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Respecto a las observaciones realizadas al Informe Técnico Final de la propuesta 
"Introducción al Análisis Multivariado", código FIA-FR-V-2004-1-A-010, que dicen 
relación con profundizar los resultados del Curso y la Aplicabilidad de los conocimientos 
entregados por el Dr. Crossa, paso a complementar lo que se señala en dicho informe. 

Uno de los aspectos más complejos de lograr en el análisis del comportamiento de 
variedades en diferentes medioambientes, es la adecuada interpretación de la interacción 
entre Genotipo y Medioambiente (GxM). Los conocimientos adquiridos en este curso 
permiten una mejor compresión de esta interacción. En primer lugar, diferentes variables 
que tienen algún grado de asociación se sintetizan en componentes principales, y luego a 
través de una técnica gráfica (construcción de Biplots) se logra asociar la síntesis de 

· variables ambientales, fisiológicas u otras con el comportamiento de los genotipos 
estudiados. Esto permite incursionar en las causas de la interacción GxM y con ello precisar 
los requerimientos de adaptación de los genotipos a un determinado sitio, haciendo mucho 
más eficiente el proceso de fitomejorarniento. Al poner en términos explícitos (visibles) las 
interacciones complejas, se aprovecha en mucho mejor forma la información experimental 
que entregan los ensayos agronómicos, permitiendo disminuir notablemente el número de 
experimentos necesarios para lograr un determinado propósito. 

Las herramientas del Análisis Multivariado entregadas por el Dr. Crossa son de aplicación 
más general y permiten su utilización en diferentes campos del conocimiento en que las 
interacciones dificulten la interpretación de los resultados. Así por ejemplo dentro de los 1 O 
días siguientes al curso realizado por el Dr. Crossa se aplicaron estas técnicas a la 
interpretación del efecto de múltiples variables del suelo en el rendimiento de cultivos 
sometidos a diferentes tipos de manejo de suelo. Fue posible asociar los cambios de las 
variables de suelo a los tipos de manejo, y a su vez analizar el efecto del manejo en el 
rendimiento. Los resultados de este análisis se presentaron en el 55° Congreso de la 
Sociedad Agronómica de Chile, realizado a fmes de octubre en la Universidad Austral de 
V aldivia. Las presentaciones en estas materias fueron seguidas con gran interés por la 
audiencia, por cuanto este tipo de interpretación es novedoso y de gran utilidad para el 
medio agronómico nacional. 

Adjunto, además, en esta oportunidad la impresión del articulo "Linear-bilinear models for 
the analysis of genotype-environrnent interaction", el examen que envió el Dr. Crossa y el 
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listado de alumnos que cwnplieron los requisitos y que, en consecuencia, aprobaron el 
curso. Este curso fue reconocido por el Programa de Doctorado CSA V de la Universidad de 
Chile (ver carta anexa). Estaré atento a cualquier otra inquietud que FIA tenga sobre el 
particular. Reitero mis agradecimientos a FIA por la ayuda financiera otorgada, en el 
convencimiento que actividades como ésta realmente contribuyen al desarrollo agrícola 
nacional al awnentar notablemente la eficiencia de la investigación y extensión 
agronómica. 

Sin otro particular, le saluda atentamente 
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f. Edmundo Acevedo H. 
Labora orio de Relación Suelo-Agua-P 

Faculta\ de Ciencias Agronómicas 
Universidad-_:d::e~C::.:hi~·l:::_e ___ --' 
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Genotype·-Env1·ronment lnteraction 

1 .. Crossa 1 and P .L. Cornelius1 
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lnfroductlon 

Th 1.! pmsc·n IX! of fl.t~na L~' pe-cm• i ron ml!n l 
inlcraction (CE[) in. a multi-emtironment 
lrirll ( ~rEl") is exp rl>sS~1d ~ilh•~r [l!i incon­
s is l•~n l mspo n !lt~ of so me gen ot.ype~ wi Lh 
u:~ pccl lo o Llwrs dtu:! lo lht:! ~ll!:!ml ion o r 
lhc orderillR or Lhe ~onotypes from one 
e1 m• ironment to ::~nollt..:-r (Cf::[ w ith rnnk 
Chrill~~ O r CfOSSO\i~f in lt:~i.JC:IÍOll rcot )) or 
as c;hnn~t:~ in Jhc alr·:.olul~ dirr~mmct:-s 

bütwoen . s~no lyp~ wi l:hou.t rnnk ch::mgr. 
(CEI1.rithoul. rnnl c:hanR•:! or non-c:ros:;m'er 
inll~ rncli .on (no n-COl)). · 

E:ul.)' •lp¡m::4lch.:-s lo Lht! ;Jili.llys is of GEl 
in cltLrlC' •1 !:ha convf.m lio n al tl'fD.·wnY fi.x•:!rl­
oiTt:<:ts {Fl:.'1 \V) modcl. with-:iunt to x~ro con­
s lr:airll~:~ :tnrl the ~implt:! line:rr rrsm!i!iÍflll oJ 
8~110t_ypo ~iclds on Lne envimnment rne:JRS. 
T'h e fE2W mm:fel ~-,; pro!!st~ t.he em piric:a.l 
~ean,f;_1.o[lbc ilh ~cmot;rpc (i = t, 2~ .. .. 8) 
111 lh~J fth cmvimn mcm 1 (i :: ·L:t . ... e) wilh r:1 

rcpl.i allí ons in eaclt a r the g x e 0211 s ns: 

Yu =~l+ t ,. +3J +(t3)J + 'F:J [20.1) 

\':h.::ra ~L i:; lhc ~r-.:md me-an acros;,¡ ~11 P,.eno­
typ~ nnd cnviromnonts ::md 'is estim::th?d by 
f.~ ¡; i3 lh.c add il'i\'~ t!rTi.":lC t o f Lhe ilh g.cno­
type d~rin N as :1 d~;.'\1'Ía li 00 of the s.:mó l.y_pe 
mea.u rro 111 the cn:~:rall mea u :1.11 d ¡¡,; .;;; ¡j . 
m~nt:d by f 1. - y_, \Yhic:h sati.sfie; OJnstrnínt 

}: t_. =11 Sintilnrly, q is thC! addirh•o ~:Hocr 
.. r 

of lhu.ith C!m•irontnt:!ni (!St imaí.;!d b·.• r . - 11. 
:> - · l .,; -

wh.icb !i:llis rios con:i lr:tint ~8 ,. =Cl .\lso. 

( r¿¡ b is the non-:tdd i I'Í\' i ty. i.o. C: 1::1. of thü ith 
~en o1y p 1J a n d 1 h t) Ji h (!IWÍ mnntunt (!Sl ima ll:!d 
a5 tho residua 1 y v -f~. -Y.t +y_ :1fler fill inA, 
rh.:o main crtacts. The 1_'!3),,· sa tis titJs con-
s ll-.:1 in Ls ¿ L ( tS ):,. = ¿ (eS .t. = 2: ( eS J .. =O 

; . J i .1 . 

·th e E' :t lt1rm i s thc m ron o r th E! errors 
con 1·ri bul in P. Lo m•Xtsu rc-mGn ls on l.ht:! it.h 
~enorypa in lh ~ iLh tm\' ironme:nL -rltL' ~ .. , 
nro :1.ssumcd NliJ(O, cil n) wham q: i:t lhÚ 
pool(<l wi thin -cnvironment. error varinnrn. 
nss-um<!d Jo bo hnmosredastic. For lh!:' 
compl•:!l.~ r:mdom eHt><:ts 1\v.o-way ([.ffi:2W) 
rnod.el t 1• ~- and (tS];( am :1SSun11::d Lo IX! nor­
mally :md. indopend.enHy distribulod! witb 
\'::trinncl's q~ .~ anda~~- rl"5pccti\·el ~· . from 
1 h r.: cea pol':'5p!x:ti''''.:o. r hl;! 1?'~ w ::m el rlli:zW 
mo.:lels m'\3 urJ¡.mrsirnunious" lit~ :m:tlysis is 
11 ni n form::~tive n nd the (IJ- 1) :o< (t.!- l] inde­
pondeml pa.r:JiliClW'S or lh•:! GEl :II'J difficull 
to i n re rprer. 

fi sher ::111d MacKenr..io ( 192;:t)~ wtw :m:t· 
1ysed dniD fmrn n.n a=-:pcri.mcn 1 e\•:thHttin3 
1:2 pota lo c:u llh,ars undar t:.'m:h of si:~: suil­
fert) l i~~ :ll.io n tre:llmrm ~- ·l:ero tite first 
~mthors Lo propo!ie brn:~k.ing down t.he 

t:C.•\13 :C:f¡,:o,·: ~:.<.~~r .... -..,1 200:.!. Q'..&:lri}~ l'h~ C::!!w:-.;..;.-,... Ct.Y~::mi::.> ;u¡J f'~,o;~ r:.r~edí'r~fo; 
le-eL M.S. Ka~ ]1]5 



L'eSpo nse into n seri~ o frnllltipl íatli\t·e tl:!rm s 
fitlc{{ by l rost squ.a:re;;. howm.-~r . tbis work 
í'JoJs nppmtmtly -rorsouen ror many· years. 
Y mes a.nd Cbclt rnn (19JH) _proposro btEaki o~ 
dawn the GEl ·into onc multipl.icative 
term and a d eviati on lb erefrom, exa.m i.n in¡;J 
whether Lhe GEr ¡s a linoor f~toction of 
lbe add'ith•e envimomenmloompcnant, tb:Jt 
\s, (t3]¡= Gi~+ d~ . wllere 1 + ~ is the linear 
regwssion c:oefficienl o.f yields of the ftlt 
gaootype on the envi.ronment::d mean and 
ri¡; is a dav·i:uian. Thjs regression appro~u::h 
expross~ lhC! GEl S imply 3!1 hetera gene ity ar 
~dop(!s aod \'139 J¡ner used b~· finlay and 
Wilkinson (·J9G3] n.nd slighHy modifted b,v 
Ebarh:ut ::md Russcll (HJGG). 

'l'u.k.ey (19:S-9) proposro a testfor tha GEl 
io ubich tha (rd}.y term is a constant multi­
pliad by Uua procluct of the ma in effccts 
or P. en o typt?S r~nd E!nvi ra n m en ts, (t~b· = J.r,8.~ 
Mand ol (1931) Ri:'.nüralüoo 'l'ukoy·s (1 949) 
m o del by· J_I)tli n tÚ he CH term be lhe. product 
('to)ñ·= 1~0( far r(1)ro5sion of si:motype 
simple errec:IS on cmvi ronmcn t rMin effe<:ts 
or (tSl¡= ").r;r, for ra~tre-ssion a r ~nvironm (·Jit 

simple C!rTects on FIQDotypo main offec:ts. 
Ki th eor ofthasc r:ons is l~t or 3 ·bundle of li!'RO~s­
~i on 1 ines'. whü:h m:¡y oo testt:d fbr coricu r­
ronco ( i. e. in lhe rirsl casa. whetherthe ~are 
p ropa rti on:.1l lo t. be r; <>L :in tha saoond a~ se.. 
wltether t.he r.r aro pro¡xmion::~l to th~~ i\1) or 
nan-rn nc:urr~nr:n. Pro(:XJrtian::~lityortho a,: lo 

tha tr is a spocial rnso of mgrossi.on or ~L\.IID· 
rypes an thuanvironm.C!ntal mean. in which 
tha regression.lint1sall int~rsoctatonepoint. 

'l'he .Mandal (19Gt J tests for mncurrent 
:utd noo-concurront r~ssion linG partj. 
ti on th a GEl in to one das roo of fret'<i om 
(d.f:) fiJr lb e Cil DGU.rmnoo Of senotype (or 
I?D'I¡·ironm cnl) roP.,ress ions on en\l'ironme.nt 
(or P..anotypcl m :ti n affocts [tbis is Lile sa.mo as 
Tuk.qy's [1949) on.C! d. f. for non-addiliv-it~J-
8- 2 d.l lbr tha non-rnncurrem:l! or 
genotype rctp"E~ ssions, e- 2 fcr the nau­
OJnOtrrenm or sitC! reg.1essionY :md ij -2) 
( ¡~ - 2) d. [ for the rernainde1 a r tho GEl 
CorneljlLS s al. {1~ liUQSí?:i ted Mande.rs 
(191:.ll ) analysis 3S a diagnost:ic fhr cba ice of 
multipLit:ltive m odtil fbrm. 

~.¡.rl'E!Illan (197.1] cited Williams [1 952) as 
lbe fiJst resoorchar to lin.k the FE:2\V modal 
with prjnc:'iFXJl-mmporumt a.nal~is (PCA) 

and shmved that th~ Cl::ltt!l'Dl can be ri:!pre­
sen tro b)i th. o sum. oreiR,amonl ues or :.1 m:~tri.x. 
Gollob (1tlJR) and :NiandtJ I (·t9G9, 197'!) 
introduced tha Lintnl'-bil inrorml]del(LBM). 

