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.... a11owe4 •• pow approxlulelf 11x lDOb••• tbea tU 

41tW oae-t._.'-Mt or a eboot •u HUYe4 ~·at • .,. • note 

...a 4teoua.a. •• ,.....uae pont.on. ot •• •'- ~· tp11' 

1oac1'.0.tuUr •••' ball u lMb aa4 1be pltta of •• balt 

coaset •••· file aHI11q to 'be CNfW •• 4'*1• '"' •' ... 
ll&ae ot tile bJpoooiJ'1 aa4 a JhlD lllH NIWftl frM eUb 

al4e 1••1• •• laJPoeotll blu' aJM1 .............. !be 

••.utftl ,., .uo luerltfl 1a-. the olen •t e. plaa'• 

utoh1QI ..... s... tt.• •'•• ••re 11-a wlttl • .. n ..... 
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h aas.a,aln Vle MllU•t· All p-atta we" aba4e4 v.a'11 tale 

•o1o .. WN 81 .. blllhe4. A~- ot *• patle WeJ'• 1\100811-

t\al. •1 tb She detee\1 •• aeectllftl prod\&Olftl obloropbfl aA4 

MD11aUJII leaf, •'•• U4 tlowr 4eYelopaeat. the P1, 
bJbr14a we~ aelt •••rile, __ , ae.ta v.re pro4uoe4 br baok-

o•oaal~a& ~ h1brl4 wl. tll I · IDA -s.aa ~ •• the polleA 

plaot. 

thl1 p1oneer oroae 11 •• aouroe ot aU low •ou..r-1a 

aweetolOter aow uat4 to• pl&h' ~ree41ftl ln lbe Unl't4 •••••• 
aaA Oana4a . Olloe 'the 4.UDUt sene tor blp OOUUJ1.~ ... 

ella1aate4, 1t bee•• •••r w ulnbla cene,leal pvl'J 

beoauae ~· blbr14 4oe• aot oro•• rea4llr ln ~ t1e14 w1tb 

~~•~" apeolea ot •weehlo'fer. lou paetl•al 1DO.-pa,1l»ll· 

s.•t.•• are atlU teun4 W1 tb1n the bl'b~l4a an4 •••• are 

clraetlo enoup. 'o oa-.e A••• ot •• plaat. 

HOaer aD4 Vlll'• (18-61) aD4 lehroet (18.8) worklAI oa 

1b• senet1oa ot oo..-.la •epo~ted tbat ~h oou.arln .. , 

1nher1te4 •• a a1qla 4..Uua' tae,or. Ia 1N8, v. 1 . 

Sal~ r••1ae4 *• ooitOept of the aanetloal 1nbeP1taaee ot 

oouurln. Bla J'el\11'• la41oa'• tha' oo•ar1a la 1aber1'e4 

tbrouah wo tu•o1'•· One sen• thO•• h1&h oo..,la doalaan'l 

o••• low •o•mn. la abienoe of .a&l• aen.etloal tao-r the 

•ouurlD ooatea' 11 re4taeea fftll appron .. wlr 1 .1 peroeat 

to o. a pereen' (llltluenoet Q' en•lro••••> · fbt o~eJt let" 

ap-pear• to ha•• no 4•1nu' allele aG4 re4uoee ~. oo•arla 

eoatent ~ 0.1 peroea•. !be 1a,eraotloa of ~••• two 

aenet1oa1 taetor• •••I· ltQISI ._.,_..,l••lr tNe of 
/ 



u 
oo....na. lowt'tr, tbe ••el • ot I• '4•abM •• Uow8 to 

eoawo .... ....n.a. • •••-.lo•• ••1•'1•• o• tP-eOlea 

are no• \o 1M tHe •t Mtb aeaeUMl taoton. It 11 •• 

br>ol''-"' ,._ ttM pln' ,.._Mlat potat ot wlew, bowner, 

Mlauae Hao•al of •• ~ eo•afln 1•a. 1a a\lttlolea' to 

••• eveetolOYer ••'• Q4 alaM'blt \o ulllill•· Co-.rla 

1• otDallel'e4 etlltS.elnUJ 1.., .... ftO' UPt -.a 0.1 peneal 

1• toua4 la .,eta plaat1. 

