
qfl\ 4 26.316

I.fi 4 18.588

sll, t2 24.816 2.068
ffiE Z4 348.580



-fi<i?-6n-;l "rft$q ft'.,$r

.'. 5r-vEDrI6<rrryB = 180.9025

q-v€{, o=lry## =81.477

57a {gFFrNtElrr 1, 12 qlftqoNlqK F-e< ${ = 4 75 I { Cr.+'F-€< R{r{fE
{I{ (87.477) qc{a C<FI I

\n-eS< P2O5 effTTt{ S-<,f ;r,rcsf+OqCI--fe 
I

\{(eq-< VsK-
(grr\c+.frqpc; q+ elm cqyl.l {m c X-s @B <5ffi = 2.068

... q1q.frfsffi =

.': {t{sr stqet{16f efief<T (LSD) = 0.908 " t 6.e5

= 0.908 x 2.179

= 1.918532

= I 98 (o& (erB)

6,-l-{ m Tftl "1?f<B 1.98 rcG-€T r<Fr r ml1 Effi<:i-ff, uts'61c1

"ttrf+iT(mqr

<l<Gq:
ffi(wFo) -+
5t-sT-{l reGze.) -+

{flqs
t9.6 2r.0 23.3 25.4

T
15.6

mry< ffinrd< n-cu sts'l{'16f Tpf+l Gl s[T-{ froqsi 13qT fr61 ntl fi-fl
sc1ql q rFqfT-4 eTo fi{T {l{ R, 'v'fitffi qrql'qaftq 50.4 m& p1g5

(urrmFmm +rrcE ftx<) ,' qB-<r'qfi$ ffi q.(eniJ Tflr+n $e6 qfra

<4lqTersR Fr4Iq r

qs€<, -io.+ rc&zcqf< e2o5 (rneR-+Fmr rrrsi ftl]r<) r.l-fi flqE
cI{5< r

s4< erqa Gs<-

qq{ qKs ft;Fr"i< eimrw+ | er?]Ir fir{lB {s lgEi s-fl cFll I

2 x 2.068
___-_______- 

= 0.908



{SC.)o:\x\qQ
P2o5-€< "lti$q
--)

33.6 @lq/A. 50.4 C<Frq/q, ME

P2O5-€< E<l
ry64q6! J

ql

98.0

tl

105.0

rl+:l
2o3.0

UHr{FITN
T.llTt

s
116.5

g

t27.0
{+€
243.5

NE ql+{

214.5

5l+S
232.0

{+fl+{+S
446.5

qfiE{ <rFM{

"fi{s 
of{ _QO3 +243.5)2

20

= 9968.1125

<urrrB = ry. ry -*P .ry - ss6' ttzs

= 1920.8 + 2205 + 2714.45 + 3225.8 - 9968.1125

= 10066.05 - 9968.1125

= 97.9375

(.r * s),{<( (fl + v)-€n q-ll <5ffi = U#. W - se68.ttzs

= 4601.025 + 5382.4 - 9968.1125

= 9983.425 - 9968.1125

= 153125

(rr + a) €<( (s + v),€Rq-{ <:FllE = W. ff# - ssll.ttzs

= 4120.9 + 5929.225 - 9968.1125

= 82.0125
q{Fl? ffrr{E = 97.93'75 - (15.3125.+ 82.0125)

= 0.6125

ffiqYTG{lEIl
S-'19< el-V<lffi = 0.6125

.. r =94-1= o.z95l = 0.296 (appx)

( I, 12) T${EI-{ F-a{< \5qT il;l = 4.75

sre.s*F-.!T 6"6flurn irar $a qT1s] (qE 
I

(-

VC



vv firfrg.n{ efttq ffi.q

('-{-\}q<, p2O 5-€ n E<a 9lffi {< clBI PZO S-.91 elvK affifra aa 1

c.c. ErtE{ <5fffiH< {R{t
0) eE< qRxrq G[-s frT$ uf,{.rl &-d-slr esrc En 

q<t <1-{ I

(r) wr.f @ETa rErffi \z efrs )z -q< om ofiLT fi-{t< q-ll '{ $n;K

ffi {r{6 flsl (precislon; ftm {-r<n t

(") gq sflqq-{-?H q-pt {<1is q[s< W-{lK q-li f,l-rm or< fifra qn-*

ffi e<< qr{s{r< llrcl E[rq-{ fidftftr< ffi'G'€ <-<rq-i ffi,{ ?I1q

E{rqrft r

(8) Et-#c (vate's) e<'<rfrq S d{E' q<qKd om q? qsrl <l <m l-sf
qrr'{Tq{ SefiE' eFts ffi4siIr ffiTq?Blfi-s Rffi {sr qr I

(.v.

0)
(r)

(")

a,tB{ <dWr+< q$fi
ffirrcB< fl-qq?Rq alfrin {t{qm ffiIs qr I

c-,{< 66-rT Tn <l )\-€T Om mft nqryq tftSq ffi"rq+€< Gtrq €
q<r'q<ffiq+-ryq {-sr

qtrr?Ferq-I ffi +er+n '|Is{t {I otlcrElg SffiB erk'{<$rfrs ftmq
qEe<T"[-st

c.q. o x-t{n+ s qilE{ <tfffirq< {ro Ya-{t
qfis rrfr< qqvlysl fivq?"K q-{ ffi a"f p+ ffiarn (ncep) U{E
<n"m qfiF{ <5f ffi{?sfi T-d {rlrR; qS dilB{ <tfffi{ qrmfn-ofis
a-{go ffii< ftREEs mE rc{-e ; GT{-

(+) ffi g-o ffi+ qiio xcB-{mnrB< qsr E{mtft qeiE ErrE{ <5f

ffi Btc Gns:rfr ffitrtt< q-qj EqTe I

(.i) e<rfis c-a{ gr ffi arfr"n rs$m ro6a frffi6qq cqA fts
sfiE{ <sfffi{ aqfr"F q<?m q{$?ffi I<cfK alH I

(a) <fr eoB <t Xfr "tfu"t €q(o-{ E its "tts$ {l {R, sr<E rordl <-sn

qfiq-st qvq?mfis r-"l{n+ ffirr mrq +qrqQ flficalrR{
frH{.t xs< r qarfrm,e qiqtT eflfr{ <5f ffirl" 56q $erts ReF t

m-tqEE<tefrgr
(s) wfi< fuft UtrrsK mra qnFq <tf ffi{ q<q'<-A r<fi voerlr

sw'gt qft xots 5fm{6itrs e m{ Ftorffi r



<6qgtTr

rplt?fuEqfu"t
Factorial Experiment

s.). vfrst
t'ul{-{'s>m "Iftlwq ffi{ {-1r<f qR61D-41 q{T <vrq cfiT 655rqt{,sr-u'
ffir etsln-{ w<r x*tqft qi-{ +-$ qrrq | .'r.il c<Frrfl rmrq qr<ns qlio
ffi T-{fi\r *xq1 aftqq ar+?Gis .qll ffirqida ervl?rrc'fri-gfi 6rq
eqs fuK svtrd< q.(uQ g;a <'<T qr{rq r qqfrq cal-r{I rr{ er-tfts
ffirrift erstrfi qrsefrTr frKF{t +,-fl q{fi I ,{ $rrq.{ "rftw"n+ sKBr.i <l
$Ifr+lm <t'€o-e 6a1q, offlsq <-oI q{ 1 ft-g qwq q{'{ fi?.F +rr ffi+
s qffir lrr<{"fi-{ el-(-$rpfl6f sr-ffrq eflft<F ffii rKITfr.aEK s
vtrq-{ Wse&lFEqs ersr< Tqz<f qt{(\5 eFt qfqQ q{ I ,sr-q-{ an-{.Ts e<EF
Try qtrs3 F{r{< E"iK B{ <eiT {<q e<( &E TK er(TlrrK qlsciim
e\q< r-"R-dqErc ql$Q qm elc?Rcfi "[fum{ +-src- ERr{ q(IFre qrgc&Tt
firr-r frrm <-Er+< "rftmq ffi Evr<T. s-<1{rlrq €<< s {sn-{ "rftrqro
TflBfiTH eR56i (Facrorial Experiment) {FI I

Trf}fr{re "r?trtq-< 6qrrE qffia Effiro frfvq qRr{-rr{
(combinarron) sqs tftrq l-ellk-d T-fl qT 

I

trrqnrq-m{, <fr EtQEtreTrc< F $qf-{ no Gllto) €T( n 1 1Bwt,o) .l<<

+x+rt< [e fiotr p0 (fixrmt) s p, (Euqrot) <r<q< T-cr retrqr Etrirfi-s-
orftt.iT{l qr; sK,{ "l-ftq-6q n €{( p TTEm< T< {3tcffi xRIT.n lrn-
r6p6: n6p1, n1p6, n1p1sT{l{ or< tfttq +-{rs- q{ 

I

s.\. q{f{ e qfgCffi\e= elvt{ (Main zmd inreracrion eff-ects)

TIBRTE eftt-p1-s s<FE s frqm X<nu ftqfrsr ffilT o's{t €fr.<tq{ I

x.fi TR, <er<t<Xfr EtE (vo=&-fu, vr = T(+<) ({-f,c{<<fl{ fny (s6 =
oo ffi., Sr = 40 ffi.) ila{< <'m eT'B'fAsq +r< frm-< E"ffv (e-+ v.>;
ellsTf oq I



R-s v.) : Tq<K+s-{ (o,frzc{A{)
<ffi8-<Y E?S ,l-g

V6 V1

S6 780 1480 I 130

Sr 1260 2540 1900
srsF-E.{ to20 2010 15 t5

ff<frsrn "tfurffiq

qrffiqfrqB fiqrerqt T-'B
s.t.). :TFfrq qsf<t (General erlect) : ({1lr qlssftTf.{ SEj r-{t q{) frqT
ffii erq {m{ eqtl ffi TF {TEIT T6lr;Er "tteFsl r erc EelT ffi(
olqR6ieElT{ql ET I

0) s-qffi{ t"t< qtrs< l,|qKq eM< (ciaft utior WlH qv<p-{ qr65<r) : so
(Tfi. T{rE3 ffi-rq Vl qR-\e3 ct{Kq evR <Et (1480-780) <1700

m&zed< r

(\) eo fifi. {-{N< (sre vr wv< (qlffT qt-s{ S"R w=s-{ vlror) x{k"f
ersk <4f (2s4o-126o) <t 1280 m&z rqa-< r

(") AftT qlio vo €< (s-ro oo cryfi. g<qr E"m 8c frry< (sr-€<) sER -
(1260-780) <1480 @&/R}T I

(8) rvs-{ qksR (v1) ffi-re e0 ffi. 5<w< B"F so qfi. 
T<IEK (sl ersR -

(2s40 - 1480) <I 1060 m&/QFn
€gl-r{ fiyfi {l{ G, q-l(u-< q-{l'700 GE&/(qa<,{<( 1280 @&zrq}< e

1fr +<r<"i qglr,{<< E{N< q-di +so @Gz rq}< €<< 1060 m&zr€< qE TF
ftr+Iqq<Tffi(ql
s.\.\. q{r{ efsr< (Main et}ects) . a{H qrgsfrTlqsrq, s-{t qT \gfi cKl-{"l
eslrfiT 5rvrc? s{l{ ersR fr{K {<I qr I ,{ {rcffi n[rfc{i qq]:T? F. r}'-c<<

wtr< Eor< ,!T'E rlBrffi 5rs eF[< 6]-<rm q{ 
I

q{FeFK-):

Erfiglt 5-q6a3 Em n rcnqt E-{N< 
gfgfi[ = 

*#4r sso @&zQ]< r

q{F €rsr<-} :

qrs fifun< +q-r{fr t"r< 6rvn elEl< =$g!-qgq <1770 coG/Qt< I

e.\.v. qfg3ffi (Int".oction) : +lBfi$E "tffwq qf.gefu ffi-<P s<tB
{-q{ q<s q-q.E rl-+y"l{ fi!?[-n {136[ 9II€{t {T r eTfr TlB< q{] eT'fi
strftffi T-{rcre'< B't< +-Qqerq< Rr{ ul< efus qrssfrrlK ftw< q<t



gbTIARIIE 'ffr$q

q-q 1 ,.q IEru qrss&rrrs ffimq sGfr$ RffiE Cfrs rrR rftft{ |

tr{- Eml{s Wr{<r"t qTrw rtq1-n6t qsFI 700 co&zqB-< -s<< 1280

m1&ze(}< I qfr a-a6as E R qr.s< esr{ 'q"l'+lt?r (E-<y; rqr+ $tq q65t

G-{rE< ssR qI atrss srqq qro 
EE rl{l3t6l qqT qrqqcq r ftg erlts"lTs

€ qq< $R "fl"fui p€x.eoF +xfu<r eq< ffir T-r< r s Y6r rlt}-{F
<qr5pTxA<r "tr*t<frf*tqsl $ qrse&rt{rcqqGfu 

r

rt{Rq qsrrfir av ffir{j fta qtvefrTR er\,m frm T-fl qr I qqs

Errqfl'q wte ,e3( q-{NT vl.sg&{K eivl< qrdfi (1280-700)/2 =) z9o

m&zqB<tq-{rq-{wmqqsm F[Te fi"{t 1R m, qrscftTrn.asm (1060-

480)t2 =) z7o mfrzqB-E r

q-{]s]r{ qrsefrtt< {3T"fi ilru T3il {f{ r <3ll {ls, erB {rcfi q]rc<l

a-aa qfrq:n Etr eB-< qfrto qco reG p erxnx :oo cq&zcqf< +oa ffi
flEr,{<< .ro m&zcqB-< qlq&[w enTH T-$ <E eo m&z6q}{ p-aa 1ft "6 q

qKK \co m&zq}-< qq q<s so m&ze&< {Rmffi{,{ertRl er{lsl TrI{
TTE +-{rffi B"r< srrs< .qr-f qqq {F{fi s erstra< vrqt 5 v e ffi 7 qq?< T-fi
qfr r"nvet

E{ ,s<< q]e&rcrrd< qr-s ssK = $oo + 8o) {t 13e 6s'G7Rt{ Fdn I

q-s€(, qBfi\s (:vo-:so) <t to c+&zcqB-< v-qq {cel TII}< EfrT
qrscfu{K erqT r qslrd :pqrfir tm ffi qlfr{ esrrq( fim Ersq T-{l Tl{ I

Xm TIBm< l<rafr qsFr q<< wll rnffi qrfl €rqsl qrsefrrl 
r

+ln}ffislE qftE'(q e qsefrrK esK frflq qrF frnr fi-o r rqqtro

v.: (o), v.: (rt) €<<v.) (a) e<{rqlr{lqrecfr{KesK fi{rfilq.4Il

@!fGa s.) (T) ,{ Tqrfi G"r* qtl&nqq q<( T'{T'ffcrr qrsafrm*

qs]-<-< s19tRe fi!I1.{l qrT(q | ,lrs'rQ (fttl {]-{ R, FT+3IIrIT {l€l po -1t,

sR qrs {r @{, qlQErcrdr qfutq $< qrq {-r{ T-E.{ 1fr tm I qcffq

rP-{'T-{rc{< {ti{'t p0 ntrT p'r e {ffi T-{t qc4 st {t&rc.ffi erq,({{ c{r({l

"ifi<6 iDrs{ r

ft-s ctltGq u.) ({) € (qrtl {RI, FTfittcr< EreT P0 Gtrs Pr e o[ffi{<
T-<l {rq +Eraffi geR p'ryq-{rrff "ifi$q egl< {ffi <{ {l{ I Gr€ ,9

1fi<si{<T6+qq $ ffi mqfl q ffi-flnqmsfut <aq-o I



|T
.16b

6<figtt{ flfrs'"rffid

o<FE s.). (+-q) : fi&a s-flT( qrsafrrl

F. cstrfl qrwfr$ 6{e,

{. fiiqsqrsg&tl,
a. {cnqsvrsafrm)

ca{BE v.:. (+-et) : Rfra <-<rq* qrsafrlt, (T. @ml^qrscfrTf 6R,

<. fi"tqs qrsafrat, 5t. <lctrEs qrsefrfl )

qffi{ c{'{GE v.: (ot) '{ fiYfi {lT G, TCrF-<H-!]ifl P0 Frcq Pr €,(fr

<-<re qrtErcl' :ilqK"Egrc< T-d-{ gr{ tmi qd'tq {91$-G 4-46;13 '$effi

ilt6ftq4 s rp-{'+<rra-{ qtsafrar< erst< qqrq+ 
I

s.e. TTtihksfa rfftWq SIfQ (Cuin, in Factorial Experiment)

"n<€ E1-m?rT-<t qr{-R r{, ejcr€srF mrcqr +nB< €<( €rq3l qfiIC-qr<, EEr

i ;; qr-s .ran,r ql"Tmt +rnarfrrn qfrtrq erQ rlFI qrds r4rri eeir



TIBR$E nfuF.t c)

Els <31t {]r$ q<(,{ {<rfl< ffiffi"f qscl1el waq rIaLT< tft5'q qfl {lll I fiIE
xfrg qrqlE{l erm gI qlc$ gl('ilElc< 6r<rl {lT I

<31I {Fp, €T-q-{ ?ra{i?P rllT{ €T.fi ls+-< qlrsn F4'rfil u"r< RBx tq
q<g e<< frw:mor< qspa aftfi a-grc Eq t Gfi ftfu avttqm qsr4 tftsn<
q-{eTfi e<' fr&-{ f{Ns etvm'tftwrr<s-{ wl ,ssff s{qffi ryd
p+ ffi qrqKrl 'IelT {m 1ftqq 'lRrmF{l sTr cr65 {rrcqr {fr ffi
ur<E ry6'go ffi Ag?ffir,€<< ffi Nfr"nq ffi aBiE(y nm tfut
T311sD-F, \r-REsRTffi (4x 3 + 5,3=) 27fr ff&{eIRfq;[<<lq EE

1t-+ "rftmr Fr.{ tstaqttol s ?qT-<rx qqFr qvm qrll {rK , 
gsx tftfl'K

N',C qr{FtT\5 Tr Ts{lqm Efi E?m{ Rq< qo q{ {l frr{ls NTIss

frrflr"t qs (qs v.\) cLs KnIt {lt I

qr v.\ : a'q try s frqrmrc+. vtamqr< <r< Nnss ft?q.f K'
I

I

aq6y aftpq

&a-q-6 g*o Tsqql
rrtffi{ 8

ft-qE-<E \
j
,.str, V

NE :B

A-qrl<t "t-ftqq

B*sm Eqa Twqm
rdair \3

Aqqlar \.
q"lu g

ffiE

{fr mt rfc<Tf 'r , 'c 
Go[qFt "rftw"r< (,c frwll,ot " " 1q1m) :Trqfn]

{TE rfu6q.R-{ ffi +{fi"F <lrqr<K frfr 3p <ITqR <:<t-(s;[, sr{(E ftfi
T-{v €n:tr efr Aqllom $,r<< cfr ?-wq<rxR S elg +qq q-\5 Erlsl,s
qftq6 EBm aqrrqr e<<.{GE aBTE{cqr q-{i qfr ffi vGr+ tr-v fuK
qffi<' ffiXfrqMr-s r

qmm +f3fum "tftrpq ffiG< TI<11T aqTmt qaq frql--{,q{ wfiio evl<

E1 qrseftT6 efsr< a.+n<f qt-{T {t{ Tf e{ R ryo tffqrq-< rl{fq s?FI

mrds xs.< d'{ I €rE rq e1g qD WfiET ,* o1 6 "1Qq"i XF ervioB< em

XwttE]ifrTq<flH<lfropvr"ru <fi (<o- v.'r) r

,rvrr< $ T<*ti 1G {t Tr< EtmF-s qftn'q "taG< ${tfi TN< rrqr+n

E"t< ft-s$qt s AMI.TNK qsrt s<s'.,=rrq< qrsafr{rn elvr< q-r++ mFt

qesw< "tRrt{T-${m r



c\ ffiwtrq t?eqffii

qs.s.e : S"ffnfto ffisrq eE T.s.-flEfT ft5<ge:
B*-ot< Eqa Tsq.lisl
fli+H
Aqmql
AuFE
aqrfiqt, Aq-fN
@IE

t
\
\
8

)v

flE w

s.8. eFff{ e qfggffi efsl< frf{ "JqB (N,i"thod of estimating

main and interaction etTects) :

rrl ffi, ffi "lE N, p, K) flfu TKq<s erm R&{ oFErq{-{ qtsefrit
w- Np, pK, NK, t{pr qrsclffi er-st{ €<s N, p s K ,{T q{F qsK

tfixpr cr6s q6q r fizu-* 1o {f{qi{ {r< €{-cI frfr s'{l {lT I

.l
N=i t {(npk) - (pk)} + {np) - (p)} + {(np)-(p) } + {(nk-k)-(k)} +

{(n)-(1)}l
1

=i t{(n) + (np) + (nk) + (npk)} - {(1) + (p) + (k) + (pk) }l
I

=; (n-l) (p + k) (k + l)
qr&tt<-

1

p=1(R-1)(n+l)(k+ l)
1

f=;(k-l)(n+ l)(p+ l)

"r<<€tr's- ecN srgE qmafrTl fir$B Tq <I{qK Tr{ "iRq"to<rqr r

I
NP = o 

(n-1) (p-1) (k + l)
1

PK = + 
(p-l) (k-t) (n + l)

1

NK = + 
(n - l) (K-l) (p+1)

,{m< frfr{ vr<...{ .qt-seft$ +1fia1-6aK q*{] frC$v Tq <l<-q.R T-<t Ss I

I

NPK =; (n - l) (p-l) (k - l)
qoe< ffiE{F.s<<RB{ qrseffiev< fiao"t-

N=(n-l)(p+l)(k+1)



qlr?RTlE flArq

P=(p-1)(n+1)(k+1)
K=(k-1)(n+l)(p+1)
NP=(n-l)(p-1)(k+1)
PK=(p-D(k-1)(n+1)
NK=(n-l)(k-1)(p+1)
NPK=(n-1)(p-1)(k-1)

sEl-c{ ftfrR ffinr+< e{q e qssfuqfis ergr< {fu1T-<rc qr 
I

ffi<rtrflrq ErsI(Yates) >rqq-5{,9s {q& SgF-{ 4TT{l ''s {hfu(o
qEiT RB{ ffi s merer{ w{{ frrXtwn< IIet-T (q-{l q{ s{<'ser{La
qrs-{ (q-s- v.s) a{rnnrnIrqIr{Iq{ I

(i)npnpknkPknPk
q<'R qIT-{ frQa o-qRI (column) {<B? E"flE Trql-4l q-s, 1-{{ff(g

Bqrsrcffi ffift-{ftHrqqflqr I

q?N filrrrrs E"trB qrs fisxl1Ewd$ftffi qraq{ T<lqr I fr€T

"il.tr-s 
qc{< yqr r-{lc{ msar 1o q-frtft "1l.<tl Effi qro Bttr?e-R qfl q{ I

gft <n'"r qr+-< u-qd+utrl fierl {o q-d{l-?t ftmq srf, lrqlrll q{ I s<

sf54Q14na-41g{ fi's$frB{ efsf-< "fls{t{R-{ I

s.c. Ei E-{rks +it?RTta ffir{ <I?rqs frr*{t rffi lAnalytical
technique in case of more than tw(, levels factorial designs)

TIBRTrq oftqp i$T-{r EGE Et(TrB< El <r gr{ qkr m coll-dl v{ <K"qK

+-<rs ,rR I q+sr qiQ-o v-<Rpn ';ftpgq frfrq frft{E E{t;l s \5rffi-<

qrscfrTIq\sm IA$"IT-<K "tqfr fro <ft T-fl qm 
I

{ra'TR, p s<< Q KB ffi< <<l@rl m €{( n rr{ {r{Rl{ +-r< srE
e;-ft5q T-flqol I

R-S v_8

G"fiqF {Ifl_) ql"l-\ {in -e
1

n
p
np

k
nk
pk
npk

n+l I
np+tJ
nk+k 

-)

np+prj
n-r 1
np-p J
nk-k \
nok-ok (

np+p+n+l \
npk+pk+nk+k_.f
np-prn-l \
npk-pk+nk-kJ
np+p-n-l \
npk+pk-nk-k-;[
np-p-n+1 \
npk-pk-nk+k f

npk+pk+k+np+p+n+1
npk-pk+nk-k+np-p+n-1
npk+pk-nk-k+nprp-n-1
npk-pk-nk+k+np-p-n-1
npk+pk+nk+k-np-p-n-1
npk-pk+nk-k-np+p-n+1
npk+pk-nk-k-np-prn+1
npk-pk-nk+k-np+p+n-l



ffierq tft+qMr

,!fi,
P €< ts-< 4 pr, pz, p: ..... pm

Q €3 V-n 9 qr, q2, q3 .... qn

q-rs€{, ffitnl< r-frTB oP<o-n << mn i {fr q{fi"lr+{ q<qffi, qs, sr<
qs v.c qron{ Bffit+, E"nfl{ efus-.n e<(:Ti{1ffift-f E"ns wqtr+t
{lr< I sKeK fi16 trflfu ffi q-qEs6 E"rn-s< fiTtsq s-fl {tc{ I

qT'u.c

P/Q 0r Qc Qa .q. ffilE

Pt

PZ

P:

p-

xll xt2 x13 ... Xtn
xzt xZ2 x2l ...XZn

Px:r xz2 x33 ... X3n

px I x ,) X-a x

R1

R2
R3

R.
1116 Cr Ct Cr .C GT

s.c.). R&r E$rsfu <6frrB fi"f{
(c.t.tz

(T) eflssEl{ (CF) = ,;:-. srll61 N = rmn

(.r) .,,t <'FooE =(*?, , QJ ') *1ro) - .,
["+*12*...* , )

(fl) p mzxB <tfETE = (Rt2 + Rzz* """" *'-'

(<) q ffi <5rry8 1c2l 
+ C2z + """' + C2n) -.,

(u) esq s<qrcs# 
16 ) -

= <rfryE t{ffi <efr{E I - ip qfio<rfrrB l- 1 q qfi\o <5fr!E l

qr \u.v. : c{rrs{-{ BqT s I^<88lg.r[st m'{m qrfl-
lsneKGql rsvi Tg{1EI(DF)

P m-l
o n-1

PQ ql-'sc&Tl (nr-l) (n-1)

trE mn-l



srBkTrq'ta$ci q(

v.c.q. qrn.f eE fs.s.) e nfin Etq4{e[fud "fidfl'(LSD) fifi: r
qA$tT sfr m"fi {Rt g,, ffi*om qa6' ervm s qfsgftxl-E 5rs.<dryE

istq"tfl{qT, sm fr&asfr< ffitxtB< XV rrc{< lr<i qffi +-+p qC< r fro

ffiffi<f+q{rqrslt
t zYE-

@ p ffi<qqFqsl< qffil T-<is sE = \ * ,
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etsplTs s qIgcftTI 15lq"r(1'r; S{l-{ ersrdrTpn qF1aI T-{rO '9< 
:{<fi1?