Y:t=Jl+r,+8(+ ¡ : .. 
1 

:\.tail:7¡1 +E'11 {2D;::l) 

Wbaro 1.l iB a scala pammater or sinJ:J.ul:u 
valne for Lbe klb bilinear [multiplicative) 
ca m ponent 'fhe ~..,. are anlorod, i. e. l.1 ¿J., 2 
... 2: /.,. furtJuy~ tba aa, and-,. ara elemenls 
ar tlLe le ft nnd ris;:bt singul~r vectors, ros­
pectj \•'Elly, mntrib~Llins lo the tth bifinaar 
(multipli c:~tive) l<!rm. T'ha a11 represonts 
ijeoatypic sensitivitit:\S ID n hrpothoticd 
an\•i ro.nm onta 1 f:.1cto r tbc lrnre 1 af which. in 
Lhe .rth (!D\•·ironment. is mprosentí!d by tba 
el~1ment n 1n th13 ri~ht !lingui:Jr \•ector far 
tha tth comp:>n~nt. Eh~menls ar the sin!}:ular 
voctors far senot)-pes rmd environments (ll.i.l; 
rrnd Y.!) ~m sa1bjoct te normnl i:.tation o:::m­
tmint:;. r.u~ = ! _¡'{"~ =·t :tnd to orthcl!.on­
nl ity cons tmints, I .a :.ta a- =IrY.R "f¡¿· =O ror 
t ~ t'. Wh~n .f.c)u:tlion 20.2 is salurntt-d. the 
numher of bilinear tcrm s L'i t = min(~- 1, 
(!- 1] :Jlld. for ~ny smnllor \':tlue or t. lhll 
model is s:tid to b~. "truncatad '. 't he word 
' trunmtcd' J1era is u.~d not in tho sense or 
hmdn~ a truncated distribution~ b·u.t, rnther, 
in tite sonse or trunmtin~ tho strin¡;: cf 
bi.lina:u lor.ms :u samüthiniJ J.c-ss th::m thQ 
nu.mbl!!r of torms that will !m tumt~ tho 
m od(!l. 

1\tkmd ~1 (t9 71) computL>d t.ho number o f 
dQilrt.'1:!s o r freedam ;lssodatL'<i w ith r.h.i:! sum 
of ñqU:tres (SS) due lo (!:JC:h of llm rir.il tb.rL"e 
bili.neaJ tmm.s in &1untaon 20.2 by a Monte 
Cario stud.:;. and Johnson :md Graybi11 
(1972 ) raat.nd lh:tt ~·J:uuJor:s (1971) fl.l\Stllts 
woro e loso Lo thc! exact va lues. Cabri el [1. 97B) 
shawcd thal a laast..g¡u:uL"S (LS) salution Jrn 
modal parammer!l in ECJLI::llicn 20.2 c:a.n lxl 
obtnjnecl by tak.ing thc est.im:lles or th.e 
bi linear terms as tho t lafR.L'Sl comp:menls 
or the sinijul:~r value dí<:ompo;ilion (S\'DJ 
of tha m::Jtrix Z=r.7.J)=f:Y.,-:Y.- -f.J+Y .. l 
~rilh the mWitivn ÓineorfelfaciB ~. ·t; snd 
E'litimsted ss we h:tva pro\•icu.sly 9iven [or 
their estima tes in tba FE2\V model [E'qiL:ttian 
20.1 ] . 

(f Lho complnents of thc SVD or Z are 
arr:JnJ:~ed in decrrosina arder with respoct 
to th e si OSJI:II:~r "·al u es, the fi.rsl camFXJne:nt 



9ives a mnk-one mn11·ix th.aL in a.n. l.S ~m5e, 
ap_pro.ximat.e; .mat.rix Z; thc! Ji rst two c:ompo­
nents oflbe SVDsh'o ::u:mk-two matri.x that 
appraximate; z! ele. 

2.obol et al. (19BH) and G:ruch (l9Ha.] 
n.:uned EquatjoJl 20.2 tbe •adrlitiva main. 
effects and muHiplicnive :jntemction' 
(AMMI] model. Tbey furtber io.trodur:ed 
a dala-spl:ilting and cross-,raJidation pro-· 
ced.uJe for determininJJ.tha number cfmulti­
plicative mmporumlli to retJio in atru.ncated 
.M..rMI model. 

'rhe AMMl rnodel and fonr other. LBi\'fli 
and their. LS estima les \Yem de;cri!Ed a:nd 
ttnified. in ooa s~or:tl methodolaar by 
Carnelius et al. (1996). The;e authors 
d.~cribed vari ous sl:tl:ili lic:Jl tests ror th n 
sisnificanm of tho bilin~:."'Qr tarms a.nd 
mt"!ntionro tbe possibilityofusing sbrinknge 
es ti m ates o r these models for impro\•ina th.e 
pl'l.:1d iction a fthe .~ )< e ce lis. ~I'he rour rnadols 
th :u mn oo deri1.r00 rrom thc! AM\oU 1nod~l 
are: 

gen otypr!s tL'gOOSsi on m o del (CREC) 

.iTt1 = ~t, + k .. 
1 

"A.~;rr.;.;; 1JJ; +i.J 

si les (i.e. em•ironment) reRressia.n 
model [SR.EC) · 

f v=IJ. .• + :L: .. 1 lJ.n;17~ +e;¡' 
co.mpletely multiplimtive m.odel 
(OOMM] 

fu=~ l¡et.;J: 1~ +e., ~ ... 
sh.iftm rnultiplicathre madel [SH.MMJ 

YlJ = P + Í: . , A. ka.t l.s.t + ¡ ;(J 

'fhe LS esti.mates of the adcJjLive affecbi 
or th~e mcx:Jels and the elements or th.e 
re..¡; idunl m~tri:x: Z :tre: 

..-\MMI Jl=Y.c tJ =Y1• -Y_~g t =f.1 -

SREC 
GREG 
UlMM 
SHMM 

f' .• z~ =-Y., -r,_ -1.1 +r.. 
Ji t =Y.,. z~-= Y u - Y.J 
~l1 =f ... zil =J",y -Y,. 
X-;¡=Y_. 
z~ =Y..,-~, P =f_-
~ l.~:a.~:f.t. .tf.M: .. , 

S~·11dsadr :utd Coroelit:ui (1992) dm·· 
aloped tha .S.HMM mc:del., \1'hich ia a 
mpínametari.mtioo of the Tukfly {1949) 

rnodel fnr t.ost ins lton~ooditivity. Tlm s·ingu· 
k1r W!r.tDrs for Q,enol~p!?S :md ellVironmenl~ 
far tbe arc.1t:~red components :ue c:Llled 
~prim:LrY. elfEt:tS~ riXil~ f,lt), ·s~ondary eJfocts: 
(a,'l, ~]" :tnd !ID on. 1 .!ru1 l.S solutian rm ~ 
requims :m itoJati.\•e alsoritbrn, boc:u.:..se tbe 
sol litions faT 1he bil.inmr terms aro tbe .r 
ku'9c-'St oomponenls of the SVD of IJ!filrix 
Z = lz,rt lYbere, in Lh.is ca..'il!,. x"' =<V"" - ~! but 
ií- - ~ 1 '::' '=' h . ,;:;, ,,.. ~ 
p =.f.-k-•· ,.,~:air~;. \4f ere u¡ =g-- .... a,~. ;, 

and f.t =e-'I/frt· Thus, Z defeodS an.~. bul 
~ depenrls on lh a svn af z. CansEqu~ntly~. 
lhc LS mlution does not exist in clarod. 
rarm. Mareo ver~ tbe vaJue of p chanRes if 
Lhc !lumbar o.f biHnear oomponents: .t~ is. 
chanQt-d. 

it.ppnron lly, Lh(! SHÑ.1M modcl l'iíl)'i l.bl:! 
first LBM th:tt :Lionll wi.tb othcr slatistical 
tools, w.:~s used rrir idantifyi.ns subsets 
of senDlYp:!S or e.nvi.ra n.m.~n.IN in l'li:h.ich 
¡;:en ot;·p ic mn k: ch:LnN(!S are llC!A.Iif:libl.:o 
(C'nrneíius E1 al., 1 992. 1993b; Cn:Es3 :md 
Cornoli.L"Jli. ·J993; C~ l!t aL 1993. 1995). 
l.:tter, the SREC mrJdel was SltAACOSiod ns :1 

ilL1Uer matlc lluuse ror ídonlir,-yiu P..:; u eh su~ 
sets af environmanls (Crassa an[fCornelíus. 
1 997) (b ú t nol ror idenli f)·inR s ttclt subsels of 
s.:>n oLypes). l~h·~ Sl~EC mode.l is \11.:0f~1 :IJl(~:tl­
ing for broL'CJ~rs and ::IP.;ronomisls blc:tuse 
its mulliplicaUve terms wn1ain the main 
erfects orsenotypes plus Lho GEf. makin9 it 
p.ossi.blc lO :t~SS bolb tbe seneral ~nd lhe 
spL~ific.:~dnp"lntion ofNanol}}l~· Cn:lS&9 :md 
Carne.lius (100i') .ba'\1'8 ll!la:l the SR.EG ·model 
Jor dust.eri·nR; sitts with.ot:tlf!.ellotyp ic rank: 
chanse under hatero~enait)· of within-site 
t.Jrror varianoos. Yalt a a.l. (2U.ll] 11s.:d the 
biplot af the first two bilinear a:nnponents 
cibtained from tbe SRf:..""G modal to grapbi· 
caJiy- identi.fy S pecific •\'#"Í,Ilner' fleJI D~~"[Jf!B in 
cert:t:in. slibsab; of cnv:ironmenls. 

The GREG modal with r. = 1 Js a repara· 
:meteriL'lti.on and witb t > 1 a JtE!neraH:ation 
aJ the Li.nt?ar reg,Je;¡;ion módel. of Y:ati:'S 
and CacbríUl (1936). Finlny sttd Wilkinson 
(19631 and Eberhart 30d Ru!&!1J (HGG)~ 
exa!pl tbat we leplace their est1matar ora, 
witb an LS solution and furfhe.r imposa 
ortbanormality cnnstr:J.ints, as jo tl.u:! AMiV.U 
.model. 'Typic:tUr. tbe LS ~ti:mators or 
the 1.n are wry hiJ:I,hly rorreL"Ited \Yith tbe 
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Pin Lar W11 k:in son./ Eb•Jrh.n:rt-Russ<!U L:.sti ma­
tory J- Y.. of!S.r. 

C:ot•ne.l i us and Se,~uds.1dr (1997) derjJt f(l 
the sen.er:tl li:n~r-bil.inear modal [G[.H~O 
liS: 

Y.,= ""'• a.x., + ~·~ k.ail:·Y .~ +'F .• •• ~t; .. 1 #ó .. , ~1:.-·l .. . .. .. 

w.here the l:.4J an3 kna\Yn cons13ols and tbe 
Pk [Bmmetors (r~rossio11 coofficienlsl Jor 
the linear terms and the iA, ~· a:ml lil in. 
the bilinear tE!rms are p:ua.meters ID be esti· 
.mated [Cfcl. :md 1~ subjact ID tbe p.reviously 
defincd ortho.normality oonstrninls). 

ln matrix nalation, thc GLBM can b~J 
expressEd ::Js: 

y=¿: ... P.;; I¿ +AAG'+K 

\~ll!)re Y =lf~J]· X1 =lx~:.:.l E=[~"}- A= 
d.mRO.t. t = ~. 2, . . . • \), lt ~ )~ ~ . . . :d~, 
A=· (ah ...• a.J. G-= (·r·~ .. . , ~l and .A' A= 
G'G = [,¡. Dcfinli.1Z =Y- k., ~u; ¡X.t , 1'1fhero 
~.l(.: l is the lS estimate ar P.l \Yhen the 
fi tted rnodel (:on ta ins t bil inonr ter m s 
(r s: rnnk(ZJJ. T'hen lhü ftrst r componen ls of 
Lhe SVD of Z pro\•ide lh.e LS •.:!stimnles of 
pm-am.eters in · Lhe bil.ine:11 Lerms. .r\n LS 
sotulian rcr the une:u arreclc;; lthe Pkl is 
IJ.i'Van b:; an~t solution Lo the O:lllillion: 

CP=T 

where the el~mcnts orp :ue tho ~.t~ Lho lltth. 
elemenlof C isC,u = u(X~X.,J =,.? ~x,.,,t"T.to' 

nnd the .tth clement af T ili ·~ = tr 

I x~(Y -~\&•)]= +f~u~(r,l-k~ l. ~~¡r,~J 
Herc Ir{·] denotes the tmco orthe (sr::]u::tre) 
matrix given as tbe a:r&ument. 

,<\o LDM issaid lo be 'balanc::ed' (a n l.Btvt) 
ir Z= PYQ, w<h.ere P :md Q sro projectian 
mntric:es úee of the bili.near eUocts. L\nde.r 
tb.·is mndi Lion. T1- rL'd.uc~ to ~ + x~.,...., 

:m.d. thus, in a ULBM. :m I.S saiLttion fm ~ 
iguorinJL the bilinear efft:t:ts (i.e. for t = O) is 
aJsa a mltJtion for p, Riven any vaJue for 
t s: mn.lt(ZJ. Prnvid.ed there are no m issi nR 
mUs, AM1H. G.REG~ SREC and COMM m.e 
BLB~b (COM:M ~n::tuaUy bain9 without. :my 
linear ternlS :rt al)). bu.t SHi\fM is oo t 

rn th·is chnflhJr. vm re\~iow th~ use Df 
tbt1 SH\lM and Sl~C mocle.ls ror [indinl=! 
cl!Lsters of envit'r.JIIOLents wilh neglil!.ibl~~ 
gano tY}lÍC CDJ. ::md C!X:tmin.e soma .. Df the 
u.n r:onstr:~io<!d ;:md c:ons tmin.cd non-COl 
solutiorts ror findins the ~disUlnc:i!!' benveen. 
p::.i.l"!i of environments. \Ve a.lac summUJi~ 
msu.ltli af ~sh.rin'ka~te; estirnaton of l.BMs 
dtl'lelopEd as a.nalqJnes o.fbe:;t Hne:u unb·i­
ased prl:rliclors (llLtJl'ls) and jm;tified by n 
Bnyesian. 3rgument, and ru rthar show empir­
ic:il mridence that shrjnkaga estimators 
:ue usuaUy boncr predic:torn thnn rhe oost 
tr11ncarod l.BM a.mt sometimes bet1er than 
HLU:Ps o fa l<B2 \V moda 1 w1th internctio n. 