"•"•••• (ltM) nporW *-' tl• .btl• "*• •'-1• -. 4•••1· 
op a tow ....-ta Jlllow "'•e .. l4Wtr l>f eoe1l"1 8al Ul.' • 

low oo-.Ma •'"1Da •1•1• tW•lM'll• ftae •ll"o le 

........ fJIOII ••• -.nat '1•••• • .., powtll .... ,, .... laJ 

ot&lturlns 1a attJ'lle matneat ••1•tl01ll• !Ill• hiiOYH •• 

aaUfUl t11ne *lob .... 14 tbe •wro to a'bort. • hop•• 

•o be a1tle to nl•••• a tev ot •••• oro•••• -. oaer plu' 
bHedera 1A .. MN- to-... 

,..., or -. .. aew lov .....no Hl••••• ws.u •W1 

tur••• •ro•dlll wltb o-. lotal hlp ·~ll •art•U.•• 
'- calA "''*la •8J'OJ'OIIl• ohutlettr11\lO•J 1•&•• anmaal 
!aaltl,, ............ s.., ....... . 

A •••4 '••' tor oou.ana wt.ll M 4wl•.C to Nluee ae 
._.,.,,., ot powlftl aa4 ..S.a,dalDi 11le -•"'*• PHI•., 

ot •• 'l · ••lt• u4 orou••· ._.. • •••• wouJ.t e1111laa'­
approx1•u17 ..,..._tolilr1be et •• ••Ml• '••W on tale 
oou.erl• t•••• alorae (ODJ.r oae t .. ._ i• lwwo1•et). !be 

eup1• ..... tNia ... .... •U14 ..... wo 1te -11 ... 

to allow ••-. 1tlld••'- -... 4hwelop ao...Ur. Oftlr • 
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•all ......no-'DeaftJII .-ple S.t ut4el •• -.. .. ~ wltb 

... to , .... n ....... -1- eal\ ot ..... rta. • ..u 
pe..U.oa ot •• ootrletoa. ti'OII •Mb •MI ooul4 be ,...., .. 

ul , •• , .. , 1•••111 HP ••e4 •tole tor pluu ... 

.._ •••• • •••'• baY• 4•te•ltlt4 lf l1 11 poael.'b1e to 

pn4lot aoetaNtelr •• ....na l•Ksuee of • plat INa 

.. 11111'f1·- ptl , •• , . • •• , .... , ...... , ... , ... , .. 

u1 ani •••" dU eorN1au wltb plaat tta• .. ••••• t• 
ooUilarlD ll DOl 4•tlalttt17 k..... t. .....,_. *•• qtl ... S.oae 

aa eap.Jt•ot Ma.a H t.IIAl¥14Ul .... -.ate tor 4•'fNlft1ftl 



••• ,. 1 

a. flr•' .. Uaol athJip~4 to~ the .... htte •• 'Cba' 

·~'Uilt4 bJ &obrook (19t8) la a......,. Be ue•l a ld.OHIOop• 

teohn1que. A 111oe ot tbe ootJldon• or eaob ••ed ••• 
V .. l.-4 WS. \b -OAlfl •apu fop • eot-t 'lae aA4 ob•en•4 

wa4er a tl.UOH .. eat •10-H .. Ope. tbt ... a. lhal tOI1U1rut4 

oounrla nwmteo..t • bri&b' tr••allh-7•11•, Wloe• or 1\0 

o' llt,le oouaart.ll abo•-' no or 11,,1• oolor. Bowne, ••n 

an .,,-.p, waa .. a. •o r•ptat tbi• •••• w1~ .. .a. ot khoVA 

1ov aA4 hS.&Jl oouaarlc ld:atl'l'anoe , 1* pM•t4 4S.ftlehll' to 

_,, 41tterenoe.. All •• ., eaapl•• nvon•od but •• 

qwu\tl'' ot naor• .. •noe •• 41ttJ.oUlt ~o ••••vr• w ob••n•. 
H1• ut1ole s••• no "• llal' to,. b•\blq 1ae euplee J.ft 