LSD =

=

qs v.)c : (gqlqF

irlasr< €ql
rsvt

Tsmql
(DF)

{5f crE
(SS)

av <5f

rMs)
hqrT\5

F

sqT$r
57o l7o

1ffie61py 5 35.',t1 7.t5

E I{:FRI (S) 2 523.44 261.12 79.01** 3.15 4.98

{TtGlrqr rrr<K
TMO\D

3 50.98 16.99 5.31** 2.76 4.13

qrcatelt (S x N) 6 49.80 8.30 2.50* 2.75 3.t2

,!Pll, 55 182.30 3.31

flE t1 842.29

* 5VoVR ; ** l7ogm \5lqq{Tf

,.#" rro



tC<lrBRrrq eiftsq

LSD €<< ({ rc.rr{l OFEr+.n BerS?6+-E 
'r.s 

qsrr<31 qr{l s-<Is veFr isn
TKqIn +-{(9 << 1 5E;5q nqftr:I ri{Ktfr< 'u.)v ;K qa<1' fi.saf {41 I

(o) &a 1fi qr'{-qfu (s1, s2. s3) +-*n< 51-s WlI Gl-F LSD = 1.051

(*r) -fta {r€m {Btq-fiE (ne, nl, nz, n:) Tqrq< 5rs "tlefo} geHI c<1s LSD =

1.2 t3

(ut) uf-+< r5lglsF )efr ffdrrtsr ts' qET< {;r{t r3li-rr LSD=2. r 0

BcETq (v ) : ffi c-T"f S<p 
jffil q?laT'Rrc{ trg< sr'fr uas qn-q< u

<-+rr< frGn rr{ rrqx.ztml5l Tz< .?Tg !'ersE (co&z$) frro nsTn qm t

cfr{ {R {<$1fi-oftrilsqT<-{ft&n o$scftat qrFlr<Frsnie qts 
I

q+'u.)c : &qt?:c ffiT-"i,W €'s;ii (rc&z$)

so-)

sf -\

sr -e

€rllhi, N= aftQfcw aK, p - irl{F<lx rfi, K = oD.r{ >TE[, C = >rrsl-fift{ 
|

f{rel"r
qrn Cltf : {tiq.trE f{.i'I
asfrrr-,B frqme q:r .srk-3- E.|tqo qrc (qs : v. >u.) {fu-G os<i qiat i

qT v.)v' xlhgqrc lr"Ii'.rdi Eflql'fi

ATII!]I {',qftw xir<r{Ei ql9

Iln nl n) n3

S1 8.2 10.2 t2.6 12.2 10.80

S,I 6.1 6.5 7.9 7.8 7.08

s? -1- I 5.4 4.1 3.8 4.25

',tV 6.00 I.7t 8.20 7.94

tr-K



ffietrq tftmqffi+

(:)eff<r+*=m
ett{srid =W

8x3
I f, t734189
ll = u

- 72270.31

(l) x{rB<:f+rB= 2 (ef}ffi+"fl)r- c'ff{srl{
... {-{Tflj <5fry8 = {472 + 512 + + 532 + 562) -122-to.31-

13175 - 12270.315

= 904.625

(s) ffi<eflxB - 
>gG frrtii '!< 6{E rFan)\ 

- efi{s xl{
3"-+Xrfi

- 1532 + 1922 + 1632+ ............ +1642 _i227o.3i
J

=2iT* -lzzlosj

=12679.66 -72270.3'7

= 409.29

1s; gc-wfiio <5fT{B ff "1t'

${w1is <5tnrft - 
>(siratriE.,-Y)t cr(s rrd

4l]32+4322+4682
= ----- -72270.315

<70sr7
-Jt'-Jt -7?110.3i5

ti

='7 244). I 25 - 1 227 O.31 5

= l1l 7\

q{'v.)b-

f,s rq{.{ 6E
C N P NP K NK PK NPK

47 62 44 63 45 57 50 49 417

x 51 60 56 52 55 50 49 59 432

\9 55 70 63 59 55 57 53 56 468

(qE 153 192 163 r74 155 164 152 164 1317



+ffift1E 4ft'5q

\T {tel : 65klsr Rr*vq< qo?sR :

e fiqNq ffin-BqVq{ ITE9lg ersrs fuF <F{l qc{'P I sqlsr ffiq 6q-gs

qsl r-{t{trr c{, flBr|vs[T ffierqK rls:Fq-cil \r<l vtq"lfrI"f ol1-{l

'fi?f+l c-{i. t ,!?tE frfs{ ffitx.d< (T[-<r) q+-oq<< qrscffi esm fifr
ql-re qrq r ?r$l (Yates)-€< "taG q<-aK'c- e{{ frB{ ffitIIB € sltq'3

qrse&a; erfiffiT-gqcdt 
I

rrn fiet : QfSq qhG6o q<1q erq< e<< qlsEfrTK <sfatiE fift :

qT s.)b : (5fi8?F q{
igr-or{
Eqx
(s\D

f,gqlql
(DF)

<5flI.13

(SS)
1-s<5f
(MS)

N'qfss
qt9lls F
fi.fr-ss

F 57o Y(.4
g,fu$q

A?D 2 t7 t.'75 85.87

1U6F{-d 409.29 58.47 2.53 2.77

qlb t4 323.58 23.t

6E 23 904.62

R-S s.\o

WrT's
IT{T

o.E
TEFI

zdidtr rifmB
) \ \9 ersr<

c 153 345 682 t3t7 fl{ I?iITlD
(G.T.)

,# 
= izziosit

n t92 337 635 11 N tt2

+ = 2t0.42

p t63 319 50 11 P ff = s'o+z

np 174 3t6 2t -25 NP
#=26.042

k 155 39 -8 -41 K
#=szo4z

nk t64 11 -3 -29 NK
ry--3s.o4z

pk t52 9 -28 5 PK $= rc+z

npk 164 t2 7 3l NPK #= 4oo4z



l!
lr'

hb- ffigt"r;rffiq'qffiq

sdrfiq: ,s $rt frB-{ ffimS s \e-fffi-{ qfscftTfqfi\5 <5frrB <lEsI< T1-{

ffi qr Fqls{ frqsrq< F hfr T-{l qr I

qs v.\) : fiB* frtqB s \5lfi< q[ssfrrl frq]I.rtf,r sflvr frrsrrcfi {f

** l/6 VGI uts"t{"gf

UBlh Nnss frrmq q era<P Eqr {E R, \s{s{H 5-4< e[sl{

onq{dr q$FI q{F qvtTs e<< qssfr$T evt< sts"Ri"1"f {'{ t

tw<
Sqq

f,sflql <5frym av <5f

flE
(v?R-sr

wtll$ F

&{rgv;

F 5z \S(3

sQrm
F l7o
VK

sq{l.H

ils 2 r7 t.75 85.87 3.'1 I 3.74

N 1 2t0.04 210.04 9.09x* 4.60 8.86

P I 5.04 5.04 0.22

K 92.04 92.04 3.98

NP 26.04 26.O4 1.13

NK I 35.04 35.O4 1.52

PK 1 1.04 1.04 0.04

NPK I 40.o4 40.04 t.73
-s,$ll, t4 323.58 23.11

6E 23 904.62



Tq{ q$T

fttBSffi
. Split Plot Design

q.:. sfrol
+.trrarR$E "rftwrq qffi gci-+ ffitqrfr{ Tq'{<qfts gt vtot T'fi{ eR

$erotrio frea. ffi ffi'erer< efr$et Tr< Rk{ +Tt}-< s srrq<

;Nqr-< gffi qq< *6 ffit'rm rt<rr qurl <F-{l qrl 'e <<rffi{ ftg.ftR

"rftwrt< mro ftq+rB<, c{,q,;{- <flq crR ; wo fr(Tlt}<, ffi[{- TIrsfl

Tt.qI, g7ro ffi qr"m qf}o "ncfq 1E or<l qr<K 615, sfrg 5rq-<sl

ev$ <-<r-+< Tlt?< RE 1ftt'q ,es'@ {t{qrd <r{qr< <'$ qXft{M-{-{ <ras

fitq ftR Tlt3-{rc cqt erAsci qrrc {qcqq ermtt r-{l Tl{ I €>K (ti1q

*x+fir.fi qrftw"r< lrstr qii+ "fl?fslIffi +rttr+eret< "fieF.sn wcfol
m-R <-<t orrqs qnn;rT\o Tr 'rtrf+I 1ffi +llfuq6413 "tl?ft-+1< {qFfor
qt{*-t< qrqt qEr w lt I € oITFI slq qr{6{<1 1ft5q ffi{ qGi-T{ T-<l

efc{fq4 rl{ fi$II EE tcrTl Iffi TltB-<ereK flIeKf fi'ftr {srst
(precision) ffi "fm €<( W tftmq qa-rc q-L{Ft T-<l {t-{ 1T €!-{ +i}oer4e
G1 <V "tftsrq 

qT-Cs effi?t T-<l ${ I

qlx<t wF m, qfr< qq IRRB goerom aRfu (contiguous) Seroro
ffitxB er-c{rrm \twr qi-{r< 1Eq 1Q "lir I W "ncfu 1ffir relBaerry<

Est(a< Ed-dK TqgI 1Tho q-{ e ffi ef({Ifl T-<l Tr{ I S mzq +-rBRrn

fl-aT5rr< *r"t frcd.ryBr<<!I,€-Ie(qn<5 a-1.iwfrre Rftgsn-< sI-s'fl il<'G
EeN TIEr<r<p <rEqs {< qlqlerfl <v fdT "Imr"ffft ftOr rx?cr r{eIEI
$qr ftTK <FqK 4'{'t {l{ I ,9{lo E?N Trt{ ffiN ffi'K TII?fl-{ KKlll-{l

<T'q {lrq-{ q-{l <-s qaq'q e$-+'em'rq-{ ,{<( s<l qkq "mfu Iffi 'F 
I}{,

#,T frer.rrrB< {fl\o ffirr'Tllf{r-s Krcfirq.l Srqrqf{rc ry q-?wn

er-.{ e[rltel T-{t {t{ e<< q(( flTI qr il, ,l* ry "xe141 1ffi t

e Bcqr.g qRro EqT Tllfir{ lrqt {<?BK crw Trn s?rn E{FI :fd -s1uf

o-$ q{ q<< tm frqr {Ir}ffi qill r({rr{ r\l-{ qc{ am $eran-+ gqpt

ftes +a cr r EqlT stBcK rrcterqrrc'?q<tfrsslr{ em sffi ffi r<ror<

t"t$d e[TI5t T-{t q{ e<< fir'pe <+ wEt-ft E"tts fil$"iT-$ q{ 
I



ls-d-sm Ssa 1sv; f,s'5ilrs]
(DD

<rFql?
(SS)

fl-s<tf
(MS)

F-'€<

fifr-+vxn
flg flriqqsFnfl{Gl
flft"H
qfi fl6 TU:Errs'T'
-----s.c'lt, (a)

E"tSftlrq
geggtrcl's'rl,

UellEftI-s , 8{I{
u6(I1f(qlg3I@TI
eFrur

r-l
a-1

(a-1) (r-1)

b-1

(a-1) (b-1)

a(b-1) (r-1)

r(SS)

A(SS)
Ea (SS)

b(ss)
AB(ss)

Eb(ss)

rMS
A(MS)

Ea

b(MS)
AB (MS)

Eb

ffiE abr-1

ffiwirq "iftvqffi-q

qr q.) , ftF S Gwlft{r csrc N?F'o frqFri< qs

e<lq s E"r$ ffi< yfit T-{rc <qrltrrr efr (u) ,!<( @E O) <l<qT <r{1

qr I Esrl S ffi MS-ro.r-E< 1a; MS-q<arRtq--{ITTT'F-,9< ltl fi"F{

s<< \fl dRei rq's$ a-I, (a-1) (r-l) TcrlETT cz w{ \oqT 'p'- TII{< y{-{lT
as {rq anF $ ffierom a-\5 \lc{< \T<i qfl{l GlIs qT I

q<5Qgr< B"t3p ffirrrt< ffi-rqs aQ?_ n6; <lr{s {rr fi{rs qT R,

E"t$ ffirr$ uts"t{f fi-+ I {fr \o1e,ld1{qT s.c< €rr?-r rt-s.!11-ffi !r$ W-{l
T-s(gq{'l

elg \tr-r-<\1q qffi T-d59_ frcXgE1ty1ftfi\o@F fif*+-Ereq{ r

). E{l{ F ffi (o-.!< 
'lvElT'W-{l 

T-{.s, {RII

l2E"
[(ar)-(ao)l'\ ,b

\. EtS ffi,r:rfi (*f) s< ei-v\lrl-{ qffi +'<"ru, fiT{-

[(bl.r (b6 \F
'r. 'T'-€< eTB fiffi .g'(B'{' ,r< 1fr $4ffin x'{ qr{t TTN G\-{-

I(albr, (albs)l: \F
s. 'r['-€R soB fim v(<'o'-q< TF ,t-* ilaffi ws q{{t Tils Grr{-

[1a1 b 
1 )-(a6b 1 )] qq-<t [(a1b 1 )- (a6b2r,' {'*'#*



ftFSffiI b)

xrl refr, t1€i( 12 ffi cltu< Xfr fiqt-s q{T ff6 €{( sr, 52, 53 s ga r!

fi-{fr GE fl6ts('e= {f{ ercrttt a-a qceF <l E tS ffi ftqm <f+{-{ <13

5ftn3 p-qn.{ E f< em-{ egt< freFq o-{ro qK r ql EKfr E"t-S ffi.rI-S
qffi s${ ;gt ffisvtz< elLTItlT-flre= qr< r qr<r< svt{ S ffi TErc
effi rrfr"i6Zqflfrr"Eft< ermlst r<rs qr< I

rrq oR, sfr flfifi <rEqR Tr< €sqf qfl q.eT ,!<s frrm ffi
cIqF

11

I2

ly

l1

l1

l2

l2

11

[1

lc

l2

11

ITfi"n-:
s1 S2 S3 Sa

st s2 s3 Sa

q{frffi - \
Sa S2 S1 S3

s3 sl Sa sz

xlfr"Iq - .e

Sa S3 S1 S2

sl S3 Sa Sa

arfr'n- e

S2 S1 S3 Sa

S3 S1 S2 Sa

Sexr3- n1flr{n ?tT c lrqrrs {R-ryRTR+ frqfqq (q+ q.>) q-{rr-ft €qrss
Rre+i o{re qK 

r

r.:.). BtrEFot : rR oR qnqrCI. erftttq frryv E"tts 1+m : r<.&z$)

"lts{t or4 r Bav ftI|{"i TLT fiws firo << :

11

12

mfr"n - >

s1

2.30

s3

3.30

s2

3.O2

s4

3.22

S1

2.83

Sa

2.08

S2

2.98

S3

2.51

qffi"f"l - .e

Sa

2.26

S3

3.10

S1

2.22

S2

2.10

Sr

1.93

S3

2.42

s2

3.23

s4

2.12

lrfi"tq - I
s4

2.95

s2

3.15

sl
2.94

S3

2.90

S3

2.10

S1

2.52

Sa

3.07

S2

2.45

ryfr'1-a- g

S2

3.22

S1

3.32

S3

2.95

Sa

2.90

3.20

sl
2.37

s2

3.40

s1

2.83



bl ffistra {Asq ffia
(n) "|filT<"mF-s frrf,sq : €Is-rc rgnvs frqrrq< q-dj rffi csqrc-s
fi{friasvt?fl vtil crrcqr<-

(o) flfr"rdGTFs e'qrs{
(cl) q{r Sffi ("rfi oru-{$ot) rsqpp
(t) EtSffi FETlremrK"rnG) 6sn*s
(s) q{t;r s BqS ffi wsaffi N4fqs-s'

q-v€(, Xfr s-< {?tT- (T') TRen frffi ({) EmE ffierEn-<'
"tfiT<oB'tfrrftH{"i q{T Rrs 41.{ I

qrp6:Tffi lfllB Gotat ssy fift o<t qc+ 
r

Tffi <gffi (ssr) = qffi E"nrs< <efsrq.{ rrE - cft{s {tT (cF)

= (z3o)z + (2.83)z--ffiH#
= 254.05 *#
= 254.05 - 248.09

= 5.96

efi ,sQ3fryft-a frB* BsTqfi\o !Tq3'lfrsv a3ils q6 e<s mgT-{] E{F ?E
e<< Et$ vr< ft:lsq a-fl qrqF

qr 1.\ : emr{ :F ffintBfto NINT frHr.l

TUFN.S qxBqn: mfr"n l qlfr"n rr lrfien s ({IsJ-S-d.

11.84 t0.14 l0.ri5 12.39 45.22

lt t0.46 tt.94 9.68 I 1.81 43.88

c{Isl-S-d 22.30 22.O8 20.53 24.'.tg 89. l0

Brs{r, q.{-{ qBfr ffi eo,B'Bt$ ffi wr< e{Eq<r+ $Gftc Rtsfr-{ |

RrFI, I1R1= 2.30+3.30+3.02+3.22

=1 1.84

.!cf{, rrfi"ffqffi <fl{E (ssR)

= _ar
8

= 248.93 - 248.08

= 0.84



ftiE S ffi{ Ne

€IElg gr-'s^EGfr 1ffi"6a3 c{tel+-q Bfr {lr+{ t"i< ffi{'nq q-rrq<, s frcl
95lT-<t<s(qr

E{q fiffi (D <ifrrp (ssD = 
$s,D2-:!43 

'Dz - cF

= 248.14 - 248.09

= 0.05

q<-<, mcqeGfi c<lrl+-{ )sfr ltrffi axB, qq-{i )v frm q{ qfl {rre I

qr c.\-q E"Pqas afr flq <I{{-{ Tr{ sIg <5hTE

(l t84)2 + (10.14)2 +..... + (11.80)2 -E-aa

= 249.79 - 248.O9

= 1.70

q<( EGF xF G\q )).Sts ; afr ,{T-{ nlfl{ GItfT{ Trq 8 frm stet4-{lqcsq I

€?tT q{l{ s E ffis <5rrrE = 710 - 0.84 - 0.05

= 0.8

s {r{erfl <'{sK4-C{q{H S&{ Ce=qlerRcem

ES q'rr

mrw*fi{T-f\5'F-,{3 rtll \5qT 6RreT {l+ trft-{ QE; s-rc€<, B{rlar< 4fi
qE Grti-{1ion"r{{ev< $ w<fr r

({) E{ets&&-$ fr6xaq : er{a ffifuo frre<q ero q6{l qr1-6s 6"ffi
{-drrB 1sf:ffi 5.70-.s< n-($ 1.70 et{lq eBq'Fs ,{<< q<'FB q<-t 5.96 -

t.io=4.26 Etffi frGw Eqxefis rmr"i I? I sqtq E"|?{tGftT firerq Tr{

4.26-@ ftB* q<rqqqT<-Nqr< I

E"tetrGfuo ftr;Nq< q-{ E"figrc ft$s qm rlGrx cqsr.t qr{I t ke$
G, €I$rc frB* r €<< s '9< r!-flivftT Eefltr c{s$ qmm. I

Bsiot<tsq
(S'D

{s{lql
(Dn

EffiB
(SS)

fl-v<51

(MS)
frq-fs
'F'-,{<

!]7

'F-.9T 6Kr4
fis{I EqT {H

(57o vr<)

flfi"F
E{q S ffi,rxB Oi

eE(u)

5

1

3"1=3

0.84
"0.05

0.81

0.05

0.27

0. l8 10.13

(TE= 8-1=7 1.10



ffiwtra "fftm"i ffi3

E-r c.B : Ets dftrq< FTrfT-E

S1 S2 S3 Sa NB
E<T{ s
luu(Ts
(TE

l1 10.07 11.92 10.77 t2.46 45.22

12 to.3-5 1 1.63 11 .77 to.t2 43.8 8

20.43 23 55 22.54 22.58 89. l0

urffir, 1g.g7 qrqt Ilsl s< umfr q{furq< \tcd-< cttlT-d r

,{{q, ,e Er{K \I{ox:ot <l<q1-{ Tir fiE{ Eq{GftT <tffi fifr +-<t <et r

Stffi<efffi(sss)

-(20.43)2 
+ (23.55\2 + .... (22.58)2 

- ",g -t"

= 248.14 - 248.09

= 0.05

* GT{eo.€ eiGfr ffi qEB wffi clsfT-q 1 s\o€T, k frLT vtst T<I<T(q I

€cr{, l, s'qrgsftrlqfis <rfryE (ssls)

_ (10.01)z + .... (1o.12)z _ CF_SS. SSp-4
=249.57 - 248.09-0.65-0.05

= 0.78

LqclT, 4.26 ,!< T(<i 0.65 + 0.78 = 1.43 4fitlq<qfryfto qFt Eqr-qfiE wel
q1<r$ ol-E r ql{ ffi +.zo-r.+3=2.83 qs-qqil q-1.{ Eqr-qfis,!<( €frq

afqt Et?ttt< wF q.ftq Eroor (b) I Utet ffiBft+ NTlvs ftflv"i< e-o

fiTst:
qs c.c : E"t$&fto Nqrs-s fit-gn"i<o

iGrsm Eqr (sv) {s{lia
(DD

<5iflrB
(SS)

el-s<{

(MS)
ri"r{To
F-,!< \li

Gkim nsxt
'F'-€<gfr{
TF 5% gK

S"t$ffi1si J 0.65 0.22 1.38 3.16

E"t$ " etql4 S
(1"S)

3 " 1=3 0.78 o.26 1.63 3.16

q"tr, (b) 18 2.83 0.16

({fr= 24 4.26



RIE ?p ffi bc

rqFqE"tS ffi (s) ,{R fifrTs 'F'-,e< lr{ 'xE? ioft xra 6q6q qE ;

\ns,e<, rrffFBr rBr e[({roK RCa ftflffi €ffs$ s'rst'{1tf +* I c{IT\e{

q{H 3t s EtSt W< vrs"R'1f esr< o1 fiqq errrff 6qR-dI frqpTq<

erllq-{ c{Qr

srs6 reqtssfrrflrlr.ia-1l+arcer+qr<p ({s r.v) mrlF{qrot t

qrrft{ m, ttffi efr s{r T6< ffi g5a eE r vrfts E"tffi ffirqsent<
:rs s{F 3{1B< @n6<w-{lT r<fr Tqiptr w?r q{-{ T-{l {r{ I

t.r. ffi m $ ffii (Split Split Plot Design)

qr{"<p r\{ gft rerr+f stf}r<-{ qsf<s qlFR r-<'(15 qr I .!1E G <G E"tgtt-+

pO{ TTIB.<< fiot l<$R efu's '1S{m frss or< s[s Ymr rrrAm{
trr"rcIEI ?qrl.fi-"-sTr< e[TrFK rlslT {ellerw< 1501 1fr +-<t v'r r

er-B Eqrq<Tq-K qrwll ffi snsr.< <ll{x r-{l {l{ | r'n sfi, frq
<"n+< ffi {l-s (S1, 52, S:), qndrcr fl-ffi Ef<fr fu{$.of (No, Nr, Nz,

N:) e<s5paGir[sr (R1, R2) r- 
eQ Ftt}{eraR elvR wqfu< <utQ qEre qr I €mIq erffi p+ro ofr

eKH ?{d fr,ss s1-< s 1 , s2 €<< s, ftw<ola InT 7q-<lfisw< el({lrt s-{rs sI I

N6, N1, N2 €{( N3 ,4q. umfr cr<II]qI ?r<ffissR< el(T1rtr{ qi] qBF emn

?Err ffi E"ISE fu q<rs q{.!<< erffi E"tSpro wrcm qfr Vqgd
fiss or< ofrs Rr ,!<( R2 aq-5rlifl xBzn<fi=u-vt-m elfilfl ail qs 

1

q{ c.v : cstrfes frql-rq< r"$+-ot+n
tn-{q<Gqr (sv) IgrEr

(DF)
<tf'rrlB

(SS)

al-v'<rf

(MS)
in"frTv
F-S(\l-{

cl vr<'F'€<
ioQrrn

q${fD Effiefto
frc*+t

slfu{ J 0.84 0.28

e{4@(\.s1r1 1 0.05 0.05 0.18 10.1 3

Lst{r (a) J 0.81 0.21

v"tS&k+
frrmq
c"r?E WtqB fsl J 0.65 0.22 1.38 r38
qrsak* G"s) 3 0.78 0.26 t.63 t.63

wE ol l8 2.83 0.16

6]B 3t



bv ffiwrn€rqffiq
rTftfi - ) ,{K wl r$"fffi< frGa qf"f fr65 Ers.{ <rfl Arfl :

ryR'n'-: wfr"n ->
EflB"iS

f-&TN,T-I
L*i+rJ''|"I

s2

Gq3im t"FBtg6,{$rd rrfr"F-) q< s2 emn ffi B"tTd q<s. s2 N3

frcre; +r< mRIR-{t{c{Rl

Tqs ,ITE9TK {< s{q pr-o E"rgt s<s {< E"tffi E"r-E"tg& fiigv
T-{tqr I q{mqvrc{, l<grqt Nfr"irq esfr< E"FS"t?rd fivw ofl q{ I ,gsef

es?{+rrP$frp fiffi<-ar<3 r

q.\e. T-{stBrqs rrBR$q ffitr< atrq q"f+' (Relation with
confounded tactorial destgn)

gwfvafttf< mrq a-{FIUs (contound) q-{,9Tel TqTfUrcs ffi* u*
o=n-qr o=n-qr tr"Ji ei ffiflT q{-{t T-{f qr-R{tt-i ftq ern +W
o-+s.rg(us {{ r

ffi E"t$r-+ "fftm sT<F T64 T<t q-{, s.fqrq €< qeffi e{l-{ +Tf}rf,{
qmlrrfo Srs HT Rm< 8R-.l- s-{t {ls I q{FI TfBrr{ frB* flqt< 'mfTI
51, 52 €r( Sa gro-< "nrfr+-< Trrrt qdr&(us <T {r{ I ,{< \T?f il-vrr- E$r'
+ltB-+s qrdTl s+iilUru-sr

q.e. ?c-<rT{

qql Tffi<'erolrc q${ Src q-llHt tftn;rm rr\rT ?q<TfiEst< ercllel T-fl ET I

qs"R efrcTs'E{rq ?id-{ ssrs.K ga6perflrc ffin< SepS!*ffia$
€rrl,I{ +-fl qr I elm.t"r.t1ffi $ep6q6a6as ?q-<lfiEstc-{ ercmets-{tqr r

e\r-r-r{ er['ts eKH s e<< qrslT E"r?{lB< $ilq "l{TsllT
iq-<Irr {-'l-'Tflqr I

q.c. csqlwRr*q.te.fffr
qo +R, sffi S ffi< * a<{ro r1E{, q BqS ffi< B r<r[ro rlol y
c<{ts TIq=K q Et-E1e} ffi <rrql r r(rlls. qrfr"k-{3 ffi.re csfiE:+'

ftevq< efus nsTrqr fiXffiAo RT c.l (rrftErGo Eqrq<rqr ffirc)
fisvo-<rsql r

wfr"n -:
E{H s
[-f,]; N3

s3sls2



1TFSffi
q-s 1.c

$epa- 5

iri,avf< Eqq Tc{lql
flfr"F r-1

T *-l
eE(r) (*-1) (r-1)

ME r*-1
{ 0-1

o?t (*-1) (0-1)

wfi tul -(B-1) (r-l)

NE r*0-1

5t y-7
Tbl (*-1) (y-1)

{51 (0-1) (v-1)

T.{5I (*-1) (0-1) (v-1)

e16 (c) *F (v-1) (r 1)

NE r*Py-l

Utq{ - \
B+st< Eqq TSTqI

arfrqi 2

S 2

qE(u) 4

(TE 8

N J

NS 6

-___-e _- -
!+11., (b) 18

({E 35

R

RS 2

RN 3

RNS 6

eEf") 24

ffiE 7t

bq

e{n fiqa"ra ffi qr"t fiytr.dt qrvR I E{{ <l-r'l, frEa pmm wE
qm ffits W{lroi (r*-1) I ffir qlfl, 6.E WTlqt (r*B-1) {.fl qeN s frQl
€q Esr {trffi frB{ Wflotr mB r q{msrc<, Yfr{ {rfl, mE Tgxt,qr

(r-py-t) <qI ffi rtr"i< Xexmf< mE r

ftfu+ prmfi.fu< lne fio Brs*o$ qn'l :

0) 'T''{' <['fl'-q< WsrEl = {l-€l T(iI]I - 1

(f)'T{'-q<Teqql = (+-e<1e{lol) x (ql-,{<Wfir-l)
(")'{fl',q< w{m = ({-.4< wrlf,), (a-,!T{srlEI)
(B)':l-s,-€<Tcrtqr = (51-,9<{Gfiid) x (s-s< W{IET)
(a)'T{t'-q< Wrtol = C$-€( {sffifl),. ({-€<Tefiol)

, (fl-,e< WI]ET)
(v) efi (u) W$o = (T-q< Tsfisr) , Fqfr"F Te.=rEr;

G) efr tol W{1trl= ({*s<Ts$fl *'4q'-.s<1sryp1)

" wB"nTeqro
1-
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{gTl-fl + 'Trl5f-€a Tstfiot) , qffi1a Wflql
\{< qm "f-<:Wsfis tne<rq-< frGa EqrTn q-a1 Tffiq; mrfira1 <{1q I

r.v. ffi ftfb flb,rfuc"t qft.fafr
{s qls SBi Bfrrc {fr @'F u, eF u s<< Effi c €{ ets {{]@N Ea, E6 €((
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Nz = oo ro&u$ NH+)z soa RtrrT
Pl = 30 m&u S P2o5 flFr rx+t ftx<
P2 = 60 m&z$ P2o5 d"tR TrcFt Rtx< r
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NrPr 12.5
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ftF SWl
qrfi?a- s

)0)

NzPr 14.5 N2P1 15.0 N1P212.5 N1P2 13.0

N2P2 16.0 N2P2 14.5 N2P2 10.8 N1P214.0

N1P1 12.0 N1P2 12.0 N1P18.5 N1P1 12.0

\T {tef: frfl{s{lq (cF)fifr-
(c-ffi Tqc{< Etrs< RIsfT-E)\

fll{o Il{ (CF) = x T-TS-fl'l \TEil

- T<rl'fi,< qTA?iIR1|fi

( 15.5 + 18.6 + ................ + 8.5 + 12.0)2

_(640.q2
48

=!ryJs
= 8544.0

TdrqB <rfltE = :(sB ffi +a-a;r - fil{r qq (cF)

= (15.5)2 , |(l8.6)2 + ............ . (8.12 + Q2)2 - 8544.0

= 9027.18 - 8544.0

= 483.18

rgT {tet : {].:tf<qls {KqfiE <qF{TB r rqffi <5frT8, f,-o <sfryB s il{'
eF<efumfi.m-

qT c.))

nffi"rq-qFg <5ffi =
>(sftrrft"ir{ oE+ea)\

'<rN]llqts Tl<rlqt r<qrT x 4.]Qdn-ql {lial i(-<lll " 
plrc-flq $o T(-r[1

)n {tel : ftpr"i< 1ftqr?fwtr E{rsm q{ c.)o-q ffiKq a-$ <Et 1

- trfi{sTl{

_ (255.3)z + (111 .3)z + (207 .8)2 
_ 8544.0- 4"2"2

4f4q4- 5 wleflq- r qxfd?l{- \e (TE

F^ 44.1 41.8 55.5 r42.00

Fr 64.8 44.O 5 r.5 160.30

Ft 69.4 39.2 55.5 164.10

Fq 76.4 52.3 45.3 174.O0

NE 255.3 t77.3 201.8 640.40



)ol fi<fi'gtrr ffirqffiq

139794.22=-T _8544.0

= 8737.14 - 8544.0

= 193.14

{Flrfq]gTEI<5TryB

:(qG {ffiTm{mm NEr-dr{)\
_ _ L--t,\\. nt.r l{f{G[qq \lGH".{fi x FTFBIITI EIEI x IxIfleF q<?ffi