SHM,\t for Assessí ns COl 

Sinro the rorly t9CJOs. thoorotirnl nnd 
practica! sludi~Z!!i ha.\'C! sho•Nn l.hc ulilily oJ 
li:Jo SH).IM lllOdt!l rlll' id~nl if~ ins sulxstlts 
or environmenls and ~enDlYfX!!i without 
~enoty pic mnk chnnge (COrnclius t'1 nL 
1 !:192: C~ and Cornoliús., 199:1; C~~ 
t.( al .• 199:1,.1995. 19':~¡ Abd:tii~H( al., ·Hmi; 
'J'rotholnn e.r aL 2001). Cornelius a aJ. 
(19!:12). observin¡;t l'I:!Sulls obtainr.d wilh 
SHMM1 (SEIMM · with ona nrulripliclli:'lt'.~ 
term), defined. suHicient con.d.itioll.s rol' tht"! 
:Jbsence D [ significant senotype COl i.n a set. 
of environmenls and,'or g.onotm~. 

1. S HM M wi th t = ~~ (SI·IMM a) m ust be :m 
adEt:¡uale modcl rar [ittiDR the dala. This 
impl·les that the mttltipl'ic:llh•e oomponents, 
bc.yond tho first, are not siQJlifimmt ly dinm"· 
eni fmm zero. · . 
2. T:ha pri.mary ~Ifects o fenvironmeniS, ~1,. 
a1e :úl cf .like s:ien. 

·rhc SHMM mach~l. satisfyinR the abow 
m:n.dition 2 ltns tha follmv:in9 · two prop:v­
tionalil)' propertim: 

1. Olfferences betw.een gonntypcs .in any 
!1i.naleortviro.u.meltt am proporLionaJ t[]gtmo· 
typa diffmenrns Íll aoy otbar envirnnmBJtt. 
2. Oifferences between en\'iron.ments with 
msper::t 1o the perlbrmance of any sinale 
~aootype are proportiooal le envir.onllll'!ntal 
difl'erence; with r~oot lo perfbrmsoca nf 



any othcr P,_cnotype [but~ [or emrirommmt 
<li rrerenms. p ropo nion::ll.ity cons lrlnts mnbl:) 
11 Cii!a LÍ\' .t~ ). . 

1·1113 socond proportion:tlitr rt:Sllict:ion i¡; 
irrolevnol ror the CJse ofRenotypic non..(l)[ 
~md is relmcd in th.e SUÉC 1 madel (Crossa 
and C'.AJ rneli us, 1 99?). 

When SHI\.1),[1-prEdicrad val ues, y~= 
.-. +i. d 1 . :ue plnttoo aA,:Iiost the primary p 1 ¡':J ji. . · 

effects of environments, 1 "'' the sraph cnn­
s is ts of a mt o r ret=;rmis ion Lmes! one for each 
F.JellO~)'p13, aU ofwhich caru:w (i.e. iDit!Oiect] 
at rbe [XJint [o, p). For a. non-001 SHMM1! 

the ~ are all of li.k.e sign. (or i.ero] and thus 
the Point of intet~ction is a point ~ith~r a.L 
lit~ bou.nd:try [if one r fl. =O) or outside (left 
or ri~ht of) Lhe rogion conlaining the plotted 
po.ints. . 
· 1 flho :fJ, h::we di IT-eren t s i¡¡,ns ~so m e.¡n;L­
Liva, somC! nq;;atiw). then the _potnl of tnter­
section is ·witbin the re¡tion amta.inins the 
plottcd poi nts and ::1 (:Ómtlletc Je.\I'E!t"Sll af 
rank ordc!r of ~mml)lJL"S is displa~-ed 01 ~he 
right, ~s comp~red \Yith the lefl oftlte poml 
o f i nters~tion. lf Lh~ int:ersectio.n po iat i~ f:Jr 
a ulsi do tbo flll ion con t::ti ni n 8 tht~ plo Lled 
poi n'IS. rhan rlic Jtünotypc TC1!1rossion li ne; 
appL-.ar VC!ry nrorly p::n~lleL. i;mplyinlj. .th:lt 
th o tinta 3m essont ially addtttve (p rov 1ded 
thaLLhe Sl·[l\1),(1 :tde<tu:ttely fibi the d:tla). 

SHMM clrtstenng of enr;-lronmm rs 
wf.th non-COl 

iypia:~l.ly, wben SHM\f is fit~d to .. Lhc 
anl.iro SE!l of d:.1la rrom :an ~·JE't , m add1t1Dn 
10 prima:rJ' erfocts, one must incl1tde sec­
an d::~ry and perbafl'i e ven hjshe":<< rder 
efT~ts ir :tn adequata fit .is to be acb.tevEd. 
T.h ecJusteri·n~ strntegy is Lo div-il:le.th~eovi­
ronmen1li intD sul:&!t!i stLch. ·tbst s·tgnJfirnnt 
variation captwed as sc-ccn.dary, tartia.ry, 
etc, Bffecls. l'rben SIDtM is ñttad to the 
en tire d.:Jt:t. sct, c::u1 be ex:pressoo as pri:mary 
effec:ts io separare :mal~es oJ d~·ta frorn 
the subso-m. lu dcins thas dustencs. the 
ma:~sure ar 'distanm• betweert two ecviron­
meDts jt; t:~ken :u¡ t:he r~idual mean square 
(RMS] a.lter fittiniJ SI-J~t\111. (RMS[.SHMM)]] 

Lo the da t:n. from tha t\va environmen.ts 
subjeat to n non-tm m.nsLrnin.L, namel.y" 
th:ll bolh t, must be oilh~~ non-positi\'e 
or non-nEQlllivo. RMS(SH~!M,) is obt:Jined 
:as [RSS(SÍ-JMMdll/, where RSS slands fcr 
1esiduot surn or squml:!!l acd f ia the d:L 
namol)·.j= 8-2 + v, wh ere ,.. isthe numoor 
ar additional conslmints imposed to 
achiava a non-CDr sollltion . 

(L ia n pmpLMty of~1-(}v1M tb3t, if e.<. g, 
RSS(SHM.M .. _ tl = lffiS(SREG,_.L) :in uncon­
:ilr:rinL'<i l.S soJ11tioos (Seyeds;¡¡dr n.nd 
Cornalius. 1~). 'Thus, for a subset of e= 2 
amrironments. this property prmddi:S 
a clOS"ed-rorm solution for the distanm. 
providc<i Lh:Jt t.hCJ rwo i ••. v::~lues ~~ of like 
sign. OtbonYisea constr:un.oo s~lutlort m~t 
be computcd. The constr:unt" tf nn!!ded. 18 

i m pos(\(( by puttinB yJ, = D ror o n.e of Lhe 
two C!m•·i ronm~m ts an d y1, = :: '1. ror th!:! alh•Jr 
environm<!n l 'fwo dirT~mnt melhoos ror 
doi nA th i!i bmre been dev ised. ·narne ly. :J con­
snaiiuxll.S rnC!I hod ami~ c:onsLra.ined S\rt) 
m(!LhQ(l. In thú constraint:<i I.S mi:!lhod. Wl:! 

put'f,.. =O fcr the envircnment_ that h:ts tbe 
sm:JIIer value of ~(Y' :e- -Y.,)" (maroo\rr-r. 

th i s "~ luc bc<:on11:-s 1.11~1 dis l:::mco l':tlu~) 
::md p u.t yJ

1 
= :: 1 for 1 he o lher em-ilun~ent. 

Other properti~s oF. Lke so lution ~re~ =1.1 
;;lnd thus j-·~. =~=f.1 ror th~_etw!J~nmenL 
Wi.lh ·'(11 =0 Olld . lht~ q1t:tRli~1C~~ A,«,, :lff! 

eh osen suc:h that Y.,= a+ k,a u·Y (• =Y'" ror 
i. nmY reprasenlin~ the environment for 
whic:h ~,J,. = :t1. . . . 

·r.hcronsu~inod SVO sal•tllon dtoosr-s ~ 
s 11ch lbat lhe fi.rst riRhl singu.lar vector {·?,1 of 
Z=f z ) =f:V., - ~ l~seitb.er(~1 ; O]' o r (0, ±tr. 
A sufGcie~lcond~ton ra:r thts JS thill Lhe two 
columJls of Z must be mlhCl!lonal to one 
onothar. 1'hem ::~re h..Yo sclutions ror ~ Lhat 
will satis(y tbis. For eitber salutjo n, the 
ri IJ.b.l siDf3ulan•ecta rs a.r_e (±1, OY a.n d (0. ±1 r. 
oither in thal arder or t.n th.e reverse arder. 
'fhe 6oaJ chaim among tbe four IDlllbim­
tia n.s cf o na of tho t ,vo pass íhlo P 1ralues :md 
one of lht:! tl'ill possl~le enviroome~t~ .-ror 
\Jbk h to pul t"' =o \V tll be the cornb lll~t~cm 

rar wmcl:t tbe quan.tity ·¿ (.r-" ·-~) is 
1 

smaLL(); 1. For fu rther detail~ we rorar tho 
r~Ddar to e~ ru al. (t 99B). '1'1tu residual 
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d.f. ror !i!il:her lha con:;tr:tined l.S nr oon­
stt-ai ned ~ .. VIJ so lutton f:i tted la dal:a rium lwo 
environ.men.ts :J[l;! s- 1. \Ve doubt tJial lhe 
eh oitB of metho:J for mmpuli.ns constr:ti.n oo 
sollltians w:iiJ evcr be n critically ·importn.nt 
issue in cluster:inQ environ monis ar Reno-
types i.nto non-aJÍ groups. -

Arter tbo distanoos for all (XBb1a 
pairs of em~ironrn~nts h.:t.\'t'! boon cnmputod. 
n dendoogrnm :is construc:ted u si os tha com­
plete Linkase (furtbest oeighbour) clu!iterina 
mL'1hod. 1'be fi.Dal step is lo analyse thc 
mbsets of d:rtl fur e:teb of tbtl clustru"s 
susp,estoo by brnnc:bes cf the dcndrosram 
For ads:pt:tcy cf fit or SUMM, (constr:únr:rl 
if .nocess::~ry lo ablain a non-COl solution]. 

A tnnslroined SVD non-COl Sf·J::\olML 
solution Jora sub.rot conl::a.ininft more than 
two environm.ents atn t1sually oo computoo 
by iterotively a.ILernatirlfl betwoon mmpula-

. ,¡«,.r., . 
tion [!f~ . 1 

• and compui::Jt ion o r lhí! 
};aa · 

.i 

~i.• m¡ ek!ments or tr~ rir~~ le!,t sinBula~ 
'\'E<:lDr or Z=[z.J]= y,. -~J. .~here th• .. 
subscrjpt h deñotL"S the envil'Onmenl to 
h~JilC it!i primary effc-<:t {t,,,) pul equ::ll to 
w.ro and Lit e Y;, u sed in camput ins Z nro 
on ly thasa ror the p:Jrti cul:u su IF.et bC!i "R 
a.nalysed. lf what. at first soeoms lo be thc 
most re:tsnnablo c.hcim ror environment 
J~ J~.ils lo gi\•e a non-CDI solutian h•1hich 
oa:urs if tha nor.r-zero ··; J1 inlho c:cnslrai.n. ~:-,;l 
sol.ution aro not all of l.ik.e sign), anotlter 
choim ror environment h mnv be tricd. Wa 
doubt if il is possible lo J:ind; solution ror ~ 
that w-iH simu:ltanoously constr:ai.n primary 
erfeci.S of more than eme environ.ment. If 
sucb a scilution appenrg to be nocessary. 
co.mputntion or a oo.nstraincd LS soJul:iall 
may be mandalory. A Newtcn-lla.pshon. 
aJsoritftm ror computioa a constJ:tined LS 
solutio.n Jtu aoy nu.mber cf environmenl!il to 
hmre primary eiTECI!i pul f!JUaJ to :lSI'D c:t.n 
be found in Ous&l a aJ. (1996). Despito the 
more oomplia~too alg.orithm and undar­
tyine matbemntics. lYe prefar ccnstr:üned 
[.S liOiutioos to caes Lr:r.ined SVO so lution!i. 

For a set (or sub!iet) mntainjoa 8 geno· 
trpes and e enviJonments, tbe d.f. of R.SS 
(SHMMLl is ge- ~-e in :m unconstrained 

solul·ían. 8t!-,lf-f.1+1 =(}J'-1)(1'!-1) in a 
constmino.d SVD sclulion :tnd (!!!- s-1! + •l 
in :1 oonsl.m ined LS sol u tion. where ~( .is the 
n umber of en.viro nmen ts 'l'l ith their tJ• = o in 
the constrain.oo l.S !IOiütian. 