MaOftiA ., •• u4 414 ftO' lft41oa•e ~ 'JPe Of 11p\ Uet4 OD 

'be ll101'0e0oPI• 

I•Bef U. 
-. aQ.t ••tbo4 W&l ba1 .. Oft ~ .... p:rlDOlpl• Ill tab• 

,,., of llattft•~ aa4 Waah-UPD (1944) . !b1lr '••t w•• ODI 

lft *lob • ao4l• aal.' ot oouurln •• fONt4 ~ be&,lftl a 

•peoltleO uoun' or Ra<ll Wllll oou.ena-oonta1Dlftl t1eaue ot 

aweeklOYer. the p1aal ''•"• oo1a14 1lltft be rate4 ,., l'eact­

lDB *• ••1•• on4tJ' Glva •t.ole' Up,, vb••• a p•ellla-

Jtllott tl\lOHaoeno• llldloa'•• oo•~n o.- a N4 oolo. ln-

41oa cee low oo .. l'lll· 'ftle eaap1•• oo~4 al•o be "''" 

)-"-'" 

c: 
(:, 
CJ l 
c,J\ 
t,;; 



~uaa'l'a'lYelr )r .. ot a Col•aan 11~•••• ana a ••• 
of aU.n4ar4a. 
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!bl1 teat ••• 1104lfte4 to lbat ••ta• •o\114 H '••W 

U4 ••lr oo..na to11tea' 4t,enl.Mt WlUlol&t •••tnO•lon ~ 

the .. .a.. !be" we, bowner, Do obl.oropbJl t.a •• •••4• 

1o 11•• -· .. , .. ,,lnc oolo.• •• "•" obWa.t J.ft ae 

tlaau ••••· Aao~•r fMtUH ot •"4• la 'lbal tbe1 all oo .... 

taln ••• oo .. rta. !hl• M••••l•'•• ~~ a441Uoa ot 

obloropbll s.a ••• tor. • o••,..oae 1be 1aot ot oolo• •u-

t.anoe ln -. ••..t '-•'· 
lie '''' vaa ••• up \o •'lllst onlr a ... 11 P••• ot 

eaob ••14 aa4 Ut.ea lllov •• laaoe to 4ftelc»p laM • 

uw" plab'· 'ftlua, l i •• bopec1 -., w ooal4 4eltftllM 

~· oouaarlD oo"''"' ot MOb. ••-" ua. t••P oftlr ~o•• of 
k.novn low eo..rlA t• • vee41DI PHil'•• 

2£0IIARI 
ORe Gaouaact I t4• were uoeeD t ... Wo IOUJt0el• 'tbree 

llwalrtt4 aal VllJ'tJ •M4• wn ••1eott4 tl'ott a ''"'" of 

le1,1t'M tla IPDM• oaUtl 1 Ploruaa•, 11blo!s a.ae koowa 

bllb. eotiMfta ooatea•, M4 n••a butrH u4 ••••a'7 ••14• 

••"••ota4 oro.tea ot Dr. w. 1. e.ta. fte latter ••14• 

npnaenw4 •• •a pMNUoa ot \b• onatw I• IDI u4 

'I• tJPsall tNII• ._, oobtalll.a tbe loW oo-..la aDS ... 

.... ..as.- 00-..lll , ...... 