_ (l 42.0\2 + (16O.3O)2 + (164.1\2 + (l'7 4.0\2 
_ 8544.02,2"3

_103ffi,4.9 _ R544.O
12 

- oJ!!.v

= 8588.74 - 8544.A

= 44.74

--.--G 
z(qBgro ffi:i=-aa)\

S$<5l'{:ng = (flsrs'il;l

_ (44.7)2 + (41.8)2 + ........ + (45.?t2
2^2 

"-'1--8544'0

=$qP&_ 8544.0
4

= 8917.615 - 85,14.0

= 373.615

ils eF <flrB = 5n <sfnB - ryhfi <5fry8 - {Nt{q1u {r{ <rfflfr

8d{t{ : {R&rw-{ s q< TtGl {pn3rslno qrc< qrssffis <sffi fi"f{ :

qT 1.)\
Nl N2 NE

F6 61.1 14.9 142.0

F1 73.1 86.6 160.3

F7 76.8 81.3 t64 I

F3 82.4 9t.6 t74.0

({E 300.0 340.4 640.4



ftpSffi )oe

{RGrcFqfis<5fufr

_ ,(erBilq&rc-{{rqlr c{Fr-fi)r
{Nt{ Ets rr<qiEl Tsett x s-{T-fl{ vor x<ir-iaa6"1q aqlrl - 6'lIsF {FI

_ (300.0)2 + (340.4)2 
_ 85,14.04"2"3

='r#* _8s44.0

= 8578.01 - 8544.0

= 34.01

qiNK q.ls rK . {E6rq-{ <5F{rE

[>f*t {Nr+wrs s ari@nq-da1qm F-an)\ I
= l - L-lln\. .{ 1.'t I= t s'{+<fr rKqiilqq$l'flfifix{il r tt:a- -r''J

- {Nmqtsqi <5frrB-qidfts:{ <.frrB

| (67.D2 + Qt.6)2 I
= [ff - 8544.0] - 44.74' 34.0

='#- - Bs44 '78.74

= 8623.92 - 8544 - 78.14

= 79.92 - 78.14

= 1.18

cT rfirt : rp-TT<t{,!< ql.BI qi&rq-cffi qlEsffie- <EfrrB fi6fT I

qT c.)e
P1 P2 fiE

N1 144.5 155.5 300.0

N2 r68.0 172.4 340.4

NE 3t2.5 327.9 640.4

+>l{F-<facl<s7fis<5fry8

{ (qft Trr<H {tEEr rrB aqa)\
- L-lt!\.ql-t- {Nr{-qlE {K $ql q<?n , nffi44 {<{rt " {ItGEqa \rE[ L"rr\]'a

_ (312.5)z + (321.9)2 
_ 8544.04x3xZ



firfi*tri ffitqffiq

_205174.66 - 8544.0
24

= 85489.94 - 8544

= 4.94

{E&rq.{ x g>fiffiPf q<<5fflB

f>( qB qrE&rrq{ € T'Ts3trPI \r€R flE F-dd)\
_l-r. .- 

= 
, | _rmrlar:rra

' [ ?nTITq]s 43 alol x{11 , rxHflr xtnl )

- qR&trq{ <5ffi - +rr'<rq<fa{E

_ i(144.s)2 
+ (1s5.5)2 + (168.0)2 + (172.4)2] - 34.0 _ 4.s4

[ +': )

={ry*} - trooor -38e4

= (8583.855 - 8544.0) '38.94

= 39.855 - 38.94

= 0.915

{r'5 rdrt : rllTKqlE Tkl x rFrI{F3IIrT TK <5fITE fi"r<{-
qs 1)8

?tFIITqIo {K, :fq'q-fl-{ <5fry8

>(eft qFn< qto rr< € T'q's<f{ s< 6E 4E-4;ll
1 uaiin<;i"'

P1 P2 (qE

Fo 69.3 72.7 t42.O

F, '77.0 83.3 160.3

Fc 78.4 85.1 164.1

Fr 87.8 86.2 174.0

CqF 312.5 327.9 640.4

- {f{tsrcils q< <{crE - TqT-3pl <5f rrE
693)z + Q2.7)2 +

= (-" - Bs44 ':) - ++t+ - + s+

8s44.0) -4414-4.e4



ftFSfrqlEs

= 53.67 - 44.74 - 4.94

= 3.986

qE {tel : {NKqls q<l x T-{s<f{ x qE&frq-{ <5f{TE fifr-
qT c.x

{NK-qls {81 x T^,FFTTTI' ffi&rq-{ >flT<5fryB

-i(tqfr 
{trr<Sr rT{ s qEqq-{ '{<e rP-{T-{ra rtclr mE F-dd)\} - ** *=1- nqh"F aeqr )

- {Nrn qrg cK <qfrrE - q1ffiq{ cK <5frrE - T"{s<f{ TK <5frrft -
rff{r<-qls )Tf{ " ilt&frq-{ utfirE - qnTBrq]s {<l x T'{T-${ <5frrE -

T-{T<f{'416l(q-{<5fry8

_ (2set658 _ ,soo) _ 8s.771-\ 3 /
= (8638.86 - 8544) - 89'771

=94.86 -89.771= 5.09

Fffi\o <5fry8 = NE <uffi - gr @E <5ffi - ll.fr"tq <5frrB -
{NKq]s {r <5frrB - illtGrq{ <5FNE - T'T{F{|{ <tfflE - {lTKqls ql-{

x {1t6trq-{ <5fl{E - {N|<-q1o cr< x T''!rF-<[fr <5FITE - Tq.T<f{ * {Q&lcqq

<5f{TB - ?il{ff,qts {K * I.ltGf<'rq-q x T-'i{F<tI{ pfffi 
I

=483'18.|35.14-:193.14.44..74.34.01-4.94.1.i8.3.986.0.915.5.09

= 59.44

)o(

- 8544] - 44.74 - 34.01- 4.s4 -

NrPt NrPz NzPt Nz Pz flE

Fs 30.8 36.3 38.5 36.4 t42.O

F1 36.0 37.7 41.0 45.6 160.3

F2 36.7 40.1 4t.7 45.6 t64.1

F3 41.0 41.4 46.8 44.8 174.0

NB 144.5 r 55.5 168.0 172.4 640.4



Irifsf< EqC Tssm <5ffi x9<5r F
(frft-+-'s)

F 57o

&qlr)ryfui 2 193 135 96.57
{ff{qlerl< 3 44.74 t4.91 0.66 4.76
ss wtr (Ea) 6 t3s.i4 22.62
{RdfM{ 34.O1 34.O1 13.71 4.26
+Tqnm 4.94 4.94 1.99 4.26
{IrlRIGilE {kl x

iledkq{
J 1.18 0.39 q16 3.01

qllTf$qlEiff( x

T-{T-{f{
J 3.986 1.33 0.54 3.01

EIRTEITq{, X

+TS-<r{
I 0.915 0.915 0.37 4.26

rlNrf,q'lg {I3
qIQrEtrq'r
+T{P-iFI

X

x

J 5.09 1.70 0.69 3.01

eRqq wFrBul 24 59.44 2.48
NE 47 483.18

)ov

bT {trf : (gqlvs ftrevq< qr}oR

fi<frg.n{ ffimqMq

q-o c.)v : Nfiso Rqm qo

q'rq-f@fr (Sr; =

-t 2 " 2.477.'. 'q?.I416 (SE) = 1/ 

-

Y 4"3
- fz.+tt=\ u =rio'413 =o'64

1l{\9T Elqetqef tt+l G-so) = qlT.f@fr , t 5Vo (z+ qermm)
= 0.64 x 2.064 = l.3Z

BBfdu qr+, Tan"K EeR stmifrtrw-{ emrp6 onld1.feq1 K6gR ; cs;F{I
{m-k-q]s {R, +TS-iH <r eirrsrfs'qfirj rRr<HT corcqr sre,l+I{erq<
oir

*i:l rd'l : Tti&kq-{ ln+<^uts'1-ri.1.f ';1cf+l e[a1T giRT{ frE-{ !.rql-{ q-E
qqr<-{ q{-{t T-{t3 qrr ffiT\g- 1' flaT-rT-fl qr{F

t,. et-s Ffr <si (qR6r(qr{{ q-d])
q$q EE(I.-S csBl ({mK q]s TtT), nffie1-4 ns61
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5ob- qTfrwfi{ "ffuq ffi;]

){ 4t&I&T{ \ltrI N I €R 5ls = 12.5 €l( \T qlt&lrcrq rlal p, €i :ls = I 4. I 8

.'. N2- Nl= 14.18 - 12.4= 1.68

€ teF+l {lq-rol Etqm"l.f ffiFsj \Trtq:i mFIr q-rre< 30 refr/q. {Rdrcq
EIEI E-r"NI OO re'&zq {ffi-{ rlEI er({lsf qkO :reer{ 

r

Wi{<q (t) : ftF eB ffi q<-fr'H strr< e<FE B-q\5 qtrc RGa'Effiq
qr{rst T13 qlg T-{tT-{ qS c.)q-{ Brg',ct <rfl qrql I EqE B"ns ftpt"5+
ftfta ervrdr s wqr ryE\o qrsaftat eMr<n {?fi?fst q|flEr-{ 

I

E{lq tr& <i<qs ffirrB ' fre <"tr+< eeN rrRI = Sr

frqr"trrmfrqTTntr= 52

frq<orcqrgfiilxt = s,
UtS @rqB : No = qtGlrqr rlsRQr FrEis)

Nr = )c rTe. {|eGRqTIIr/i{T<
N2 = 3o re&, qR&rq-{{r</s+<
N3 = 45 m&ql?&Irqdrr</srr

EtEtS ffi.crs I Rr = 25 m&, ftqzeo-<
R2 = 38 fO&, ft-qZ,{<t{

frrfsq
:T {ttl : rffi <5fry8 ficfu-

T-ffi <5frrB ficfu-s q-{ wtr c"flGrr fi{-srt (e-o r.:t") TIfrLr cs{I q.{t :

qT c.)u : Rr * R21+el (arr&z$)l

m{+ {H =
(r-ffi F{rfi Selrrc.{ GIrfT-{)\

{ffi 4-{6ry{qT-S qq?Bf (3 x3 x4x2)

(8.3 + 10.3 + 8.0 +.............4.0 + 7.7)2
'72

_(53t.q2-72

>NrryF-) Tqlq?i{-\ qffie1-4 -e

Nn Nr N? N1 Nn Nr N,I Nc No Nr Ne Na

Sr 18.6 18.3 22.8 )-6.2 16.0 21.2 23.0 22.2 14.5 L2.O 19.7 15.3

Sr t0.2 10.0 10.8 14.8 16.8 17.3 t6.7 11.0 ).6 12.0 19.8 r4.8

Sq ).7 15.3 t6 7.O 45 5.0 3.5 1.8 t.2 tt.2 14.3 LI.1



ftFeBffi

_282385.96- '72

-- 3922.03

r Fd-{\
Tffi <rffi = q6#*uqs"ir) - r'n<-o rn

.. Nts <5fry8
18.6)2 - (ts.:)2 + + (14.3 2 + (11.7

3922.03

_9404.96 _ 3s22.03
2

= 4'102.48 - 3922.03

='790.45

:. mE <qfarB IqG<"F@-cfi{sr.H
=------ffiffi?Fc<sr

(sS.s)z + (45.8)2 * ..... -...* Oe .ZY - (qS#
- 3922.03

3626r.1=% -392?.03
8

= 4532.7125 - 3922'03

= 610.68

- : reG rrfr"R{ ffi P-aa)l'
t. flR"F<tF{qE = ffi- rff{s'{l{

- (170.3)2 + (168)2 + (193.1)2 
- 3gz2.o3

24

_94513.7 _ 3s22.O3
24

= 3938.01 - 3922.03

= 16.04

rT r{tet : fiffiRsstr"< aq<"1{ m{ l."fRfu qo ?'oR <-fls qr< I



))o firRs*q ffisq 6,.,5

r lerG <fl{ rrrrr cflE F-{-{)le. <fi qq'4 trfffi = 
3
@e[irsEFI

_ 259.82 + 169.82 + t}t.Bz 
- 3g22.O324 
_ JzLL.wr

106691.32
=__ 24 _ 3922.03

= 4445.472 - 3922.03

= 523.44
s 4"ftqfr\e- <rffi (n) = cqfi <af"mftt - wfr*n Eofffi - Tt{ mT

<frnE
= 610.68 - 16.04 - 523.44
= 610.68 - 539.48

= 71.2O
vT {t't : qltErqa cK s Arq-< flaTEfts <rffi fifr .

{{ 1.\o : T< rTfrefrq R1 + R2 + R3 [v+l (m&zS) ]
ilq 4ei;I

ITT
{REkq-{4r-r< qliql ME

N6 N1 N2 N3
Sr 49.1 61.5 15.5 73.7 259.8
Sr 36.6 39.3 47.3 46.6 169.8
Sr 22.4 32.5 24.4 22.5 101.8
ffiE 108. r 133.3 147.2 142.8 531.4

2(p-aa)\). NID<eE:[8= .FETft*5l*il C[r{s Et{

_ 49.12 + 61.52 + ..... + (24.O2 + (2Z.rz
6

_27211 .52 
_ ?o?, n2

o

= 4546.253 - 3922.03

= 624.22

- 3922.01

qlqGrrqr rt-{ rsflTB - : (erG ffi ilQGrq1'! mE +q{)\
@-efitroEF

_ (108.1)2 + (133.3)z + (141 .2)z + OqZ.qz

- 
rs --3922.03

= ^#* - 3s22 03

= 3973.01 - 3922.03
= 50.98



ftFSffi :))

rg. qlREtq-{ s <eH fl* <rfryE = rqB <5fll'Be - itEGtrq-{ <sfryE - <"rq

cT{<5FuBr
= 624.22-5O.98 - 523.44

= 49.8

8. @Eqfiv<rfryE ({) = ffi<nfffi, - ffiD<rfryE\-r]E&[q-{<5fu8-
qltGftqr s <"6'ryapfffi 1

=_zsoult 

- 6 I o' 6 8 - 50' e8 -4e' 8

edct"f
qT c.\) : r< arfrefr:'i-< S-4J RZ - Rt

5.qr$-m ctt{s {lT = ry = ry= 18.61

\. {Ir<n\ftr1<5ffl8 = EBfis cft?P{F'
= 18.61

". (fiflB 3fffi;o ='
@.ilz + (-2.o\2 + ............ + (6.5't2

- r 8.61

*y-18.6r
= 40.91 - 18.61

=22.36

s. frqrilo x {e[r {:r]r <5rn-{E ry- 18.6r
I

=o#- 18.61

= 20.595- 18.61

= 1.985

afq
{Ilrl

<flil qlqdftq-{Il<llEr NE
N6 N1 N2 N3

Sr 4.5 1.3 0.9 11.1 17.8

Sr -2.O -J. -.) 3.7 5.0 10.0

Sa 2.O 0.1 o.2 6.5 8.8

c{E 4.5 47 4.8 22.6 366



))t fr<frEIrd tftsq ffi;r
c. frwrEt x ilQ&Trq-{<f$rB

- 18.61

=\#-186r
= 13.397

v. tq rnqf ' q<dtffi-{ , Elq q{'{ 1f{'{E
= (mE <sffi)+ - Asrrtqr, {"1{ T:R) <rfTrrE - aqrfiqI x ltt6tcq-{

<5Flrfr

= 22.36 - 1.98 - 13.40

= 6.98

aT {tet: tffs 6srrssftHvq<qoToR:
{<F C.\\ : €m<t {$

Brsr< Eql TGfiql <5falE r1-v <rf F
ffi.furs)

F 57o

6oqr)
ryfi?{ '2 t6.04 8.O2

<Ni IT'T 2 523.44 26t.72 14.70* 6.94

@rD (o) 4 7t.20 r7.80

ffiE 8 610.68

{rtGrq-qrliol J 50.98 t6.99 4.44 3.t6

l,IQGfrq-q* <elT
}l{<

6 49.80 8.30 2.17 2.66

FF (.1) 18 68.99 3.83

NE 35 780.45

+q$iot 18.61 18.61 2t.39 4.26

<Iq.T]EI X <9FI

CI{
2 1.98 0.99 t.14 3.40

itwrlq-l x 3 t3.40 4.47 5. 14* 3.01

nffi x

ali&rrqq ,. {:r{
6 6.98 1.16 1.33 2.51

416- (tl) 24 20.87 0.87

dI6 7t 842.29



ftFSffi 5)e

BBiq\o w-s Esl4-<TI {lr, <fi rrt-T, rRmTq{ rKllqt.s<s frq$qK E{H
sst< !'(?E sts"t{,1.f r aeffiqt 'e qti&I&T{ qrcffiqse&TRqsr<€ vts1.(f r

s6 {t+: {;rsqsts"t{1"i"ttrf+lfift :

()) <"1{ rrrr{ B?{, 5ls F{"ffin 4?fr-{I{ qm'rE5E

fT*;
=\ a,r,,
_^@-Y t2

= {tzs3
= 1.217

-11)

{-qsr Erq'rl.l{4rfa1 = qlr.f@fr xt s7o (ef W{EI)
= l.2l'7 x 1.176

= 3.39

(9 TRURqq xl<l1{-K qry q9 <raT6l< atftgE qq-'f ffi

=lo.qN
= 0.65

U{ET trIs"ld1"f 'pf41 ='qfryf q;fr x t 57o (.r.-fug' !.ffi)
= 0.65 " 2.101

= l.3J

('9) frq Tl,sK'q{] rrc'T{r{-{ ofieFa{l< gryf *5

2 x 3.83

2 x 3-x 3

<%I q.Il{ Tq{If X TETfiqT T(TIII X fliqfl{ T<CBI

^t 2"o.Bl
= \r-Y 3'4'3

v-



\\a fi-<fisnn €mq ffia

= {oo+s
=0.22

U;r-s{qsq-ti,l{efiqfql= qt.f@fr * tszo (<'ETe $Er'{)
= 0.22 x 2.064

= O.45

TAIl:rffITEII<{
r<Ftq

nslsFo : ,s{Ir{ <?l(-ffi EcN rrRI (sl) \{ s e{ <el{ rrll (Sz s S: ) qr"mt
EqT? r

q-rlq<, ,€rs-rc'{R6rcrq-{ WRE r-{r+rq \r-tst{1{esrc @rq r {iGftqa
fior ffi (N1, N2 €( Na ) .e< tr<r qq"t{1{ con-+ "ff*fq rqlr frQt
Aqllqt G, qamfrqqq (Rl) \Trtst eR I

qs c.\s : 5lV T-Ed (Cofwz

IIEFFD <fiIT{ {RGRqq{rqr AMxiiqr

Uffi{rrs sl s2 S3 No N1 N2 N3 Rl R2

5[.5 10.83 7.07 4.24 6.01 7.41 8.18 7.93 6.87 7.89

"lF[r$]-{
Wqrf@fr

1.22 0.65 o.22

{-d-srglqfi$
"fltrs,

3.39 1.37 0.45



q?lq<lm

ErrtBnqfuctffi
Lattice Expenmental Design

u..>.9frq1

e qds ffi< ffiq {qrdwrqlE{t s.fl <mq ErN qdel {<qlrs ffiffit
<'{qK T1-< sr{ {"(s Yrffi s-st {I frB{ ffi({rB< qrsefrTl l-axdql{t {r 1

fug wrt-{"rrrr qrr-+.erql qlr5 (variery), q18q (line) <l (tt lstrainl e<

!r<l qflr o{60 q{ q<< srq-{ w<i'qrseftll ql=lK qrlIwq as l ,s:K ffi'co

tm qtnlfu "rfiq'q ffiq q<q-fl T-{1 leTq\9 T{ I {6 oR, er-q-{ B&q

qsrd-{R? 66a1 qsfr qi ffir-< >oofr qlrs< !r<l'Yfil4'c{ el elGP frR
B<1? wrs fi-{Eq <fflK{ I crr&lq ?nilfis rt{no ffi <l TilrBrR*E

ffi{ q{Ey{ a-{r afiTq$Ifr{ fill q-fqr-tl rg.r r{ I s< q-li qlftr fir"qq

qhG< EHrq ryc{ srlfrT ffim c<{ftts "iftsq eflt Bgr+q s-{r <Trq rEI

{rqIl[ s {{,6{.{ 4rq s-{t r-€< |

b.\. <-q:{<?B'-s qls <t Etr{r+( nKqIr<rd cerc Eq(' TTtr'rd rFfr{'t mFI

(General nature of the pioblems in an experiment involing a large number of
varieties or treatments)

qrvfl ffi cq, <fr <r<qs q[o <t W x{I qrm mft qs sr< ?rqtfiv

,ra{a-+ &qrQq <lqq< T-{N fifre t( <-s ils ?e-fr ssmo qr I ,s1g ilr<Bl Tr<i

wrqrvsr fi tr< $ fiq{vq< mrq fi-s qrq {I I qmK qitfiq <r{< mro >r

e< qks ffi <t{qK T-{t {rq { r s]-<E ft'-src< q lrlrK III{I{ ofl Trs?

xrq +.R, :rrm lcfr q[rc< rrffi Fqrffi Y{il +.-{N qr< I q?F qafr q.lslrc

erqHrq{ T($ E F {l s-K cfr Elg.r+-< x'<i (eG E"rgre 6fr a'K qaqg

3B) cfr E"tS<"t vt{ <r{t {.ql1 €<f{ eiGE $"tfl-.'fr+ ers1Ffr E"fflr+

e<rfi-.p-isn< et-c$fl s-<l qfit r s< +T{ {rn 6.'$ Tl{, fr(D' ffi frqin (qs

u:) Tftsq1a1



q<figtT{ tftrq ffiq
qr ts.) :4frl96qtr0 ffi$F,i:rt

E"rg+
(")
0)
(c)
(r)
G)

fiqt {Fp, q q<(qr fi$H crn-+ fr qr* T-fl s(9 fir< r ssftT (T, (s) T{TFII
E"rgo frce erB rrfrlr ?oR or<re I (rr) ({ corr+ eoE ffi v-or
qw<lerfl ffitlntr Ctr frfrfic, w- 0) srF g6 qtfiv u.n-s< tr<-{, (\)
rq Sd e qte-rs qffi qfl <TrqEEr eq< (Sfr w+ Slgrc.< S <o mft o
+l E-d< qcs "frc<) e<( (o) mq.< wqsftq qRrqmqtqB qvrffir erq-< qqfs

Sr+-{ E-srsTR< tftwq eE r qRo-g qr{ qsrmn l<rflGg Evfr<-{ Trq
qN<r fiYks"nlm,
t .l.:. erl G"rgre< tfr strs{ T-{r;1-$ TKI c{ {*f+l q{ er{ r-r<l vrv Xfia
xsl cB-<flr<.{ "ttift-q< ql(?t qrsffirs-{ frtrq erqTcF-{ qsR etcs $s,q<<
Blgre< 66agetvK {Ir$'lt I Fqqt -s+i Eflgc< !r<l S 5p wfu r

u.t.l &w gr+ qtFM qB q'ns< s "ttdq lffi qr ,{< w<l stm
Wis 5p fr* qgs g0r lrll-<-+,fr ftlrT( qER w- &a E"rgr+<

wlmp arf6ai-a evt< T<W qSt Eqq<.i-{f,"t Ro t.) e Ersfdv )) ,e<<

)8{< qrrs< 51-6<j 'tffi\5 ffifrl X$q (re.) qtifurr Usfa\o fF fi* qr*
qKk )x,s<<,s{< qtr\fi r-KI "tffitr T.{C{-< "ttcFasl-< \-fi1qNe- {E{ *oi
ergo "mfo, Gry-o< 'rrqfcq< erq-{ s<< &s BtgT< rr<l'\T{.tlyeR q-sl<

frrlql{ r qefq erq B"rgo< !,-r<l <Kq-n r-{t q.trs{ :Fqcffi x's] {sFsl IgDr

T+NK Tmt qil{rn-{t {t{ fra EWn <l<qs XE wtr'w w<t ostf TqsK
{tRIqalt <F-{r rs?r qr lt I rFTq fr1U* qtr-,g<vsl eritTlom qf&Ttrs q{-{l
o<Tt )rSI ;l-T I S q!-ryI c?RT E-'g<r"r< q-dl EkTFI .{q{r;K e[r{.lq-{ s<(
fr-snru'{n rrl{1r+{'th'Gs Ugraq r-fl qnrrqt s rr<16r{ q-ll qffi qzio<
q-lt qofrs flfrffi <r<.qrra{ <lrqt o-nt q{ {fts efufr rrfr"rn frB* qrio

€l;lgrr< <lq{l-{ s-<t {T sqert-<m frGR g-o s Elgro qfeF re;il rtTr 
r

)8 )) )C )\
I C \ 8

\\ \B \) \e \C
I )o b ts

\o )v )h . )tr



effiq "rft$q ffi ))1

q"Tlri rtre .sq rq vwffiIt{-gt fi-<-+l o-rt t<q emlqa I Er< qT{ {ft
T-<I {ls R, EGfr q.l\o q-fl ersf<r qts{ q-{i qr<r{ qr< qrqs <fr eri
B"rgr+ qrffi T-{t {llr, .s-r< WrlK ffi r<{ sleot{t{'qr I qrr efr <Ffl€

orrq rafr qts <I<qK s-{K ffi-rq ftkasn S"fq-{ <'K sfr:Nfr"fi <lEqR-f,{

efcrM;r qrt s {f,rl:r qsfr qfi<rfr|g M{ qr b..\-,{ aqsg {rflt qK q
sr<ir{ Gq.|t{rc qT{F$ dfifu {RT-r'FIt (Balanced lattice plan) <EIt q{ 

I

qT ts.\ : c x c vBt{l$ EIfET ffiTa"FTr
($rr-sit ffi T<$ Elgo ag1 ffi1 a3q;

0)
(r)

(")
(8)

(c)

0:)

0\)

0")

0s)

0c)

(r>)

1*)
(r")
(rs)

(rc)

(v)

G)

(u)

(r)
(:o)

0v)

0r)

0t')

0r)
(ro)

(rv)

(r9
(ru)

(ra)

(oo)

wfifi-)
) \ \9 6 t
g q v b )o

)) )\ )e )8 )C

)v )1 )t/ )h \0

\) \\ \e \8 \C

rrfr"R- \
v \)

\ 1 )c \\
\c v )e )ts \e
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(r )o )C \o \C

qrfrfi- \e

q )e )h \C
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ryfr14 - g
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qrfrqr- a
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q \e \a a

arfr"rq- v

\\ )b- )8 )o
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ffiwtrq tftmqWq

,€Is firfi Tl{ G, elGff qlg EFi (s GFIqI q]Iw 4i"] €T-<K T.K e+{E rgre

q.{ c"izvrqt eqq*

){s qlv \, e, 8 s c{< qlr\e-'{:tRrt ryfr"n - ) q< )4( Eel6-m i

\e, )), :v s \) {< qrrg<r 4q ryfi6-\ €< v{< Eelffi ;

1, )\e, )b q<( \ci< silasR:Tk{ flA"F-e q< ))q< G"r$,re';

)\, \e, b .q<< \o{< qrr\e-{ qzq ITBfi-& q< : v{< E"rgor ;

)q, ts, \8 q<q )c{( q-lrcF xtt{ rrfr"F-c s< $4s B'1src,{<<

\\, )v, )8 q<q )o{< q'rsT T|BI qffi"fa-s ,s< N{< Blsro qrq fiBTq r

q-dllil r{ q1gs eaQglK eP6qr<r{ nt{ .!T-{l{ T-K erlB"r#T q{ (9lrr(q 
I

,e q{r{{ &qltdl@ EKI{ITI BqR{ <E r

l-1{ vmnxsm q-{ l:{frfi T<{It Tis q.< etqrr.:< l<qlit, S+ qG
q[-\93 {q{fi ff{ \TlTl-{) .s<< Bflils xqBf< B"t< ffi<frq r

frrysqcs (qsu.rr) 6ry6al{ R, qR-\'{T<?m f<E(,s<<g+qlTt{{.{l
urr<fqlnqu 1

qrs1g S"fg+ Wtot< e B1g+ {<$I qTl Er< qB {$T"t rt-6 gagp

EFrt< s B"fg+ xtU.l ,aTRqsTt qITMAT rT r

Vrqrfq-s"f <-qt {Is, vsfr qks1 mrq sfr SRfi? )vE E K-s 6s{r
{trr I E?m ffi qqfe, Grmq 8"6-+ xqrt qrqt qtu {<{lI{ fff{q sq sr<r{.{

M{T 6TtlfiT ffi (Larrice design) acE r qG {$K"i-qr< ,{ tr{tffi
esfl$r+ qT"{{g+ ffi+ s €l W (krcomplete Block Design) I

EilBr ffiT ryqqfrr{ q-q] r'{rffT ws ers-{ yf{l-< s r<?Bt ,!<<

s"rgro< wor< s cs{fi fr{ss R{R T{re <I<"tt firu-{ qr errs ttsxT Te.{ r

qs ts.e : eIfrT &u.ftq qts rsll, Elgr<t< qfsr{ s r<alfl €<q sr<l]!Fr{
sr-dll\hfir".eBl{T9d

qrcs<asqr m2) 9 16 25 49 64 81 121

<-rs< qFFEI rK') l 4 5 7 8 9 11

3-STSqI (K) J 4 5 7 8 9 11

sKTIvEt{ qil aq1a"ll
T$IIIeK+l

4 5 6 8 9 10 t2

T'TffiftsTt cF Sx{-rl=
K2.r

JO 80 150 ?92 576 810 | 452



alEq t-ftrq ffi 5)b

ers E< (<o t.e) g6q ,eEI erqrrlT qr c{, ffi T<{II1fr-{ arrq Trrel

a-1{ vmarw< q-ql emrqft{ NE S {$lTIs ffi tm I rcrm celrat cn:rc

1qqio;5<-< ffisK q-ql ffi< Td"isl eill{w-Klttliot '|Is$ {"s< q{ {I I

em ffirq l{vmrx-gt< q-{ emqfrT ryn+ wfr"n qmltl T{ cs.qrc

aqfrfi<I<qrRT$ qr I

qr"t{Wie-< Ss retTq'?e-fu q-dl EG flfrtn ffi< SFr< &ssl
ql<fr{ \,-K{Erffi e+q1{t

tqRT.pflfi,r(El TE "Im Ws c x ( skHFIJ qtlffr ffiT $XelqlT

dB rrfrfl{ ,{T (Kra:tr lTr<Frc vETITINI qfiFr ffi $ wm I q $nffi

ffiarq aq<q <t vrn ryFt Mq <ra I qKK el?N ffi qrfrq4 frr* rs
qt$ro vr<.{Nl dfimT ffi qs srrs frffi E rfu ffi (rd I wi'f q?FI