The SR.EG Model and ils Relalionship 
witb fheCOI 

h has been ;;hown tbat SREG with one 
multiplir::ative term [SJU:G1} is :t Yiable 
a.lternaLive lo SHMM, as a. model for identi­
ryins IJfOltps ofenvironmanl.¡; Wil:hDi:ltgono­
type CXll be1::1use SREGl. Like SHMM L· a.lso 
displays proporlionalily or g.enot,ype difrer­
ences jn diJreren 1 anvi.ronments., but, u.nlik.e 
SI·J},LM,. SIU.~1 doei nol impose pro~rtion~ 
ality ar environmen~al. differeui:ES wilh rosp· 
ectlo performance o fgenot:y~s {Ct:mm ami 
Cornel i us, 1 007). Propon ional ity o r e.nv i­
ronmc-ntaJ diHer~na!s with ros~~ct Lo díJier­
ent (!.(!notypes is not relev~mt Lo tbe issue 
of IJ(!nolyp~ (l)l ancl SREC~~ relaxalion of 
th.:!se constr:tillls may :tllow laraer non-COl 
dustr:rs lo oo obtai.n.crl . .r urth~Únoro. Slllie 
CJn be quite s::~ti!ir.1ctorily usoo lo dcal with 
heteroA.enci lJ o r l'fi th.i n·envi ron rn.t~n t error 
varianr.es by the simple dm•ioo or resCJlin~ 

tbe f~t by dividing by~· wh(lro s~ is the 

error mron S(l uare \V ith in the jlh env imn· 
m en L. (So a.lro e: a n 81·1~1~1. bu t t he rl'Sult has 
the unp:JJat;:ibJe property tlmt SHM),t fitted 
to tha s::alod dala is no lon11.er a SH~t:M 
wlten. bad:."Lransrormed lo tha orifrÍiln 1 sea le 
(Oossa and C..o rnelius. 1997).) 

[o the SRECt mad el. it js the ds\rin-tion!l 
oJ senotype yieldli CY.~l fram envimnment 
m ({lOS f .r lhal are moda IJoo by ,tbe b ilinea:r 
term. rhe fi ued bilint'OrerfL~ts! l,ót:/fJ•· can 
be plott.ed as a lil!t af rqyession lioes, on.e 
for each senotype. witb the y j'l as l'EII,!.le:sall 

v:ui:tbl.a aod wíth 2ero intero:!pts. Bernuse 
thesc rrwas11ion Hnes all inLarser::t 31 thr:taro 
point on tbe l 1, sr:ala. tha IJ.Upb • .lilce lhe 
fJr:t.pb ofSfJit.Cvlt! does .not display 9enotype 
CQ[ Vlitb.in tite IEgiDil o[ tbe plcllocf paints 
(il~.~~t ll, ·t /'.l)if, and only if, tfte7J, are eilhér 
:Ul llOJl·oey.alive or aU oon-positive. Addi· 
tion oftbs envimnment meac to ths plottro 

............................................................................... _ .................................................................................... _ ............................ -................................................... . 



crrdin:rl.e!! (~,éc J/i' 11 ) SiV!fi lhe SRECl _prt:.díc· 
ted rospo n se Y . ., =f. _~ + k,{(,·t n · rr !11 L:l f· ¡l are 
_plntled 3ftDLDS 1 tbe ·; n. tbe plnttoo poin l.:i 
ro, nny si ven senotype no lo nger fall on :a. 
ííLT:ti8ht tina, bul, ii plottoo pojnts for adj:t.­
cent valu~ of ·r r• 3C'e canaecled \Y'ith lino 
se¡pnenls, tbe fie:ure dispJays a.n overlaid ser 
of bro k.eD··Iino sraphs, ane ror each geoo­
tY}la t~sb:ic:h, :t.lth.ouRb they :u~ no t str:tiRh l 
Ji n.c'S. Llf!VI!'Jth.e li:5S display tul ~en otype COl 
witbin th.o m9.ion af plotlsd points . 

. For .SREC1. c:'lusleri n~t of elrvironments, 
l.lm rnoasure of di stanrn betwoon trr.vo en\• i~ 
ron mt~n lli is l;ut..I:S(SilliG.J. Fa r a sullset o r 
d:li::J \Yith only IWO environmeoll!, RSS 
(Sili!."'G1) = RSS(SHMM1) for lxllh uncon­
slrain"<l nnd c:onstmin..:d l.S non-QJI 
sa 1 u ti on:;. Con9:!quontl•¡, prov id t:d Lh;JI con­
st:r:tined LS salutions mu u::ed for non-001 
solutions (when nC!cdoo), dend~rams for 
SREC and SH:<v!M clu:;lerinl!. aJe identicnl. 
Th us, s ubsets 1 h :tl the dcmd rogram s up,gt:.st; 
as grot:Jps to ~ eval unted ra r aa:e·pt:tb iJj ty 
or fit or lhe one-tcrm model :ue th e s:nne 
snbs~l'i whetht:!r SflliG, or SI·I ~I\.b is usoo, 
b 11 t 1 he k~ pm-s i rno ni ous SREC, m~y so m t:­
Limes ~iva n.n :1crep lab[ e fíl lo a subset to 
which S'I-IMM 1 doe:; nol acCEpk:lbl.y lit. 

Unlike Sll~·IM •. tl:le con:main..:~l. I.S 
non-O:ll SllliG. :;alution for a subscl con-
13inin(l. mom th:m two en·viroltments ru¡istli 
·in clo!ied rarrn (Crolilia :mdCornelius.1997). 
for a :Htbsel cons is tinJl o[ sub-;;nbsel S, con­
tainin~ eL anvironml:!n.Ls tbntam to hmro tbeir 
·t r' = Ó~llld sub-subalt S: CDnt:tinins e.z em• i­
ron menls that are lo hm1e tha ir t f1 11 ncon~ 
straint:."t:L, thu constrained l.S SL~'"C, rolntion 
is te putrt J = f .J lbr all o ~Lhe e m• iJon men ls in 
Lhe sutan, but abtain ~,. ii:. :tlld tbe non-
2~ro 'J" as th!_ fu:~!_ com¡:x:me.nt a r ~m SVD ~ r 
Z¡ = ¡z,., .•. ]=[Y.)-Y.1 l. where the fJ and f .J 
11se<nn rorriputing ~l are ouly Lhose from 
em•ilonmeols in sub-sllbset s'J. 

\Ve bave 1ecent11 developed a con­
& t:rainro SVD f:IJlut~on ro r SREG1 by putti.ng 
¡1 i = f .t + p, \'1'0000 p is :1 CODS la O t Cho.sen lo 
raree a particuJar t.~~ =ll (P.L Cotoelills a.nd 
). O'aS&3, U.llpubljshfld rE'Su.Lt). Tbe uso ru I­
n ess of sud1 lDilstr:Jjn.ed .S VD S"IU:Gl so lu­
tians fbr tbe SREG cJusiEring problem h:ts 
ll at be en. mral tL:Ued. 

.111 

for a Sf! l (o r subsf.!IJ c:on la in i.nJl .~ P,eno­
~: pe1 ami D 12!11\'Íronmenls. lh·~ d.r or RSS 
(SREG1l .is .ge- .q- 1e + 2-= (~- 2)(e-1) in 
:JO uniDnstmjned so lu tion. (~- 2) [e- 1) + 1 
in Lhe abm-e dc...c¡;ct•iood oonstrnint:!d SVIJ 
SIU:.G, l:iO t·u ti on :tnd fa- 2)((.1- t) + v i.n :a 
constr:ri.nrrl l.S sa httioo. wbere v is tbe 
numberof aovi ranments witb their·t,. =O in 
tlle mnslra.ined .LS sol u tia n. Note lhat v = l!t , 

wbere e, i.s as proviously dcf.inmJ. 

.SHMM Clusterins ·of G en.otypes 
·wi·fh No n-eo• 

Corn.e1ius e.t al. ('J993b) U...C{!d SHM.M cJus­
lr!t·iniJ to gr'Oup <1 '1 winll!r-whe:ll ('J'riricurn 
tif.'St¡:~u m L ) gf.!nol.ypi:!s i nto nCJn-CDI 
clu:;ten;. ·rhe MET induded se\•en env·ir­
o nmenls. ·rb irty- fi\•o o rthe gcmot.ypes were 
sroup.Jd inLo nin!:!c luslers, IL"{l\'in¡:; six g.cno­
Ly p~ u 11 el u s ter•~l becnusc 1 ha ¡mx:lidum 
did not enter Lhem into a.ny d uster 1.0 wh.icb 
3 non-Cm SH~IM1 wou Id R Í\'B a satisractory 
fil Cbnsl'r:tin t'<i non-COl · sa lu 1 ions. 1r-hcn 
n ood•:!d .. ~'fl':!l'e computc<l us in ~. m nsLm inl!d 
SVD solul.ions. Olher ex:tm p le-s of SH~IM 
dus l{!rins. of 13enotypos h ave boon reportad 
by Croslia f.~ al. ('l!:l9G) ami Abd~lla éf rJ/. 
( 'J99?) . 

Croslia r! al. U~E] mmp:md con­
stmined r.s a.nd constr:Jinocl SVO solutions 
wben constra.i nc<.J sol u Li.ons werL> ncedeLI. 
ond lbund, fa r lht! [XJrlicular m;amplo, lhaL 
choice of metbod ro r computins wnsr.rn ined 
solu.tions made no diffemncewith rospect lo 
tite den d10gram or fj 11al :t.ea!pl::ib lo e luslers 
ob~.inf!d. 'Te our k.nowleds~ lhis is tbe onl)' 
pubJished ~mple in \Yh.ich consequences 
ar the c:hoic:e or method for mmputi.n¡t 
ccmitln.inEd non-COI mlut:ions bas been 
stud·iad 

SH!\ofM clusterins afsecoty(E!i is ~n­
tinlly by lbe sa.me 11 lrale¡p' as for c.lusteri.n~t 
ce vi ronrrum.ts. ibc disttlnce OOt'ivcen two 
sanot.)'pes is d.ofjcnd as Rt\IS(SH.\ •JMd. U:i in~ 
a CDnstrained solution: if neatss:try, wh.en 
SHfl.o:t},{l is fitted ta the sLibset of d:.lta der.iv­
illg from only thosa two sanoLypl'S ovn.l11alnd 
in tb.e antiJe set of cmriJooments. :Note lbst i:t 
is sti.ll.the ifJ., (~lld nat the li ... l th::~t must be 
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cilh era U non-pos ilj\•o or oiiJLon-n ~:tli:ve ll) 
h;:wo :t non-CO[ solntio.n. ·· 

'fhe unro.nstro.inad Sf~Ji\ol.'v.h 50IILtionfo.r 
RSSts H~rM Ll c;an be nbln ined in d oscd farm 
us inQ l.ho re1ult R.SS:Sl~~tM,) = RSS(CREG1l 
.iJ t.h e set af d:lla bei nQ :111alyrod oont:tins 
on.ly twa s,anatypes. llt1C:Iua-~ whun d uster· 
.ina 'enotypes the nu.mber or enviranmants 
wilt always cxrnoo two. con:ilrained noll· 
COl soluLions 'iVHI not ox ist in clasE~ 
form. "I'hey cnn be computed as previou.sly 
descr.ibed for subseiS coomi.ninll mora th:tn 
two oovironmenls in the CIJntaX.t of SHM)rl 
cl~tst~ringofun'L'üomnents. 'l'h~ residual d.r. 
i.s e- 2 for :m unwnstroined solution" e -1 
for a consu:ti.nr<l SVD &nlut icn an.d 11- 2 + v 
f or a c;on:; tmin oo f .S so lu.ti on. whcru v i s tho 
Oltmber or cnvironmúlllS Walh. lh<!Íl'lJa =O in 
the constr:J.inro·l.S solution. Furlher delnils 
am be fonnd in Crossa ~~al. (·J99G). 

Usu cf SREC as a moclel ror idt.mtifyin¡;¡ 
8rou ps or ¡¡enol)'Jlffi wi tho ut sign i rir.:t n L 
fl~"!OOlype a)[ ÍS not prnctic:tl ~CIL&L Jor 
a {~ir or f:!OODtypa!i. Lhe malrix Z=[z"]= 
[Y.J- Y .. a) is of rnnk onl) :md an uítmn­
slrnim~d SRECl \Vill rit lh~l \•'::Jiuf.!S r!JI:.lCtly, 
resuiLinJJ. in the d.iliL..'lnce l~SS(SIU:CLl =o. 
ThltS, Íl is only ror pairs or flOOolype; ror 
\Y h i ch. :t con:Hril.i n C"(l non ·COl solutio u is 
n(!cded lh :11 a non..-;:ero d istana''! w i 11 be 
obtainro. G:IRsEquently. SREG1 dusterins 
or senctypes wiH. trpic:llly, not pm,..-ide il 
unique Sl:lrtin~·pcint rar Lhe r.:Justerin~. 
\Vhen duster.inRgenolype;" thc d.f. or RSS 
(SH~f~h) in um:o nstr:.:Jined and const.rainoo 
golul.iong rora suboot mntain.in¡;¡ more than 
two ~noty p~ will be bythesmnc rormu.l:w. 
a.-; prm·iousJy gíven IOr su~ls cont:tirliog 
more than two environments i.n. the context 
or ch•s Mrins. environment!l. 

Te!its for hd of fil or5HMMI 
and SlilEG1 

[ruJd~uacy of Sffi..IM1 or SREG1 (aither 
or the!e oonstrained! if nececiSJry] for 
modellinR data fram a subset of ~nviron· 
m~nts n.ñdo' or a~otypes may be testt:.d 
statistic:LI.Iy usins tha FR :mdlor Fa~ (Fcn, 
or Fcu:::l lasts. 

The Fn lesll'Corn(!liusa aLt~Jl , ·1!:l!JG} 
o r l~M S(SHMMtl or R~·IS(SllliC,) is hlllll LhC! 
fit arSH M),[ 1 or SREG,. (mnstrained if neoa!i­
s:ny) lo tbe subset a~ainst Lh.e}.JG'r's pooled 
e.roor nlt::on::iljiHm•. ·1'he d.F. oFik\[S(SH.MM.) 
or RMS(SREC,) mu ns RiVI!n ~:ulier in lhis 
chaptE~r. .. 