AU lb ••••• N 1'1 o.a la a Jar. ._.a tbOJ'OUiblr 

u4 eaa ••act 4ftWil •• natoa '"* U:ae -.bOle. tu •ee4• 
vt•• '- tiU'd 'o "' 41NoU.,, ....... s. t.t.•laa eot-.u ua .. 
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wt.U. •••••• • l<lUI'• ••Me--•• dtab ••• plaee4 upe14• 

ctowa s.a a paa •' •'••· A pap•• towl toakll la ., .. wat 
plaotl cw•• tbe Ailll w1a a •"'loa tft11l81 ta •• waw 
'- wataU • _. ... ot aola•ure to• .U Hltt plaet4 1M-

"'••• '" lal'l• flJ.1•• ,.,.. paa, ........ 1. .. •• to 
tl'te boDe •• .... .._ ... ~ (I~ C.) WU autlld. .. t U• 

to •'*" "1•••• ot •• boUD4 ooual'la la •• ..... u4 to 

eot••• aud ooat t• •ttiDI• ll l.t '-•-• ..... ..., '-

•lop ••'''•• ._ 11'al11111 a"U.Oil ot tale · ••1 ••• ,.._.._. 

t .roa •• ••••· Drrilll ol •• aeel• ••••tel h ••• lltU• 

•ttMt oa ••atcaMD' 1We111J11 Ui ..,.SMUOAe It waa tle• 

eo•••.t let•• aat .. ., •t -. HHa ,...a1AI4 bud nta la 
b.e pre•••• of •l•tv•• ftd.• M4e t.t MO•taarr to •oulfJ 

apst"dM,ttlf bdt o, tbe •""• _, pluh& •• la eo ... a­

titat .. 1111hfte .. l4 fer ..._. lllautee, tnlat.• tbe aol4 

· o'll, ailt _...., ..._ , ... , wltb •'•· tblt oaue4 ... , of 

tb.e ......,_ld. ....... -. ...U. It v&e lNI•t •• to le' tb1 

....... , l't ............. -., ................ ,,1 ...... . 
Jt "''.., ••• .... r..a, '-' ,. ......... ,..., 10 u, ... , 
u.o ............ ~. ... 1, ........... ..,.,. - wltb 

... nn .. •t.oo • tw en4• talle& to .-.u, uJJ.na lt .... 
•••.., -. 144 twa aa--.a .oPe ••tt• 10 •• aperl•n '"" 

Ule orlataal __.. ... 

tt• l•l.llb'- "''lftl of U. eee«a, ,_., ••• plaoe4 

w..- a portat.l• ba4 leaa .uppUel vitb a Ut)a.t. V•hl a 

eoalptl t..aa ., ... wu etaaMtet, rHO'tlUI tU tlp• of iitA 

ooU1e4oaa at 'l'PM•l•'-11 tb• -• pla1e. llle .... ooa,, 



npr•••a,lq .. ,.,.a1 ,,,.... wa• ,.tH9ec1 at tbla 'ill• 10 

Utat •• • ·•' walt la41 .. -. oalJ ua. ao..na ooawat ot 
._ -~.,o. !be tlloea et eo,J1e4oh .. ~. pluel 1a a-.. 

11 

hm '••' Wbea. the ,...lalq porttona ot tat.. ••eO• .. ,., 
traaet•I'H4 •• • Mil QOt pl••• *lob ,,., ,..'M.N4 in • 

OOJ!'N~Atlq ........ til• tiPOt p1&14t b4 beea pl'epU'd ~~ 

t11U eaeh apo' lfltll •••" dl a44lDC • pla" o~ fllter 

pape• to buor ap .a.e a..a. Afw.r tllllftl ••• •' plaM 

w1a 4l•••o'•4 ••O• S.t •• _.._.,. lfltb a H1•1 pfllper .._1 
to p ............... ,... am. "' •• kept ta ••• , •• 

..,. pl ... • tor •• 1•••• ... a., lMttoa-e p1aDt~ac· 

twt a1. ot a.a • laCII aa1 -.. .... ot •l,Mnt4 

alhlta l•t ••- wv .u.a •• •• .... HIIP.1•• tJI .. 