EKfr qnfrl{ qql' qT q<r{{ !fifi-+'stfl{.ln1 frsflf$ $ Trn {fro @mq"lq

q.rrFr ffi Tffi r e <-<r+< ftBa ffiffi mre efRrq?Btfr<' frqFq "rfi€i
"r{tmqnot5-+cilq(< I

u.r.s. qtvqfu <t Beffclr eFs fiTq:rrsrrfi efrsfqfu (Need tor

adjustments to treatment or varietal means) : tfttfof< qf< eTF {SVt{
frq{ qrqt, qfts:TqrB<' ffirr6< ffi-@ Fr.{<T 5fifrCr e{-v'II{FIqE ffir{B
flg< erfs qlT eFoFIT'ci ilt eT,fr tqTqflcl3 crqrc{, ffi VFlglr{ c{Rfl

qtr< r "g-dWds c x c d'ilfu ffi ffiTa"lrT'T rcfr qnsn q-{E wfu{
ry{q-< T-<l qcs(q r slo qls-) e< ffi 1ffi"6as erff qc{ mE q-{E :fd< q-s

Fffi eqqtwergorqlmrslefqFt<tt-a{atl+.kH ), v, )), )s, $, \s S+.

ffi wqsry\o ffi n+ q{ (e aoeranv u11o-) Emt5t o<I qrrq) ef<6 alu-
) qR +qr qm-q {-"R-derfs srsrst rum oft {kt6tl qlv'qr 

I

q-{rfrrc € q{E Ao rfi u&sk fro nno Ka' {l, srqrq qlg lrs r-{.{
q.rsm< erfs rE'{ siT-q qHs1 Tr qr I q?frq erB axfr"rcq qr;r+

E"fg+-l'-r* ffisr6r-< q6el-1s +ql flg eflsrl {l'{lIt .rg41e.rs'refrr.F

s'r< {"t{ Bt-s{mteB er "ffeFsl firrffi s'fi 5l-v {L{31 rq{{ T-{l erGrq-{ I

q-difirc sfr ils "ttcFsl 
qstqi qr <t @fr 'rteFrclr om mfr a1q*, roRre Ss

"ff?Faslr s-dl ffi(Tfi etl-s< ffinl $l-(;K rr{{ (adjustment) o-<r< erg&-{ q{

a1 I €rwq q1g rt${"i 51-s !1aqe-1u EAxt 5t-v ftxc< ffi r



5\o fi-{REIri tfimq 6=1q-q

Qffi lyatesy vq? g* "ffrferRfi? €sr"i* sq gefiqH fl-sR TNqrl
e<f< B"fp.= "tAB EW<{ Tr<.u{ I

b.\.8. qEIS s qfgSf$ {ER (nrra-block and inter_block etfects) : ffi<
T*=. Em q<-<rm B*isrE qs;a qffiv qn I cqE_ ilTr qsrsft.r
B{-sti Eqr Vro wssils Brot <art {r e<( qftfr rrfrflrr< ATTektR-tRr frrsr qe<nv- UesK Fiq) {rc qrssilr &rq <_fl qo, **
fu{-sti rKrq "fils'ftT qF wrr= w- qts_) ,!<s q]g-\ (I\frei-4_) ,!1
E"rgo-t ,{ qr$torfv) q< qT{R cwq Bt qrssgT qvrd {ts s<(
Sfseilqofis Brof eno TF eIR-$'r fre e v11g $ r-"R-<f q-41 wfr,n
crrcrs E'qI nts ril :rm sfrs q ffi.ro ,qtg wryr{q il+ evrcd{ {lTat rrQs
(contbunded) ellca I Tf{6i qtv 

KE ftH ilT EKfu r EqfC{q6<fi"t {flT {ts,
frsx:mB"nqn 6 q<s 7 {< aTs-{ 

gefi-+er{r{ ffi 545aqr exzfa1q,, fl*&-ru Wv go qiuR mQs eilrs <rq T"1tq (explieciry) rflr4. il I

-&* go q<&s $ qt?-w i}-{s-H rqrcf uefi -o.uq.* @3 eo
TrtrSR ffic cW<T TlT r e "*fuT q,ssg.s \e.,=r,u ell-s.il( <4t C{ I ,{ flhBEgt<r+f, ffia qltFT @l ry"6a.ffilT1?-{ WSq e<( ,s "raB< e+qqG?F R(s IIs I {l(qf<F, e "i6fr A3. efs6 {-,fftfu K.I ftR ftr-.r< B"frffiqE t e Urq-rn {rn fi$ {lTr cq, go eMmr flg W (mean zero) €4(rsql*+o2b qn \-c<l elfrs 

I

f,s &Rq< w-ll efu l.ret:\ Gtm )B s< TT il qm 4{t-scNe= q1ssflo- 
1-fi q-*h*1mt" T.rc:l on r wDprr,o rr {.q fril<< *. *mu

nr<rt6t KFI qI r l+-v wEprro )\ GIl-s re €< R.fi EIE sr_$sgr ocm<fr
trsqtr q<r qoB qftfrw +rq r

qr rr{ vrtss s qssss p-ql Eqr qBr-o en+r+ $3.tril< q{r qr <t rrr.{
frtr{i ry*rr<resfr d"qr frqR ";1€trf {ts I ,{ "rhft3 5ffftfrT Fr"fi,fr.
fiqmut "raa$ ffi.rlGq.R<Ti-{ \ts?\ qr{b-{T qfl <T I

u'.t.c. Ei'fBq Wa,T nTqi't . E-1DT frBrp1 qr;rs*rEl ffi( u, q-s-n6i

frLT ffin'r< fitrs-s ftq fr,.m r\TI fi{l r1T r r<rriret r\q1l\rrdl s .g1r

II}{H'firF &a{ s-<T qr4r :

0) src-{ \Tr.R qE qs*< ryrq ffier+r q{a.i( Tqt*rE {qnrsr ffi
ell"{ 

I



effiq "tftsqMq )\)

(r) e<Q Erc q<fu ffiffirSK W{l< {<tcfot &a er+ \s<E ffi
q4{t-< orr Kfr r

(") efrfr Eetffi{ G{ eK^etm< {R?r eslSGF eiry m Rmc< rrfr?F T$BI

fi-*qq +z< q-1{ q-<rNrd qFI {t{ I

(s) r'1{vK{FNr-{ q-a1qr*rwfu rrfr"F {$m qc'lm tftl'tft{ ryfr"n
c<qlll Tr *q qr<fr-s vK{NJgI qm qr 

r

(a) ffi ag ftItr<-{ @c lt{rqs vtei :FqfrE qrr{ qK lt I Sm{ eq<

T+vt{<q W sRVr rrqr el-rlm-{ I . llelfr lt{rq 5l-sql{ UflTts

ft4q a;qa6a 1

(s) tftm wm ffimci< qf,Tr< ffiq qwrffi \5ql ei{r-{n;q <'<lqs I qrB

<EI qrssf,T ersr< ,{{< qryF qsef,s evm r es &a-st ftar<-{ ffirc

wflsl )\ elrs )8 T-KqrsssssEr< T{$h]Ta-{lrl{ I

(q) -{trf+l-{ Talf{r{ Eta\fi q-il frr.m B"fm qlgg s qsaf,T ef\e-l<r+.

q4'{rRfrRt<q$q{r

(u,) Effisr ffir<{IRs ftelq r<-t qBq 
r

u.'?. qtB'{@rffi e[fqkqA

EfimT ffi RBs <r<rl-< q.{ {lcs r rlm ffierq s ffi+ {r<qcflr

E{f{s ffil-T"I-nfBa lsimple lattice), fr-4rffiT (double lattice), fr-4IIEn

(tnple lattice), @mq15 ofiEa lquadrupule lattice; ,l<< amBl'<sf TXffiQ

'tAFsrq< d--Wq Kfr | sw.sts q{'EI4fiET ffi {.{1 q.ms errBTr

arffiqrs qrtBr, qrTEr s.{ s<< q{iFl ffis 4trB{ esF i Em {1
r<z-+< ffir+< rqira rrrTt{ qTG ,aEqm ert{T{ <t Trd wsttrd T-$

qrl-rqr qrn ft'qwr^rwftr ffiffi <61, BqRr o-<t< "tqB ,!<< :P-ffsE

Rqfn< "hG qn-qfu-{ T-<t qrel 
r

u..e. ql$n"t qJtEr

,{ q{fl< 4tBr ffi{(T'oRrr{I ?F{a{l <5fffin (square taurce) <l fr EfiEr

(double lauice) {41 qr t wm ertr afiE{ <eiftqq !.H {<l{ rcxql T({q c{q t

onq efiB{ <sir."$B* ffi I nrqrs, € {<trry{ ffi ffi <1 qts{



)tt ffiercq tftmqMq

{<{fl so.fr ry"F<sf xgt I €q-ry ,€1q rE {{EI"fe- 9, t6,25,36, 49,64,8t,
rzr eryG xu-+ ffi c{s{t qr I .! wr+< ffi{ Xm wo qqfrq{ <Kqt-{
q{t EI e<< qfr er-F qr<Fr+ smffil ffi rqcE qts <iEqr<&ftc e

sr<r+{ tftsr"r{ tt{ffiffi fi{fifuEfiqflq< Trwll <ftoaqrqr :

O) EcR! q]s"elEl(\5 ffi,ssnq I elrs 25 "ffs I<1fr T-{l {$ r frrqB
ersftT{ cT{ qwil $q6i6a9< "rv{sQ{ qT c{q-{I,s (t{qI c{s{I
q{t

(q) wMerot (ffi) frr$B w<r< (qo t .a) rrm cfrom Erllsl s-<l qr 
I

(") ffi Rrqm qrs.erolrs n+<6 T-<t qr I q< Trq 0,2,3,4,5), (6,'1,

8,9, 10), (tt,tz,t3, 14, rs;, 1tri, tl,tB,t9,zo) q<<(21,22,23,24,

zs) e dffE"E qq 'rt€$ \mr eBB q-a6q,effi grc-< B"rgo*mt{ o-+rq )fr
rrfifi T-"I{qs r eerm TrftGftT ne rrt{ir * Sii< + e- trFt< <-+ qr 

r

(s) ql<I< qltrTFR-{ (ffirrt) +-qNfrfrT qa ?sR r-{l q{ I srE @ (1, 6,

rt, 16,21), (2,7, t2, 17,22), (3,8, r3, 18, 23), (4,9, 14, 19, 14) '{<< (5,

10, 15, 20,25) sq rs'ent "ttsrt {t{ r o-eNGftT ,{ <.<.r{'{ nc {t{cs y -
tfr< <t e- sfr< <et qr 

I

€Q.x €{( y ffi<-,r< +rq eTqq-qw qlsqr{I "I{<m ,n+i Src ?9K
>rgKr.t ctfrs rI r e Usr eFFirr+ fiWfrilo er+ (u c) E"et"tl T.<t rEr I

rrfur-: (x - sft<)

qT b-.(

srfrffi ct<
0)
(r)
(")
(B)

(a)

(u, )

G)
(v)
(r)
(:o )

q-s b'.8

I 2 J 4 5

6 7 8 I t0
11 t2 t3 t4 t5
t6 t7 18 t9 20
2t 22 23 24 25

I 2 J 4 5

6 7 8 9 l0
ll t2 t3 t4 l5
t6 t7 18 t9 20

21 22 23 74 25

_\
I 6 11 l6 2l
2 t2 t7 22

3 8 t3 l8 23

4 9 t4 l9 24

5 l0 r5 20 25



EirFq tflqq ffi )\e

b.8.). Gm qr$6t : xlQo G"rnv< ++rtftg<q '|s<< 
rfr{strd "LAsq @fr

fitr<t"r< qq afravrr< ffi{ aqG qTiT"f <5-<l €rc{Icr{ I E?rqs, x €{( y

sft<-.s @.r6t {<..ffi "rm9t|By {t {r<:R q-{1 Ei]geIErC<' r1qrffitt< t

crrc'25 "rfs l<qnfis 4-<t qr r Elf,ro ffitl.S e<< rrfi'[rl E"rgr+< q,.-{qlq

ft1tvEtrrfi{rfiq<tq{ I

O) erci<' q{fr"r(I' ffi(TS q-a<' RB{ Uqgrs ffift< ercrlst T-{l q{ |

e& rrB"rrffi Nrq qr;flrtslm e ?n<lfi qFelrl r-{cg qr l

(r) qB t"rf,m erslr qrd-< ffintqqr<'ffissn< errllsl T-<l qs e<< EG

ara"trq e ?q-{H-{ qamlE]-C{ T-{l qr I

(o) w<er< I{a"F EmlT5f{ mrEs !rr} x €{( y ffi<roffi'e-vn-< emt

T-{IqTI

e q6.fus ffi(I-s s flfrffi €frTtFK a6a 4fl5"f I'-drcIq-{ B{< m orrql

qqffi Eqrr{ esrc Rr{ "nr r r'1{ ?q'{r{'6K w.{ $g &-qE{ {frsa"l{l< (qr

: t.v) fi-ouraqqoqrqtt
q{ tr.v

wfr"n sfr<r{fi"F-: (x-sfrR

(a)
(8)

0)
(")
(r)

(or)

(r)
(1)

(>o)

(v)

elsrc qrfr"l-r< f,T'er<L{ re-qBfrUrrT (contiguous) ge ftam q"n

T-<rs {.{ I q {{6ffi fiai;a'q56g+ seB.l<fr-< wd[ f,r &-{-sK fuR<< lcncfut

1fr Tr< r qr<K ftq 6arr"nm ,{ <.<rfi ft-+ru 6ay out) a{"( lftntq

+or+-qrorq-dfis ryltf f+ et?fr 1ncBD) Qrar< "tRrqlllfi-s frq<q a<t<

sPg or< I

tr.e.\. {4 {Fff{q 4fifrq ffiq-< t{s dtTlst (Repealition of basic

simple lauice designl : ffi'&s{ qfi qGrn' {{<61 n,tDo fteflt{ <nfltt
ffi rrfr'H qr{Mq r er6 qmt Bfllnlc{< x- ffiq '!1q 

q"rE y- ffi<-'l< wo r

it *a"n crm \-.{< qfts qr 'slqre, sl \-€T efr-sr x<llo {r{ R x €((

-)(x-
25 24 21 23 22

20 29 18 t7 t6

5 4 I J 2

13 t4 t5 l2 t1

6 9 1 10 8

-\(v-
t6 6 I 2t t1

t9 4 9 t4 24

7 2 l1 22 t2

5 20 25 10 15

23 ) 8 t8 13



)t8 ffielrq tftmqM-q

y fl"Ft< qr{srts <t( ?itr-s | €rlrro ffi ermfl .!<( rrfr"H fr{ir T{aw-eRqa{l

v.s.s. 4frair1,ffiE frrew : lt$nq qrtBr ffi erF qt<Ft-o vtT{I{r
ffi eaftial batanced design) e<< ffi {-"I{p+ Gurft+ (Randomized

complere block design) sn r(sl s {flfln tftprq Etg Effrs{ "|fi:{$5Tfis
ftreTi+-fl {R {t r € <-{ri< Eefltr frrevq ffi ftrr qt-s-

O) flti B{-siTT frEa &qq Eqrrr< &fus Trs <F-<T s<< rr< u sns=s.
fiqlrl< qro Etq"n o-<t r

(\) ffi avrc ils ssRT:e- <t{t-{ q-({", TNqry'<rfl q{ oRr q1-E1 e5q
ffir-{A R, T[{K6tffi irser{set(sffi fl-s{Tftfiomq{T$s
efq< TrE"I.f t

1"; qrel f,m <t &n rro q<fu TE ffinri< fl?f.q-< {en?fuT frmr"r<
E116 "rh.G Tqqa<T r

u.c. qj1ftT 
"ffis"t WGT BFRd.t

s4-d1-< Tt-{qs lT{l-{6i qfiET ffi wffiKn r-flfrs l_fftr."r< fr6"t
ffi: ryIfu €Tqffiffi ffi-Gefig Efis{fr.grr cr<rmq-llr$R6r
t :fr sT(E< +Erffi yryt T-{ru ,l<F-<rn T{-jqE rt$<Et sIFr ffi qqq-Tr4

I-,fifrr erfr aAI'rn EIg E"ttB ,4s{f <-{t (qs u.q) I ,lrrrm eG gB e.te
F{rffi B"ns 1roG..z$) ms* qrrq I sr-ff( T{-fl18 frqtl ersrc rrfrfi
{,.q81 \ qaq q qn6n EltFT"5E fr-e]lBr T(E r

{frqfs', qs E.c e tAw"R !T5 frTJH ffirnrdl qrlrqt efi u:F q-lr\x \-ft1
qril <,:rre qt'g E"fns< ft*m 1q& fr6 <ftG {cat r

b.a.). : f<r1T"r qne

{tst : : q1gjT' Zl'("f (x .l<< y $r"l) dr.erotrc e<( qG a1-{-n rr<l
wtserck-s {Fffiw< ffqftit srEI (qs' b-.b.) |

{ttt e. : E-w ryfr"n rclrs qBfr cilTET TEr.t-{ U"ff.s frm GI{ T-61 RT ts.h-

o{rqtffi<sT I

Gn-{ ){< qTrc< q-fl' 2.95 = 1.00 + 1.95 tXXh'F > + q{fr"F \)
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)eo snskw{ qfrsq ffir
{lelg: gowEfi.ft-
6 erBF Srsr wr<l EIg EtB c$fl a-r< wGfr gr+< rrB fi.fu +<il qmr

GTW_

){< am-{ flE sl = 1.00 + 1.50 + 2.9t0* O.SO + 1.60 + 1.90 + 3.03 +

2.40+4.0O=19.23

(.1) EB rrfr"tr-fi rnl< eqrTrqn Etns< fitrt+e a"6E qffiaa wE tcr )
ffi+-*qrer r

({r;t, )dqq{fimRq-dI
Gl = Bl + Bz + 83 + 84+ ................ 89

= 19.23 + ............. 15.13=150.11

qaqryfi?lr{Rq-$

G2 = B10 * Bl t + BtZ.+ ............. Bt8

= 15.86 + ............. 15.33 = 160.51

(rf) c-{{E GIsl-T-{ (GD fifr-
G1 €{( G2,{< TF GIrl TLT s"tfrc3r Tffi 6pp5q fi.fu aj1 q1a 

1

GT = Gl + G2 = 150.11 + 160.51 = 310.62

ctet e : qm< T{cflt <5F;NB (sser), r\fi"EgTfis <rf{TE (sseil s<<
\T{l{qT (unadjusted) ffi <5fry8 [sSet (unadj)] Tf{q
q$lTr{rq€I"flFis ffir<-ifi{-cq fi6fu T.-fl <qt I

(O ffi{s vr 1c.F.; fi{-r :

-. _ (+ffi rqirFrd)\ _ GDzvr- = ------7----EE---l--^ - cffi Glfcq< qsrm ZKz

_ (310.6D2
- 2(81)

= 595.59

qrs-60,I(2=el\9Offiqs$t
("f) ,fiiTp <aF1qE (Sser) fi.ftT-{ q-{ 81 ,2 = 162 E"itFs< erGfr {rfTr{

sl-fi-{ melT-q o'm q8. RIeBp--{ crc<F efi{s \rr' (c F ) ilq mg{t qrfl 
I

.'. ssQT = t(l.oo)2 + ....... + (r.sqzl. [(1.95)2 + .... + (0.99)2] - cF

=694.68 - 595.59 =99.O9



ryFq {Arq fr9Er

(et) qqffi <5frEE (ssQil fif* :

612 + Gr2ssQR=T-.r

- 
(150.11)2 +(160.51)2 - 5g5.5g-81

= 596.25 - 595.59

= 0.66

(q) w{Rs (unadjusted) ffiNnq,fis (qrwo vrv) <5FNE

(SSQt (unadi)

= 657.59 _ 595.59 = 62.00

{tfl ) ,{<( 8 errc q-ffi <5fry8 {ffi (<j<{H), ryffi-s <5flIE

€<< q{Nq:{lqlEqfis <5rI{E 'tlsrt (5lrq | fi'e csqltr frrflT(q< qs ?sR

s-{N 3+qfis <gffi e<< Effi <5f{{E fifs e-<t erffirq-{ I qrslq

S-{srfis <rfllE fif* q*< q-rl er<P ffitl,iqfis 'asm-{ crflet fiqqal qscs

<-< I ql{ rNqc, T-sril+qfis <5fry8 fifr o-<r <cE {{r{q fiTN effi
<5fry8 fift o-<t<m r ffi qq< W T1-< il{qfis <ufil{E "tfut"l

T-d< "ffi fiI5<{{lo-fl <El I

E{N ){< H-$rs {<t qr{I I 'l1Trrc- 3o <ufmE Bl = lg'23,{Br II<1 XX

#T-< eM-<q ai.qt<s rm Fl-R ) 6q1a 51af(g3 "ttdoi-efio',q-<qF t

€qF {fr S< Tfil R-ra )\ eI.{ b{ q6s< ersK T5 rsTI ${ sr<q frlrB
qrfq qfro-< etlram W Ss qsr{ tfutt fil $r< I sK q;u rnfrfi*\ (y S't)

e<,eslqlsRfi? T-EINi (column) GHTqrc <I{qK T<ls q(< t e GnT]f

sirssrfis esf<W il<F efq< <rl-Cql c<5;l-{1 qlqi?G lfr si1s lfr fu* il<t Rlcs

,4l{.rqt sfr e?t{ BlRlsl{r{ nras,9 T-{f{ Gt5lT-4ftr-sH T-$ qq wK qllg3T

qq<w gr €rsl< 9IIs{t <rK I,s {{.rffi f,s crlflTryc<' ssETfis <5r{TE fi'ftT

<1<qK <'-{tqr I S-{ <5fNB{,s q<.rrs t"|fff{ b (component . u; <ar fro

{Pt - c e 4{tr{J-{ S-s <tfryE (SSQsadj) fifr +-d <sI I



ffie1o"rfu"iffin

{tet c : {Nq:Trfsil{ <5ffi (ssee adj) fif* :

(O qrfrffi - > (x-S"t)-€r EGfr Sm< q-dj rmqrTt{'s s-{T S-$ crE fcl
fifro<t qror (qs u-.:o) r

,e< wll athll *: e< EGfr ils rrB EH cts nrfrt{ - \ (y s"t)-.!<
<ell,a;fr-r <qN ({|3 ri-Gj €e qtio (clq) ryE xn fiLTI5t T1T nNqrnE Sr
rxBfi4s s-$ q{ I

ffi qr * b-.)o-q fiYlll-dl <EI I

qr v.)o ; affi6 ) srpreromq-dlc-€<{F[fi{-{
a?l5 alfrta - r

(o-dmrrB)
x

rxfrqa - :
$sllE )

C- ,4< {l;I
(x-y)

-6) 1',7.25 9.23 -1.98 (C2)

(r) 23.tl 8.03 + 5.08 (C2)

(") t5.14 3.7 6 +1.98 (C3)

(s) 16.41 7.30 -0.8e (Ca)

(c) 1 9.06 6.59 + 2.47 (cs)
(v) 21 .44 5.28 + 6.16 (C6)

(q) 16.38 3.39 +2.99 (Ct)
(u) 15.65 21.40 s.7s (C6)

6) 15.4'7 r 5.13 + 0.34 (cs)
(TItf+E 160.51 l 50.1 1 + 10.40

(cl) srl'ffis ll'Ffi \-sr qGfr Sm mtrl+q rmqrl o{l{ grdl ryfrfi
)-€< TEillI.< CIstT-{ elZT ft-TH T-{l qafl (<O u.::1

mfr"n qtgl6qT k.)) : IrIFI't-{ -\ {R qlEitF S(q{ C-S< !-r{
Z?6 n'ffi6- 5

(qf,N rrB) x

ITBfi _ \
(ro xqB) "

C- ,!< Ili
(x-v)

(:o) 13.20 15.86 - 2.66

(:> ) 15.01 16.20 1.99

(:r) 15 .48 10.95 + 4.53

0") 14.80 28.02 t3.22

0a) 15.30 19.06 - 3.76

(>a) 20.12 17 .71 +2.41

(:v) 18.6 8 19.62 - 0.94

(>q) 16.43 1',I .56 1.13

(:t 1 2t.09 15.5 3 + 5.56

ffif5l-TE r 50.1 1 160.51 10.40

fi.fu



airBq lArq ffi )se

(q) eftfr wfi"R6m q-{, c-e< ltrl< RII{F{ fi"fq : rrfifi )-qR q-fl'{E

IIet R1 = 10.40

rrfiffi )-t!<q-{] s II{ Rl= 10.40

s{rad Erfl$ R I<Pn-{ Rr * R2 - 0 qr< I

F) ilsqfis <5ftr8< T6qrn'o o1r

lssQn (adj)l ffi:
yr,Z :R2

SSQ6 adj = t'1.=-r) -%"
€qllc{,

r=qrfieffl{{<lm

k=aGprreffiwt< xctlt

CZr* ....................CLrs R12 + R22
.'. sSQetuoj)@ (8lxr) (D

_ (-1.98)2 + ...... (5.56)2 
_ 

(10.40)2 + (-10.40)2

18 162

= 20.97 - 1.34 = 19.63

qtel 'u : e $fi @m <5fr.TE (ssQB) fift o-o qs I .

ssQr = SSQr - SSQI (tjnadi)

-- ssQs (adj) - ssQn

= 99.09 - 62.00 - 19.63 - 0.66

= 16.80

e{RT @m <rfryE s-{sets sfiTfu <Reesl<rTr F4l ,sDIqssf,-s

efi s-nr*o r



ES ts.)\: (ET1g:S-{CJT(6L<Ef{R 5ft{

ffiq-E g*,
(S\.)

Tsqqr
(DF)

<5F{:{B
(SS) 't-V<51(MS)

Wfifi
ffi
(,emrO qv - *u6.1;

ryB"tlwe-qw 6o
(adi)

Erssgs @F

r-1

t*-t

(k-1)

(k-l) (rk-k-l)

SSQn

SSQ(unadj)

SSQ3(adj)

SSQB

ssQs(adj) _.

- 

=Fhr(k-l)

sSQp

{k-11 L1-Lr', =rc

rnB rt?-t SSQr

)e8 ffitq tftvq Ml
fr4 q : eqps fiqwm e-e (ANovA Table; bfr o-<t qnr (K ts.x) r

q+ u.:ir : SnrqFrt< E4g-GG-s (gfiss frrevt*qa

b.c.\. etsrlfr-t ft"ftT{ "fftr.t : gqrs-r frc1<rm qr+ rn{t {Rr r<,
(gqlrs{-< ur<D oql <rrcq I

mffi Nrrs-s e-fsetm c qfrrg ryfi"n rfr +-< qc<-rq uTrm
w<l U{<srn fl?Fsl GftT ,{rrRl \TRl< erBE 1ffi'6a3 q-sw $-{Bre]"
{ry 1<{l{ firrq gq pffi (adj) €<< qEsHT <rfrrift Ui"rfr <<6q
EfiTfr\ofrGr erer<-s Gtcr r

Gnqp fop"r R-rc rs q.r.9-qf{s <rfflft mRrnar qrfo ror fu-z qFqx
T-<I qsfi r T-€ k-srt s-$ <{rqqrserer< fi-s< \r<l Sm-{ erg,< frr.t sRE,

&asm Sqr
(SV)

Ts{rtr]
CIF)

<rflrB
(SS) .

xv<d
(MS)

T{E"r{
sle(Unadj)

llfu{
wSpolaa3;
qlg8il{'@fr

I

80

t6

64

0.66

62.00

19.63

16.80

1.23

0.26

rtB t6t 99.09



ilFq tftsqffi

q?Frs f,s eq<xg; r-T I TTq qIq-{ !.HI qfll <'-<1s glfssTfi€ <rffis
ffiqqjr-K 6sTIEmrq-{ l{<T {fPlSn"mffril q<tqrdl 

I

r+tt u : 6 effi c \;qrc p frm e"tr6 q&E -Src.3 qr rgrll{<F 11{ fi"f{
qst qret r

,{?iIC{,

Eb'- Ec 1.23 - 0.26
It = Kr-rEb = g(t) i.z3

= 0.087

q-eq1flfr"F :-,{< qfl .! fi4qlql fi{s"l

Pcl = - 0.17, Pr2 = + 0.44, llc3 = + 0'17

Pc4 = - 0.08, Pc5 = + 0.22, lLC6 = + o'54

lLcJ = + 0.26, pcA = - 0'50, [rc9 = + 0'03'

rraffi -1-q< q.i"J

Pc10 = - 0.23,lrcl1 = - 0.10, Pctz = 0.40

Itc13 = - 1.15, PC14 = - 0.33, FctS = +0.21

ltc16 = - 0.08, Pcr = - 0. 10, [rc18 = 0.49

(cr) ,!fi rTfifi )_€{ pc1 rl{er4frc qs b-.b-{< (fi T4-rT{ {FeIqK
9|'rrl ,s<< rrts F \-€T pc !FBrdlc+'q$ tr.b-q< el-{ {k{ Tl1?I rrws qc{ I

€qr{ qrs elNlr qF5 wE< s-{. egl<{s oK TNqcl r-{l Eml I

tsqrq<q : )T< qtsF qrtsla )-s< S{ )-'! 's<< 
:tl.fr"n \-€< AT :o-'1

furmr
mq{J )d'< qlCs< RIsirF{-(T ffiqry 4?l(s pcls pclg ({t:lS{-(T )4(

q[g{{4 ffi5f+T{<Ilrq ffifl+-<oqr< I .