·,Tbe flcH tesis are sequan.tial lasts o[ 
thc bi 1 inror oomponen ts. S igni rimnce o r onc 
or maro oompr.inonts beJ~ond th.~ prim:uy 
erreru jmplies inadeqttacy or inclusion of 
only onc bilint:Gr lerm. LettinR SS.. denole 
the sL-.:¡uellti:tl sum of squaros (on :m obser· 
val ion. ba;; is) dul:"l to Lht:: klb bilinmu L~rrn.lho 
fcH2 lest is mnstrncled ru;: 

F _SS.~: 
CU:.:- U,,tS: 

where !il is lhe poakd error mean sqtmoo 
:tnd u~= E(SS;/a.: 1 ~=O. 4-1 is I~J:'Ae] . 
'ThJJ denominalor d.r. ~uc l.hc IJOoled !:!rmr 
dJ .• nnd th•:! numQmlor d. f. me appmx im :a h:ocl 
as 2J~_. 1 u~ . where u~ = V{SSJo~ 1 4 = o, 
11- 1 i~ l:trP.a). 

A function lh:ll ,~,~¡u dost:!ly :tppro:ti· 
mnle u,! and u~! for •t ~C! in hm losts or 
bjlinear comp:lllenls in ~'R.EC is lf..i\1-enby Liu. 
:t.nd Chrnelius (2001}. For doioR so, nlways 
p u.t rJ 1.1: ::md u ::1 eq u a llo Lh(!Ír apprcoc j m.-Jlin,.:: 
funclions {()( E{tia) and so(~} respt.'C· 
tively" \Yith their r and e defined :.1s 
r= mnx(g-1. e)-k -r 1 a.nd e= mox(~-1. 
(~)-k~ t. ·rhe approximati.ng functim1s al':! 
vaJid ror r :s: 199 aml e S:149. far ~\ol(',U, 
SREG~ GRE:Gand COMM. tbe appraximating 
funcLians A.ilJ-en by Liu and C".omel.i.l!l (200'1) 
SUJlE!r~t:.'d.tÚhe fu.nction:; prevÍOU:i ly sill·en by 
Cor.neliu!l et m. (1996). 

fo.r tesis or bi li ne:u m m ponen ts i.n 
SHMM, míe the SHMM :tpprm: imatine func· 
tions fo r u 1! a.nd U:.t: gi.vcn i.n thc :tpp:mdix af 
C:ornelius er.ai. (t99G) ifma.x(.q, e)< 100 ::md 
min(y, e)< :20. Formses thatviolateaitheror 

tbesebound<;, use therornulas forE(a, )nnd 

so(B, )rrom l..iu and Corneliu.s (2ooÚ ;,ith r 
and e defined :J.<:J r::: max(g, e)- t + 1 ~nd 
e= m:tX(,if. e)-k ..- 1 . Lise o[ fu.nctions ¡;¡i\•en 
by Liu :ind Corn(!lius {2 DD1) fo r .SHM\•l 
analysis k!!llll the SHl\.l\olsequential biJioo:u 
ter.ms as if they were bili.ne:t.r terms i:n 



OJMM. 'rbis should Rive surriciently 
aa:ural.a fE'lfuhs for SHM.~i ifr ore: is lm'Re. 

Thl'! f<:na dcri1•es from a mt:othorl· of 
momenls approxim:uion af the distt•ibuti.on 
oflbaqu:mtil)'1 + [SS,¡,/(paalcd errorSSll as 
thereciproad ora bata randa m v:niable. 'f.he 
p V:tlue aJO be cnm.puted directly from lhe 
npprox.imóJte beltJ d is tri butjon, bHt., boca use 
pl:t.nt br~ders wiU senemlly find the V:t.lue 
of an P statistic mora intarpremble than. the 
vnlue of a. beta statistic, wé L'Outinely tronrr 
farm thc bcla !ilalistic toan f' statistjc (with 
d.[ Equ:ll to Lwioathe val.ues oFUte beta di~r 
tribut.ioa). for dEJtails, see Cornellu.!l ~ al. 
(:1992~ 1gri) and Cornelius (1993) . lf lhe 
pooloo orror d.J. are I:Jrse. a.s tbe)· s~nt:!r:J.IIy 
are in. a MI!.T. Pl'!lhte!l fin fcl:h and fCFb a:re 
lypi.cally :dmosl identirnl and lhu:; tham is 
ordinnril~· no nr..:1d lo computt'l bo.th. 

Example of the SHMM and VSREC 
cr:ustering of Environmen1s wi.th 

N on-CO J in Marze M ET 

'l'he rl:un come rrom :m international mai:l€' 
(.2f~fl oUJy.s LJ ~·ll!'r w ith n ine w:ma 1y 1m; 

(Jr= g) iMJiuatoo in a randamit.c-<L complete 
lilod; dt.~iRn with rour roplic:tLEHi in (mch 
of 20 envi'oonments (11·= 20). The SHÑJM 
and SREG an:1l:~s shO\vcd lh:ll lhl) rirsl 
th.ree mmponcnts were statis Lically di f. 
feroot from Jtaro U'< 0.05] by the Fa11 test 
('L"able 20.1. results for all envimnments). 
Since lhe second. and th.ird cnmpnmmls 
were statistic:ll.ly signi.ficant, SH)..tML will 
not adequ.::~tel,y fH the dnl:t [rom tba entira 
set of environmenls. Mornover, oven tha 
fitted SHMM, (unoottstroinm1] hmi its IJOinl 
a fccncurrenco w ithin th e rc1P on con 13ioüt g 
the plotted poinls and thus lhe fitlm:i 
SHM~b itself d·ispl :t)'!i seno !y pe! C.'OI. 
·rhis is obs:en..l:!d in Fi$1. :21L1, wb~re tbrco 
en\'ironmants batJ·o 1,; <o aud :dl olhers 
h:1\•e·t¡1 :>O Genolype 8 porFormed warst in 
Lh e en.vi.ronment with lht: l:uR'Jst. primal').<' 
ciTe<:t, but wos onc ofthc bL'5L l1YiliJ.üllOtypa:-s 
in lhe environm(!nl. tvith the sm:JIIest (mosl 
negalivc) primacy err.:!cl. 

. fiA,utU 20.2 d~piCI)i !.he d\1lldl"o¡:¡rom oF 
Lhe 20 environmcmls wh.::n lt\.JS[SH\L\ohl 
1rns u!iEd ns dísmnce meru;nroment :tnd 
el us I~Jrí nA-wns by the m m pi ele 1 in kaJJe (fur­
lhl~l naiP.hbou.r) mt:>lhod. ThC! dichotomous 

~ble 20.1 . Protet411IV .. ·aJu=s (P) ror lha FR am Fw!, tesE ror lhe seo::mdary and eUary elrects or lhe 
st-t~M and SREG mooels b slilse5 ct err.1roolll3nts s~..q;¡esled t1f lile lleoctoroolli spllllrg or lha 
deo:lrcgramot Ag. 20.2. 

F"' F~:,~u 

E:n'l1ro 1111enls . Mooa rorm se:x~n:uuy e1tect TerUaty eltect Saxn::IBty elrect TerUBI)' eltect 

Al SI-N M o.ocro 00244 QOCOO o.onr 
SREG 0.0016 O.C6S6 0.0042 0,0022 

t1. a a 10J SI-N M O.IXXJ1 0.4157 QCDX) 0215.92 
SREG 0 .0552 0.438:) 0.0481 02156 

{1.3.1~~ St-A' M 0 .0062 O.'aBM 0.4560 O.id9Q4. 
SREG 0.6595 O.'i1984 01245 0.4059 

{2. 4, 5, 6, 7. 9, 8, SH\.1M O.OOXI O.ot 18 QOOX) O.oo76 
11, 12, 13, 14. 11i, SREG OJXKZ7 0.1042 0.0040 002A7 
16 17, 1 S, 19, 20} 
f2, 6. 'il, 12, 13, 18) St-r.1M 0 .1100 O.M41 Q222'íl 0.46S6 

SREG 0.2134 0.7129 01465 0Eilil9 
{4, 6, 7, 11, 1.4, 15, SI-N M 0 .0264 o.1a13 QOC04 0:4!136 
16. 17. 18,:!!)} SREG 0 .2481 0.7067 01982 0.4839 
{4, 6, 11' 14. 16. 16} St-NM 0.~24 0..8925 01615 0.7020 

SRE.G 0.8113 O.'i11S6 Q96t2 0..8621 
(7. 11, 1'iJ, 20} SI-N M 0 .5342 0.97.48 02717 O!illiiO 

SREG 0.4529 0.9681 021n 0.9717 

f:R IE!st ol Rt•S(SHUMJ or RMS(SRI:GJ agslnst tna PJded erroc mean s:¡uare. Fr..,1 test lli a :sequfflUal 
test or ltJe!jltu:e oom¡xmenm. 
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Pri'lt8J)' e lfeocl o1 et:w ironn~ 

~g.20. 1 . S.IMM; rruld lillcd l:ry le;¡~.¡_ ~fU.11\."S o)u10:n~lr:~in.:-dl L•:J ni u!: so:n c.(ypo:s. ;u r:l 21) ~u\'Íti:4l nY.1rb 
o:p =:1.·11. fll-::- 'IIC.:IIIt:f' pairh ;Ir•:: !:ITlJ:ÜÍt:al a.:!llllii!;Jil\ pk;lled n~ÍI"6 Lht: di !Yl~ id."frli i}·i~ Llll .. · ;;-:1rL't:_.p•! :J!; 

patlin~ s.~nrbal:; .md ll'r rtwr.:;..¡orr lin:r.., en•.! fur eJch I!,L'1r...A.y~. plr-i lll:o SHM ... t 1 prt.-diciL'CI a!ll.niL".Ul$. 

l lr- rcgl\.~~ic:n lines frrnt lap lo bcUcn1 in !he rcgicn lll lh::- right o( tlr~ p ::tnl a i a:Jllcurn:nce •)J. p.;o .1re 
~niJI).'I~ •1. ~. r.., J., 1 , 9, ! ,. 1 .111d 11. ·¡¡,;s r;urk ordcr fr.t 'S-I IMM'flt•:..-:lidc-:1 }i·.::- kl:; r.s .:mrp~:! h:lr n:.~t"f'::t:d 

lo lhc 1-:!fl o( llw p:.:4nl ( JI o..1Jno:u rcncL'. 

!>lJiillin¡¡. SlleF;l::5Ll'!d by C~ í!' al. (1003) for 
ri ndi.ng subs~ls o r env ironmenl's w i th j:l~n o­
typic non-C:Ol consistell ar Jiuinfl. Sr·IÑIM1 

l D SU~"!l S Cl f•fi·n ed by lh f! br:mr:heos O[ the 
dcndrosrnm. s.t:nt i n~:J at tho firsl split of 
lhf! e. lt l ÍC'<! ~~ O f d::JL:t in to Lh.i:! IWO su l:lsr!Ls 
of environ.menL-s, (1, :1, B, 101 and r2, 4! 5_ G, ·7, 
9 , 11..12,13, 14, ·t5 .. 16, 17, 18, 19 .. 20] . For 
tho first of these subliets, the lack of fit of 
.SRE:G1 is m:ug.i nally si IJ.n ific::m t [P = 0.0552 l 
wh en l.estcd'b)· Lhef R [Q:llneJjuscurl. ,1 99C) 
test, aod theSREGseccndary effuct is !lignifi­
mat al P < 0.05 wban tested by the Fca1 test 
(1'nb le 20.1 ). Fa r 1 he 1 :J.tt.er or Lhese L\'10 s 11b· 
9ets. tbcrc is bi¡;;hly sisni.ficant lru:k: of iit or 
botb Sl-t\.IMt and SREG1, detacted by bo Lh FR 
a11d F ¡;¡ll. tl?lits rrable 2 0.1]. Continuin11. ·with 
tb~ dtcbolamous spliltins. tha adequacy or 
.sm.tM1 fbr fitt ingsubliels [t, :t, 10], [2 , B, 9, 
12, 1 J , 181 aod ·14, 5, 7~ 11, 14. 15~ 16~ 17. 19~ 
201 is oostErl. A!:mtd.i.nQ. bJ lh.o FR and the 

Fa111 L(-s ls, SH!'t.·IM1 is ndE'(fullle for riuinR th<! 
fir.il ll'fD s:ul:Js•!IS. bul noi [or Lhl! l:tsl eme. 
Ho~'H'!1it"'r,. SREG, did mlt.~]uatt-ly rit :1llthr•.;(! 
!lubseLs. T.ltu:;" we bmo·e hem :m example 
ofa subset l.hnt is ::ur.eptnbly model led b:Y 
a non-CDI SIU~G1 .. but nol by a non-COL 
Sl-L\Hvl 1• 

ln f' iR, . 20. :1 , lhe consis te o t r€!Jiponse o f 
tha n.ine senolype!l across th~ ten elwimn­
ments o[ subs~l L4. 5, 7. 1 1. 14 .. 1:3.1 G, 17, 19, 
201 is clrorly depict.ed LbJough Lhe overlaid 
bmken li na SREG1 l),lapbs that do not cros!l 
D\te1. Tbe residu:tls for the two rnodels, ooth 
wilh ucmostrnined solL1tions, w-eoo Rt\fS 
[SHMM 1 ] = RSS[SH~Lvl¡_)J(~e- 8- e)= 
14,006,11DI11 = 197 .2ria and Rl\.ts(SREG,) = 
RSS(SREG1)1 [Jr- 2][e - 1) = 9,7'95 ,021/S3 = 
155,47G. Pllnher spl·itt ic~ oF [4, 5. '!' .. tt. 
u , 15. t G, 1 'l'. ·t 9, 20] ~iw!i subsets ·14 • . fi, 
11 . 14. 1G~ 16] :md 17, 17. 18, 20], both of 
which aJD.be ndequ:~to'lymodclled byeitho:r 



1-_1.-------, ... $HMM 1 ~nd SRJ;O 1 10_r : J~------
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1:2. 
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uon-CDJ Sf·lMM-, or non-CXll SREGt (Tablü 
20.1.j. 