•••• ,._,. (Buller ••••• U4 'bHa tli.d vl_.., ll441DI 

dta1ta 1 ..... tor • .OUI'H of ohlo~ -·· at.rtlodlJ 

•• •••••"" tn.la& • naa tiM reeul'•· t !be ... , •••• 
wen Ul• plao.a s.a ruk• whl• v.re ptat lato • ooatnllt4 

was. utb tu 1. 1 boRe •' a ,_, ........ •t o.o o. After 

,._.,&1 tN• a. water "*• •• ~N~Pl•• wr• utea late • 
4~ NOll tor Na41J11 Q4tp • ._,.oa \11,,.. •J.oltt' ltlaok 

liP'• (A 1up 1talel aplaa' Yldlll• 11pt al4• ... __., 

lA Na41fll. ) tu ••Pl•• ver• ••• 1A 1be 4lreet ...,.. of 

~. 1-., t• •' lea•' tl•• u•u• Mton Nll4l... VlMa a 

••1• tl'll0fttoe4 • bli.lb' peeallb-7t11ov. a n'1• of bl• 
eo-.rla ••• urkt4 aplad lbe eHt --••1 lt Ule IMJ)le 

abow4 • N4 'fl.,..•••nee, • ..a ot lOY oo.-rta -. pat 

'' -. ...-... AQ .._1, lbCMd.ftl late....,tate Mlo•• ••• 



at.•ea • 4ef1ft1'- auk et •1•• lew .. h1lb o......u llr a 

..... u .... thoa. '-'• 1" --.~.. pl•• ... bip .... 

ur1a a1u• .. ,lftl• "" 11•••· OJO.r '- tetlDl'- uwao­
r1•• .,.,.. U1DUlfte4 tor •'*'i•'liel autnl•· 

lf 

MStr •• .... W t.•a -""" and. a••1•"4 oa 
a. tpot pla-, t t ••• tu•.a la ••o1aUr pnpafttl tta•• 
vltb paper •aolo•.. "11 ••Uou. oaa .. .a ••• pluel to 

a ••o,loe, ·,aoh n.• ooatalalftl NO ... ,lo.aa. tu ••14• 

VVt NWtHA Wia ~•Nle.U't u4 ...... lbtD wattre4 U 

ot,tll •• •• 8•eft .. '• be MO .. ...,. 

Ia ao•1 taP'_., (le• Ill ... 'I) tale JOUI tte411Jlll 

U4 naobt4 t.tflel.tat tJ.•• to w ••ltt. lo' all -. 

••.US.rap IV'fl•e4• •• 4Mpl.lll ott u4 • ._ .... ,. rt4Mt4 

tbe ma.M• v '110 pl.Qte. hOa _. HttftlJaS a aMple ot 
.._ .,. tour •r~.toUaM le*"• wat ,_.,.,, a1....,.e4 u4 

••l&MI• A twatJ ... ...,lt •• ••ett4 lt' Ulll a Mil• 

tt.tt, ...,,. n--••lri• ..... c •• &111· · 1161). tu 

reedte or •• •• "'•'• ••" •• OOI!p*n4, .. s.ac *• 
pl .. , tl••• -·· .. tbt •tuau4. 
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Obl-eQ\lU •• • 011 

•;: I,,; p ($ I' I ; 11 I . I I' . ' I 

1 . tow oollllliiUla,. plallt• ..a 1Mc1a. · 
a. z.ov •-rl• plu••• bf.ab ..... sa ...... a. Blab .....S.Il plU,tJ l ow •o•el'la aetla. 
t . Bll:b oo-.t.a1 plaal• alii ee.at. 
I . Cal•11la'-4 'fUM to• Ool- 1. 
e. OaJ.•••• •at• to• ool .. e. 
·' · Calnlakt -.a1w t•• ool- • · 
t . c.loUl•te4 Yalue tor Ml- I • 



1t 

ft• expm .. at •• .-..-.., OC*PUlftl • aew Het 

teat tu oo.arla asalaat a r.aplt pleat 'l••• ••tho4· Ja 

•• te•t• 1' preft4 -1M • 41.d4•aa • •o •'P••'- .. 
••tct• lau two oa'HeJIIl•• '-7 •t.•.-117 ))I'IH1l•UDI •t.••• 
hlP or low eOWtltPla. tbe' .... , nat.eten., • •t.n4 

peeu ..... ,.Uov _. ... n• .. ••••• w" •• ., to OleUIIUleb. 