A<R'e.nq {ftm{ ffi{
(5t) ,{\-{ {Nq{Te q[E-{ Gl5IT-Eerfl-m q<< qrGr rl-wl-{ {t{qK T-Gr

*ffi (.p u.:s) ffi<r<tqr+ r

(il<el qr--K qrcT.c.-fr.+ {xt3r ; rlc4rir E(r{& &fut eIGfr qtsr rTFqcITe

Rlet+-q q<< frru-slr-stt qefr sTrrs" <,.f,'ct.{ flg rtsn q-a 1y

'r.c.e.. ll--slTce1-n np<fr-qq o.tqq-{q fr"ft-T{ qtrI erffis qsft fr.fu : .sr5 rc
Tr{ <tefi etc$q-d R, '4TqSrS E<fu XE WtW \T$ qffi T3t-F C{ "ffrfi\5

qT tr.)s : ftB* qfo g1spSEI (adj) s gTF,5l-s

2.55
1.275)

\
3.13
1.565)

\9

5.29
'2 645\

6

1.50
0.750)

c
2.62
1.310)

q

3.l8
1.590)

q

4.98
:2.49O)

ts

4.53
'2265\

b

6.28
3.140)

5o

4.05
2.025\

))
2.71

r1.355)

)\
3.63
1.815)

)e
6.68
3.340)

)8
4.46

i2.230\

)C

7.34
3.670)

5.63
2.815)

)c
4.62

2.310\

)ts
5.08

'2.540\

)b
2.63
1.3 I 5')

\0
1.52

o 760)

\)
2.77
1.385)

\\
2.60
1.300)

\\9
4.60

2.300)

\8
3.98

f 1.990)

\(
2.06

'1.030)

\v
5.05

2.525\

\c
4.93

'2.463\
\u

2.92
1.460)

\b
4.10

2.050)
1.54

:0.770\

e)
2.88
1.420\

9\
4.09

'2.O45\

\99

4.33
'2.t65\

\98

4.31
2.155\

\9C

3.94
'1.970)

\9V

3.99
r1.995)

\9q

3.34
'11.67

0)

\9tr

4.38
(2.1e0)

\rb

3.1'7

:1.585)

80

3.60
:1.800)

8)

4.71
i2.38s)

8\
4.88

(2.440)
4.48
12.24

0)

88

3.63
r.8 15)

8C

4.48

i2.240)

8\,

4.36
'2.180)

81

5.03
2.515)

8U

3.37
1.685)

8b

4.07
2.035)

80

4.O4
'2.O20\

C)

5.35
:2.615),

c\
5.86

2.930)

Ce

3.16
'1.580)

C8

5.45
'2.72s\

ad

3.80
1.900)

(v
4.87

'2.435\

Cq

2.70
1.350)

(t
4.49

:2.245\

Cb

1.87
'0.935)

Vo

o.76
0.380)

3.33
1.665)

v\
3.81
1.905)

5.59
:2.795\

u8

1.93
'0.965)

'b(
3.27
1.635)

4.84
2.420\

\r4 a

4.O2

2.010)

\ru

3.11
1.555)

vb
5.21

2.605)

q0

4.70

"2.350)

c)

1.46

0.730)

1\
3.12
t.560)

q9

2.31
r.155)

OQ

2.21
l. r 0-5)

qC

3.63

:1.815)

qv

3.54
1.770\

qq

2.74
'1.370)

1ts

5.60
2.800)

qb

3.14
1.570)

trO

3.80
1.900)

b-)

3.01
[.505)



ilfu{Asqffi leq

oE qr<, fta *o q{fu XE unio< xr<i q{-{l clrro q41 qr'{@fr q(< I

msalffiftEffi<f{alqtall

,a#r 
1 + 0.871

(SEs) = \\ry[ 1 + (r-l) u, ]

qlet I : q+t #e q<N $ wrrio< 5I(-u< qf,{I T-fl\5 qm'r@B

Ec = qtffi$a@Bqfrs q-s<5fryE

1- ffi+6as1qr[l

p = TN {11"K (T)€ fifs o-{l p €K {l{

Bqrq:mr< srdi-

(SEs) =

= 0.535

Ba rr-+ q<Ep XB wrro< tr(-v{ qE-{r o-<zs wrf e.B

(SEo) =

EqIq<r"Rq-{F

serm
qffi-q Ustj R, olAqtror{ rwro R&n rr{ qr+s ffi.rtr8 frffi< q1s

11-4ql-{ 4-$ {6qs mer4 qSfrq-4-<T"K q-41 fl-s q11'f qlm (average standard

enor; fiofi 4.GT {Irs ui6o <I ffi1r[n fi-s3 r'(<] q{-{l <F-{r sr l '{ {{r{{ fl-s

qr'(Eifr (sEM fiT-s-ctfifs e-fl qs t

+1,-*]



ffiwtrq tftmq frqr"s

ffir=\ 'L'*---*r l
= 0.552

iem sl-v {Rfis eE ocqr< +-rn c{ mri{ EE ffi 5[-s< q($ 
"ficF+]

frqFqo<re frR*{$qt qs I firu ,{ qTR{< ffi qrreuql T-$ qc{I I

(o) eri.Sm{ Es-W v,mni "rfunq u<"t'fr$"ndoiRfi? (F F**
e "fldT1 {fl {l-€ 1-s1s efi6E I @T4 SEs-,{i W-{E SE14 {-e, q"Kfirc &d

po vsie ffi< fl-g. E-{'1-{ o<ro ft"rfto Rs{ ssfu t mfil SEp

nEaq{ 5By ,9< ql-dl-s <-s I

. r{t'l to : ss q\sn<K gTal TNqIl' +r< ffirqnqfi\5 <5FTEE (SSQI adj) fidFs-

qem mfr"nssqoqcwqry
q!-fiffi )_rqaa-dT

sseB(Unadj)ry%-
[,{{r.{ k = 9 9{q qrq-s #T qtsK ls{I ]

- (te.23)z + ........ + (ts 3)2 
- 

(tso't t)2
9 8l

= 6'08

q.Tfrffi \-*s< q-{1@-,ffi,.;"
= 18.64

qg{< mE ssQe Qnadj) = 6'08 + 18'64 = 24'12

es'r{cfi{sffifi.fu+mqtFqfigv'lrn<5rryEg5afra.a51a-gp
qr<.1

q = k (r-1) -t *ri*, SSQ3 Qnadj) - ssQn to:i)



4fl8{ "rArq ffi{ )eb

1x (24.72) - 1e.63)= e (2-r) (o o8a {
= 6.34

2-t (I) + (e) (0.87)

€qlfc{r=4qfr"l{qqc[I

(.f) "lr-< \Trrmqrl ffirffi <tflTfr (SSQI unadj) efcs Q <m ftI
SSQI adj fifrq<tqrt

SSQI (adj) = SSQI (unadj) - Q

= 62.00 - 6.34 = 55.66

rfi4:: : {rqry <r$ ffi agg-<'nffi+1-< ste-t{1.fu "lAn;l< 
q-{ ftXfB

osqlgT frrmq qr' (qT u'.:c) ?oR a31qr{I I

mry^fi.fuTs'F'-,!<TH 6frre fi'srl tvovt.4 'F'-srsq{\ll (80,64

DF ,s< q-{]) 2.03 e[-s W I qu€{ ffi 5ft-s< w<] vG iotsd1"r "ttrfo
fiqlr.iqi

sqm-{ E5rfrT (T, f,rQ<T erq< w o{K eR F "lfun 1rygl m-t ffi
(eRTCq I CTR-\9(er+-< qEl< {1 Eb ,9< El{ eft-S {<l qT ,S<< Eb-q( {lT qgef,{

qS Bc ,e< curl <-s, m rK(q ffi< TFIqrr{E tlv $l-ffi W+ tfuwqs r

ES ts.)(
' GE-p-I{

Gqr (s\D
wllsr
@D

<5fry8
(SS)

q-s <{
04s)

F,{{
frtuTs

rl l.l

F-,!< trqT qln

i%sK17o Vti

utrrffi

qlsBils
@16

r2-t= go

(k-l) (rk-k-
1)=64

SSQ (adj)

=55.66
SSQE =
16.80

0.696

0.263

2.65 t.53 2.02



q<r qs]n

fifr<eb"pqG
Missing Plot Technique

b.). Eto
q.fip rrl'{ {ro Il<{Rq s rEfrR af6q flaqil T-{F}3 rys 1ft5q aB rrn-+

ffi<rqtstlst< Trr*i B"Is "nsrt Ts-< cr-{ td il | Gr{-{- frfra g6alr< "*orR[ fr'|EIgeF ql@{q <t q-{Frh-\g.t € <-{rR q-{] @.fr{t mm aftsq ad-{
lfro E"tts' flts{r rt-€ R(v eftc{ I e {<-c{i mtpflv ffi O"nv <'<-{'{ T'K
B"ttrs< ffit T-{tfrs rr r qKK ms tftm"rro <t? frrl lqr +r< "rfls't
T-<ls r{,r \3 <l-TrIrlE I .s rr<T6f "tfic<1r,Ifisst< ,€ {f,Cffi ffi B"ns fifi-<t
ez< ft$q +-fl< "ffi E-gr<q qfl {rl-rq €<< ers frfi< S {6G (Missing

Plot Technique) {4 qT I rlrqls, aqQs S"ns {qF ql-"I{sqq q rrry'l.s
finfrRs E"nzr fiqq r-{rfr fu T-<I rr{ I

(O c<ER-{t flre m'[qt S wGAis qco 6rQ. iloerflrs €ro-{Ir< <tq ftr
\p1Il{j iloer{K E"ttg. fin ftp"t T-fl I Wr{I ,l tnfr.ru Xe,=rtr+ T-N {Is <r4
qtr[s rr{ e {fl6il{ ft$q cts qr + r

(.1) R SE mticflts EK q-ql q-{f{, ffi E"ncs< ftfuo \5qr $d fifr
41< "r<Tffq.|rq E"m-s-{ fiqrq {-{t qr- e "|6ffiffi< S 468 Tqr q{ 

r

Q< s tffiwn ifc{'{6it-{ qr+r mrqle qqG< fl<r{ frresq ctl <T etr.s'r

b.\. fifr< XB nqvo|u {fiEfT "tn& Garttets technique for missing
plots)

e 16&s ffi +era-< {1-E y eT v-fl sfuM x EE?p tr<t qT r qrGqv et
<ios q-{Fl qB s&{ q-fl q< \-F{'0' {il {* r ql{ n;Fsfls tr6< qdl ,{< I1T

-t {<I qr t srfregg ffi ran-m B"ttio'0' {<l qr I qs:- b.)-.{ x s<< Y ,{< ffi
c[g$ q.4 6-s< ff{ y-.s< $F{ ftE grlTTlt ms$ s(EI) |

t.f.:. frqyt't "ffi (Analytical technique) , frqw"f< st-+l EalN @
(Covariance) frQ{T"t T311s E{ t €3 q-ry v m ffi1n_e s<< x-m tlft-q uo-+.

Rclr< <i<qr< qcs rq@< ft:{r'f T-rN q! r <fr effi S <m {-r$', .r(<

effipql,fl)T-C{{lc<r



W il{ (TE

I I Itr rV
T1

T2

'T3

t4
(0)
tl
(0)

l5
(0)

ll
(0)
19
(0)

18
(0)

10
(0)
0

(-1)
t7
(o)

15
(0)
20
(0)

t6
(o')

50
(0)
56

(-1)
66
/o)

MB 46
(0)

48
(0)

27
(-l )

51
(0)

172
(-1)

ffi,S tnre

qs b.) : ffi f+ ffio X q<< y-{< {Fr

l.f.f. Effi eIr-s-< {trxx IIfi (Adjustmenr of rrearment means) :

ffierqm fl-srt+ereil frfiTK ffi{lvs Tq qto<rt Tffi (adjust) Gil q{ I

€n q-il fr6 ffito qft-s<r wltr-ft atTqclrn "tfitt"t T3n {-s I

Yi=f1*utii-xl
. rB+nT-G- (r-1) (n-l)

t.q.re. fifr<eiTqGbrqrt< ols : ffi< Sriqffiic{Es q-v

q{I6t, r - g(T31{3lII

n =ffionfr<lqtr
B = rrvflff,{ (ffi< $ry; p-flI-{ffi
t = ffirq-(+{+er+<ryE
Q= I-ffi C{I5fT-q

=l['.fffffi]
sF ffi< ,,{Er6r flv << {fr frF< rd< rF q{, iH#,t

ffi< qrrGs fl-s = *
b.\.8. vddln qal qf[.r4fr fif* : srr< ffi< \-r<] 6ard't ffis s 6E

6TT< ffiT qf,{ts-{roqmzf@fr (Se; =

)E)

,!rllr{, v/E'{.{I TNqx o-st< "i< etsqfis €ns{ |



:8\ ffiglrl eftwq ffiq

qm{ {fr \5qe-{K ffi-rE mrr{l srB frfr< eB ssw qr, crrq (q '|l ft-{lr
qm.fwB, (se)

-lzvy1^. n I= \ 1" [' - Grx*Dl
qfq.f Gfr fi"fu{ egr 1als\ vt<'1.{1.f {tcF+1 G-sp) K{ oGI ffi lw<
TGlqrrdlT-{lq{ I

t.'e. m x-t{n+ ffiffiil mre frfr< e#d rt{ q@'Ezrd 4qe
(Method for substituting t'or the ririssing value in RBD)

"F< wotGs "tq-G ergs Qg-tr gates) _Qrs ifi< S "lnG^q<E"<r{ q

q{fi'+rr{rt{ mt<la. T.nI ff(g ellc{ I € {qftrc frq]v $ema ffiq ff6< \l{
fi{-s rL< Earc c-1{TL ffiq T-<l qr 

I

s..r.>. ffi< 1rt< rt+ fi.f* : ffis fltT on txi frqrv cfr+-{q q<El"<rl

ffiq<tq{ r

rB+nT-G^=- (r-l) (n-1)

.qr[6[, r=Sf<5-{Il,{fi
n = ffi< qernT

s = ffis $p go<Btrs< c{tflTe

T = ffi<3ppffirB"ttrsr GIsfT-q

c - rlT{ E"IlsqzqsK GtslTFI

lrdrnsrr S"fts< (<o r.:; m-m ffi< ffi rn,

4*27+3"56-172

= 17.33(4-1) 

(3-1)

t.e.\ m <ifnnB{ ffiqql-s-{q : ffi frru Wto,Tft-q{q
qr<-eK({qlgT-a-qFs <rrr{ER sxafr6sFf Tr{ rTNqS'<tfl ql t

(B+nT- G)2

n (n-1) (r-1)2

ersB?mrc< c+re-,€<TE

= 
(zl+z"so-tl-z)z

3x2x@_t1z
= 9.80



ffis3p 1qG

t.rr.g. &ffi oir-sr Tf{qcf$ir.t : ffi flg< {Nqc]'{lT

=!rr**lrt'
q{]6[,

x = ffi< fd<fifrto rtq

erc temgT cqrq ffirqrf< rNqrl fl_s

=] t ru + t7 .341
+

= 18.33

5.o.3. $ffiv Tg.{fd qW+.-dct : €cllra r<,rxE eE< s-{ Wrllil qGfr
ffi< ffivo 5 T-KTErrlIE*T

t.'?.c. gtqffi frtrIB 4ftwt : tRr<$TF={s1r< ffi csqtv-{ @ffi
65qrcg$-{ {rBr Vfll +r< qftu 4-{t qT r erE EW{<T.K q-{]' fr(E-{ qT b.\-,1
Fnvs fiItxrt< TthIlI ffi€Tl qrqt 

r

qs b'\

t.'e.s. .qff4fr ftfr
(n) m< ffiT cmro ffi<'$"frs clqerl {d ffi fl-s< qil{l T-{F
,n?fr-{]r-

",u.f "fi 
'6n\ - ^ Es.llr(SE)= Y;

(or) +q-{ T s { ffitqB w<l 1t 6oR-{1eofr s(T ffi< cmT crTsrq r s ?t-q<

$al ocrv-

\Tmrfq5fr(SE)=ffi

)8\e

l\r^\91<

Ssc rsvl
{gtrql
(Dn

<efrrB
(SS)

el-\g <5F

(MS)
F-€<
fi{r"goIrlq

F-,{<EBh{r{
57oYl.4 l7o V(4

il$ 1

ffi z

sll, 5

({E 10



b.8. EilE{ <f ffiqr cwm ffi< er}d rr{ fifs : fr6s q r-eR-6EcF{r
T-<lqr{I I

t.s.:. ai'tB{ <rf {ftsrk mrq frF< srt< TF

,r.., __n_(Il Jl 3)_29
\zrl (n-l) (n-2)

s{lr{,
ffi<qs{nn= Ur

T = ffi< . r-KfisffinlBr G'tifT-{

c= ffis ?E qrFs q,-aftT{ qTg G{rc< rrE
G - qtg oBB"ttrq<qqE

€sn< frE< $6< {H fiqt or< G"ns l-{{ T-{l qr,e<< vl-{ fiGFq o-{t qr 
r

r.e.\ ffis <rfnnB( nr{r-s-{"t ' €zqi-G ffi <dcrBr
rr*-T< q-ll ftD ffi cfrs<Tq etg TqfrrlH q<t qs 

t

{(n-1)T+R+C-G}2
(n-t)z (n-z)z

b.s.e. &fic[& ft--s-{rl-ir-+.-dct: ffic*t{f,sffiffi mrq m tnG
fiynnl <Ta, €Tq {q&\5 qm{o€ rft-sr',TNqr o<l qr t

b.e.e. qsm T@ ntqt qtr$-d6t : selln EEfr frfi< ffi wqI rffi e<<

@ffiW$flqs> frrmqcrq{r
5.s.6. o11-getr$-1-1 qtrr.f eft "tftct"t : 

qrsrq qfr e\-{ Xfr ffi< rr<l
q{Tr T-fr q{ c{, sK srfrN Efl=e ffis ((Tr% c{m-m frru< cfi-o-{q
q<r6ro<t6, qtr.fq.fr fifr o-<t q{ I W< {fr qq4T1ft ffi< x'ql mt{TEQ
ffi< rn + {Ls, cq-rrF(q qt{Rq fiTnqy{-{ q$ qr 

I

Vp1

-I-
n-l ' r-213

ffiglrqeftqqffii

SE=

t.c. lfi q+t&s ?z?< U'tt-€ ffi<q-{ v'{f{ FrrdTGt ,ffi
lfr o, {, { ............ sqr< +rr{B E9frBs E"ns l't {r.a, s{qq?rm'T'
<r0s qqnq, EVRd< $q frcl ffi g+ tftw"t ffi \q-$t-ft fiflKs
ffifug 'T, .!< rn "rfrfit o<l EI t q<eK '{'-,€< {F[, oe['-q< xr{ ffi
ofirt"lT-{r qr 1 

e1-Eaffa6E qKK s {<r+< efra] T"'r* Tr< frBn m fifr
T-{l q{ s<<,{ etfr;3.}EE;l-fl-r< TffirT3 <F-{l q{, {-ssci{l'trr" '{" 'fl'-q< {F
c{Et1p "ra<6 ure Tdfiffi. TRffi Ttqffi R{ r qr{ cvrrss ft'gv"r< v-o



frE( S "mfr )8c

EEEfrfi< ffiwi l<iiTE s arfrqfis W{mI14-6s41ffi qr tsmfiE(
Td< rsu mFrqca nfl5q "g<m +-+rE <rqfrq I

r.s. tscrqrq

a.v.>. ffis c't{ss Wc-{ mrq frfr< eb "th& : ?t<rfis r.t{
go ffil q{q-<6a q1-fi cF q.r6sK T-4tr3 qffil T-flN €sfr efAa5ci s-$
<ei r etT-ftT ffiat< or<ct 1fr fd< sft qsws qt S Xfi< E"ns oent
>rc< qrfi r erg E"ns trs 5.e-" U"afis ErEt r € qfrcerftrs frfi. S ffiG
q<61-T6{ fifr< ffe{ G"fig- fifr s-K'4, €'{,, 'T, s'+ ,€<('{'s'(-.qK T({j
qtrdl o-{ I

E{b.tl
aacl' ]u6r:rs

I

II

m

tV

s
2t.0
s

23.O
5t

t9.5
o

t4.o

o
t-l
?l

16.5

23.5

24.0

s
21.5

5l

[*]
T

16.0
?t

t1.5

5l

18.0

T
12.5

cl

t7.o
s

24.5

1t

18.0
q

22.5
s

23.0
5I

20.5

. fifr<s
qlet : : eFtN ){( q1fi"64,4,q1rcK +?H 1frR fr{tl) q-fl ofr rrfttT EIe

,! qR-sT 5-ry6q9 f9.: 12.5 + 16.0 +14.0
= 14.1'l {fl q(4T 

I

,{<t{ \r qffio6'5r' q-r(s< ffi( ffi (x) fio ws rfts-{q q-{Tr?rfrf* q*t

<EI I

,{+tf*6
Y =-" (r-1) (t-l)

€Ir1q t'= \{ cl-frflq slg's{l'uffi qns< F4fl< r{E = 23.0 + 16.5+

12.5 + 22.5 ='74.5
1- 1ffi'6a3I(riII= 4
f = qaXal q{fi"lr{ efi,g '{' qrr\93 rF{c{< E"fn-q< mE

= 18.0 + 19.5 + 20.5

=58
t = ]UU([S I(qfi = 5
d= frfi< S<Tqsq{rr{] ffiB"mrs<rrE= 366.6i

\^-



qeq<,

fi<Rurrq "rft$q Mq

(4 x 74.5) + (5 x 58) - 366.67
(4-1) (5-1)

211.33--n
= 18.44

'ol'q-Rs'i q-{ qrfr"lq - \-65 18.44 {cs qript-a{ Eqr rrB"ft{'s'q-rrs<
ffi< ffi w+ ltqfi{rs-fi q.dr r 

_? -:,
,{< \F = tB 1,tI - G,,

(r - l) (t - l)
_ (4 " 18.5) + (5 x 42.5) - 371.r4

(4-l) (s-1)
526.50-370.94

t2
- 12.96

f,=

T{311{'5r 
qlrc3 fifr( {H 18.55 {K EqlT {qaoR'q'T',qrC\9-< frfr< xn ff[st

fifro<tqrqrr
_ 526.50 - 371.05

t2
= 12.95

erFrm qqlq rrfi'rc{'T'qt(E< ffi< nn 12.95 ryc( frfri rrfr'64 'u1'

ws<frfi( ttrlfs fi{rqa-{r <ra 1

€ Er;[ - 588.00 - 365.45
t2

= 18.55

WT € !T{ fiff-<q< flqfu-s v1t6rflT (teration) {EI ET I

c{re*'? q<<'fl' q.[s< fifts rF {RIl@n 12.95 ,{<( 18.55, €s {l"f "[T
fi6R\5 {?fl@fr-s {lr 12.96 q<< 18.55 €< s]qTt&t w\gq<, qK € {H l3s
fitrq-{qrrrq-{ c{qr

€?l{ Ers,{ TH <fr.F$ 7r-drfro c*l'i ils ffi q?1eF<rd frq<"t o<ro
qK I qT t.s-*9 E"trg'Trq'nfi qa4 I

eIffiR E"$ ryfi"n-l's'' q-ksi {FI 12.96 <I<qR s-r< \{ ryfr"trq'fl' w.[s<[!
ffisrTdfi6K"I<'-flqcdt r

€<R € Sl{
12

588 - 365.46=- t2
s= 18.55

(4 x 74.5) + ( 5 x 58) - 365.45



ffisSlnB

qs b.8

frqv"i< 1$w:f U"nrsro So s ffi&fr:o qs b.c-q {rqrfir E6at-
RS b.C

6.ttrr$Tr{ 1cny frft:
cF= (qJ.P - eaqz. = 737?.Bort 4^ 5

Hswfi-',-<'ffi =W-w,Bo
= 7384.531 - 7372.80
- tt.73t

{ffi <rfarB = {O2.sr2 + (18.0)2 + ......... + (24.0)2 } - 7 37z.Bo

= 7632.055 - 7372.80

= 259.255

ffis <'FrqE - {6s.45)z. (69\2 + . .......... (%)2} 
_ T72.8o4

='1610.1512 - 7372.80
= 237.3512

)81

eT tu6(Ts il{ aqtxF-{
{flvss

I

l

III
tV

12.95 2t.50 18.00 18.00
{'l$q

16.50 18.55 12.50 22.50€T'{s
23.50 16.00 17.00 23.AO

sctqst
24.00 17.50 24.50 20j0

2t.oo
g

23.00
I

19.50
T

14.00

91.45

93.O5

99.00

100.50
c-ffi
mFl@

(GT)
=384.00

az:' Eft:q-s il+ mFrT-c
s ?l 5l B

I
T
m
IV

12.95
12.50
16.00
14.00

18.00
16.50
17.00
17.50

18.00
18.55
19.50
20.50

21.00
22.50
23.00
24.50

21.50
23.o0
23.50
24.00

91.45
93.05
99.00
100.50

q'ras3

CTfuH
55.45 69.00 76.55 91.00 93.00 I<f(TIE

6qls|{p*{

(GT)
=384:00



qT.b.v: (snqF q{
tria-sra Eql
(SV)

{sflaI
(DF)

<5fry8

(SS)

x9 <51

(MS)

F-qR

ftfu+uqH

r-e< Etts rrq

57oBlA l7oVt.4
ils 3 lt.73t 3.91

W 4 237.35 59.34 59.34 3.48 s.99
@16 10 to.r2 1.01

ffiE t7 259.22

)8b q<fisrrEffim{ffi.r

c{c€^ mzwB 'F'-q( fi9fu{v {t{ 5e.34 &Rrq fi's{r 4, t0 Tsfict{ 5zo

vrffi sqT ${ qHtl <g t qsq<, ffi N?tsr vl<"r{1.f r m r.Krt
freT ffimt$i ts rR"K {r$ t- aAsK Et$rr qa-dt Tfle qr< |

s (s(a 5tw< qrr.r@E( {l{ (s.E.) fi{n +rr< taG fiyot :

" (o) RE ffiE{fr fifu eB E-g-qg qr, c{:H-'T, €<<,5f, rts q]-.fi
{r{' qildl Tfls

^qllfr{ 11 €{( 12 {c{I'T, q<<'fl,-,€< q-ll tfsxsfis (eflbcrive)
srfrT{I(!BlqIn,

V6 = 4ffis sl-v<tfl

'<p'-*q<q-{J tq<frv q{fi'H r(q}jl = o +!+ I + I = 2.5

5F{Rq-$tFefu mfurr(tit = } + o + t + I = 2.5

EgqT SE -

= 0,90
qK l0 w{lqr 57o vci t €T \t{ \.\\8 I

{o-{ts Udrsl vtse1-{l+'tnfu (L.s.D.)