"fhe ten hi~tltes L \•alues or R)..JS[Sl-JMÑh] 
(lite dislance) ro r pai r!i or envi ron:rnents wi.th 
linconstr:tincd and oo.nst.rnined. LS a.nd SVO 
non-tlll solul.ions ore sbown in l'able 20.:2. 
,\s expected, based en the resullS obtained 
from the SHMM1 :tnd SJU::G1 clu.st.erinA (FiR. 
20.2), environment B ia the most froqLienLly 
accurriog em•ironmcnt in pairs oJ cm~iron­
mant:s with.lsl'Re disl:mcevalnes. 

·ro iUu!itmte [IJ n strni.ned nnd ~tocon­
&tr:üned solution!ilbr a pairarenviron:rneoiS 
ltood.inJl a constr:Linl'CJ sol u uon rm tbcir 
di!ita.nca. SH!v1Mt fiued with.out wostmint 
to tbe data rrom env"ironmen t a IY,. = .4027, 
·t-.l = -072135) and em•iroomenl H !Y ... = 
5307" ,,,, 1 = ll.GD49) .h:u .its _(Xlint of ooncm.r­
ren.m within th.~ rt:ogjon cont:üning tbe pla 1.­
rod th:Jta poiots { Fig. 20.-4,). ln l.he constroined 
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l.S salltLi.on (l' iP.-. 2D.i1]. 1hOt"!nvironmcnL Lh:ll 
ha el :1 r:.::ISi 1 ÍlJlJ p ri 111 :uy I?H!:!cl ('( .. ' 1 = O.Gf.l49"j 
in. the unconstraimrl sul ur·ion has its pri­
m~nj' efrecl p11t ElJU3l La aeero l't;,, 1 = Q). thus 
mov"ing thl1 poi n L or concurrenoo Lo the 
riRkl bound~)ry of Lhe IL~ion conlaininn 
the pJottEd poinm In. this.mnstrnined LS 
sohttion, 'f..._, = -1. 

Batb. the SH~JM and SR.EG clusterinR or 
cm•iJDnmcnts hmre bren e.ttt:nsjvd.)'· uscd 
rcu findinR assacialio.ns belweeo intsma­
tional testlns eovi.Joomenls nscd by l.be 
Internatioool Mai:ze and \Vhcat lmprov~ 
.IDf!nl Center (Cl..\tMYT) Jor m:J.Í2ú, br~a.J. (1'. 
aestiVDm L.) :md du.rJLm [1hticum tu.I'Q.idum 
wr. durum) W:h.eat ::md triticnle ('ñ-itico­
secale \V·lttm.) l!..fETs . . Abilid ln. i!l fll. (1007) 
usoo SHlvtM duliteuine af anviroument:s 
ancl genot)~pes and lbund thnt durunt-wbaat 
genolypes wilh ~imil:u aeneli(: b:tckgrounds 



JI f. J. CJ~ Jr.d P.L Comefivs. 

rormed ncn-<IJ[ Cluslers, b lll cm .m ore 
f~oen lly C(:curroo \'tith ~enoty~s d~r i­
v.:il horn di ffi:!ren t Jl.t!net ic b:~ck~ routtds~ 

~:Bpooially thosa with diffsrent levels cf 
resist:tnt)J lo specific dise:ISt"!S. Con~~ 
quently. ;:lli!IIOtypes horn d Íl.tl.1l'SC J3ellt:oi.ÍG 
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Fiy. '20.4. UllCOfl'ilr.:~ii'Y.'d SHMM1 .1dution far tine ~ in lwo l!f'N Í I"lmll~rtos i.8 :u'Xi llJ. 



baclq;:ro ucds t~mled te duster into diiTorent 
n.on-ÜJl Jlmups. Ri::cently, TreLilownn m aJ. 
(20o-t] ~LI Lite .S r·L\.1 ~1 aruL SREC e lush:..!r­
inp, o[ l!nvi.ron.mcnts to sludv Ja·oP,-Icrm 
assor:iaJ.ions bettV'oon internatia~:U sit~ rora 
dro·usht-tolerant bre:W.-wltrot MET. Results 
a r tbjs !:ltudy d~man ~ltrnted lhe usefulness 
a r tbis a.pprcach for ·identHyiLl¡;:j .key teslinR 
envi!on.meols amund tbe lrorld. · 

Shrl nkage Estímat.es of Unear-Bi1 i near 
Models Analogous to BLU.Ps 

Simulation studies of Cornelhts (199J) 
and Gorncl.ius et al. (1996) ror the 
AMMI modal sha\'100 that Lite illler-

nible 20.2. Th? len largast dstaroas (R.1S 
(SHHM1)) ru urum!ilrBined BIJ:l o:mstan&d svo 
and LS sdulilrs. The derjrees or heedom o tn? 
unconstralned ~ul.bnS are lle nulrt:Er ot geno­
~pes rnrus two, '>'11l?rell& a ltl?amskaned 
wuncn lfl?l(are tnemrnt:Jer orgenal'ff:E!S mnus 
one. 

PBIT Ol DeiJE!tlS of ResUuallll?S"I 
en••1rcrrnents rree1om Eq.Jare 

svo oorHXll s..-..M1 saultm 

6 e s 
3 4 8 
B 17 S 
B 12 B 
9 11 8 
4 e 8 
B 16 8 
B 13 9 
B 18 B 
B 11 B 

L S nc:n.COI SHP&41 EOlJIIOO 
:1 11 r 

16 18 ., 
4 8 9 
a s 1 
3 16 7 
8 12 8 
B 15 8 
9 19 B 
e 1~ e 
g 11 Q 

534,929.83 
5::11,967.47 
:546,7.30.47 
621,66228 
600,314 .:!0 
sa6,M6.50 

1 ,11B,95B.í50 
1 ,1 97 ,.429 .00 
1 ,218, reo .so 
1 ,691,9'il2.90 

445,676.58 
íi7'3,7E8.72 
474,787.63 
496,411.11 
491 ,284.81 
600,51622 
8CS,643.62 
8B1,644.18 

1 .191, 120AO 
1,327,651.00 

svo, srrgucr value deo:mJXEIIbn oonslraned 
SOlJittfl; LS, IB!IS·~ares ocnatralne::t s:JUbi:O. 

.!Ir 

~ction. mron squ~md arrors (IMSE), 

_¿ ,¿(¿:- i .~ l a:l ~, ;1 - k- i "la &k 'f.ll·.r 
J J . 

where p = t-an.l!ZJ. ca11 b~ ft.:.(Lu.coo ir tbe 
LS eslirnale of 4. Le. l.t! is replni:Ed by a 
sh.rinka8e E'SlÍm:::Jlf! ar lhe ronri ~!Í~. Thc 
nuthor.; fbund th:tt the lMSE or the shrink.~ 
31J.El eitimales were smaller Ulan tbe lMSB 
af th.e best AMMI trunc:ued mooel. Tbese 
S ~r~n k ase e'! 1~ mnlors ::Jl'C O F tha form si,fjlla/ 
drvtded by lst,9nal + no!S'r~] and aro sirni.lar 
to tha funct.ions o f \1-ariance mmponeuls 
th at_ oocu:r an computalion of emp iric:d 
TH.liPs of mil mrons in n 11E2W model :md 
can be just'ified by ::1 llayesian nrP. u m e.n t. 

'!'h e rnnventiooal R.E2W .rnoda.I \Yith 
~ n teme tÍ OIJS f~t tho mB:m O[ lhC flh ~E!notype 
tn tha .rlh cnvuonrncn 1 is 1!)\'f.:m in l!qunt ion 
20 .~1 with lh•:! f j , 8¡ ~nd (t3l;¡ cansidered ron­
dom . Undcr norm:J lity. indepmdenrn :md 
:J b:t~a.m:ed. dal.a sel , it is c~y ta compute 
f.!ffiiJirtc:nl 13 Jl jf1 S or l.he rooli ~cd perfDr­
m::mcc 1 C.'\ ' al~. ~L.;.• -= 11 ~ f ,: ~ C}.· + ( r3).;.~ o r 1 he. 
~enotypes in tha eovironmonts where tbey 
were testE<! (i .c. cmp i ri mi IJ LliPs or cell 
maans). Th~1 IH.UP estim:tl('!s ar Lh(! m~1ilt 
ciT ('Cl s o ft1, 3;nnd {tS),y ror ::1 bnl :ln D::!d dala SCI 
::~ro : 

lll..l.l" ). nrn~ _ . ··,'t· = . . Ir' · -¡;."" 
· • cf + ng~ + nt.G~ (_ ... • _) 

B LUP(3. ) 0~~ ( . - .) 
.i. a:+ no~a + n~ F. J. Y" .. _ 

nt.ut{( ra) ] =ncr" [ " (r· ... ~ f..) _ 
·o "' o· +nc::r.., +neo~ 

+ (Y.t. - f._) (fl). -f .•. - r.). -y_.)] 
. - - + .. ' cr + nod, + ngq~ o- + n<t;., 

Not only do the ordin:uy tS estirna.tes of 
th e .mai n effe<:ts or senct~(X!!i lV',_ -Y.) :md 
en\•uon ments tv.J. -fJ contribule to lhe 
BLUP of lhe ith s:~enotypic maiu errecl :md 
af tbe ,th anvironmenta.l main effect, r~ 
pectiv~ly. bu t roc:h :tlso con tri bu tes 10 t he 
B L.UP of tho GEl ·rhen. ro r ft = f . th ~ ll LUP 
afthu call mmn is given by: -· 

¡1 +BLUP(t;) +BLL~8 1}+DLUP[(r3)~]= 
~ ~ 

(t + fl0 1~ + rll\T, Q'V _ "':' .1 + 
o~ + ncr,. + nro; . J. y·- .• 
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Fia. lD..S. Comtr.J inl!d LS SJ.IMM1 ~lulion for ninc Sl:1lCIÍ~ in IW:J t!SWironrllert-. 1.9 ;,nd l l.l . 

no;..+ n,11o; (- ~ ) no~ 
o:.: +n""~ +nc.,...: -"' · ~'· -y ·· + cr= + n..r 'J ,¡¡ ,.,,.~ • ... !~ 

( iT. - ii. - V +i7 )=V +S (v. -'f )+ ..,' ij. ,J 4j _ .. . J. J -· .1 ·- l ... .... .. . ... . · 

sA(:r.,. -F .. )+S"(r .. ,. -Y; .. - .rr_,_ -r.) 
In c:omputiRIJ. empi.rical Ul.UPs or rell 
m.oon:t, the runctions or Lh e est'i mnl.ed 
vn ri 11 n.ro com(Xlllents thal m u lt ipl y th.u LS 
estimate5 of the rn:ri.n effects of genatypes. 
em··ironments and the GEL n:tmely 
r;::-_ - ii ) (jV - -y· ') and H7 -V -V . - ;¡ ] J.1' r. . J ... t .(, •• V ~- ~ l.. ~ · 1· ~ .. ~ 

OOS_lleCtÍVE~l,Y, am ':-¡ 1Jrinknsa~ r:-Jctors that C:JII 
be es l.i.m:noo as: 

S - .nt;:¡o. +l'l~ - _ _!__ 
= ó'" +ncr~ +m~: - t ¡:~ -

1
_ 1 

1 
}.t.''3(Erlor) 

MS(Genatype) MS(Genotype )' 
MS( Enor) 

s = ncYdS+n.ga~ _1 _ _!_= 
& " '!: ... ~ ' "':;.:: 

CJ +no" +nf"r; FIS 
1 

1 - -
MS( Ernrironmenl) 

MS(E'Jro') 

. i\IS( Error) 
1

- \fS( Enviran mcnt)' 

and 

ná" 1 S= · -» =1--= 
-:.1 if + f'lCr~ -~-~ 

'1 
MS(G(!I10typ~1 x t::nvi rammm l) 

MS(Error) 

.
1 

_ ').1:S(.Erroe) 
},IS( Cena type x Enviran.mant) 

wh.ore MS= mean squnm. 
Pm a ssru mle d AM!Yfi mode 1 ~ th ~o~ 

e;tim:ate~ or Lbu .Íilli!t'aclian p:u:uneters are 
• 

socb that _¿ i.ta~·r 11 =.Y.-. - YJ. - Y. J. + f .. · 
.l•t 

i .e. the BLlfP ora re 11 tnmm is a sb1in knge 
estimate o.f ANlMI. 1t is re:uiOnabJe 10 sup­
pose! howsveJ, that an optlmurn st:rat~y 
for obla.io.iuQ sh1inbg,e est irrmles af AMM.l, 
COMM. SRÉC., G'REC, unrl SHMM sbould 
include dH'furant lihrin.k:lijB facLrus fcr tbe 
d iffeooot bilioen.r ca111pona~ts. 