bew"•• ••' •• 11\h...eJ.ale '"" ••• .._... .., • .,..,..,. 
With .. 0 .. .., ( ... n..-. 1). ,., "'' ...... ,. DcMaH la-

olUAe •• 1•u• • lbSI'4, ow lat•....Ok'-, e1aldf\oatt.oa. 

letue a. '-•' ••• ...... , *'W.fPOD4eot~e wt.• 
• J. c. a. Gneatble14e, Oana4iaa Depaptaeat ot 

)lrloul._e (ltN), .._.,, .. 1M' I tJ7 dUAl a 11•• 
... , ot Gb,....,.,l '- eMb ••ect • ..,1.. ftlla nataUoa 

al4e4 ..... tlr. wtu.ou' obl~, a11 .. .a. iftll .. ,et 

••• l"•a1•r•11ow t1MNaeeAM a...s ... oa11 • ., 1o "'­

•• wae '' ~· Aa .u-... .. eolOI' ,.... pHttl 

to .. 4lttlouJ.' - ..... ( ... ftpn a). Old.oHpbll ·-··""· 
... lltb' ............ .,.. .......... u.c ... ··~· 
Wbleb al4t IN•~ t.a Nalllll ~~~~~pl••• Doo11aa tba ... , 

of Mloroplarl ('" rt.-. I) ...... -. U.e 11,t1e etteot 

•• _, .. , !loW dlb ..-ana oouU lte utlkel. Mal P4 ....... 

proo .. -. lawr lll4leattt .. , approxs..a••lr ellb' ... •• 
u eltc&u•• ... , et altalta J.eat to .at tor 10M Y1Yl4 



.. , 

nav. 1. 



1\pN • • ftJOileiHD' OOlOH 4 .. elopt4 wb.ell 'eeUJ'I the -rl• ooa1eat of eweeto1Gter •••4• ebewlDI 
•• ett••• ot .Ut.q ••11D& •••••• or Ul.,... 
plaJl t.a Gut r-. of VS.et .Ualta 1••••· Ia 
... •t11.•1 tl "'"• tt•l IPe~J .... Oft tbt 
11-&tlt Hee1•14 DO tbleNPbfla Wlt OtfthJ' NOe1YI4 
I ... aOG tbat Oft V.• l•tt Nete1Ye4 I ... 

Prt.Dtoa pl'la' (1' ... onaa •• e a.o. ) tJIM ara 
Ab .. o Oolor traD•p.anHJ (P • •• ' at••••) . 





II 

Nl Mlve. ON .. , ... altalta leallet Vellbt appnxt.aa~ 

•'-• to •111'' ... aa4 .... • jtlffloltat __ ,to .u. ala 

... , ,.,..., •11ab~ "*• -.. -. _... ... aM .. la 

•• ••••• pHrloualJ .... , ... 

Xa ua•t.lll tbe tt.r•• •llb•tt•• ••tt•• lt •• 41t­

OO'fen4 .. , nttlol••• tl• tbou14 •laptt &a •• 4uk ,._ 

lttr .......... .,. •• to aAJ••"' to ... .......... !be ..,. 

ot '-•' •••• •u1• al .. -. •spo•t4 '- tile Ulln 9lo1•' 
ll&b\ NJ'I ,fOP a• leaal 11-.e UMiat M that all tM 00 ..... 

unn eu '-• -.o\llblr n........ too tarlJ naAU.e le4 

M tu e1tdllaatloa of '&be fl••• •lab.,_,, ....... ••••• 
tr• ~• •• ,,.,s.oal ... lral•· Cllp•l•no• lo Hdlftl. lbe 

.. lw• al4• peau, l• •us.nlne aeoura1• •••111 ta. 

xa •• eapm-• 1010 ••te• ••• •••••a fto 11••• 

aa4 .... tbeoke4 ltJ tbe plut •••• •t.bol to. ....ta. 
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