= 0.90 x 2.228

= 2.00

'ry q<q'fl,-.qi 1-\5 qC{I <{l@FI 13. g6 S<S I 9. 14 I I Kq e rl-V {IT6I]K
nT$ "tFFq LSD-.I< Grcs <-v; que{ uffi-< Tfil'vrsd1.i"n{o TrTq I



)8bffi, gr qq&

(qt) sqq erB ffis ffiirriRFtt s \n-dl'lll ffis {r,{qq ffi?{(+r rn$
qffir o,-<Ie qRtN sE-.sr< {H frcgtv 1o qlSt-fr fr+s ril qrot r

,-
"= {T [r. .,j"il]

= {0.6138

= 0.78

qoq< LSD = 0.78 ^ 2.228

= 1.7378

q$l'T' s'(*qK AVIT{ qq'{'l qf,(g ,S LSD-.S< TFI <lTqR Cf(g qK I

'4,-,q< 519 = 13.86

'q'-q< {-g = 22.7

crTqs ry l-Hsrr-{ rnl' {cF{r LSD ${-q< om mft qsq<'<r s'(
€< I.Rl otq"tr(1cf"1dq TG6q I

(5t) fiR E"ns al.{T{ Em fr?{t GrFr-'q[' s'( -.,{R qmi qmII T:rrs
qr$i"l fr{n LSD-€< \]{ fi{-{ q$ qr4 

I

LSD =

= 0.71

LSD = O.71x 2.228

= 1.58

c{Iir\9",q {vrlrEHK T(ql efieFq LSD slr{{ (5'CI <-s qsq<'?r s'q-qB
uts"r{f4fo<Rql
b.s.\. wi"tB{ a4ffirr< crrq ffi< flB 46e : '<'', 'tr, '51', 'q s's' q
ffi qR-{< qrs< F{fln lrql qfit +-<o qfifr{ <dffi+ q"<ryrq etfttq

Yl,.*r]

2Yy
r

2 x 1.017
4



)co ffina "rilmq Ma
a-E1 qrq t firg cetni TKH ,sR \cfr ff&{ T($' \fr aE wGg\E qsrrr €<
S'ns "rsrl lt*fi (<+ l.r;

eon fiB flt "tafr wdl-?r fumq"ftr+ qFsTaK srs rq-6-r \T<j qfir
<'r< str<frarons :

qs b.c

frqf,r"t "ffiqtel: : qn eRqqq rfiro'<'' qT(s<r r-ffi ql] sfr rrfi'rc{ qlg 'T,qtgx
r1-s5-d11(u,)@

4
= 15.55

Es'9< \{TIR5.'ef-qR q,l{ (x)

_{t((*i+t')-zcl_^.
1t-1164; = c1

€{1-f{, {= ,! clftrc ffi< m <]Qv q-flal I1rr-T GIsfT-q = 81.7
d= fifr< q{ \fr <r$s q-a1 \sfr rrd-< mE cqtr+-e = 504.05j= ffiq ffi <l-qs,{ qflN{ \l-fl{ GITTq = 83.8
f = ffi< ffi <Iqs ffii E-{X-dl efr {f.a-{ ffiafrp-4 = g4.g

t= ffiratfi<r(rlfl= 5

-. _ {5 ( 81.7 + 83.8 + 84.8 ) - 2,504.05 }

4'3
_5[2s0.3]-1008.1

t2
1251.5 - 1008.1

12
243.4

t7
= 20.28

-C1

T

s
21.0

5l

19.0
s

20.o
{

20.o

€

25.0
5l

*
{

19.8
q

23.0
s

16.0

q

22.5

"I
t8.2
s

14.2
5t

21.8
\,

28.5

{
20.5

s
26.0
s

24.5
T

15.5
5l

22.5

5l

21.5

T
16.5
€

21.5
{

19.5

s
25.5



ffis S',-"ft 5(:

€{i 20.28 rO rX CIRN'tr-q< ff{ {rn qqn rrR65'c-q< ffi (a2) fif{
a-4qratt

tl{+i+t'1-zci
12

{ 5 (89.5 + 80.0 + 62.2) - tOlT '6 |--
' 

= ll'14
qKK EaIq rlRN'S'-q< TF 11.74 {K \T T1RN ''t'-',{< fl{ (c2) fifr

T.fl <ql I

{ s r sl.7 + 83.8 + 84.8 ) - lol8.4}
w2- 12

= 20.89

T[{I{ \T 5,,rRN'ut'-"< \l{ 20.89 {K Eatrr'flk{s'C-q< {lq (a:) fifs
q$qr{I I

5 (89.5 + 80.0 + 62.2 ) -1018'8
t2

= 11.64
q.1, {16ro 'T'-€; $T 11.64 q(< \T :{ik(\9'ol'-q< qlT (cs) 13: ffi

s-{l<Etr
Cz = 2O.g; ,4T€lC<'T'-'q< TH w K-< {m qr< a4 = 116

rqrQ'r['-q< s n-ld (20.9) '4-f< w't fiq'-T n^rd (20.89) 'ea TIqfS& s<s

'<5'-.q< ofr" fffr ffitfiqtfo rlT (11.64)-.{< TRT{TR1 Q-v€< s l.r{q
EqT? ft{r< i* "ro-<-q ftr$iq T-$ qrd I c{q-{i fifr( flB nfr"a a6 ffi13

frHlzffiq$ Trqlrlt<al (qs b.b-) |

a2

{{ b.E

\\-rlhi
o-am\

I IVmII V Tli-<T ({tefeE

I

II

m

IV

T.Sq
11.6 25.O 225
s5t {
2r.0 20.9 18.2
tt{4
19.0 19.8 14.2
sqsf
20.o 23.O - 21.8
?t Ts
20.0 16.0 28.5

lt
20.0
g

26.0
q

24.5
T
15.5

fl
22.5

5t

2r.5
o

16.5
€

27.5
rt

19.5
{

22.5

100.6

102.6

105.0

99.8

112.5

4-f,k{<
({IsfS-dI

9r.6 104.7 105.2 108.5 110 IifrNts{F (GT)

= 520.5



:c\ ffism tftxctffi-q

nr$Fnrd = 9: =ry= ro836 8r

xiffi T5f{!E = (t1.62 + 25.az + .............. 25.5\ - 10836.81

= 429.21

qrRwfis <5fr{E
(100.6)2 + 002.6)2 + ....... (tt2.r2

1083.81

=

<F-4NsTfi\r- <5fry8

16.84
(91.6)2 + (ro4.7)z + ...... Ofi .5)2

- 10836.81

= 43.63

- tii 8)z + (o8)2 + . (117)2 _ 10836.81ffirqffi<ef,ffi=+ .5

= 348.03

= 20.97
ser{ sr{ :rlq <l<qt( <F.K fgTrsr ftr$q qs }5fr s-fl {T I

qs b.b : Nwe:f qf
E<l1sv; T,,TIEI

(Dn
<5rfllB
(ss)

rlv <51

(MS)

F-'{<
fimp

\]T

F-S< Eq{\]I.

57oYR l7oSl.4

{fr
S'{FI

$effil{

@lD

4

4

4

12 - 2=70

t6.84

43.63

348.03

20.9',l

4.2t

10.90

87.00

2.097

41.43 3.48 5.99

ffiE 1n 1_41 429.47

ET5103rl {.l{ G, 4. l0 T$T]ETT W( Vw 'F-€< saT sH 5.99 | G-Rg

ffi< q-{t ful<-f\o rl{ (41 .43) r7o E(.a s?r trn 'qnq{ 'qr+s <-!r r

q\oq<, Effiqfis csqTes' 5i ots"t{1"[t qsq< "f<<f, q1"t

ffirqBer"TK x-s {tlq'R yt-{t T3tN t- *ft6 a-4 q1-a1 
I

L "rftq
ffis 3p \T-sW EE ffiNB 1rfi : '+, €':y,-,sa fl-s rr.{_T qfi T-{6o

.t= {.,4r. r;



ffissffiG

€tlfc{ 11 = '<t-q< q-dl rrafi nq$]

12 ='{'-qtr q-41 q{frfi :KqRl

11 =0+!+t+t+2r=z.zz

,r='i*o +!+ 1+ 1= 3.33

,U=@
= t[T.zss4

= 1.122

LSD = SE x Tg-TIEI lO€4 54o VK't''S<{FI

= 1.122 + 2.228

= 2.499

'T, s'rf'-.€< x-s \l{ {ellE N 14.72 ,{<< 21.'14-,!{ "neF+l L.s.p. (2.49) S<

corg <.FIEs€<, 'T, s'it'-*g< qr$ sts"r{1{"ri?fq rlrcq I

,!rl{ frF< ?tt q-sw ffitxm s<s qK srF r{K"f ffi.cxrs< 5t-s lrcfi
rr<l qffi +-<t r E-nrq{q-{-m1, '<r s'T €< T($ q{{l T.-{F

sE=m

= 1.006

LSD =2.O'76 " 1.006

= 2.088
.<r, s 'q, ffiT qV $a {qfi6n 14.j2 s<<23.21

,oril?.7-rT]



5c8 ffita flA$qffil

fiR'+, s'R',{< rrs $r+{'mqf+l t_so qrcd-{ cl-s rqft qee< LsIr-{ {ft1
ETqm"I{9ltcf{j- <rTq l

qq-+lr ffirq mni6-{ \-Gj @Eqfrqfrfi< S q-g-w {r (nm '$ s'lt,)
€I;[ ffiIQ,

:\[-ry
= {o-s:s8

= 0.91

q-e,{{, LSD = 0.91 x 2.228

= 2.O3

'r[,s'{,-.gtr X-\s llq {q]@(r 19.60 s 23.3 I Grqg'€rtr{ 'fleiTI LSD-s< 6-cI
1s E\e-€{ 

rqr s'q,-c!? T&l'Elq9l{1{?|Id+l <zaiq I



q-lIq{]R
(effrqfi ffi "rfuq q<< Frffi TrtRfr fs ffi{

Progeny Row Trial and Compact Family Block Design

>o.:. Efu
etftT<$rfi-s frresq "tqfr fuKr{< "I( "t.(s ufrq esrq{Rmfq 6llrn frq-q

$lreI s 1ft< efu-sq ry UEfi< qls, rva.f, ffi fr-{D-{ a-E6eq I ft-s
lfiT<?iltfrs tqG qrRs'rr-<< qtcq {Rtt.!{< qK6rT tt16 ltT r qFrfl ffi G,
m.fqrlT{ (:to'r)-e< ftsa llfr fr{tu-l (pure tine selecrion) ffie WKr{-{
qnEtx{wo qH fi-{E-{ (mass selecrion) 15BN fr{rq <t<t qro r ft-g e<
eK Gtrs r-trmeffrs Bfr&.j mre frrsq {fr fr-{E{ lqG Ufuq erq-d-d

rfm{6ifx T'sl{-lsfr ffis'K \t{fi\ @r.ql BBfiT (dfr{ wqst q-{.{ qtqrc
s.nq Ero I ,{{rc{ Bmq[ m, c<flffir B&m-{ fi-{D-{ {fi ts{. mA ufrfi< <rfus
?<fircR-( B"r< ffi T-rr T-{t qr, v,K c{ rqi-rq fr-{E{ q$+ {.I q{R TS-K{I
{trs | rc-fi € ffi-@ {ffiT erqi-{{ rEe Gqg "nqfq qld"1< s"m {ras rT r e
TEnq €rq-{ c-q{-r-sfrr dfr-{ \rq rxm qlK"fi fr(-T fr-{E{ T-{B KFt

Xfury.r- I qK gt T-{r\5 qC{ Rts-{ Bfrq <1 lles-r<{ lstq-:rsB-{ r<nfr-{
\.tzr{ W-{ +-fl €rmrq-{ r ft-g er{ rmcq ?n<r+r s rrfreft-{{ ftffilt-+
"rftwq T<t Tfr{ | rc{-ql EBfr fr-{1Be Efrn + rE"q(( ftrsr-{ xcBT TI{Rqs
TT q-r, a6 ryfr"6 <l<qm T-{l qrrtr-{ <T "f69 t sffi erq Ufrq <t

rsqm< fr&a xsrq-csfu-{ qr<l dBo "fi?fsl {rsm q tr(ff{ dfr-$
eqFT @ffi FqrrwF{ \T$ fir.t {t{ I ,{T< frKwr<r-<'Bfrq erq+qRq{q
qii-s frwFTrE "t6jG EBI<I rr<-c{l ws fi-frDn-{ q-al asn-asfr<
ecueqzo sr$ fisrl e$ r e ffi.Bro rwqfi {fi lAs,q (progeny row rrial)
<"il q-{ I ,!< q-fl fi-{6e- Bfu crtr-+ frsBr{rrc wqlfl cl?rfr{ {tfiro= <ffi
o<r qr r qr< frBq {frc'r &n x'sn- ruTBr q-s fin-{ E r< ffi +r< Efrq
fi'.iim +-<t qr I ,!< Tre rNf{T ftR "tRr{-Tr q-sR qM fr{m r<.t dfursEqil

:o.q. r$;5qfr ffi eftmq ffi (uethoa of Progeny Row Trial)
€q{ rsr{-{sG< ry :tr+ {fr+,Erc< r{ris q64 66* +grq-{E-fuTt qBfr
atts"trE <r{qK T-{F qr< €<s mfr"rq< l<rtfi.s El-sto {r< | s(< €T< re-re
ftrq< ffrt<q-'s-r< or<rq +ffisrft{ rrfiffi< T(qtt T-{(\5 ffi qroR qE



)cs ff<REIIq ffirq ffiq

+3l1s q$t rlrq-+, Tsl{-TsG( fl-\5 \I(.{T Gfrrs r-srerfl erq-{s u&fi3
6641fi66ffi Gtr{ T-E-flnqffi s-{co rq wfr"i{ <rcqms-rn {An:tT<I
ql vTm cqn-efi ffi eft5q <qiq{ r € ffirfir "r-?m ffi{< ?<fiB <ErqfrE flt eq,B r"rn rrfrro- Eftq <fi T-{t qr e<s sofr Trfrro tss fi{Es
@R-{i ftlr Bfurn-< frqq<rr r-{t qs I qr{ € tflmq aqrncr ?q-<rfi\o in+a"
ffi q-flT( ofl q{ fts Efrfr Se effi T,K <(.ts{ e<s 1?&B <riq<Is
?q<Ii{sora <1r +;il q-{ I .c(s-cq Td< qrom cF rqlB {tr, C{Tf,- q{BI (s-rc,
d* l-q<< sr flE c nrr<'>0fr or< BGq atflrm qr I qR cn.ffi T<{its (
Gl@ )o qfl qr r "iRq<omfi'+'Rqrrq< {I{tc{ qrl r-$ {T m, ffi Wor<
cqF qrqs b- el.s >'rfr llfrffi <FqR T-<"6aT R v{6ffi 19 ?sFl'&1-E mre elv
TFI flt€{I {t{ st{ \flr.feB (s.g.) to?o 4t elis rr ca I \ilEK T-rq"{ .qf{-s{

<t ftsr{ qtTrsir{ qrct?ffifi?r< mm € {t{. ) ets \z q-{ 
I

!o.\.5. 5tl6'Ttfr (Guard Row) : s <-<.rl<T "tftqq x mxl flV'Tffr <Fq-<
+-fl qn r Sre-{ ett.r{ <l<qs ren-q.fr{ ffis fur <"n +r< ondnrR +-$ as | ,{<
+lo "r|-f,eftfratpE"ns'fis$<mrffiq )0.) € p1, p2,p3,p4 €3(p5
e ffi cffiqff lt<lrs mrq-{ >fr go fi"[.{T <rqt r EGfr gr+r ur*trt fim
{tdTlR (x) aFIIr{ <flq I

:o.\.\. efR''rclrffr-s ft-mq : q({ nR, p r<rrrr fi-ffi B&rq-s remq-fto
r T(rlI{ rrfr,H <fEqK +r< eG gd t x.ffo E&n <"tq +<tt {cqt I Glq.\cq
qfrt'q ffiffi p ffi ffii fq<tfis S-s ffi , 

.q-v€{, frqFq offie
el ffi{'BftT r fitu reqr T RqFTq< {o (:0.>) q'gxt qrqT 

I

(SXsifi ffi "ft51.L<{s )0.): €rTqs
fdn-sr< Eqr SS MS

a?E'dtr r-l
ctftqfi p-l
@'16 (flD@lE) (r-1) (p-l)
rrfis Ufu @E pr

)i=1Li-,

ffi{)0.:: sffiffiqEqu

'rMffi P4 P2 P1 P5 P3 ifl6rTfR
x
x
x
x
x
x

x
o
o'
o
o
x

x
o
o
o
o
x

x
o
o
o
o
x

x
o
o
o
o
x

x
o
o
o
o
x

x
x
x
x
x
x



(efirqfr 41fr nasq,e<(:r\?lE F,rRfi Ss &qR{ )cc

cv(a\as+,B gt r< xqro B&q qrq fiq tre{ wu.BBrr< q-di Tffiql
= (ki - 1) r r ffi e {{r{3l CflB ?PixrlJl = pr I 9e€{ Bfuft3 \1'$ Tc{Iql
+< ffi ryRvwrqmqr<

pr

xki - 1)

i= 1

qrE['{ Rts-{ (eRsift q-{i cgfie]s qrd.msrd {frltqs-fi q{ s er.{

{Tfl<5-fl qTt

)o.\.e. <<-Kk s T.T$'rq< {'c{r RETr"t? q{]'cdrrqR fi-fiE{ (selection

of progeny for multiplication and distribution among farmers) : fi&q
rqrcsfi q-\srr.ffi *ft-+r< us"r{1ftr< E"t< ffi Tr< dkqfi fi'{Er o{l E{ I

frqpr.K et< 'F' "rftmrq< $sr\ {fr fil[ {l{ m, cErcq"ffi Nqrv.{

utst'{f ; qqrd fr&R ce6qfi3 aP Edn fi5eqnn< ffqffi q{ I ,!<'t< 't'

ffis1.3 !t<11n qrffi 4-K vtq reirqfi fr-{ru-q <'{rqn s sr{ "K-{fts <lrqtr<<

q-dl<I{qI 6€TIE{',1

)o.\.8. ScE<q : q{r< TrdE - ) dt.ffi gm-{s q-qs fr-fGu >ofr &a
BGffi< <(1$ns rercq.fi a1R1-as]< fl<1aT qffi T-{t qr I <.Fqs eftfr St
cfr <m Eftq €<< sGF cffiqfi-{ q-ry :ofr +t< arfr"n <l<sm <F-fl qs I TrE

)ofr f,s s<( qB gr+ :ofr +r< S <Kq\5 qr I :Tfi eno qrk{ q<v vo clfi.

e<< ctfr{ :rrq'Vfrq errc EBm-{ E<y \eo cqfi. <I{qs q{ 
r

etreT qsm fr<Tr+< q-{ qB grffi qlcqxmG - ) ct.trfi rrQs ftffi<
rfr <m {rR EB $r+-{ etl.tfrm etflffi <l (ffii :0.\) I $g B"fl-s fiq1{q

oK Grrso RrrFrq< qs (q{ :0.\) ?e-fr T.<l qral I

ffiq- rr.*
F E H B C A J D G K
F D A l H C B K E G

E J H B C A D F K G

B G E A H C K F D J

F E B H K A D C G J

J D K B C A H F E G

C D J F A H B K E G

D H K J G A B F C E

F K G A H B C E J D

E C B A D H F K J G



qs )0.\
lg's-sR

Eqc
(SV)

Tgtrcr
(DD

<5f ITE
(ss)

1-v<5f
(MS)

F
fi'fts

il{

THq-fs r'-e< EEI-{ qT

57a 1,Vo

il{.
ce[c?fi
.t-16

9

9

81

5(E ffisnq tftmqffii

{s )0.1-q reTrqfi q6 €w"R firyr qlg pqlq-{$eIlrc< ftHlrqK ffi stg
cwso frqRrcK e6a 6q?fiffi qrf,t ;

:e.e. <'qffi TitRfr Fs ffi{ (compact Family Block Design)
rq1rqfi ffi "ffiqp-s ffi6 qr41 fif6q, cTri?r rq[-qfi qqnq <<.1<-< eTQ
Trtfifiqe 1 fts qr++ lra ii{ rFitfrfr, ettE <t rwFir (cross) frCE FlTfrfr
n<ffi g+t< rmrq frru t(sR\o RF{ qffiK erasm-{ Es I

s. e{ :Frffifr <t w:{-< (cross) €< Tc{T {a-{I ;

{. qrQ +Ififi< q-sw (s]Tsifi< (<s-rm) l-r$ {{ql;
et. B{ "rR<]R celrs tq?-{ <<ffiaffi\.($ q{-{1t

eT Tfifrfr rqn-+ Sq"rs rqn-qff{ ni$ q{-{t s3rr< qq] eo frrR {<r{{
ffi tvf<q s-fl {rTe 1 c{ffira +l1ffief-qk-{ qqlq ?td (main plors)

ffir< errlH T-{t qT ,1, qrQ rFrRR< retrqrRm{ "rFn"ffFI mq +Ilfrfir
\-fi1 ?r<fiEsrc{ q-qrc{.l q{ I qss< €(s(e ftF S ffil-{ rn tftmq
mqr$. E$T $ e<< 8"ffi6 (sub ploQ Elsl ofl q{ r ur< tr?F S frq-Rq r.n-o

e< 'rt?f+l qi s, fr&-s e{tq ffi ult, E"tS ffi eq\orl ft'g PF eB

ffirffi rmrc q{F ffi u-g eoQ trfF S ffiffi ffirq s{F S6< w-dl

qTq cr<S ffi <r<ss qa I Bfrq Xsq.qq fl-d{6nr +vm} +nffi S-o

Mr{ 1+v v"tRftrr frtq< +-r< rtTj Wrn< cdfr-{ U{-Tr+< q-ll c
q'wr<Hq s-<1 q{ \of6o RB-{ qTs EW atrs-( cfro EIg <<{<<-m{ qlI,I sl.<

nffisT? <st{n fr{tr{ a-flT q-a1 e &qR{ iler<p-qm ?rt{qs <3 I

) o.e.:. tffrT<{rtfrT frrsqq (Statistical analysis) : {6 ffi f T<$-s rFXfrts

e{( qG +lTfrfrrg p T<rllo rqtrqfi s r {$l-t$ lxfr"tq <KqK o-m esB
ofimq +-{r qrqt r mrw,re rcr'ffi:Ffifrfr ffi q$tr-< Nnv$ firpt< <=+

fiX-o"t(q+:0.'r)



(qrqfi atR nftl'q,{<( svBB rlfrfr go ffii

Ee )o.ir : TretttB +1flIi {SsliD;qif;K rvnwl ((flvrKqs
trin +llhriq<w<l erQ rlfrfi-< ftB* rqnqfi-< rc<i

Iin-ot{
Bqc (sv)

{s{l.rl
(DD

<515[9

(MS)
lv{Eli
'tql (SV)

Fqm
(DD

qls +Tfi{H A_\5

<:lrusr
F?FtFr

ffi"tq
T'Ififi
q,-16

r-1

f-1

(r-l) (t--1)

aa:'

Gffiqfr{
e

€'ll,

r-l

p-1

(r-1) (r-1)

e m{ s-flR< EIrErT 1fr vr-< firtl.r r-{r q{ | EarN s{F flB< v"rFg
ft:{sq T<I E< €<s c{rtpro fifta Tlffi {qfi- Fr , F2, F3 .. .. . ro ffi <r<

ffi p+ ffir+< xsr fiqlsq T-<t q{ r "rc<ff+nq &B (qtrsrFfi-{ E"B}
EefiB qfflrrcn< fre5"i qfi q*r Trq frEE Tnfrfi< \r<i ol1?fq (berween

family ditl'erences) q<< sB Flffrts< (ercfi< l.KI'[ef+1 q-ft-dqFTtTg< 
1

{fr frts{ FfifrtsR rr$ 4?Fsl p1q1-{t"f qs, v'K {qsT u-ts"t{"$tfrfO
GSD) fif{ T1T sEI &fug srGss rBIfrfi fr{u-r o-<tqr I

fi{fu Trfits + +ffificTR'plr,n &frrs fiX+xqnm wn+ <r r

l<<€1-+rce frGR TlfiAr wt+t-n wF rsnwq< (within famity error
variance) IT'{E\r-l (homogeneity) tftm 4-<l qn | flIg-st "tftWq-< wl1
<tfr=Dq-ea tqG .q<qx{ T-{t qr I rfr rrl\-sI srtfis qr sr{ fr1t-{

Ytfrts wo6.w s1ry ,roffp (pool) T"<l sr e<< .ea-ftys Nq|v-s
firyr"me-+ (q+ >o.s) fiX<"rr

{S )0.8 : (vqrsrfiqT(q<qo
Bsut< Eqr
rs\,)

Tc{rET (DD <if'ryB(ss) xv<f Gas) F-.1< Il4.

ils
TififirT{
qF(u)

r-l
f-1
(r-l) (t'-1)

E(a)

s<T{ s rt'-l

+llffi
s-6F
cercifi
wB ol

r(p-1)

(f (p-l) (r-l) E(b)

o.B fpr-1



)vo ffiwfiq "rfuqffia

F {Att <F'6 {fr R wA osffsr vt<ld1{q{, sr< B{ :Frrfrfr q-\5 s<s
+tfifi q-sg <<rt{K3T oft-s< q-al qlarf @fr (sD fif{ +L< qil{t T-{t qs 

r

19 KF e{ Trrfrfr r[9< t?Frs]R qrr'f @fr (sE) = \P
(or) frE +lfiA \n-sy\s XB cerwfi< onv< qFrf @D tsei

)o.s.\. +cffA rilfrfr n+ ftqttq< qRqt

). sfr eiqr StsftT frqwt erl r-<t {r m ftRTflfrfr q;rtrq< qq-{r
fiHT mtqI?#k?rKq-{, \-{r, sm "rEEff {Tffi frr$rrq€ {{r;KTtlftA
<m frcx ft?m q{t {tr r qro ftqm {qq-q{ q{ q<< rr-Ts do m r

\. q ffiq \n-$R< tftmq o-<rai rrrfrfr wsw {RK-nr &rot +qR-dl

Tg< I

e. Ufrq Xet-q-'H 
5r.fi6nlr <I{qE eE m{ B<1t uor* Otu,* q{, ?FA

Tffs-{ r

8. eIffirl'uffr S (dummy plors) {I{{l{ s-{R {Rret '<lts rro clrr{
rqtrsfr{ <l frq {rr+ 6m< cti-re utfr S q<qtza< qf$Tn tftsq s-{R

{3]51fiTt

?{t*$*}



€sl4{q$m
{KrfiDfr "rflwr

SimPle Rotational ExPeriments

>>.:. vf,-q1

vfrs "ftqq <-qt eo <-sfi< ffi ffiq6i "tqG {K \l<l1r <-s $rrl=t

ffiT \oEt Ets r-{t {T 1 qroodBEafr{ qfrtqs <trtl Gtg efIK I rqr-{-

i*,T{ R&E aqs qoB qm{F ff{-orn fr&*'rry SqiTn{ om qqfq

req-{l<-6 (Crop?otation) {K m"lral'f{l' lft-cl qk{s< atlvv;rc q'f{to

q(E q q<r{T"la$"i qqG\T<-aK-{<F{N{Kl€ <3l.6l-{{ftffiq< csrclt
ffitqrs< qvt<rcq q.nro iK" .e s< qtq er{ mnrB< lffio <Fqrs

s q|_{ fr erq< (FE'N fll-r< \51 qrqrs qfQ-o qttQ r erfr fiflT qrn c+.11

<-<rm -w effiT@{ T<ru.rr c<Ft qrsqq+ qr< \d 11q u-ff1 "tftstr"K Tl$nl
grF{t Tg-< I \oT"ifr frGa Dtq qh.G< rl{t qfil T-{61ststs €1Il(;[ <-(T(q I sK
1ffi-{ "t?iwr.r< cmzq fro W{s (sr<ir{ qr'{tt 6?1tl rTT I

(o) Rfu* .rq1 effisq'{ r$- esfr q<q< offi ffilo n (Rl-+- YEt o *?
iAA'a.no< 6al T{sTils <r<sm i*) 

"u, 
effi fra <q< o-ffi 'r'at

a{Te.n-{ ({fl {l+., YUI-YUFvE sfiffionE< q-dl 
1+a"1+B Drs s-{t) :l-fi1

qildr s-{t I

1*; eeB fr6rm rnl ffr-41{ RCE Tfr qqG< qfll T-{l I

rrrql-s, er< firr frr<ffi +r< "t{x-er ffiwq {6C Egl<-{ s w{ {k{6
T-{t qcrq | <-6!11{ tfr s ffiern< RG-{ ffi "rftmrq err< ftftrrf,R-{
q{ffi"f <r< cfrr fihrrs Eflfte qs{r Ts-< <Dq I

>1.\. Frrdf<d-fi {!FI (Nature of crop rotation)

TTqt<-s?{ ffixq"rrr RGq sK-c{-n ffirrB fiffi acrq <q< "K"ti <r<-qr< o<l

e3 t EqRS.iTtrel e {l(eK "it{-s1T (9 qf,1-&mr<-(qtlk <t(lD w-ffiw{-
<<-<E <r 1ary qnr-<-+<B-<-<<fr <o effc{ | E{Trn:lq eKeK (Kln Ydl-< "r<

ffi]rBl ; ftftmrq ffilTK*qaK eEI qFII{ qf,l ,!<s. YoT(src T"l3 l<lK
{<-{B< eR qil'f{s fla r-fl qr I ffi@fi-{Et'< q<fu {Prlqqcs ftTv 1Q.

cgftN vrfl T-{t G(g efl-c{ 
|

jj-



)st ff<frg11{ 1ftmffi{
(o qaN c$firc "Nir-sn :r< {pt €T <Rr<-< x<t eR TTt rF r Bqqsq"Esel

q0rarn "rBqq r

({) frOr erft v< fr&a {Tet €T <q-ra cFr r-<t {H ir I 6$Fr, qfl-rqi-rm
ffi.El< qcrfl q{r-c?r$r<-<-{-{B I q(s,rE qBB "t{irorrr< ffi qr"t
ql({,{<< qTFil ST <Sf{ {-"F T-<l {m { I

:).e. TTaffi tftfr"f< Tqfte (Basic pnnciptes of crop rorarional
experiments)

1n rr1eftTrsrq c{, .lX cl <Fs{q( eRm ffit qs 6T Tqrq'{ Etr€t "|Is$ $:I. I

I{re qisBsl BfrT qffi {.lT G, rfHf< T-4tr{ CSIO 'qS <qn GfrS qlf, €T
<qrrr "nqf<ii-qfis Fnqo erq {qr<-{ :t-({ <r{qg frB{ ffis Nlrrs
Brr<F st$ q$Tqrq<-\e qr I TTE fieR fiTqr <t Tfr"thftK qG<Rrr,{T-{K
<TR <'{qR T-{t {lr$t \H s,ft fir{]E r1-ql 'ffircr${:[({i E{lT fil RcI<
q{K Tq{ ri<r(ElT mF} "ns$ Sra{ r

nr (tstoq )) -+ Wt (c) - {fl{E (L) Ecm cLcL
nz (T{r--i.q \) + qdr (c) - @m{ (J) <-<-{E G) cJLCJL
qirs{rm eBfr .rcqjr q-dl ,sT,B Fr{ S <lrqr-{ a-gr{ ffi Tr{ ffi{

qfr<<< eE rr&"Rq qm[q( vfr S <r+qt< q{60 q(r {t{ \.(<] c (fufrv)
c (Rr), L(Rr), c(Rz), J(R2) L (Rz)co vfr Br ;pt ffiv:n< <lrqr
qfl q-K €<< etG ryA"nq {q{ Tr{?r-{tfl{ T-{t qr I ,elsrq eG Eq< ffi c<
e6Tsr qf{ \5t qs >:.>-< E rq'n o-fl EreI I

e.IR-{ Esfts rl, ){< q<( s{q S qqq fiT-sr:rn @1) urT e, c s v x S w
ffxerm (Rz) q-{ e<< sB '{mstc< firys m, qG<q< frB{ qrcr edrs+-tr