Ca.rneli us :md Crossa (·t995, 1999) 
and. Comt~lius IJ.t al. (199:1 a. 1 99G) ltS(d a 
praccduro o r s.h ri n.ki n ~~eh bi li n.:!:J r com po· 
n.ent by iln estímate oFrh~ siljl1a1 to [sranai 
+rloist:') ratio of ils eiRem~tlue, Le. tba kth 
bil_~noor c:om(Dnent Í.ta.,:t¡¡ i~ !.!hm.nk a."5 
SJ:lJ:á~ 1 Jt• 'r.hen 1 htJ su m or S hrunk.en 
b:ili.n.~r wrrns is ¿s.ti.ta;J:1¡t, whruai.t.éi.u: 

.r 
and T11: are the corr~pondina LS estimates. 
l·ha shrinknq,a raclor S1 is computoo ::~s: 

S (
""' .. • J :\¡ "~ . 1 

.1: = "~ -c.l:s-· n1 .-.-¡ =1-T. 
.l 

w.hero s: is the:! eri'Or mron liqu:ue, ü.t is 
3 vahte egiJal to. or tbat estimates~ the 
expectad error ,,.arianm absorption by the 
tth biliuear t.erm. i.e. nE[(i~.~: - A.~)lo;~:]. 
and F .. =ni~ lü .. s:.:. pro\•·ided tbat P, :>t and 
~~erefare Sl > O; othenrise. pul S1 :: O. 'l•he 
F~, is a s.talistic simila.r in structum to the 
l~cu: slntistic lhal ~..Otn(!lius ~ al. (199ft) 
used to test the nuH ltypoLhesis Bu:~= O, 
bttt Fr.Hl replaces f.i.l wilh IJ.l. thc laller 
d.erined as lhC! rondil.ion:tl exp:!clation 
n E[ ( i~ l c.:r')Lt ~ =0 J i.a. ü t is :lll r.5ti ~nnto 

o f nE{ (i~ 1 1.1" l:.:, .... J • .l . .. .) ]. 'l"h!Halua o f 

ü~, i.n S~ is a pp rop ri :t le rar the ~ lternntive 
h.ypothesis H1 : l.1 :> o. but .not ror the null 
ltJpothesis. i.ha Qbove-<lescribed shrinkase 
asLimalars are appropriale ror any or lhu 
balanrnd LBMs- AMMJ. SREC, CREC and 
aJMM. SJe Corn~l ·ius and Cro!lsa ('19!D) for 
a mathemat.ical justificatian Jor the 3bDVc­
dt:'lícribed sluinkaij,a ostim:alms and for 
dctails of::t schema forcomputing :;hrink:tgo 
estim:lle!l afSHMM~ 

ln practica, weobtajn ioitialvahtes ofüJ; 
a.s tha nurnber ofindependent paramotors. in 
lhe kth bUinror componeLlt (i.e. numbor of 
pa.rrunetrus .miRUii nurnber Df CllOStr:tiOI9). 
'rhe-se i.niti:tlti.t are usE(Ho ablain a.n injti:ll 
sot ar lihrinkase estim.1tes of the J..1. '}thun, 
lhe;e initial shJiobge estimaret are LL'ied 
as sup(X&!d 'trua' wlue!i or tbe A.1 in a 
simulatio n (JX~romatt ic boctstrap] scbeme 
ta obt:ün mora accurnto \':tlues or thc Ü.t• 
whjch" ht turn. are atsoo lo obtain a new 
sot ar sbrinknge estimares of the l.~;. Tha 

l19 

scheme can be iterated as oncn as di?SirL~. 
·rbe sch~ma has D31!n observed Lo movc l.he 
sh.rink:1:.=:e t.~tilnatei i.nla n rathar sl;.lble 
neighbo-urhood in abot1t rive iterations. 
F'or our schema lbr oompulinp,. shrink:.~se 
esti.m:ues of SH\rfM, SE<! Carnol.ius :md 
Crossa (t 9!:19). 

Ptedtctton aCCli'raq ofthe s.hrmt~e 
esflmates oí ltnetN'-bJitnear .tmdelii 

rt has lx!en suP.gl"Stt:!d lhnt shrink:JAe í'Sti· 
maLe~ ofi.BMs Ív'ill prD\I·ide betlt1r L"Si:imates 
a r Ut~ ooali:too Villue~ o r Lhe c:~ll mean!:! (~] 
th:m \YiU the empiric:il rnll mcans or LS 
solutions orparsimoniom; models with th~ 
n u n11:Jer o J m u l.ti pJic:Ui\•e 1!.1miS <:hooun b.~· 
cra~·\•alidation or any tL'St of statistical 
sisniricanoo (Comclius er at.:. 199Ja, 1996; 
C'.ornalius and Cross:t, U195). Carnclius :mil 
Crossa. ('1999) :malysf!d fivo ME'f dal:t sel:c­
aasinf.l rnndom d:tln splütins and e~ 
val.idntion. They w::lluatoo tbe predicti\•e 
aa:ur:t(!)' of the shrink:1¡::e f!Siimales of lh~ 
I..BMs :md compm'lld thom tYilh: (i) th~ b~l 
L.S fitted trunci:!ted LBM; (ii) the empirical 
B LUPs or the mi.L 01 oons lxlsEd on the RE'2 W 
madel: :md (iii) lha mnpiri<:al ccll mcans. 
'l'hc root mron squarc prL~iciÍl.l'(! diiTet'{!nce 
(RMSPD] wascnmputEd forjttdging tbe b('lit 
predictive model, i.e. the one h3Vins the 
Jowcst tt\oiSI1D. ~rho aúLhor.. u sed d:tta :tdjus­
lnd by r~¡Jiirntc difTe.reu.oos \Yithín '.m\l·iron­
men~ lo rt<h1ce tito noise in the modellinR. 
and l'alid:ttian data tbat othenYisea::curs a5 
a consc:I:]uonce of illnorin¡J blod diiToroncL-s 
when rnndoml)· spl.i.uin¡;:: l.ho data. 

Rasu.Jts sbowtrl that the wcrs t predic­
ta rs of lbs IJanolypir: perJorltl3t1ce wBie the 
cmpiriml ooU mcans (Table2o.:J). ln all five 
experimenls, sh1inbse estimatcs of l.UMs 
were bettar predictors tban tbe best trua­
calad modal fttLed by LS and. except ill ona 
expcrimenl. a.lsa beller than the 11WPs ar 
th e ce U m oon:;. 1'hese r(So lts s 11 HSP.3 L t.h:ll 
sftrjnJcage estimates or l.B~fs eliniiDate the 
n~d fi:Jr testinp, h)1XltbB'lB!i and crass­
validation to select an optimllm number 
of bilinoor rerms. Resulls also.indicate lh:tt 
predictive aa:uracy differs little among fha 



no /. üo.s,ta arxt P.!. Casm:e\11':i 

film m odel. rorms iF s h.rinka:;:c est.im:.uors are 
US!:!d. , 

ni.n.e P,.enotypt:.-s m•Riurtted in ~o l?.U1'iron­
m~:nt.s, ustl<l .;:mrli1.:r in r.his chaptor Ltl 

illo:;tmt.o SHMM and SREG clusto:ring cJ 
environments. For this ME.1'.. cle:11Jy 

~porimruttaJ dnta set :t aFCorn.cdiussnd 
O:'C:Jssa ( '1999) is the mai.Xfl .MET dat::J, with 

Ta.~e20 .. 3. RMSPD (~ ha-1) vaJuas ror ltB besl tuncaled leB!it~LSras ntled nmel am Ehdnkaga 
esllrna.a rar lheer-tfllnear rn:Jdall'tfrna M1MI, GREG, SREG, Ca-1M and SHk4M, t:f lte 9WPI!!. of aell 
rnea119 ano b eiJlltlcal aelllfB!Ins, an otmlned by cros&·'í'alk:lalbn tJ nve u ET dala sets (C«nellJs anel 
Ql&!l, 1 9:19). 

Mod!!t ·rum- Tr UI"'CB 1:9:1 Strlnlage BLUP Qn~rba.l ceu mean 

Expennent 1 
AMMI4 63.7.45 627.ffi 
OOMM!> lt16.40 626.92 
SRE~ 641 .12 628.04 
GREQ. 638.90 628.17 
SHf,¡"1~ 636.71 629.61 

637.40 671.10 

E:tperment 2 
.1\MM~ 1322.60 1273.67 
OOMM1 13161!9 1272.27 
SREG¡¡ 13181!3 127:5.44 
GREGg 131628 1272.21 
SHI..I\11 1316.54 1275.35 

1284 . .::::.! 1:331 .26 

EllpE!I'tnent 3 
AP.UJI1 816;41 900.36 
COMM2 813.:!9 700.42 
SREG1 816-M eoo . .w 
GRE~ 9lB.OO 7111.24 
SHP-N~ 910.18 799.40 

911.64 849.45 

E)IJ!atnent .4 
AMJIJI10 lll2..57 796.EIJ 
OOUM11 92229 795.66 
SRI:Gc. 823.79 7BQ.J3 
GRI:G11 822.53 797.l9 
SHf.l\111 822.61 799.EO 

799.86 831.10 

E~tnent5 
Ar.tM~ 677,49 6f.8.60 
COJIJM1 676.79 6fi9.14 
SREG1 fi94.5B 671.00 
GREG 1 676.cG 6EB.III 
SH~11 676.00 671 .49 

669.'il6 715.84 

·•The subscrtpls oolhe mooel bms .,!!este IJie run1:Js or UllrEBr teiTlle. relalneclln lhe tJee.t bUraled 
rncu:lal. Tl1s. aJI:eaiJ:t 1s notrelated lo ltle slllnle'JeE6Umatas. 
F=NSPD, root mean r.quare JJe:ilctad dllrerenc.e; AMUI. adciUw maJn arrecls and ITUIU~t:aU'I-e 
hlsracllon rrodal; GREG, geno~jpell regre&!ilalrn:Jdel; SREG, Slles re!JE!IISSOII mexl~; OOMM, 
octn~eEiy mUUplcstJve mooet; SHMM, Slllted rnulb¡:Mica.1we mcmt; BWP. ~t linear lll~Bmd 
p-edk:k:f; MET, IT'lllll-en'wl1rcnnent tnals. 



shrinb~e Qstimak!s alTJ beuer prodictorn 
Lhau. t.:!lllpiric:al cell míílllS .nnd IJU.lPs or 
cell mMns (Tabl~:20.J]. Crossa ec al. (2002) 
compuh.l(t SR"EGt duslerin~ or Ute 20 envi­
ronmenls in this l\.11:.'1'. with the empírica! 
cclt moans replmrd with SREC shri.nkasa 
estima.tes 39 input lO t.be prorndure. Two o[ 
the finnl Sl'oups of anviromuanls cibt:úned, 
nam(!ly, 12~ 4, 5, G, 9, 11, 12. 13, U , HL 1t1] 
aod 17. 15, 17, 19. 20·1. VJ(!m dif'furont from 
lhose io f ig. 20.2. OnJy lbe en\l·ira nmental 
9ro ll[l (1, :J, i Cl \Y:Js lbo :mm e. \Vheroos Lwoof 
thE!iC gLnups did not ~roe \llith Lho cluster­
inl_l cxunputod from empirjcaJ a!ll means, 
thay did a~roo wit.h group; ar ellvironmants 
drilinL'{JlCd by ~ciOrs or o.ln SRE:C¡ biplot 
c:omp ttll'<l rrom devi:ll'ions of .emp i.rirol (:oll 
ma:w s r roat Ji i a.e me:tns. 

ihis is a vcry intri~uingemp·iricnl result. 
:ilt9J:!esling lhnt tho mathadoiDAY da!.tervoo 
:itltdy in more ex:tmpk-s. D.:1ciuse of thc. 
separation a r paiiP.rn rtu.m mudo ro error Lb al 
ó71p.pears lo be m::hieved by tha shr in lu!A.e est:i­
m~tors. we belim•e SREC clusterin¡;j usinR 
i; h.ri n.ka¡;¡e e:Hi m:Jl('S o.f ce.ll m E\lns :1s inpu 1 
h:as consíd~mblu promise usa routin~ proc~ 
dure for the stud~· of inlemction patterns in 
an M.E'I'. 

Softwar@ 

l'o computo SHMM :md SREC dusterinR 
a r em•ironments or SHMM dust~rins o:r 
senot~·p(!s, rro rirst use an S.o\S~ program 
(SAs/IML) lo obln.Ín a delldfDJfalll. J'lten~ 
ada,uacy of fil aJ SHM~t, or Sl~EC1 
(con.stra.ined, if nocessacy) is evalualed 
IL!IinQ the fortr:m p¡:qmm c:c.wv. 
Enqlliries conce-Jninll. the a\1-ail:rbllily of 
the sofl'ivam ma)· ba lionl lo PJ .. Cornslius 
( corru~U ll·~s.uky .edu). 
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INTRODUCCIÓN AL ANÁLISIS MUL TIV ARIADO 

Examen 

1) En el archivo TRIAL2.TXT tenemos un experimento de 64 genotipos evaluados en dos sitio 
y 2 repeticiones en cada sitio. El diseño de experimento es en bloques completamente al azar. El 
archivo tiene hileras y columnas. 

la) Hacer el análisis espacial en cada ambiente considerando repeticiones y genotipos como 
efecto aleatorio. 

1 b) Hacer el análisis espacial combinado a través de los dos sitios considerando a sitios y a 
genotipos y a su interacción como efectos aleatorios. 

le) Identifique el error estándar de la diferencia entre cualquier media (SED) para los efectos 
principales y la interacción correspondiente. 