Yr-{rlr{ c.flelGt T-{t qcr(q| \{< s6 sB <q3q qil q-{lr{T {TTq q1' *frq
frgqq (conrrou Rrx< <IEqeas I

qs )).)
<qR ?p

)\eBC'u
EFFI

fiq{
YOT
Eed
el+{
lJJ

L
C

J

L
C

J

L
C

L
C

L
C

C

C

C

C

C

C

C

L
C

L
C

L

J

L
C

J

L
C

C

J

L
C

J
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Tl{l{q D-&{ {asq

r-{rDG \5lsflq{ft<r ei. ({, qB qffiesB ad em +m w (c)
q-kqt ,9 I-<As q-ss qffi 3! 61R<qT, sK \qkoFl <qR, sBr qi-Ff{ <qn

,lvr.< $qK r {rrsrc tffio "r?tq ffi q-{EIKr+< q-qI fi(E trgfa-s
fiqsq66as+vfrrc<< r

(n) eG edm.+n< eB $nr qll esF S *qrrs << r

(of) qfu ryfi"na ffierqR-s ?q-<Ifi-ereR< er({ist Tfts qK 
I

(tt) qG ryffqn {q{ Tr< (tresh) ?t-<l{-{ <.f,N qc{ |

(<) "r<-<fi <q<'erors lql +m?n<ffi <p-fl {tK l1 I

>:.e. "tR'q(ffis frrf,\"t "inG gra"tnod of statistical analysis)

(o) .fry ffiq-q;6{ {< {tet eTq <W-<-{ !-K1{-etf, eF ; {t{ ffsl <E frrE
W{s lbfr "r{rEq frq{q q{cg qK I

R1 -+ "IGv fallow) - ef\

R2--> WtlT {1!'- 'N
R3 -+ EEI -- ax

R4 -+otlrilrT 6SNf{- tN

R5 -+ I-{q ry-ffi q-{i {ffi - fi
R6 -+91fl{T1 -nn
ffi$qf ffi T'I{ f,{'ffi{ qXrr-ft T-<l << r ,s{rc{ <G g+rre vfr

:1-6 srq +-{T qr< <R {c<j vfr eHhuqrs e<Tfiow< €rrfi5l s-fl qr< I

"ffts.i6 +an.s <tr{ trr,( s-fl qK I qs,4< eB <sLT{ qtg E"ftw@ffi
gT ffi{ sr{Er<roi frrilsq 3r{re qr< 

I

<fr gro< x<fi ( q{ ut< qfr<R-KT Btn-s* q-li Fqrs{ ftrdvq< qr+<

l.1+t ftD fi'€n.r q.{T (qo::.1) t

qs ))-\

lGnr$<.3qc
(SV)

WTl.cT
(DF)

<rtrTql*

(SS)
ag <5r

(MS)
F-FqrTs

\11'

<46

ffiTqr

@18

4

5

20

SS(B)

SS(R)

ss(E)

VR

VE

VR
VE

NE 29

r-ft 'e <qrffi Grrc "[sll m sr< q {<nffi ffi q<p ?ofr +-sts qr< q<q

"ffi1q;nqfis rsqt-('s+-< 1vn; vts"t{1fum "rfrq'T +<rio qr{ I €<"K fr{



)u8 fr<fiEr141frs.t &q1*r

<qrf,{ E{rsrs,€q{rGl rTRe- (poot) o{l{ q-{]. &q <qrfir qtg sfr qffi
csmv<F-{ (VE1, VE2, VE3) qT-selEl (homogneiry) {tHtTn s.{l <]fidq
etaft \n-fi-Era q {ftsq +-f,fio qr< r 'qfr e"-ffi rgqlry:s-{ T{-trfl\ol
efqrtn qs \oK fra E"nsrs ffis lpoot) Tfl Ctr< I

<WBTF\o e<s qlssfrsrq.fiE <tfryft fift o-<n v-+ frqr"r TISIrq,I
fiyffrqr{ q-{ frrys qs )).e ?sR +-<t qr.Tt :

ES ):.tr
ffTsr
(Rotation)

<q<

R1

R2

R3

Y1 Y2 Y3

NE

q qrs-{ sBE rF aE ge< T<Et !r+< rsle[T.q t eBl{qrc E?fffiF-s ffi
wFlxrl ffi-irs{ fiiT-sx I R) <qr s-fi\ogl q4q trfoEaq-<qs (RD <5fry8
4foHq-gq1q 1

qr )).8-s ftq <w-{< E"lrcs< Fqtrss-{ wEfls ftqrrqR T.IbETrE"rqt"rq

a-E1qr-{tt

{s )).8 : ftq rqcffi B"ns rslatT1-{ €q]v<p ReTq

&sst< Eql Teq.rsl @I') (SS) flV<ef(MS) F-,e<
(SV)

f,<F(B)

<qi(Y)

ffTs{ (Rl

Y'R
_____G
!Sll,

rfi

Tl4

12

2

5

l0

60

89

qael-s effis@qqfis NrM<r sfr qq"61{q-T, g'r< 51V",{<< {-d-sx 
glq1d1.F

"fiefusl< (LSD) l]-q' "tfut"t qrn {{rrl]r srq "f{{@r (roration) fi{r+q +-<rs
Er{ r



nflTq E-ffT 'tftrrct

({) solT rft-qrl-{ frEr {tef €T <qrffi {r<] r'et{ qr :

{H T-i, fr-<tqcfrs e<( fr-<ts{ks fl{T@rr {-{fis "rilqq T-{t {K r

flrlrcEercl fr(E ffit<q s-sr {ra r

ffift-gq qt't

). T-{GH (q-dt) )

\. R1) 1q{l-mma) \
s. Rz J (Wt-<-<<E) \
8. R: J (Y{f-ffiFslR-omr) e

G. R4 -) (qTI-ffimK-<-{<D e

arquf<E &R qft-Gn mE qm (z + 2 +3+ 3 =10) )0,

srr€(, .Effi cTlaol-r{ qqGrd:[qq1.Tq-iR ffi a<rm = )o + ) = )) I

qr )).c-,€ frB{ Sd fi{lt$r< (?q-qrq rrE) :lrqtrqt <EI I

. {$ )).c

>:,c. {tTEs frrtrTt (Poolecl analysis)

{cH qfls <qK{ (Gr.{, )( nrcr 1o <q<) Gefltr efts$ {t{ s{q q< qt.I.Bs

ftam +r< vRqzs -1-ry q-{-q@{ (crop rorarion) r-"frs e+A Fmfs fis{f
$s-{I T{-s-fi< q-{J ?Fe e+ET(r € {sr{3l "tftwq {K c.s{tqT cq, c{ c{

Eqr<-< E"ils <I<q< T-$ qr ot wnft <q-<Brqm q-lr ?qrfio {T{l (random

sample) ftxe orw. a-4641 uK csqrrs<r{ TNR+ Rqvr"t< qlrfl qE-B{

@ffi Nn-6wpqn-f,etqreqe ftH{.t+-{t{rc<, ,

{q< F
:\e8CVqtrb)o$

\
\9

8

G

v

CCJCLCJ.JCJL
CJCLCJJCJLC
CCJCLJCJLCJ
CJCLCCJJCJL
CCJCLJJCJLC
CJCLCJCTLCJ



ffistrq *tft$6f &-q.ttl

55.s. ftffi{ "fftrr"t B"frq< frrerIot TTTft eroblems of analysing
data in long term experinrents)

(O EG Art $e Fqr+n frelrt qffi rr'ryT qmt friGH <gc<-< E nre erc
wfi-< w<f >rq-TKq (correlarion) {fsr\5 efll-{ {.l E"llrg{ NqIEs
fuFTq< mm TTir{Flr r{ r

({) a-6ss <qrs{ {'qB-s B"rnsn (pooled dara) Ntrrs{ frqr"iXtroorql
+lf<t-< ql, {'{{ Effi< rotrTl q<1-lftT (residual) qsR afics {I r <Nvr<

,e srfl( E"ns "ltslj gQo$a r

(uf) ,{ {<'r+n "tflqrq .alg E"trs< frr*wt< mrq qr< esB ll-ryI {.qT

+qtr3r "|-{TG\ fiff-<q o-*tl mrr{t @l(I-I frs G[-s fu{ q<..{ filn ]RT

cq, fiffiq "rflw"m p1q $eflr€R {m ftB{ <il-rq< c$rr, q?Fffi-{e

ffiHfiTET (orthogonal polynomrals ), reN1-tgfr+ (quadratic), ftUR-s
(cubic) qre 4r{ r q*rrqT-f,ffrd efta-6q-E mzo q<.nlu"mE< frftfl<
(linear) {KI &y[ {m I Trqls B"rns< qff's {lTr q'Fl< {q"{-fis e {{.fl{
ftr*wq-<q-s<m r



EIfl q$T
E"ffrET 6.tffg.d.t

Transtbrmation of Data

)r.). qirst
Nns{'frr,flTrq< q-dl $ frrmq ldqcqF
(o) "rftmrq< eE q1fr{s *NIEIful (normal distribution) elroK e<q,{n

{-s{lq w (0) s NqF<' 9fslmfl{ N'q[sF3 (02) mR qm t

(?r) EIg $efis tRm.fu efsr<, E"nffr;rn svFr ,q<( efi( +[Es c<fof+'ram

Irr{ s<s ,{T{ el-sFl qsITrq\5R< ftryv *fro'm, TK tf-s {11 1s (o) s ffis
Nflss << |

ft-e qr+{ lq{ fiyll <l'T, qtg E"ns {<TFrstK fr{]g m | +TE,{ ffirffl
E"nns< cgq.fs'{ frrflT"f o-$ "rRq<{fifr{sR< 1$aors ++ r €!\5KQ-$ €

<-<r+< E"ns setrs{ a'6s;1-3{-{ fr{fiT{ {lral fifu-T c{srr{ ffiG ugKq rsl
<T(q I S"[rw,€ T9lfg-{ T-ffcs stfg3n (thranst-ormation) {qI qg 

1

E"nrs< seng;n6m "K en-w frq{q rr< EIg TEIqat qffit qil qr t

qse< sqrs<F frr.;g"r< {6 orl EEtg qn?p 6qrq ${x\3< s"lrg.{61 tR
on"r{$r

E"ttl-rs--r ETf$r-\rm ;Relrs{6f ffie B{ qs I E{Fls <uf{E (rqr*e root),
qffi{ (arcsine) e<( EqffRrfrs (logarithmic) sE fr{ A6.B(9 Efls-<
s"nsfff T-fl qT r ftu ffi< ffi qnn'll-qt Tfl {rqt I

:\.r. <rf{E mttlErd't (Square root transtormation)
ql{t-{f\5 a1qaE5<' $"flB (otr+- 6,lrsf qliils Bfrfi-< T<rUI, fr&s q<tI,

ssB fliB qtefiqr{ {<iBT) s\-{qr-{ ftq]s amrs (T, qi rslrss 5t-!5 ffcffi
llq"ftGr q<< efr eGBs (addirive) er-rq flrq ql I qr< E"ng' +<qffic<
fi{ffi q$ {t, TTq Nqrwr fiqpri< ql] Bflrc'{ m"ffs{of qrxM-{ qr I ,s srn-{

E"1.1-re< 5-aq <sfuq 1G; m"ns-<"i emfr Tltrs-{r e "ra.lszro $q Eflne:I

frGs r<qrcrEK <eEq m r{xl fls{I q{ ,!<( ,ent(q <rfue:naer+ *mn
fr-{rr{i rrr.I firo {T r sr< @rc+t c<qrm \T{ tE rqB qrd rJx) -e< "rfu
!* * i earnGs{tq{r



fi<fiqn{ tftmqffi..r

> lir. qFfittq H"ngfi (Arcrsine rransformarion)
qryrGr <t lET-{t ft^rn T<TQE E"trs {{rnqs <rffirm ft$rn<
(binomial disrriburion) Ilcet C{r{ I Trq frff{T"K 16+1m or{ {I I q {{rfiT
Btrcs< +<.:rm firyx< {tTet fr-q <Erre qffi{ mts-<q "rq-G {ff-{ <ra
qTrAtr qmrq | ,9 tr{fl'n sqrsfi +<rre fiIE Wds {frfi"r Tt{qR T-<t q{ 

I

Sine Q = rf
O = sine-l G

€{Ir+ p qmr Bollr.s{ R&a xrtq I €?llr+ E"rgrf s, Effi-s-{ T{ Tt{ sfr v er$
co r LqR nr<l A$<6 {l-a+. trr< ,{ sr{rfi s{fgnq q-{.Bq T-<z(o q61 ft-g
Btn-s< ffi {fr \oz-.q( TT €<< ror-q< oFi Btm ffs {fu qs ; \rK c{
ffirq {<TlE fr-dllT TT{T< q3 fr{m sflrsr<3T elrgM-{ qT il I s stv'ffiTqal'
fun< e<( IrSr ReR ls-{-fl q-.fi sr{l. O-s< rF fifs +r< 6Re qm[R
ltG.nnqq lt <KqT ar< nq6qq ffirg-{ T3u Tsl I

> \e. Elrttfrqfr-$ Hrtlg'd"t (Logarirhomic rranstbrmarion)

'{ {ffi{ Slrg3rq (n) q< {(E1 {q-{]TE-s s"ttre< mre srqfql r um G'rns.<
{R-ff fiEG qr++ sfr <tr << r <fr Btrcs< w<i frq m rl< eE (mrr - :,q
ffi) e(( frRTH {< <V (crrq- )000, )o,ooo Srrft)-ql, sK s tr<'({<
E"nsr+ +ffire fi-{'RT qlq6o EsfrRql ffi-c{ sel.-s-{.t RM {e.-< ;l-{ I

Ungrq'{s{, GTn-{ qe m ffi fir-qq <r{rn v1-a1 fitr{Fm <I{ql-{ s63
tilm T-r< '{T{ tfllg "ffstf olq, {EI erfrrc'\, s qo1-gfr54 ')o,ooo, TFI

"IIs$ oEI, q q{r{3r Etrcg< ft-c m{t Ilr< ({, 5M \rcffi "rR<6-+< ITrcl
{Rfis fiEIfw xtr r$:TR nR<ffi qr I ,!rs,G frGa vE (x) ca Eq recq
(1og x) s{fs{ +-<re m{fsRs E"ns +<'qF"fr{firrK ft{ fr.a {I(T s fr
q{qr Nqrvs frcmq s-<t Ts< qr< 

I

> r.c. Eofrq< Rrffg{rcf{ tqfq<q

{XvlrET Cercospora leaf spor fivqTq qEfs-{f.rc <lTqR <r< eTE "fftrt o-<f

{l r remHT frGn xlcl ,s<< $Gfto ere FIT fir'gciBttr 1e,; frio rrslt
qrol r E"trre< @+ Tr< R-ot+lFrs frEn xmn esm qflt c-{ I

q4o-+r.rcRB+{lEI (ffiITS)
Ts = (re.trl-t Froflr-q <rRR T-KI qsfi) ftsqq
T1 = 6{ .KfitfrSq o.sEo

T2 = C{r .KfiTfi{q tzo

T3 = r<ffiq-l frgt zeo

T+ =fiS - 8os 0.4%,

tffiqffi=ffipoffi+
1qfi"|-4 = 4



flfiqq-\

qqfiffi-\e

qTfrffi_3

T3 T1

t3.5 12.5
(2t.s6) (20.70)

T2 T3
9.0 11.0

(14.6) (t9.3',7)
T1 T2
15.0 tz.o

(22.7e) (20.27)
T3 T2
6.5 8.5

T2
t4.5

(22.38)
T1
8.5

(16.e5)
T4

r 1.0
(te.37)

Tg
10.5

T4
10.5

(18.91)
To

18.0
(25.10)

Ts
72.5

(28.32)
T4
7.O

Te
20.5

(26.e2)
T4
7.5

(15.89)
T3

10.0
(r8.43)

T1
9.0

18. 15.34 18.46 14.77\ 06.95

G'llTBT mfll-q-?rt

. qs )\.) : sBRr Etq E4re,

,{rE m E"ns z ,-q qsTFs s<< Eelfrg{ "tffi lrange; 6.57o c{c{ 22.57o-a4'{14\

ffl.l<q e[sl-{,s E"nr,s-< rgnss firHTq o-so q]ffi{ 1ffiO< eBrrq{ | m

TKri ,srs ,s {f,fl{ "Iffi {K sK \]T EGF q{fr<ffi qra< frto $R-flB

fiTI qrfl 
I

frqtr"t
rat't : : fterrq< 1frrrrrim"nvfio E"ns llfr"F s EBrtB q-dqtft fizo-* qro

xqn+qmF
qT )\\

{tet \ : cll<?F:rfq tCD fifr:

ryfifi ffiffiB
Ts T1 T2 T3 T4

I{Fi1rd-< RlsfT-{

R1

R2

R3

R4

26.92 20,10 22.38 21.56 18.91

25.10 16.95 17.46 19.37 15.89

28.32 22.79 20.27 18.43 19.37

18.91 17.46 16.95 14.17 15.34

r10.41

94.77

109.18

83.43

luErr(f{
GFITq

99.25 71.90 77.06 74.13 69.51 {-{(I'B {t{ ((G.T.)

= 397.85)

-r{<'{r{ (cF) = #= *# =D14.23



510 fi<fie1id tftm"t Mq

slcts: rEffi<5FirE@ss)ffi:

*a, _ (110.47)2 +.................. + (s3.43)2
5 -CF

. = 8013.16 -7914.23 = 98.93

{t4 a : ffis <5f{rft GSS) fif{ :

TSS = 
07.90)2 + (77.0q2 + .............+(Og.SD2

4 --CF
= 8046.03 - 7914.23

= 131.80

ctet c : Tffi<Ef{TEGotal ss) fift:
Total SS = (20.7q2 + Q2.38)2 + (18.91)2 -CF

= 8176.66 - 7914.23

= 262.43

qtet s : @ffi.c- <frrE (ESS) fifs :

ESS = Total SS - (RSS + TSS)

= 262.43 - (98.93 + 131.80)

= 262.43 - 230.73

= 31.7O

{lef q : rg[lwfrHv.r<q<p?sfr:

qs' )\.s : Nqrs-s frqFTGK q<t

l\ra\9l<

Usr lsv;
{s{m
(DD

ffIflE
(SS)

elg <5r
(MS)

F-,4(

fi.fr$-flq
F-q3I.K1'k\5

s€T Iil{
57c lVo

ryiEel{
EUrrS
@.ID

4-

5-
=l
-4
2

98.93

131.80

31.70

32.77

32.95

2.64
12.48 3.26 5.41

ME 9 262.43



B'mg-{ Klfg<'f )q:

r<-qrc*fr.ftr1re F-,{< !.1{ 17, uQ{ TE Grrcs <-\51 qv€< @rqEqfis Nqrs+
q.fi'< sfq'm"$r qr€< ffi'erqt< tfs ffcffi w<l Yfl+I T<l qtalI I

r{trt t, : efi cfr ffirr{-(E< rlTsTqaqI +Kr\5 LSD-€<rn fifi :

LSD = SE * 12 IS\TqrR (@Er qrr wrlET) 51o vt.4 t-S< Tr{

q{-f{, SE =

.'. LSD = l.l5 x 2.1'79

= 2.50

tot I : ffierq|< fl-s'fl.ffi lT<] "lk*elR-s qfil Tr{ et-s'TFerq"t-<' 81ft3

qw{ G&!rT4r{ fi15 {qrffi q.{l :

T4
18.38

r:
r 8.53

T2

t9.26

11 ro Gxaq)
t9.47 24.81

e$5E 4qi1r-fl {l{ ({, €<'{q T9 elr<' q$l.< ffi3 5r(-s3'[?Fq LSD{F

Blrc <-s 1 q-rr€{ fia.aq fg U<"f{1fram q.ger{K elr<F &{ I sK T1 r{(T

T4-€R rr(q] rc]ffits<loR?|d.1"f 9ffcf{] o8.r <r< (bar) Et-e< $(-trr''9 T-{Is-4

fr6 n1-g.fr{I {m I ,! s6q' epqmn {T fi", qq-4'4;aq <I{qr{ relr+-{ t"fRG

4'.N; s.{ O<-,qrefrBs TlEKeYlen-Trrq*qEI sTq9l{l"r9llcr{l- .{ql
TO Tt T2 T3 T4

2 x 2.64

-=

4



qr$qll\q$T

{qg,twffi"f
Analysis of Covariance

)s.). YkiFI
I]t ffi<s("l< s?N ,s<< E${.Ni'qre1 <Kq\o xrc}-< v$ {f,q €-f,<glK ry-qvsl
{r+ru qc< r qrfl'q firt{ @.R{t qr errs q"{] mffi qF-{ rr$ E-dfloK "flefu
{rq(-{ {t I €!\5I{qT ffi< Tfil qrfl TsTr ({rc- 4rr< r ftg q'fg9lrE5 q

q<r{{ flAsqffi?sft a.fl qrp?r r+rcffi qpE6rys elftqqeg7l6?o6
<tr-d <rIqTlls&-$T{, lrfrolq, qrfr"s fiT.q.cm (c5H- Ss., rlfr, n-qN ffi
Tr<) '{rry\ eE< rrret TTIr-{t q{ €<< qit-{s< ftqvq s rs-oK rrBI
ffi< ql{i Tr< fiqts osxl {t{ I \or< qar{yisR trsq s <IfT{ cl<T6f

Eqv @E< fiot €rc Trtcdl {trR qrf,s Ra<r ?ffiiBts qi-{r T-{t q* urrn< Gt<
w{rdl ?ffitr?r erst<qFs qfr fisqq q$ {g< {l I

,! tr<-rffi esm Iffi qlflu m[E< sstm{ emq uW .+-F fisqTq<
q-fl T{csns{ ftrflTrq< e[crr6a{ qr I Glq- cfl-r{.El BGIqB T{-rq:r q;II €s
BeffqH IEI- Akq< T<{Ir frrTs efslR.r- qT r ,{$I e -lll EBcq< uffi q-rcs<

Fo.r+< !T{, qil{ {3mo qrd e< G'K flrq-{ {<.rr{ erq< W q{qll yfll
o-dt sre I qK sn qrql' etcqrcT{ x<vntso ftr:{m ofl r elq rq qfl evK-srft
mft?l< ffKfttr xn frm"rq T<t q{ qK wrs ry"t'i<wq (ancitlary
observarion) <-{l qr r +qol{r<qrm ffi S <s ?|rB A-ofrvstt< "II?F+;. ccr
{Im' {Fr e1ft$q eE< qisl <l&-T Fie r

,! tr{fl{rqrur<T,q\H {fu<?Blfr-f ftevq-
(T) ffi.rri e[$r56'i1g$ qBft-{]< Ee1-E,{rq-{ qEl< €3(
({) ffitlq @fttr qft"k,fiAidq<Tn ?fi$t s-are {t<-qm <'{tqr r

,{T TFi qla-f,s< Im\oK Tfrq ffiIII.B< fi-\5-< \-(<l'qa-{l s-{t {E r ,{slK
eF fir-gflT trffiT {frn<cmfi-{ firg'l lstatisrical control of error) {FI I

Iq1-{r<q,q s-q<t(T (ancillary variaie) 44-sfr&S DaFPs (concomitant
vanaLe) T{l q{ 

I

!e.\. Tqrsqtw frtffi'fd <I{qf{ (Uses of analysis of covariance)

(o) &<tfts 1ft51q W-{lr 1n,'Iot 1fr +-fli<et T<._'eqrvr frq-m'r< <<n
<lr{K r errsFtt s${ trq-s (y)-€< q-{1 ,!TE q<B? r$-+o (D-e< B'lFg



{q:sqrwi' fttTcf

r{<r$ er(Trq-{ I ,{B (rr< 6,s{t qr G, y-DFrrc3T S"t< x 561-cs< qvK <rT-Q ,9<s

A^g{qT y-,e< E{< etro x Esr+:r ft-{-sm etem {s o;n qr {t er{s1ls
e'-ffis rvnv.4. elc4.<fq "1-g-v{rs I

Tqrsns{ ftgT('q x ,q<< y uqo &a-.0< 6-q6a nfiqq T-{T {l{ I x R y
E"rcs-< +tdts qvR qrc <E stT erc{'fq-{ ol.r eh lffir mnFIqsf{<t
qv efli-{ <I y Eqrs-n E"r< erw rcqF etrmt rtrqFr, T<sqlv<, Rrpo<
lt<ln qqlr Eerc-{ B"n rqn-o q-{, s-{s-fid+ 6a6q-{ersK {(,.- sr{ @Bffis
csq'F{ qTcr{ \1{]1I qlt-$-s< {sIsr ctTq ffir{d-{ Tffit yr{T <r{t R-N
elrc{ 

I

1t; Wqffi D"tas-{ (disturbing variare) esRTe T{RI q-als
TqN?F*F frr:Fq T-$ qr I efK{clt{ rmro lft?q<TfiEER< tftm rs-{ {t qT
sr< q5aqerqt wE( ({l$ ftR?<ft}J &rO qk-fr er<) ffi<mct T3rt {t{ I

c<qq{q.ffi s SRv< Tn-{ RT-.q='fi-( BDu-q, qR'rT ntrs <1fu e olfiT ffitll
T-K sr{ $ft< crras sqrfir flIqfq qq-{t a31 qr{I t qqtf.{, qlv<t Etr<t s,
?<RB s nqr<r?-{.}{e*t (y) s< w$ @r({t ryr<rqrrq fr*art c{tri >r€R

qffitl rTTfi fffi Eans-< q-{l r-q rrrq]Ts (match) ffi, ({'T{ ffi
"rft+zq Afr( v-$ q{ I rl,T{ D-Er<r{ cslq rlE[-+I Ts< qr {t vBr qlr
Tqasqlgs. 4TqTIs-{6i T.{l Grs ell(n 

I

(rf) Tq.\,kfvrfrrg{r"f< rtryr ffini6<evk<<er{G q-'R-<(s qmlts 
I

>rq(wtgofrcffiTt EEo (X)-€< "t|?f{rEq-dl r-qrsrNq{Nqry+-<T6m {< y-
,!< "fieFcq< 

q-dl'TqrcqlvT >rlqqrjT-nFK elK y-q< E"R Gftrc ersR Ts- qr 
I

+T{ y-,s< E"r< ffinre< eNiK, {t vts"tdf affQv E{, \3XTeorft Eq(s<
B"r< rs frrst $ <l \or<qqBr-qq 

r

(s) c+-[-dt E"ffrsr w<rsfr ftqffi* arrs ECE 6Trtr€ Tqrwvs frrg<.i
?qG <I<.qR T-{t q{ t >t.gq <ffi agffi 4l-E4 m, ffi< sct-< mr,s rq3-snvf
"rq.lG-{ {Hlrr E"mre< cfrr frqFq T-nf Ts< I

(v) <-qq' cf,i-+-<'q ffirc-o< {rct N-ffN (rluing) Tq.snrc-{ frqu.f
mG<l<qt<T-{IET I

:ie.s.:ft(vfiw frrflwt erlIq'ft{ -ls1ft (Assumprions required fbr valid
use o[ the analysis ol'covariance)
T{rea.lv-{ frqFrK q-{l rssrEl .t6 qtrq I ,{erEI T{"f <rflqq € sKrffi
frqn.t T-{t {t{ I {6qret fiID &gqr T-<t {ml I €{tG E-rgrB (T, Nqrsrs
fua-cqR lz6? qrrq .!< fi-{ qze 

I

(o) xw q-fl-trffi, f,s €<< fuflvr q\q< q<-{Re&8v (acrdirive)

<s{r< I

(?r) rffiYTIq (E1.;) w<-R 'rRfissn< (normally) s<( qlft{src< ftilrs qN
{c{ q<< EI( a-v ipl s e<E €qtvr qr< 

I



fi-<frwrrq 'rAn"q ffil

)e.8. Rrt{rrl{ ttR{(?Bffr-s ttqB (stutirtical method of analysis)

T<sfiv-s' frrfl{rq< frGq {H fro <"fu 4-{t qr<F

tl4 > : <'flTE s Sq"mr-{ flB flqTl (Computatron of sum of squares and

total sum of products)

E?rc{ RB{ ssTqfi\o exq frB+ ffitxrBr \-Gi ATqFs <tflqB frfr re-<t

q{ I sr< Gqr+< rtro tft+q ffirir E"r< ff'-< +-<m I firu?n<tRo ryd;tr-+

eq-ft{ \T<6TKF "iftq.r< mze efiS e q{-({-{ frrevq< AtS {<xrw"t fro
(q+:".>) cq'$GI <Et I

el?rssr< x,4<< Y sqrs-{ <urTtIE fi'fu qEr q{ T{Kq firn q "r<61
G<ffixq<6] +-<t{rsrql sr< x e<< Y FErs< qqtq ffi (sum of the

products oIx. y; fifrr< "fa.Gfrru<'fua-<'tEel I

(o) en<-o tn (cD fif< :

., = GT)x-'-(9T)f
N

qrT'G (GT)x ,{<( (GT)y <{'l {cIl@(I x E4rs-{ x tr4r<'-{ ryfrfl4 '!1q 
y

u-qro-<arEqa'r

({) x, y 84"(q{ e6f+T{-< flE'tila (Total SP)

= (Xt Yt + X2Y2 + ............... XnXn)- CF

(a),lTftt< ilqqf;s, ffirxtrciFs EE-+Err{ eci<q {r{ fiq-t <no ql 
I

qQ )\e.) : q<sqIw qo

GE-sr<
B<ris9

{sTlcr
@D

x-D-4r$-<
q-{l

<5ffi=
zxz

x€Y
5flT-{

lcfTrd-(
<ofaqE =

,XY

Y5Arc-<
qil

<efalB =

tYz

Y 5dr<F-{
qal q-\5

<d

F

A?E

UF(TS

EF

b

t

e

Bx
Tx

Ex

Bp
Tp

Ep

By
Ty

Ey

V1

V6

V1

G

c$rlq4 b+t+e

T+E t+e Tx+Ex
=Gx

Tp+Ep

= CrD

Ty+Ey
=Gv



)T<-srlgs ftt\q :1(

{let t : Ffi< q1t{ ffi+ttzv+3 vtsd"fre-t fift ltesr of signiticance rn rhe

error line)
T-d-{frfi6 saFF (x)-.!R S1a eq-{ uair<Bl (x)-.{{ ffi+s-o q-{'RQ .erq"r{t.{
eJio u.r< {r(g {NslTi?F<q (adjustment) Tltr{T qf r fusrre'+a . fs"F1q\ol
F- 1AsKql<.fiTT3il qr I t6Gfr66<"Fdi4-fl qrfl 

I

(>1 ffitw+cffiv<5ffi, SS 1b; = Ef
_ (EP)2

Ex

('r) v uoroaq-$qrqcl<rfl<fryE = zyz -GaIt

.'. {rqrrT"<ufo,rm (B{) =; t#'
q<F )\1-\

i-Cel'iEGl qettrr(DD ffinTt (ss)

l-=-_ -
I FIE<ciTs:o ss(b)

Ey'

S1f_d fr6f{ <il3 Sig'F'-€< fifl{ q-{'I \rl= I q<q V2 .= s-1
rrfr p-oi s ql{ \ilq"d"l{qr, .o-r< 

"61 
yt? e ffi< 5lr.sn q-{I G rNqai

(adjusulent) T-{l qT-(REI rt.3eftEmfq I

$ef .c : <alffi ffiu<p-l.r (Adjustnrenr ol the sum of squares)
q{fr{ T + E €<( E .1<r q;r <ffi3 I]lqC.NR g{ s3ll WJ s.I( fliT ftrTT',I
(rn ffii:t-d< EEI >rlT.'sri nefnrfr< EIi fi.fu qfl c{ r +1q T + E .i4( E-.{rK
s'31 ) TGTIEI T-FI 4i{ | sI< m?ivfr{ Tsqlcl fll-+l reir<F slT r fio-3 qrs
Tauq-rys <eh\E q1q ffffi atft1l slqeffq fi"flT1 1?{KE fiyrl6{l q5ql I

qo )s.e : mQs Fnvs Fqvo< e--+

F-.!<
fifirf'eqa

F-{<
aIiATs

orfu-+ql4

w

)

VE



\q! fi{ftEnq tilr.q ffit

crr @n-{fr<-cl.-{ <fffiffiqrl s-fligfiru-{F,<r<qm q{l qr I

{!qr<dcxE(y) = ry2 (Irytj
2x2

- $$ (rr\ - [s'P' (x v).l2I (J., 
s.s. (x)

ctrt e : ffix fl-sT Tl\qc]c{q
fi 'r' {A€< nt{lrl fiytl {l{ rs. ffi(I[(B< 5lc.q{ \-Rl vfqfi1'f "tttsl, \T[q
qc< rTNqql, +-+ ffia 5[9-{ E({1q{$ S-{rs << I

qfr rft mTq"{Nqrl srcq{ xl{ Yi ,s<< rmqry 43.t{rd yiql 
r

s1ayi=yi -v(xi_i)
e{Icl (i) 6 q-ol@.F<aftafi\iflsa

- Ixv Eph--r-+"-t*2 Ex

(ii) xi {a. r- fil--<rqs 16 iffizrrfi< X-v

(iri) i. {q * ffi6w< {t{]<ci 5[5 {H

qttc : '1' 1frrf
(o) qnq-d ffi ta rFrqcl r31 5l-s xtrl-{ 1o fiT-s"l :

yi-1;-h(fl-x)
€1T gqtsr = V (!;i) + (ir - x)2 V (b)

q{lr{, V (fil <"rr Effi flV< (<fis"-Tld (residual) 6sqls<t €<t V 1b) {tdi
figilcXv<p Tqr-af{ O) NqF<t I

€{.{. v 1i'g = 
YP 

"u*rOl 
= H

s?ni:.I Y6 <EI Tllql] qd qtsqfio csqF:s I

... eofi€<tofrHNEof .ffi frell-es

.r;11 - (xr - il2 |-"r1.- Ex )

... s<'-s mTE fl.qs1 "fifig @f

;u{.1 .d* 
i

("D Km rm6ri ffitrB eng< "rRfis wfr
xfr 

-1,'i 
.l<< y.1 ith €<( 1tn ffirrzB< TNqI el-i5 {r"T qT sK



{qa\r-nfsS RqTci

Yi - Yj - (Yi - Yj) - u (xi - x1)

(rf) fl-\5 NqNT S<S {r{sT ste,flIl"rmr{i
mFr<-strt csra x-\s Nrre-s <I<qK+mQE"nnn+<!r<l q--{t T-fl qr$ qtrs'l

€{Ir{ n qffi q{-d s-<t qr< q'5r{ mllt-{ {$fi, r q6a1ryfi"6qE nqql t

s<<Tx s Ex EreI <qffqrffi q<<E$srFs<5f{qB 
I

qcH cl-m qrr<l r5-<lD-{ {t{qs ffimo fifr o-<rs "ttR r

)s;(. IISD = {V, r (sz, vn aNwrl q$ .+-fi< pqlroi'* r-s< TF)

:e.8.:. Tq:sFtw frr$rrqT Brfq<"t : ssB flAqitr tE:<< Er{ (s) <rflq-{

frn xmm 1r.ffir fiT-{ €qfl{ r< 1G <-<t vt frrr{ q.<p Oe.S) ffislt qret r ts
w-o x frm'qr<rr<< "tR$q ,fl<q y frr.{ swa-< 1fr c$<rTrql <TCq I T, {, { q<<

"1
s frrl'-rE p1xfi"n) c<Rrffi i<te r G"ffis< frrgsq Tr* fit m ftn D-r{ xtqm

<n+m Qr<-<'crq sq-rl;r 1freo sfs"rdf erq< Grvlcq fr-qt r \TKs ffit s
mr< €qrq<qfr {Frrrs{ tRqq firlersrRv qarqfr<tr

E+'- )e.8

)qc

qK,! 51-E- N?'lqP',

v=+{'**'*}
.'. (SE)DitT={i

(xi - xi)21
E-J

!-q

T 1t 5l q

x Y x Y x Y x Y

96 98
;ios

64 119 1t 121 7Z

108 t02 L25 86 132 84 100 54

94 t02 85 51 163 l- 7t 151 109

r28 108 82 72 t43 62 ll6 93

)i-



ffiwrntftmqffia

frrgsq
rdt > : <5fatE q<< eGiT-drlTE fi{* I catculation of sum of squares (SS)

and sum of products (SP) l
ss,r<< sp fi{rr< aRot *fq* >s.c bi<i Tfl srql-

@ x uar+-< qrl <:fffi (ss) fift
(r) c'fisrs {l{'(cF)x =*#

= 234740.25

(i, ffil$ <tfryE TSSx = (962 + 1082 + ....lrc\ -234740.2s

= 11683.75

(ii1) {-q'erqK Tfil ss = f,<tzez 
* ..... 4s42) - 234740.25

'70t0.25

(iv) k"m{ qvlg.< 55 = (TSS) - (E-4'erq'K nr$ ss)

= 11683.75 - 7OL0.25

= 4673.50

(?t) Y u-ers-{q-g<efarft (ss) fifr

(i) cr{s xq (cF)y =\{ = 105462.56

(ir) {d({E <rffi 155 = (982 + ro22 + .... oz21 - 105462.51

= 55O2.437

(iii) naqFfn :rffi'<oFc{B (SS between groups)

=! urc2 + ....... 3282) - 105462.54'
= 2826.687

qT )e.c
!-f, >rffi{lr

T { 6t s

x Y x Y X Y x Y

96 98 r09 64 19 71 72

108 r02 r25 86 32 84 00 54

94 LOz 85 51 63 71 51 109

128 108 82 72 43 62 L6 93 (GT) x (GT) y

426 410 401 273 6r7 288 494 328 1938 t299



{<-\t?rs-s Rmnq

(iv) !-FRI qqsftq <5ffi (SS within groups)

= 5502.437 - 2826.687

= 2675.75O
(5t) 'x's<<'y'Eq-rfit s.fs.{ffi (Sp for Xy)

1938 x 1299
(r) (CD xy = 16 = 157341.37

(ii) T-{TE eq-qf, goral S.p.)

= (96 x 98 +........ 116 x 93) - 157341.37

= 486.625

(iii) n-4q6qIT:l-Gl SP (SP between groups)

I
= 4l@26 " 410) + ....... + (494 " 328) I - 157341.3:l

= - 1316.125

(iv) I-CE3I qvIgK SP (SP within groups)

= 486.625 - (-1376.125)

= 1862.150

qs. )s.v : NqlwF,g<< {<wlss. ftHvq-< q+

>1b

tr-{sm
Gsq
(S\r)

Ts$q]
(DD

Ix2 ss
(x)

Ixy SP

xy
zv2
ss(y)

MS
(y)

F
fi.fufs

clrRw
sqr

EI{ (57

w{)
qT4-{

Irsl
3 7010.25 -73'.76.L25 2826.687 924.229 4.226 3.49

qrfil
l$sJ-sc{

t2 4673.54 1.862.750 2675.'150 222.979

CE 1 16tt:J.75 41t6.625 )JV/.-4i I

,s?firq fi.rkfs F-€< I,r{ dRre fi-fi 5zo \rr( 3, t2 qta-drq {.sl.rctT F-€< xl4
(3.4e) s< (trm <_u I ,{< qer, &n q<rr<r< B* ITer E:-<< cqc{{ €q-{ 1ft(g
ure"t<1.iqfi-o 6({rq r

eB e\l {re- t[K c{, EK{ fi-q{-sq-{ ffi frB-{ t(K GH {m{ rnEts

fi?nn q$ ,{<q qfT(E &n qmr{ rIRfa<3T q-gs ex{5al{ q-{j T$ I flwII
TPrl-qr B* <Trm{< "ficfsl wTts (<]|.flr e< 'furffi elsFTts q{qm)



)VU A<Rwq ffirqMq

vlns frr;5q efc{fq-{ I sK q-l1 q?fffi ffi,cflv-s G-< a11 g,R sTq";4,160i

"tffsit+nm!-<-sl-< I

Ctet q : fusqneas rsle,"lt16fui fi.ftT< 'rftT:T Gest of significance of rhe
regression cocfticient)
fi+qo SS. Sp ?-sTlfr{ {qqII 4-{t (adjusrmenr) erc{rq4 fr-il utT q-dl
ffiqxvq .,-rsm'1ftt "rftq't o-<r y-<-rmi ffi srs"rl-1{ ql umQ\r+ T'{.(s
{c{ ({, {KIr<.i tfirf"r< qE.]-<W qKqR<TrU1T{!-Rle-{s 

"tl?Fsl, Rqfr-+
EI fi"lt +-<'cs Etre< rllqrf o<re q.< I $rq-s, ffi<"nrs-q< ufs4{1fti
fi"fq <p-<r qrer 

r

Ixv2 (Ep)
(T) la-s<qis:o-q]fT SS (b) = Zl =;;

_ (t862.150)?

4673.500

='742.449
(?r) Y-€< q-ai rmqr ffit ss
qcftq mfiqsn sS = SS (y) ss (b)

= 2675.750 -'142.449

= 1933.301

frqrn<qs )a \5r.{J rgTlvT trs
ls{sK
Esq (sv)

T$rrm
(DF)

<ifryiB
(SS)

fl-\5 <rl
(MS)

F,{<
fi"r-t1s
TF'

F lf{i.ftrs
5 7o gf<
sqrxH

ft;!1fleq
KfrWrE

I
ll

742.449
1933.801

722.449
115.165

4.224 4.84

mf's fiqk{o F-,!T !t-{ 'oQr xn Gir<F 6qf} ffi"ffreo-< Nqfss ols"Fii.F
{'{ | T-m E"rfcs<{Nqllrc-f,r.rnsmfq-{ oSrq< ql+K q-ll "EIBfi <qtf <.,<r

{r{I I

qlet ir : rrreo <rfryB tRql"t{fl s<( qls-fo Nwv:{< frqFq (Artjusted
SS and znalysis ol-reduced viiriance)
firrn rftT{.t il<q< nm qrQ\o <t't TqE (adjusted SS; egfrTTa1Tfl qq 

r

rrGE <rffi = :y2 - 
uxl-
Zx2



TCTEqIES RqFcr ,r)

rs{r{ ziixl= ,q
xl-x b(x1-x) qTry6ru

51V Yi

qNqr ...
sl-s Yi
Vi- U 1x'i -
i)

4
{
5[

{

06.50

00.2.5

54.25

23.50

-14.625

-20.215

33. I25
2.375

-5.835

-8.329

t3.211
0.948

102.50

68.2.t

12.00

82.00

I 08.3 35

16.579

58.783

8 1.052

mre*fi"f+ o-<t 'F'-,9< il;r *F1u 3, I I Ter]rqB 5vo vtc 'F,-s< stBr ql
GI.{ <-s Rn-..9€< {|<qs sfr <rf.ffr+< q-dl tK-<-{ fi-(qn sq-6t qG qq9l{lq'

ffi qrme reBIi Erdfiergo "nrro r

qtot s : ffir fl-s<qNqIiT-{q 1yi) lAd.lustmenr of rrearmenr means)
sfi frB{ <tr.n-cffi or<zq Qrm< &-qn ss?-rc-< 1fr-< v<l ors"r{f ffift-$t{
qlr flam.r <r<rc frrXrs Tq< {rq[$ @mfr eftg< Ttnqr] T-<t qr 

I

Yi=Yi.b(*1-x)
€{Ird b qqrErfi< q?aqfi=<qrl-s

n= r*, =Ep- -!Eg 
j5

o = 2p = E;= Zffi=o'3ee
€{( x = t#= u.r2s '\_ " ,l

1...,-....

qs )s.h : 5rry-{ mqT'ro<q

qT')e.tr : (gft(g:S'{ ES
&xor<

Bsr (s'O
{G={rql

(DD
y,{< q-{j II\'$I]'TE

<5fryqB (ssy adi)

fl-!5 <5f
(MS)

frcftr{E
F-,!<
!"1-{

rr{ATo
F-,{T {ri
57o WC{

q-f,ErdK

TT{J
qrffi
\qgIVK

3

11

5482.169-
1 933.30 1 =3548.368
2675.750 -

(862.7sq2
4673.500
= 1933.301

1182.956

175.755

ryE)

6.731 3.59

ME l4 5502.437 -

(456.62il2
5482.169

= 5482.169



)b-l ffierrq zfo+q ffia

{t*l c : {1qq{'nE 5f_u {rc{< w'{1-< q-{ .r-te9r{i,lf\5r offta{ (Test ot
signiticurce tbr comparing adjusted means)

sE of (Yi - Yi)=@
(DErR#l-s-sq,

=19.035
s-q 108.335 - 81.052

"'=sE(T-O=- 19.036-
= 1.433 (srs1d1{rr)

(ii),{sFBr,
SE (T-q) = 20.9108

q<<t= 108.335 - 58.783
20.9108

= 2.370*

* q{q o s 5l-.{< 5ls !rr+{ TKT 5zo vK sls"H'1{flIeF+]' <r*"rq I

qrtsr< frB{ ffi< r[-s< rr<] q{dlTmfiqrs fi'$ sl{ I

t(t4 v : X-s NqlvT q<< {nE\ slqq{tq'9ll?fsj fi'fu (Calculation of the

average variance and the least signiticant ditl'erence-LSD)

rvl.1frB* <lm{ $Ia-{q-{l qrlz-ffi "rfurrr< ry-s<4pffi ffF{ "rfir{
(ii-ij), x Ealrssl @ffi <5frrB (Ex) s< W-{lT <V m, qsq< qN<I

ffi( q{fl o.-{N et-\e Grfeo (D {-d-sr uts"r{{"rnfo GSD) 'tfi{Pl
+-acis4frr

, -2ut' [, * -]- " l-llr l' ' n-l E*J

2,175.155f 1 7010.2501=-- 4 ['*-' 46it5ool

= 131.81625



:R-\r"fs-$ ftfH1q :rg

LSD = {-v,, mqxls ttfu{{srlqlT 5zoglt t-si rH

= 11.48 x 2.2O

= 25.261

t{tef c : (lT fiI-€< ${I({ F-EfsEI E"fq"n (Representation of the results by
bar diagram)

<]',Fll{Tcl Sfl
{Tqll-ftr I 108.335 81.0s2 76j79 58.783

sw{-{ 5l-s1fr

qtelu: B"Hari
U"rcns fieFq errs {EITEr, G u<F g* 6pxE fus-< 6,r-(q{ sqn< eT'r-K

ffi <mql '4' gts+{1fu64 Tfl6r{ g'l4 S<<'.1" 'ut" s '{'-q( elgR €rs
qefrffr (6-c{ etq"r(16qr{ &rsrrr r



uqfu vum
eT-svt-*ffi{

Cross-over Design

>s.:. Efro '
@'{-ssr{ ffi "lrdwe.tBs frB* sKH-{ {KKrks ffiq< \rct m r

q<mqElgq qrm cq, "Im wEIB\o ffi{5f-ql {clf- ffi rydA-+ ffi4,
s ryrB{<tfffiqlT qm<rRq (conrinuous) ffiqs <-{lE{ I rc-fiT.! {<raffi

nftqrq ffirR 6q1q rcRqt tftxq nBfrd m ffi erfffl q<t qr sl
qfrsnr rrfl w-r fr< n*n q-s r qefrq "1Qqq rx* e+.B iEfr6 €Tl ffiwS
<r<qm T-{t qr r frg .r-=-q-svr< eqrfn< mrq {ftx'q WfrtB mnql eTfr
ffi tftw"r< T{zl qrm"{ \-(<l q-det Trrl-{ q-qj <t{q< rc^GI erm srrs
{ffi T-K q4l ffi cRext {T r qr< tftxr.r< llq r\-{rs € q{r;r-n

ftqcjr oil ffi rem ffi< {<?fR $1-s 1 q4-svt{ ffi nqe+E
rftrq ngfrd "ffiqp-s rTfl 11163 \-6q1 61rfi rTs sT.ffi ercg5r T-K
q<r{ "rffi o'r< qil ffi ms{t ET- c{ T-t{H € tr{ffin ffiErre e+
sw-EI (cross-over) (I X$-o.tg (switch-over) ffi* <Et ql 

f

5 s.1 4ft5q ?pfits (Experimentai Units)
.t-T-s* 1fl5q ffiin 56 4ft511-l ITS qa-grq 4se1ell Tdei$efiqTfrs

nSRd (ftactional durarions) vltl T-<l qT €<(,{tv frB{ ffi <K'sfn r-{t
{s; ftqF.qq-{ l-"rcrfr{ IVffi aftn;q nE"ffi Rm< frKT,'il TTT qr sa(
o i9R6< l-(<l c{erqtilg c[l-r wT ml ffiryqs nffi"6 <qt qr 

I

s?[H Ur$ e., {Kt<TftF ffiqq frqEra< mrq srqg est ffiT{S eril
6.p "pfts'q lE'fre <FqE e:r- c{ or<rq erQ IUFB fin "tftqtcq "fis,q'
WffiRrKffiqrr

:e.\e. C<fiY$fd esf< q<<fr{.F{ T:l$ (Resiclual ettbct and rest perio<l)

rcffi fttqfr etc$rt <s TstR eBIs ma ffi< G ergK Edrao el|c+ Eilrs

,<F=Wnq qsR Esl< <I sfifi sEK ai'sm (carry over elt'ecr) <ra r mfiYrn
eglmn fl-fiq rol-r{ ffi< qi56 1fiq1q<rs:tr<'<irqs qq ffirud<
elEr< Grrc{_Tt



e>l-€{rlsl ffi{ : trC

q_irq< ,r<<fiorq re-ml ffirx$ <lrqm-{ wsR "lcdo<<o ffi;rlrB<
c<fr's-Trq ersrcfi ffi r-t-cE otfil-gol{w e[TMl I ,43 w{I{<l{"rs Tad
*q; ffi(I1i< €sQ qfts.r nvfr6 qri ffi <l<-qlr{n qlr{ c{q Egffir-{
frq awr< q-dl frrttT &-xt qr I qdle. €Tqr-G$rTsro) mrr.+t t*tr {qq <l

fr.rtar T-{t qr * r sti 6F-qrro qvfi {rdl ft-s lTb tft+zt< cffie EIg ffTHf
elgl{ @order effbct) €R TNI I 

_

>e.s. tfftS"t q<<Rr${"t tq& (The technique of conducting experiment

zurd analysis)
I.?lq "ffuq< m$'.qrru frB{ RrglGTd-sfdrs (ftactiolal period) ffi(
s-qfi\o ssl-r<n E"fa && Tr< Qfs (grade) T-<il {l]tr, G{''{'vlE lqc-q (better

period) ffi I sql{ qffirrq{ ffi q<sxn tftm o+r q<i e+s1't'l
;rq-, fie, Rgts:T rya6q frfu+ Qs G\q'($s-)''(zls-\' ffi qN fisrl
GTg?fIKI

tTrE<6R's"t, q{ {lTlr-d{ 5rtr< qlg gtr<'rfim e<( xrfl{ S"r< qrr<-r+<

ltr<l-{ (-<.rd-< qg,rc<K qn-{ c{'N s {<r{< ffiE,q ffi q{q5{ T-{i qr 
I

crsqx{ fi-{R E5!-q ftfu+ tr+< w<i B{s< m rKFtqGfr elfl< mfl K
ffiTrr lllrT (stlstEItl T-K E{{ sTf<'lxm ,!T {nfl< K'rc{ {I<K ft.x e<<

,iril wrf,s c.5la'q-dl'ql3[.{T, <311'{3T c<'llT {ffi{ ft-T taE5t s-{t {l{ I

€I55(q R{ 
qqlr{{ EeN qdll.'{m's1-E Ra3', e<< frfr${r<F {{ IIR ?rFi

flqI qfl 6rc fllr< | @-fiIe?I{fr.{ qrB 5lf G 9lfiI.tq 
R{ ft-A "K<s l5rm s]

fi-{ { I e Effq+rq.affi er+r+ erfr ryfifi frc1< ftK5q1 T-{N E{ e<< B
ft<Kll-rrffiq&E $1TFr.r "rftm egffi frcr< tf"Bo{l q{ 

I

q?flrq .BrE{ a-g1 elmrcr{ m, q'{fr"rrq-T nqr51 {qfllrq ffi({S r<$l{
rli"is-{ q-s r RT{- 5p ffir rt:rq atfr"n T<{t[ 8, 'v,. u., )o \5TIfr <r

tqB frrqrB< mrq'ryhlq q<{fi q{ e, v, b, :r ffi r

Efr ffitl-rBr ffirc w<-tl el'l <l?rro tl G, elBE ffi 6qE's;4 qqy

s'qq'rTrR? ,{ q-{ ellT 
I

:e.c. @.c.Tri-< efr$tt (Appiication oltreeitments)

rn +-R'o' q<q r{'{F ffit:{E €Ir< EF 
effilqa {?11 'T{' q<' '{o' 6{s{l

qrer r rrB"rr.q srfo ffiq'T{'€l< <rft srsfs m-re'qfo'<'<qr< T-<l {rq1 |

'Trl, 'dlT@r:li q?f qr4l ercrcq q?ftq \5fq ITIR '<F' q<( rq {rr{ '{'--.qa

<r{qr-{ r qrftt< 'cr+, qef "nnr Wr t 'qK xrfr'rcq< fr{rq qcflq en-c
5t+< ff-{lD-{ T-<To << q-1"iffi< 

r

q'.rB q+. lic* qqfi*. n ffi q{hffi T<qK or< eoB e1ft51 4-56q \5r<

1frqae61 fiN-fi Fs:s.>) <.m t



)uv ff<frutra"rfuqffi

qT )8.)

qrIIF[ 4s]'{m, ffi erc$I5Br ,s{, ,l{tT@n qr-T[q-{ afr ffinn fififis
wfiqrq fi'{lz-dt qrarq r <rft 6fr q{h"trq,{-q, 

"fffTe.N ffi eLTIrt T<t qK
rl{l qra r

:8.4.): cs{tqt frrtrct* olt{ 1Stru"ture of analysis of variance) : fr&A
Esrq.fis rgnss'tRqH TKt-{ flT Nqvs ftreilq" qs?sfr <Ffl qr q<q,€
<s.n rT{r (>s.l{( qs) fi!flFrr Er4t I

qIfr o-qm (ql.A1r+{ ffirc) a{E

v-fqryrS
T{iryr{

)\e8csqEh:o
R1

R2

<lt

{
TTT.T
{{{rI

C1 C2 C3 c9, clo
G.T.

{a :s.q : Erefi.g BrrqrrqT qr <vrlw ft$q
Eqq {slEr(DD (SS) $9 'F

(SV) (MS) q< {Fr
TEIN

TlR
iEwT{

@10

mE

9

I
I

SSC
SSR
SST

SSE

VC
VR
VT h

VB
I
l9

firtt {ts R, .B"r.s{ frqFq qfQreI<{ mle ryfu <sf Mrs-{ qrgt r {fr
fifr +-<t'F'-,s< xn vr<t'{1iqT, .l-'Fr ffi<q-s'Re gftzf ---s (SE) "ffiTr"t
TC{ m 5I 

.ru-< 
:r&l qqa1 a-fl E{ I

ern:rc TE ffi ;rrV< "n:mro< tfrfis eB fss)

-^1*,.ffi-- Y --ffi"trqerm

_ sE fiqfuT "m ffiqrBR rrs rnTrqt< fi<l 'fleFsl {rDrtT-{ q-{J'r,

"1ffi LsD (vrfs col fr,i* +-<r w i'
LSD = SP x qofisqai of q cr vr{'r'€< $;r



{.-{-ssBl ffi-{ :b'',

r8.e. @-rt-sEI< tfftT't ffin 4ItE{ <rf< <-<qf* (Use of latin squares

in cross over design)
afi qF*rini A, 'GiE' ,€<q'{q' :mrs-{ 4?F+] eo rEfifi R-r+ q+l q\fr"fi{
&-d-s< qK, sRrq ryfr"n?fq|rs (qmnr< qnmGs BqR<rq 5rtr) qr{slK
alwr{ qr c{, q arqf+l wfr"l+5 6ql.s rrfreF-)o q E {wrr rrqrrqt q* l

qffiro q x q qIF{ <sf <t<{m +.GI xroll C"qe s;ry-svl{ ffi ?ofr

T-fl Trs I a5q rcF{ aqfqtsrfi\o cgr?rwP GIIT Effi Fnw <tq. "rc-s rF s
@ffi rgfisa c.tl {l{ I c{ TKH U{rflffiR-s rg{rwP !Tl31s Tqglsl r1B[

srER 4'-fi Tg{ | Eq-fi c4Rn 11rm ,{<< E;r c{ a{mT ?ffidI 5ltrerfl3 \r{1

"ficFsj aflT'aEs ,{ ffraffi eItE{ <5f <Icqr< TTI Tl{ | c{rsrrq <r{qe 5r5JT43

qT?,?EFEI etFFT qr-4 q<s &{'(rF{ :rr$ *q." tr+< "ntfq Zr<mit-*
qttm{ <Efffiir {q"fu.5 T-{(g qK I

qrq G "[< t(gftE Urrw"f efiS rwrs+ frmrq< qrq< urhq )8.rc q<

qst
{Q )B.rg

e-dsmBqc (sv) WTEIAD
d 4

as5f3qrlr-{N 5

<cf<l-rqi 46i 5

ffitqfi I

,-$[, 4

rqE t9

t8.c.4-rr-€vEr fits?lq(;l-{ 1frVt s <,?rqK

(o) e ffi q<6rsn.li'm mrqrB< 
"a"rqffiq 

<i<qlrffi eq< c*lrd
qm{lTr
e q-{r{{ m{ q{qKr{ rT{rqfis "mfqjIr fivqq qfl {lT t

{{a refr{ ffi< eEI< {:r(I'{ Tlr{ "[ef{], a3i s<q "tfrw'"r<
qrrr ft'srq{ om rflG< s-{l qr s?F .s ffi q<qir{ T-<t

<fu+srr rq^

(q) e {<r+{ "1ftqq ffiq R mlr{ Ts{itT B"IW{ <l<sl< T-{'I ll{, s1-<

r{Rffi< r'<m mnd-{ xiBr* TFs-r qN qr< 
I

(s) e m{ elT elTfiq <sf ffio< fist ,{1< $ffir.ffi c<?m <$l c<'t Tr
sfi q< qra-+{re<I1

(u) frBa ffienln'<s"ilT fil'rs q.{ K{ ?flTtn € q<rrrf, ffi <l<qs
qs r q<< !-{gl&T e<< fr1'B 5R-{{ql-rs 's <<-cffi ffi <t{qs q{ 

I

(*l)
('t) TsIq

{€
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