2) En el archivo INPUTAUDPC.CSV hay datos que corresponden a 9 genotipos evaluados en 3 
ambientes con tres repeticiones por ambiente (no tomar en cuenta la columna de lB). La variable 
es AUDPC (area under the disease progress curve) 

2a) Hacer un BIPLOT del modelo AMMI e interpretar los resultados 
2b) Hacer un biplot del modelo SREG e interpretar los resultados 

Los estudiantes se pueden comunicar con José Crossa al correo j.cross:l'Úké!;ar.or<.: y hacer las 
preguntas que deseen. Pueden trabajar en grupos de manera de discutir los ejercicios, pero la 
presentación es individual. 

El plazo de entrega es el día miércoles 3 de noviembre, y los trabajos deben ser enviados a mi 
correo electrónico ( e'lccvedür!J,uchi !e .e!; edm uncioncevedo:'!?vtr. net ). 

Saludos cordiales 

Edmundo Acevedo 



Archivo Tria! 2 

site rep row col variety yield 
1 1 1 5 1.5318 

2 19 2.2211 
3 55 1.4589 
4 23 1.2436 
5 27 1.8989 
6 38 1.3366 
7 64 1.8966 
8 44 1.4775 
9 14 1.6483 
10 13 1.5220 
11 59 1.8581 
12 25 1.9730 
13 45 2.5290 
14 49 2.3901 
15 11 2.4703 
16 43 3.5279 

2 1 2 2.0066 
2 2 36 1.4573 
2 3 62 2.2574 
2 4 29 1.4428 
2 5 34 1.3521 
2 6 40 1.8021 
2 7 52 1.3945 
2 8 54 1.5750 
2 9 28 1.3825 
2 10 26 1.6735 
2 11 58 1.9658 
2 12 42 2.1403 
2 13 32 2.6153 
2 14 6 2.8538 

1 2 15 39 3.4978 
1 2 16 53 2.4935 
1 3 1 37 1.8915 
1 3 2 3 1.9649 
1 3 3 17 1.5145 
1 3 4 24 1.3582 
1 3 5 15 1.8466 
1 3 6 50 1.7456 
1 3 7 47 1.3042 
1 3 8 56 1.7161 
1 3 9 16 1.1509 
1 3 10 30 1.4549 

1 1 3 11 31 1.6291 
1 1 3 12 60 1.4454 
1 3 13 7 2.0237 
1 3 14 18 2.8159 
1 3 15 8 3.2111 
1 3 16 21 3.2198 
1 4 1 20 3.3420 
1 4 2 35 2.6472 
1 4 3 57 1.9362 
1 4 4 63 3.1655 
1 4 5 46 2.2962 
1 1 4 6 12 2.7581 
1 1 4 7 41 2.4225 
1 1 4 8 lO 2.6407 
1 1 4 9 22 2.8679 
1 1 4 lO 1 2.8687 



1 4 11 51 3.1765 
1 1 4 12 61 2.5182 
1 1 4 13 33 2.7195 
1 1 4 14 48 3.4329 
1 1 4 15 4 3.8140 
1 1 4 16 9 4.1069 
1 2 5 1 58 3.7139 
1 2 5 2 44 3.6386 
1 2 5 3 15 2.8465 
1 2 5 4 25 2.4823 
1 2 5 5 18 2.6002 
1 2 5 6 53 2.5417 

2 5 7 5 1.6013 
2 5 8 22 2.1818 
2 5 9 55 3.5086 
2 5 10 36 3.4147 
2 5 11 33 3.1765 
2 5 12 29 2.8818 
2 5 13 12 3.1165 
2 5 14 47 3.5868 
2 5 15 8 3.5954 
2 5 16 1 3.5711 
2 6 1 41 2.7717 
2 6 2 17 2.9044 
2 6 3 63 3.0646 
2 6 4 37 3.2219 
2 6 5 38 2.4959 
2 6 6 19 3.7729 
2 6 7 26 2.7808 
2 6 8 21 2.5957 
2 6 9 28 2.3549 
2 6 10 4 3.0692 
2 6 11 6 3.2589 
2 6 12 45 3.4685 
2 6 13 56 2.9773 
2 6 14 46 3.6739 
2 6 15 59 4.4576 
2 6 16 42 4.7826 
2 7 1 14 2.9164 
2 7 2 9 2.2630 
2 7 3 62 1.9820 
2 7 4 48 2.6628 
2 7 5 34 2.7700 
2 7 6 31 2.7649 
2 7 7 60 2.0307 
2 7 8 13 2.3102 
2 7 9 20 2.2525 
2 7 10 7 2.6594 
2 7 11 64 2.3498 
2 7 12 3 2.8951 
2 7 13 39 3.5951 
2 7 14 40 3.6799 
2 7 15 10 3.8023 
2 7 16 23 4.2910 
2 8 1 24 2.2748 
2 8 2 52 2.1081 
2 8 3 11 2.5377 
2 8 4 54 1.4670 
2 8 5 51 1.6475 
2 8 6 57 2.7363 
2 8 7 35 2.2646 
2 8 8 2 2.6282 



1 2 8 9 50 1.7699 
1 2 8 10 27 2.1685 
1 2 8 11 30 2.1797 
1 2 8 12 61 2.7998 
1 2 8 13 43 2.3903 
1 2 8 14 49 3.2857 
1 2 8 15 32 3.8995 
1 2 8 16 16 3.5976 
2 1 1 1 5 3.5318 
2 1 1 2 19 4.2211 
2 1 3 55 5.4589 
2 1 4 23 6.2436 
2 1 5 27 7.8989 
2 1 6 38 2.3366 
2 1 7 64 3.8966 
2 1 8 44 4.4775 
2 1 9 14 1.6483 
2 1 10 13 2.5220 
2 1 11 59 3.8581 
2 1 12 25 4.9730 
2 1 13 45 5.5290 
2 1 14 49 6.3901 
2 1 15 11 7.4703 
2 1 16 43 3.5279 
2 2 1 2 9.0066 
2 2 2 36 1.4573 
2 2 3 62 6.2574 
2 2 4 29 2.4428 
2 2 5 34 3.3521 
2 2 6 40 2.8021 
2 2 7 52 3.3945 
2 2 8 54 4.5750 
2 2 9 28 5.3825 
2 2 10 26 6.6735 
2 2 11 58 7.9658 
2 2 12 42 3.1403 
2 2 13 32 4.6153 
2 2 14 6 3.8538 
2 2 15 39 7.4978 
2 2 16 53 8.4935 
2 3 1 37 9.8915 
2 3 2 3 9.9649 
2 3 3 17 9.5145 
2 3 4 24 9.3582 
2 3 5 15 1.8466 
2 3 6 50 2.7456 
2 3 7 47 3.3042 
2 3 8 56 4.7161 
2 3 9 16 4.1509 
2 3 10 30 4.4549 
2 3 11 31 4.6291 
2 3 12 60 4.4454 
2 3 13 7 4.0237 
2 3 14 18 5.8159 
2 3 15 8 6.2111 
2 3 16 21 3.2198 
2 4 1 20 4.3420 
2 4 2 35 5.6472 
2 4 3 57 2.9362 
2 4 4 63 1.1655 
2 4 5 46 12962 
2 4 6 12 1.7581 



2 1 4 7 41 2.4225 
2 1 4 8 10 3.6407 
2 1 4 9 22 4.8679 
2 1 4 10 1 3.8687 
2 1 4 11 51 4.1765 
2 1 4 12 61 3.5182 
2 1 4 13 33 4.7195 
2 1 4 14 48 5.4329 
2 1 4 15 4 5.8140 
2 1 4 16 9 6.1069 
2 2 5 1 58 7.7139 
2 2 5 2 44 7.6386 
2 2 5 3 15 8.8465 
2 2 5 4 25 8.4823 
2 2 5 5 18 8.6002 
2 2 5 6 53 9.5417 
2 2 5 7 5 7.6013 
2 2 5 8 22 6.1818 
2 2 5 9 55 5.5086 
2 2 5 10 36 4.4147 
2 2 5 11 33 3.1765 
2 2 5 12 29 2.8818 
2 2 5 13 12 2.1165 
2 2 5 14 47 3.5868 
2 2 5 15 8 4.5954 
2 2 5 16 1 5.5711 
2 2 6 1 41 6.7717 
2 2 6 2 17 7.9044 
2 2 6 3 63 8.0646 
2 2 6 4 37 9.2219 
2 2 6 5 38 7.4959 
2 2 6 6 19 6.7729 
2 2 6 7 26 5.7808 
2 2 6 8 21 4.5957 
2 2 6 9 28 3.3549 
2 2 6 10 4 3.0692 
2 2 6 11 6 4.2589 
2 2 6 12 45 4.4685 
2 2 6 13 56 5.9773 
2 2 6 14 46 6.6739 
2 2 6 15 59 7.4576 
2 2 6 16 42 8.7826 
2 2 7 1 14 9.9164 
2 2 7 2 9 2.2630 
2 2 7 3 62 1.9820 
2 2 7 4 48 7.6628 
2 2 7 5 34 5.7700 
2 2 7 6 31 4.7649 
2 2 7 7 60 5.0307 
2 2 7 8 13 6.3102 
2 2 7 9 20 7.2525 
2 2 7 10 7 3.6594 
2 2 7 11 64 4.3498 
2 2 7 12 3 4.8951 
2 2 7 13 39 2.5951 
2 2 7 14 40 3.6799 
2 2 7 15 10 4.8023 
2 2 7 16 23 5.2910 
2 2 8 1 24 6.2748 
2 2 8 2 52 7.1081 
2 2 8 3 11 8.5377 
2 2 8 4 54 8.4670 



2 2 8 5 51 9.6475 
2 2 8 6 57 9.7363 
2 2 8 7 35 8.2646 
2 2 8 8 2 7.6282 
2 2 8 9 50 6.7699 
2 2 8 10 27 5.1685 
2 2 8 11 30 4.1797 
2 2 8 12 61 5.7998 
2 2 8 13 43 3.3903 
2 2 8 14 49 4.2857 
2 2 8 15 32 5.8995 
2 2 8 16 16 5.5976 



Archivo INPUTAUDPC.CSV 

Env Genotype lB Rep AUDPC 
1 1 2 1 545 
1 1 9 2 652.5 
1 1 17 3 712.5 
2 2 1 1732.5 
2 9 2 1392.5 
2 1 17 3 1662.5 
3 1 1 1 1508.5 
3 1 7 2 1575 
3 1 4 3 1575 
1 11 4 1 242.5 
1 11 11 2 277.5 
1 11 17 3 237.5 
2 11 4 1 757.5 
2 11 11 2 792.5 
2 11 17 3 792.5 
3 11 6 1 882 
3 11 1 2 637 
3 11 4 3 882 
1 12 4 1 172.5 
1 12 7 2 147.5 
1 12 15 3 170 
2 12 4 1 897.5 
2 12 7 2 517.5 
2 12 15 3 692.5 
3 12 7 1 322 
3 12 1 2 287 
3 12 3 3 287 
1 14 4 1 170 
1 14 9 2 137.5 
1 14 13 3 102.5 
2 14 4 1 697.5 
2 14 9 2 452.5 
2 14 13 3 485 
3 14 3 1 175 
3 14 7 2 490 
3 14 1 3 420 

15 4 1 105 
1 15 7 2 137.5 
1 15 13 3 135 
2 15 4 1 412.5 
2 15 7 2 312.5 
2 15 13 3 310 
3 15 6 1 315 
3 15 4 2 210 
3 15 2 3 245 
1 17 4 1 67.5 
1 17 7 2 67.5 
1 17 13 3 70 
2 17 4 1 93.5 



2 17 7 2 65.5 
2 17 13 3 93.5 
3 17 7 1 420 
3 17 3 2 350 
3 17 2 3 350 
1 19 4 1 85 
1 19 9 2 85 
1 19 15 3 102.5 
2 19 4 1 277.5 
2 19 9 2 260 
2 19 15 3 277.5 
3 19 5 1 462 
3 19 3 2 497 
3 19 4 3 707 
1 29 6 1 272.5 
1 29 9 2 242.5 
1 29 17 3 277.5 
2 29 6 1 382.5 
2 29 9 2 382.5 
2 29 17 3 417.5 
3 29 1 1 532 
3 29 2 2 742 
3 29 6 3 595 
1 30 6 1 687.5 
1 30 11 2 747.5 
1 30 15 3 135 
2 30 6 1 1532.5 
2 30 11 2 1562.5 
2 30 15 3 1602.5 
3 30 6 1 1648.5 
3 30 5 2 1578.5 
3 30 6 3 1680 
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Rodrigo Carvacho Baillon 
Erika Salazar Suazo 
Jorge Saavedra DeiReal 
Carolina Rivera Montoya 
Verónica Muñoz Muñoz 

Institución 

U. de Chile 
U. de Chile 
U. de Chile 
U. de Chile 
U. de Chile 
U. de Chile 
U. de Chile 
U. Austral 
U. Austral 
Semillas Pioneer 
Semillas Pioneer 
Semillas Pioneer 
Semillas Pioneer 
CIMMYT 

Institución 

U. de Chile 
U. de Chile 

U. de Chile 
U. de Chile 

U. Austral 
Semillas GIS 
INIA 
INIA 
U. de Chile 
U. de Chile 



SANTIAGO, 17 de enero de 2005 

A Q U 1 E N C O R R -E--S -P O N D A 

EL CURSO 

INTRODUCCION AL ANALISIS MULTIVARIADO , DICTADO 

POR EL PROFESOR JOSE CROSSA, ESTA RECONOCIDO 

EN CALIDAD DE CURSO ELECTIVO EN EL PROGRAMA DE 

DOCTORADO EN CIENCIAS SILVOAGROPECUARIAS Y 

VETERINARIAS , DEL CAMPUS SUR , .DE LA UNIVERSIDAD 

DE CHILE . 

. "ers\dad de Cl] . 
~~\ ~~ 
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